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ABSTRACT OF THE DISCLOSURE

A data processing system wherein a peripheral unit
communicates with a memory store while the central
processing unit continues to execute its normal sequence
of operations. The central data processing unit responds
only to the appropriate signal to provide the necessary
data item transfer and to halt the transfer thereof. A
buffer register transmits or receives data words to or
from the peripheral device in succession. When the buff-
er register is filled with the information from the periph-
eral unit or has transferred the information to the pe-
ripheral unit, @ signal is transmitted to the central data
processing unit which provides the communication be-
tween the buffer register and the memory store.
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GENERAL DESCRIPTION

This invention relates to information processing ap-
paratus and more particularly to apparatus for processing
data at high speeds and adapted to communicate with
slower operating components.

In the processing of data, various arithmetic and logi-
cal operations are performed on data items by a data
processing unit, which is adapted to execute a sequence
of these operations in a very short period of time. To
maintain a rapid rate of execution of these operations,
the data processing unit must be able to immediately re-
ceive data items when needed and to immediately store
data items after processing. Rapid receipt and storage of
data items by the data processing units is provided by a
high-speed random access memory. The random access
memory operates at a rate of speed compatible with that
of the data processing unit and rapidly supplies a data
item needed by the data processing unit or rapidly stores
a data item provided by the data processing unit.

From time to time, the data processing unit will com-
plete the processing of the data items in the memory or
will fill the available memory storage space with processed
data items, so that means must be provided to supply the
memory with new data items for processing or to empty
the memory contents into another storage medium. Con-
sequently, additional storage media are provided, such as
magnetic tape data storage units. These magnetic tape
units communicate with the memory, under control of the
data processing unit, to transmit new data items to the
memory or to receive processed data items therefrom.
However, magnetic tape units transmit and receive data
items at a much slower rate than the data processing unit
processes data; that is, the time between transmittal or
receipt of successive data items by a tape unit is com-
parable to the time required for the data processing unmit
to execute several operations. Therefore, it is desirable,
in order to maintain a high average data processing speed,
that the data processsing unit does not remain idle during
a period when the magnetic tape unit is filling or unload-
ing the memory. Instead, it is preferable that the data
processing unit continue to execute the aforementioned
sequence of operations, pausing only when the magnetic
tape unit is ready to receive from or transmit to the mem-
ory a complete data item.

Therefore, it is an object of this invention to provide
a high-spced data processing system adapted to com-
municate with slower operating components.

Another object of this invention is to provide a data
processing system adapted to operate with minimum time
of interruption for communication with slower operating
components.

Another object of this invention is to provide a data
processing system adapted to communicate with a slower
operating component by halting only when a complete
data item is ready to be transmitted or received by said
component.

The foregoing objects are achieved by providing a data
processing system wherein appropriate signals are deliv-
ered when a mangetic tape unit is ready to receive from
or transmit to the memory a complete data item and
wherein the data processing unit of said system continues
to execute its normal sequence of operations, responding
only to these signals to provide the necessary data item
transfer. A first register is adapted to receive new data
items from a magnetic tape unit and a second register is
adapted to transmit processed data items to another mag-
netic tape unit. A first signal issues when the first register
has a complete data item therein to notify the data proc-
essing unit that this data item must be transferred to the
memory. A second signal issues when the second register
is teady to receive a complete data item to notify the
data processing unit that another data item must be trans-
ferred from the memory to the second register. In re-
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sponse to either one of these two signals, the data proc-
essing unit will effect the required data item transfer be-
tween the memory and one of these registers. This trans-
fer will take place during a period wherein no data item
is to be transferred between the data processing unit and
the memory. The data processing unit is adapted to dis-
continue executing its sequence of operations in response
to either one of these signals in order to provide a period
of sufficient duration to effect the required data item
transfer,

In a data processing unit of the type described, the
random access memory frequently stores a plurality of
data items distinguishable from each other by an identi-
fying number. For example, the memory may contain
credit and debit items for a plurality of accounts, wherein
each credit and debit item in the memory is provided with
a corresponding account number. In order to provide ex-
peditious processing of such credit and debit items, it is
convenient to store these items in sequential memory lo-
cations in accordance with the numerical order of their
associated account numbers. In sorting such account num-
bers into numerical order it is often necessary to deter-
mine the proper memory location for insertion of an un-
sorted number among a sequence of sorted numbers, and
then to insert the unsorted number in this memory loca-
tion among the sorted numbers.

It is, therefore, another object of this invention to pro-
vide a novel data processing system for sorting data items.

Another object of this invention is to provide apparatus
for the rapid sorting of data items.

Another object of this invention is to provide apparatus
for the sorting of data items according to the numerical
content thereof.

Another object of this invention is to provide apparatus

for sorting by insertion of unsorted data items among a :

sorted sequence of data items.

The immediately preceding objects are achieved by pro-
viding for the insertion of the unsorted data item into its
proper sequential memory location among the sorted data
items and by shifting the supplanted data item and the
data items following in the sorted group to their next
successive memory locations to accommodate the new en-
try. A register is provided for holding the unsorted data
item to be inserted in the memory. An addressing means
provides a sequence of memory location addresses starting
from the memory location wherein the unsorted data item
is to be stored. In response to each address of such se-
quence, the contents of the register and the addressed
memory location are exchanged. When a data item hav-

ing a predetermined configuration in the least significant

digit position thereof is transferred to the register, a signal
issues. In response to this signal further exchanges are
discontinued.

DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein:

FIGURE 1 is a block diagram of a data processing
system to which the instant invention is applicable;

LFIGURE 2 is a circuit diagram of a clock pulse gen-
erator useful in the system of FIG. 1;

FIGURE 3 is a circuit diagram of a clock pulse driver
useful in the system of FIG. 1, and illustrates two sym-
bols employed to represent the clock pulse driver;

FIGURE 4 is a circuit diagram of a flip-flop useful
in the system of FIG. 1, and illustrates a symbol em-
ployed to represent the flip-flop;

FIGURE 5 is a circuit diagram of an AND-gate useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the AND-gate;

FIGURE 6 is a circuit diagram of an OR-gate useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the OR-gate;
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FIGURE 7 is a circuit diagram of an inverter useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the inverter;

FIGURE 8 provides circuit diagrams of two emitter
followers useful in the system of FIG. 1, and illustrates
the symbol employed to represent an emitter follower;

FIGURE 9 is a circuit diagram of a register transfer
circuit useful in the system of FIG. 1, and illustrates a
symbol employed to represent the register transfer;

FIGURE 10 is a circuit diagram of a register transfer
interconnecting a pair of flip-flops;

FIGURE 11 is a circuit diagram of a one-shot useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the one-shot;

FIGURE 12 is a block diagram of the data storage
elements, the data transfer paths between these elements,
and the major control elements of the system of FIG. I;

FIGURE 13 is a block diagram of the circuits provid-
ing the input signals to a flip-flop of the system;

FIGURES 144, 14b, and 14c provide a block diagram
of the Central Processor of the system;

FIGURE 15 is a timing diagram illustrating the timing
sequence of the Central Processor;

FIGURE 16 is a block diagram of the circuits provid-
ing the input signals to the T-counter of the Central
Processor;

FIGURE 17 is a block diagram of the clock circuit of
the Central Processor;

FIGURE 18 is a block diagram of the Arithmetic Unit
of the Central Processor;

FIGURES 194 and 194 provide a circuit diagram of
the Control Console of the system;

FIGURE 20 is a block diagram of the Memory of the
system;

FIGURE 21 illustrates a magnetic core employed in
the Memory of FIG. 20;

FIGURE 22 is a graph illustrating the hysteresis loop
of the magnetic core of FIG. 22;

FIGURE 23 is a circuit diagram of an inhibit driver
useful in the Memory;

FIGURE 24 is a block diagram of a memory addressing
circuit useful in the Memory;

FIGURE 24a is a circuit diagram of a’ switch core
driver useful in the memory addressing circuit of FIG. 24;

FIGURE 25 is a circuit diagram of a core read ampli-
fier useful in the Memory;

FIGURE 26 is a circuit diagram of a strobe driver use-
ful in the Memory;

FIGURE 27 illustrates waveforms useful in explaining
the operation of the Memory:

FIGURE 28 is a block diagram of a memory control
circuit useful in the Memory;

FIGURE 29 is a block diagram of the P-Buffer of the
system of FIG. 1;

FIGURES 30 and 31 illustrate waveforms useful in
explaining the operation of the P-Buffer;

FIGURE 32 is a block diagram of the Write Buffer em-
ployed in the Multiplex Buffer of the system of FIG. 1;

FIGURE 33 is a block diagram of the clock circuit of
the Multiplex Buffer and Tape Control Unit;

FIGURES 34 and 35 are schematic diagrams illustrat-
ing the scheme for writing data on the magnetic tape of
the Tape Handlers;

FIGURE 36 is a circuit diagram of a write driver use-
ful in the Tape Control Unit;

FIGURE 37 is a block diagram of the amplifiers em-
ployed in reading data from the magnetic tape of the
Tape Handlers;

FIGURE 38 is a circuit diagram of a read preamplifier
useful in the Tape Handlers;

FIGURE 39 is a circuit diagram of a read amplifier
useful in the Tape Control Unit;

FIGURE 40 is a block diagram of the Read Buffer em-
ployed in the Multiplex Buffer of the system of FIG. 1;
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FIGURE 41 is a block diagram of the circuits provid-
ing retiming for the data read from a magnetic tape;

FIGURE 41a illustrates waveforms useful in explain-
ing the operation of the data retiming circuits shown in
FIG. 41;

FIGURE 42 is a schematic diagram of the Sorter and
Character Reader of the system;

FIGURE 43 is a block diagram of the Sorter Control
Unit of the system;

FIGURE 44 is a circuit diagram of interconnected am-
plifiers employed in the Sorter Control Unit and the
Sorter;

FIGURE 45 illustrates a document adapted to be read
by the Character Reader;

FIGURES 46 and 47 illustrate waveforms useful in
explaining the operation of the Sorter and Sorter Con-
trol Unit;

FIGURES 48-105 illustrate logical schematic diagrams
of the logical circuits providing input signals to the flip-
flops of the Central Processor;

FIGURE 106 illustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Central Processor;

FIGURES 1074, 1075, 107¢ and 1074 illustrate logical
schematic diagrams of the logical circuits providing des-
ignated logical combination signals in the Central Proces-
sor;

FIGURES 108a and 1085 illustrate logical schematic
diagrams of the logical circuits providing clock pulse
driver gating signals in the Central Processor;

FIGURES 109a and 109b illustrate logical schematic
diagrams of the logical circuits providing inverter signals
in the Central Processor;

FIGURES 110-120 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Memory;

FIGURES 121a, 1215, 121c and 121d illustrate logical
schematic diagrams of logical circuits in the Memory;

FIGURES 122-135 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the P-Buffer;

FIGURES 136 and 137 illustrate logical schematic
diagrams of the logical circuits providing input signals to
the one-shots of the P-Buffer;

FIGURES 1384 and 138b illustrate logical schematic
diagrams of the logical signals providing designated
logical combination signals, clock pulse driver gating
signals, and inverter signals in the P-Buffer;

FIGURES 139-156 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Write Buffer;

FIGURE 157 illustrates logical schematic diagrams of
the logical circuits providing input signals to flip-flops of
the Tape Control Unit;

FIGURE 158 illustrates logical schematic diagrams of
the logical circuits providing designated logical combina-
tion signals and clock pulse driver gating signals in the
Write Buffer;

FIGURES 159-177 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Read Buffer;
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FIGURES 178-181 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
flip-flops of the Tape Control Unit;

FIGURE 182 illustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Read Buffer;

FIGURE 183 illustrates logical schematic diagrams of
the logical circuits providing designated logical combina-
tion signals and clock pulse driver gating signals in the
Read Buffer;

FIGURES 184 and 185 illustrate logical schematic
diagrams of the logical circuits providing input signals
to the flip-flops of the Sorter Control Unit;

FIGURE 186 illustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Sorter Control Unit;

FIGURE 187 illustrates logical schematic diagrams of
the logical circuits providing designated logical combina-
tion signals and inverter signals in the Sorter Control
Unit;

FIGURES 188-197, 198a, 198b, 1994, 1995, 200-224,
225a, 2256, 2264, 226b, 227, 228, 229a, 2295, 2304, 2305,
and 231-236 are timing diagrams useful in explaining the
operation of the system in executing the programmable
commands;

FIGURE 237 is a timing diagram useful in explaining
the operation of the system in executing the iInitial
Routine portion of a programmable command;

FIGURE 238 is a timing diagram useful in explaining
the operation of the system in executing the B-subroutine;

FIGURES 239-241, 242a, 242b, 242¢, and 243-245
are timing diagrams useful in explaining the operation of
the system in executing operations employing the Muiti-
plex Buffer.}

DATA PROCESSING SYSTEM—GENERAL

The Data Processing System of FIG. 1 is adapted to
process data under operational control of a Central
Processor 10, The lines interconnecting the various
components illustrated in FIG, 1 represent symbolically
paths of data and control communication.

The Central Processor responds to a plurality of dis-
tinct instructions which are supplied thereto in the se-
quential order necessary to perform a particular data
processing operation. A Control Console 11 provides
an indicating and control station for the operator, where-
by he has access to the system for modification of the
order of execution of the instructions or for data revision.
A Memory 12 stores data words which are to be proc-
essed, data words which are the results of processing,
and instruction words. The Central Processor com-
municates with the Memory to receive therefrom data
words on which operations are to be performed and
instruction words. Following certain data processing op-
erations, the Central Processor transmits the resulting
data words to the Memory for storage.

A P-Buffer 13, controlled by the Central Processor,
temporarily stores data words being transferred from a
Control Typewriter 14 or a Photoreader 15 to Memory
and data words being transferred from Memory to the
Control Typewriter. The Control Typewriter receives
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data words from the P-Buffer and types a visible repre-
sentation of these words or punches on paper tape an
encoded representation of these words. The Control
Typewriter also transfers data words to the P-Buffer by
reading encoded punched paper tape or upon depression
of Control Typewriter keys in proper sequence. The
Photoreader photoelectrically reads punched encoded
paper tapes and transfers the electrical representations
of the data thereon to the P-Buffer.

A Multiplex Buffer 16, indirectly controlled by the
Central Processor, temporarily stores data being trans-
ferred from magnetic tape or from magnetically imprinted
documents to Memory and data being transferred from
Memory for recording on magnetic tape or for imprint-
ing in visible representation. A Tape Control Unit 17
directs one of a plurality of Tape Handlers 18, 19, etc,,
to read data from the respective magnetic tape thereof
and to deliver this data to the Multiplex Buffer. The
Tape Control Unit also directs one of the Tape Handlers
to write data provided by the Multiplex Buffer on the re-
spective magnetic tape thereof.

A Sorter Control Unit 20 controls the reading of data
borne by documents, such as bank checks, and directs the
sorting of these documents into pockets of a Sorter 21.
A Character Reader 22 senses magnetically imprinted in-
formation on these documents and delivers an encoded
representation of this data to the Multiplex Buffer. The
Central Processor delivers to the Sorter Control Unit data
representing the pockets of Sorter 21 in order that the
documents handled thereby may be appropriately sorted
in accordance with the information thereon.

A printer 23 receives data words from the Multiplex
Buffer and prints a visible representation of these words.

Thus, the system of FIG. 1 processes data received from
magnetic tape, documents, the Control Typewriter, or the
Photoreader and communicates the results of the data
processing by providing a visible record, by permanently
storing the results on magnetic tape, by punching paper
tape, or by sorting documents,

For a complete description of the system of FIGURE
1 and of the instant invention which is embodied in such
system, reference is made to United States Patent
3,077,984 issued to R. R. Johnson and assigned to the
assignee of the present invention. More particularly, at-
tention is directed to FIGURES 2 through 245 of the
drawings; column 1, lines 8-73; column 2; column 3, lines
1-27; column 4, lines 33-75; columns 5 and 6; column
7, lines 1-16; column 8, lines 8-75; columns 9-258; and
column 259, lines 1-35 of United States Patent 3,077,-
984, which are incorporated herein by reference and made
a part of the instant patent application as if fully set forth
herein.

L[Data Representation

The Data Processing System of FIG. 1 is adapted to
process data represented by the binary code. In the
binary code each element of information, termed a “bit,”
Is represented by either a 1 or a 0. In the instant system
a1 is represented by a positive electrical signal and a ¢
by a negative electrical signal, The fundamental unit of
data for processing and communication is the data word.
The data word comprises 28 bits.
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The 28 bits of the data word are normally processed
as 7 sequential groups of 4 bits. Each group is termed a
“digit.” The bits of a digit are processed simultaneously.
The grouping of the bits permits the system to perform
operations in the decimal number system. The 4 bits of
a group may be treated as a decimal numeral and such a
group is termed a “binary-coded decimal” digit. Each
bit of a digit corresponds to a different decimal numeral
if the group is employed as a decimal digit representa-
tion. In this system, the 5-4—2-1 code is employed. The
most significant bit of the digit represents the decimal §,
the next lower order bit represents the decimal 4, the
next lower order bit represents the decimal 2 and the
least significant bit represents the decimal 1. For example,
the decimal 8 is represented by the binary bit group 1011.

Inasmuch as but 10 of the 16 possible configurations of
the 4 bits of a group are employed to represent the 10
decimal numerals, 6 configurations of the group are avail-
able for other representations. The bit configurations
representing the 10 decimal numerals are termed “nu-
meric” digits. Five of the remaining 6 configurations rep-
resent respectively the dollar sign (3$), the comma (,), the
ampersand (&), the period (.), and the asterisk (*).
The remaining bit configuration, 1111, is not employed to
represent data, but instead is forbidden, and is useful for
detecting data processing errors. These 6 configurations
representing. non-numerals are termed “non-numeric”
digits. The 16 configurations of the binary code of a
single digit or group and the corresponding symbols which
they usually represent are given in the following Table I.
In this table, the bits of each group are shown in decreas-
ing order of significance.

TABLE I

Single digit

Symbol
¥ code

0000
0001

B mCmaGmtibm o
=
g

-
forbidden

Therefore, all data words, including instruction words,
comprise 7 digits, each digit comprising one of the bit
configurations of Table I. In arithmetic operations and
in many other data processing operations, the 7 digits of
a word are processed in sequential order. The digit first
processed is termed the least significant digit (LSD) of the
word. The digit last processed is termed the most signifi-
cant digit (MSD) of the word. Each of the 6 least signifi-
cant digits are interpreted as representing one of the 15
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symbols of Table I. The 7th, or MSD, is not usually so
interpreted.

This 7th digit of the data word, which is termed the
“condition” digit, comprises three independent representa-
tions. The most significant bit of the condition digit is
termed the “designator” bit and is employed for auto-
matic address modification. The next lower order bit of
the condition digit is termed the “sign” bit and is em-
ployed to denote the algebraic significance of the 6 least
significant digits of the data word. When the sign bit is 1,
the data word is considered negative. When the sign bit
is 0, the data word is positive. The two least significant
bits of the condition digit are termed the “mod-bits.”
The mod-bits provide a representation of the modulo-3 of
the data word and are employed to check the correctness
of the data word following a data transfer, or to check
the correctness of an arithmetic operation employing the
data word. The data word may be represented as fol-
lows:

DATA WORD

Condition digit 6th 5th 4th 3rd 2nd ist
digit | digit | digit | digit | digit | diglt

Deslgnator bit_.._.. 5-bit_ .| 5-bit._| 5-bit__| 5-bit_ .| 5-bit. .| 6bit.
Sign bit 4-bit__| 4-bit__| 4-bit__| 4-bit__| 4-bit__| 4-bit.
Mod-bit__. 2-bit. .| 2-bit__| 2-bit__| 2-bit_.| 2-bit_.| 2-bit.
Mod-bit 1-blt__| 3-bit_ | 1-bit_.| 1-bit. .| 1-bit__| 1-bit.
x10%_ ] xi0_ | x109. | x102__| x10!__| x10°

The order of the digits in the above representation, start-
ing with the first digit, is the order of sequential process-
ing of the data word. If the word represents a numeric
quantity, the increasing order of decimal significance of
each digit is indicated in the row following the data word
representation.

Five types of data words are employed, and include the
instruction word and four types of operand words, The
instruction word is employed by the Central Processor
to direct a distinct operation of the system. The in-
struction word is generally employed in two portions to
direct an operation. The four least significant digits com-
prise a Memory address and denote a location in Memory
where a data word is to be obtained for processing, or
where a processed word is to be stored. The next two
digits comprise a command (order) code. The command
code is a two decimal digit code which determines the
type of operation that the system will execute.

Since the addressable locations in Memory are only
0000-3999, the 4 and 5-bit positions of the 4th digit are
not needed for a Memory address. Therefore, in an
instruction word, the two most significant bits of the 4th
digit are employed for separate functions. The most sig-
nificant bit of the 4th digit is termed the “augmentor” bit
and is employed for automatic modification of the con-
tents of the Memory location addressed. The next lower
order bit is termed the “breakpoint” bit and is employed
to force the system to halt if a predetermined condition
exists in the Control Console. The instruction word may
be represented as follows:
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INSTRUCTION WORD
Command Address portion
portien
Condition
digit

6th 5th 4th digit 3rd 2nd Ist

digit digit diglt digit diglt
Dle)siltgnntor 6-bit__| 8-bit_.{ Augmentor | 5-bit._| 5-bit..| 5-bit.
Sign bit___._. 4-bit__| 4-bie_. Brbeiai(point 4bit__| 4-bit_.| 4bit.

1.

Mod-bit__.__. 2-bit_ .| 2-bit__| 2-bit__ ... __ 2-bit__! 2-bit_ | 2-bit.
Mod-bit.___.. 1-bit_ .| 1-bit__| 1-bit_______. 1-bit..| 1-bit. .| 1-bit.

The four other types of data words are those on which
data processing operations are performed. Such words
are generally known as “operand” words. The four types
of operand words are: (a) Single numeric, (b) First half
double-precision, (c) Second half double-precision, and
(d) Alphanumeric. The single numeric word is the
simple data word, described previously, and is processed
in conventional manner. Each of the 6 least significant
digits of the single numeric word are processed as sepa-
rate entities and represents one of the 15 symbols of
Table I.

A double-precision word comprises two single numeric
words which are processed together. In processing the
double-precision word, the numeric portions (6 least sig-
nificant digits) of the two words thereof are processed
as a single 12 digit number. The first half double-pre-
cision word supplies the 6 most significant digits of the
12 digit number and is termed the “most significant half
word (MSH).” The second half double-precision word
supplies the 6 least significant digits of the 12 digit num-
ber and is termed the “least significant half word (LSH).”
Each half word of the double-precision word carries its
own mod-bits, but both half words have the same desig-
nator and sign bit configurations.

The alphanumeric word is employed to represent alpha-
betic symbols, numerics, non-numerics, and certain spe-
cial characters. In the alphanumeric word and the 6 least
significant digits are paired to represent three alpha-
numeric characters. The alphanumeric word may be
represented as follows:

ALPHANUMERIC WORD

3rd character 2nd character 1st charaetar
Condition digit
6th 6th 4th 3rd 2nd 1st
diglt | aigit | digit | digit | digit | digit
6-bit. .| 5-bit..| 5-bit__| 5-bit__| B-bit..| 5-bit.
| 4-bit._| 4-bit. | 4-bie__] 4-bit__| 4-bit__| 4-Dbit.
_| 2-bit_ | 2bit._| 2-bit._| 2-bit__| 2-bit__} 2-bit.
1-bit_ .| 1-bit__| 1-bit__{ 1-bit__| 1-bit__| 1-bit.

The two mod-bits of an alphanumeric word are always
equal to 1,1 thereby serving to distinguish alphanumeric
words from the other four types of data words.

The alphanumeric characters and the single digit code
representations of the corresponding digit pairs are given
in the following Table II
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TABLE II
Alphanumerie Two-digit Alphanumerije Two-digit
character code character code

0 00 J 21

1 01 K 22

2 02 L 23

3 03 M 24

4 04 N 25

5 06 0 26

8 08 P 27

7 07 Q 28

8 08 n 29
1] 09

(—; i;‘

03 (+ i

dsi 91& 8hift Case 2.
- 0'

0, 8 32

8 0. T 33

U 3¢

A 11 v 35

B 12 w 38

C 13 X 37

n 14 Y 38

B 15 Z 39
¥ 16

[¢] 17 Tab 38

" 18 Stop 3&

I 19 Normal Case 3.
Space 10
Carriage Return 1$
gnore 1&
End of Information 1,

For example, the alphanumeric code for the alphabetic
word CAT is 131133, The alphanumeric code for the
number 123 is 010203, whereas the numeric portion of
a single numeric data word representing the number
123 is 000123,

The special characters listed in Table II are employed
to direct operations of the Control Typewriter.

The Memory may contain at any location any one of
the five types of data words. However, it is general
practice to store the MSH of a double-precision word in
an even-numbered Memory location and the LSH of the
same double-precision word in the next higher odd-num-
bered location.

Mod-Bits

Although the configurations of the 6 least significant
digits and the designator and sign bits of all data words
inserted into Memory from magnetic tape, the Control
Typewriter, or the Photoreader are discretionary with
the operator, the configuration of the mod-bits is man-
datory. The mod-bits of all words are representative
of the modulo-3 thereof. The modulo-3 of a number
is the remainder when that number is divided by 3. Thus,
for example, the modulo-3 of 0,3,6,and 9,is 0; of 1, 4,
and 7is 1 (—2); and of 2, 5, and 8 is 2 (—1).

The mod-bits are employed in three different forms:

{a) The mod-bits of a numeric word in Memory and,
consequently, of a word transferred between the com-
ponents of the system, have the configuration required
to make the modulo-3 of the entire 7 digits of the word
equal to 1. In determining the modulo-3 of the entire
word, the designator and sign bits are assigned their re-
spective positional values of 5 and 4. The most signifi-
cant mod-bit is assigned the value of 2 and the least sig-
nificant mod-bit the value of 1. Thus, the three config-
urations of the mod-bits (most significant bit first) are
0,0,0,1;and 1, 0 to represent the respective numbers
0, 1 and 2. When a data word is transferred into the
Central Processor from Memory, its correctness is tested
by a “mod-check,” wherein the total modulo-3 of all 7
digits is accumulated. If this accumulated total is not
1, an alarm occurs and the Central Processor halts,

The employment of a tota] modulo-3 of 1 for words
transferred from Memory to the Central Processor al-
ways permits a positive check on the correctness of the
entire word transferred. This positive mod-check is to
be contrasted with the false mod-check which would oc-
cur if the total word modulo-3 had been set, instead, to
0, and a complete failure of data transfer had occurred,
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since a word consisting solely of 0’s has a total modulo-
3 of 0.

(6) The mod-bits of an operand employed in an
arithmetic operation in the Central Processor have the
configuration of the total modulo-3 of the 6 least sig-
nificant digits (numeric portion) of the word. Thus, in
words employed for arithmetic operations with numeric
portions having total modulo-3’s of 0, 1 or 2, the respec-
tive mod-bits are 0, 0; 0, 1; and 1, 0. For example, when
two numeric words are added the sum of the modulo-
3’s thereof must be equal to the modulo-3 of the sum.
Therefore, the modulo-3 of the sum is compared with
the sum of the modulo-3 of the two words added. If
this “mod-comparison” fails, an alarm occurs and the
Central Processor halts.

(¢) An alphanumeric word has no numeric portion
and, therefore, no modulo-3. The mod-bits of such a
word are set to the 1, | configuration and serve to iden-
tify the associated data word as an alphanumeric word.

SYSTEM CIRCUIT ELEMENTS

Circuits useful as elements of the system of FIG. 1
will now be described. The system will function with
these elements or with other similar elements well-known
in the art; therefore, this invention is not to be consid-
ered as limited to the employment of the specific circuits
shown,

The following circuits find general employment in the
system: clock pulse generator, clock pulse driver, flip-
flop, AND-gate, OR-gate, inverter, emitter follower, reg-
ister transfer, and one-shot. Illustrated with the respec-
tive drawings of the circuit elements are symbols repre-
sentative thereof. These symbols will be employed for
simplicity in the description of the invention to follow.

In the figures for the circuit elements, specific values
of the circuit components are shown. These values are
not to be considered as limiting, and the circuit elements
will often function satisfactorily with considerable vari-
ation from the values provided.

Clock Pulse Generator

The clock pulse generator of FIG. 2 provides syn-
chronizing signals for clock pulse drivers located through-
out the system. The synchronizing signals are provided
at a repetition rate of 250 kc. The clock pulse gen-
crator comprises the following four circuits connected
in tandem: an oscillator, a feedback amplifier, a regen-
erative comparator, and an output amplifier,

The oscillator comprises a transistor 31 coupled to a
resonant circuit comprising an inductor 32 and a capac-
itor 33, The approximate frequency of oscillation is
determined by the resonant frequency of inductor 32 and
capacitor 33. A crystal 34, coupled to the resonant cir-
cuit, locks the oscillator at the desired frequency. The
sine wave output signal of the oscillator is taken from
the emitter electrode 35 of transistor 31.

The output signal of the oscillator is transmitted
through a capacitor 36 and a resistor 37 to the base elec-
trode of transistor 38 of the feedback amplifier. The
feedback amplifier has substantial voltage gain, whereby
the output signal thereof, delivered at collector electrode
39, is a sine wave having an amplitude of approximately
1 volt peak-to-peak.

The output signal of the feedback amplifier is ap-
plied directly to the base electrode of transistor 45 of
the regenerative comparator. The regenerative compara-
tor is a bistable circuit delivering a substantially square
wave in response to the received sine wave, and is pro-
vided for obtaining a waveform with a steep wavefront
from the input signal. The regenerative comparator
operates substantially as follows: Consjder the portion
of the cycle of operation when the input signal is nega-
tive with respect to ground, but js increasing positively.
At this time transistor 45 is non-conducting and tran-
sistor 46 is conducting, In this stable state, the base
electrode of transistor 46 is at 0 volt (v.), or ground,
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The collector electrode of transistor 45 is at 48 v,
and capacitor 47 is charged to +4+8 v. The emitters
of both of transistors 45 and 46 will be a fraction of a
volt negative with respect to ground, since transistor 46
is conducting. As the input voltage applied to the col-
lector electrode of transistor 43 increases positively and
reaches 0 v., the emitter-base junction of transistor 45
becomes forward biased and collector current com-
mences to flow therein. A sharp regenerative action
thereupon ensues, with transistor 45 turning on sharply
and transistor 46 turning off sharply. During this re-
generative action, the negative swing at the collector
electrode of transistor 45 is coupled through capacitor
47 to the base electrode of transistor 46. As the emitter
current of transistor 46 decreases, the emiiter voltage
thereof becomes more negative, increasing the forward
bias of transistor 45 and sustaining the regenerative
action. The time constant of capacitor 47, inductor 48
and resistor 49 is adjusted so that the sharp negative
pulse at the base electrode of transistor 46 terminates in
about 2 microseconds (usecs.).

So long as theinput signal now remains positive,
transistor 45 continues to conduct and transistor 46 re-
mains non-conducting. After the input voltage has passed
its positive peak value and is decreasing negatively, all
switching transients have terminated and the base elec-
trode of transistor 46 is again at 0 v. The emitter elec-
trode of transistor 46 is only a fraction of a volt less
than the positive voltage applied to the base electrode
of transistor 45 and, therefore, is positive with respect
to the base electrode of transistor 46 at this time. When
the signal applied to transistor 43 decreases negatively
and reaches 0 v., transistor 46 becomes forward biased
and commences to conduct. As the emitter current of
transistor 46 starts to increase, the increasing voltage
drop across resistor S0 decreases the forward bias of
transistor 45. As the emitter current of transistor 45
decreases, the collector current thereof decreases, allow-
ing the collector voltage to swing sharply positive. The
positive swing at the collector electrode of transistor 45
is coupled by capacitor 47 to the base electrode of tran-
sistor 46, causing a sharp regenerative action which cuts
off transistor 45 very rapidly and turns on transistor 46
very rapidly. As the input voltzge now continues in
its negative half cycle, transistor 46 continues conduct-
ing and transistor 45 continues non-conducting.

When transistor 46 is conducting the emitter current
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thereof is relatively constant, so that square waves of

current appear at the collector electrode thereof. Be-
cause of the regenerative action, the slope of the lead-
ing edge of the current waveform will depend but little
on the amplitude of the input signal applied to the base
electrode of transistor 45, but will depend primarily on
the circuit parameters of the regenerative comparator.

The signal available at the collector electrode of tran-
sistor 46 is employed as the output signal of the re-
generative comparator.

The output signal of the regenerative comparator is
coupled to an output amplifier, which functions to iso-
late the regenerative comparator from the clock pulse
generator load, while preserving the steep wavefront of
the waveforms generated. A transistor 55 of the out-
put amplifier and its associated circuit is adapted to
receive the output signal of the regenerative compara-
tor and to provide amplification thereof. When the
collector electrode current of transistor 46 is zero, tran-
sistor 55 is maintained cut off by the current passing
through resistor 56, silicon diode §7 and resistor 58. At
this time the clock pulse generator output signal from
terminal 59 is —5 v. When transistor 46 is conduct-
ing the potential at the collector electrode thereof is
sufficiently negative to provide forward bias for tran-
sistor 55, which thereupon conducts. When transistor
55 conducts the potential at output terminal 59 is ap-
proximately +5 v. The combination of silicon diode
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57 and germanium diode 60 prevents transistor 55 from
saturating, thus insuring more rapid cutoff of transistor
55 when transistor 46 is cut off.

An approximate waveshape of the output signal from
terminal 59 is illustrated in the waveform immediately
below output terminal 59.

Clock Pulse Driver

The clock pulse driver of FIG. 3 provides clock pulse
signals to drive other clock pulse drivers or for direct
application to flip-flops and register transfers to control
respectively the entry of data into flip-flops and the trans-
fer of data between flip-flops. The clock pulse driver
responds to positive trigger signals supplied by a clock
pulse generator to generate corresponding clock pulses.
The clock pulse driver may be gated to provide single
clock pulses or clock pulses at the 250 kc. rate. When
gated on, the clock pulse driver generates a clock pulse
for each trigger signal received, but when gated off, no
clock pulses are generated.

The clock pulse driver is basically a triggered blocking
oscillator with output amplifier. A transistor 65, a trans-
former 66, a resistor 67, and associated biasing and power
supply circuits, shown in FIG. 3, comprise the blocking
oscillator portion of the clock pulse driver. A trigger
signal supplied by the clock pulse generator is received
at input terminal 68 and triggers the blocking oscillator
to produce an output clock pulse. The trigger signal is
only effective to trigger the blocking oscillator if the
oscillator is not gated off by a negative voltage applied
to gate terminal 69.

In the quiescent state, the base electrode of transistor
65 is at approximately +6.7 v., and transistor 65 is non-
conducting due to the reverse bias applied thereto by the
conduction of diode 70. The input trigger signals of the
clock pulse generator have a peak-to-peak swing from
—5 v. to +5 v., or a total excursion of about 410 v.
When the gate input terminal 69 is enabled, a 46 v. signal
is applied thereto. At this time the input trigger signal
has sufficient amplitude to overcome the reverse bias ap-
plied to transistor 65.

The input trigger signal initiates the flow of a small
emitter current in transistor 65. This, in turn, causes
the flow of a small collector current through the primary
winding of transformer 66. This increase in collector
current in the primary winding of transformer 66 induces
a voltage in the secondary winding thereof in a direction
to apply a positive voltage to the emitter electrode of
transistor 65. This induced voltage causes the emitter
electrode to conduct more heavily. Thus, the circuit is
highly regenerative and will quickly drive the transistor
into saturation, wherein the impedance of the transistor
between electrodes is substantially zero, and the entire
applied voltage is developed across the transformer pri-
mary winding. The resulting large voltage developed
across the secondary winding of transformer 66 saturates
transistor 72 of the output amplifier, so that only resistor
67 limits the flow of emitter current in transistor 65. Since
the total applied voltage appears across the primary wind-
ing of transformer 66, the collector current of transistor
65 rises linearly toward the maximum allowable value
of collector current, as determined by the emitter current.
The time for this current to rise to the maximum value is
determined by the inductance of transformer 66.

When the collector current of transistor 65 reaches its
maximum value, the resulting voltage induced in the
transformer terminates. Another regenerative action
takes place and the transistor cuts off rapidly.

When transistor 65 is conducting, transistor 72 con-
ducts, and the clock pulse driver output signal, at terminal
73, is at approximately +6 v. When transistor 65 is non-
conducting, transistor 72 is non-conducting, and the out-
put signal from the clock pulse driver is clamped at -5
v. The clock pulse provided at terminal 73 is illustrated
immediately below terminal 73.
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When the clock pulse driver is gated off, by application
of a —35 v. signal to terminal 69, a voltage drop of ap-
proximately 1 volt occurs across diodes 74 and 75. Thus,
—4 v. is provided at the corresponding terminal of ca-
pacitor 76, The receipt of the input trigger signal, with
swing of 410 v., will drive the emitter electrode of tran-
sistor 65 to only 46 v. Inasmuch as the base electrode
of transister 65 is at 6.7 v., the transistor will not con-
duct and a clock pulse will not be delivered. Therefore,
only when the clock pulse driver is enabled by the ap-
plication of an appropriate gating signal thereto, will out-
put clock signals be provided thereby.

If the clock pulse driver is to operate continuously and
to provide an output clock pulse at a continuous 250 ke.
rate, a 46 v. D.-C, bias is applied to input terminal 77.

Two symbols, shown in FIG. 3, are employed to repre-
sent the clock pulse driver. Symbol 80 represents a con-
tinuous clock pulse driver. Input trigger signals are re-
ceived from a clock pulse generator by the input lead on
the left-hand side of the block. Output clock pulses are
delivered continuously from the output lead on the right-
hand side of the block. The symbol 81 represents a gated
clock pulse driver, Input trigger signals are received at
the left-hand terminal and gated output clock pulses are
delivered at the right-hand terminal. The gating signal
is applied to the terminal “G” at the bottom of the sym-
bol. The G terminal represents the gate input terminal
69 of the clock pulse driver. So long as the gating signal
is at the —35 v. level, no output clock pulses are delivered
from the right-hand lead. When the gating signal is in-
creased to 4-6 v., the clock pulse driver delivers a clock
pulse for every input trigger signal received. The gating
signal is identified by the “Gate-" prefix. Thus, the gating
signal applied to the SA clock pulse driver is identified as
the Gate-SA signal.

Generally clock pulse drivers and their respective out-
put signals are identified in accordance with the function
they perform. Thus, clock pulse drivers whose designa-
tions begin with the letter “C,” such as clock pulse driver
CDA12, drive flip-fiops and other clock pulse drivers.
Cleck pulse drivers driving register transfers generally
have designations beginning with the letters “S” or “X.”
The letter “S” denotes a clock pulse driver directing a
serial shift of data. Thus, the clock pulse driver SA
delivers the clock signal SA and provides a serial shift
of the contents of the A-register. The letter “X” denotes
a clock pulse driver directing a parallel shift, or transfer,
of data. Thus, the clock pulse driver XAN provides a
paralle] transfer of data between the A-register and the
N-register,

Flip-Flop

The flip-flop of FIG. 4 provides temporary storage of
a data word bit or provides temporary storage of a con-
trol signal. Generally, when a flip-flop is employed to
Store a data bit it comprises one of an array of flip-flops
denoted as a register. For example, in a register adapted
to provide temporary storage for a complete data word,
28 flip-flops are employed, one for each bit of the data
word.

The flip-flop is a circuit adapted to operate in either
one of two stable states, and to transfer from the state
in which it is operating to the other stable state upon
application of a trigger signal thereto. In one state of
operation the flip-flop represents the binary 1 (1-state)
and in the other state the binary 0 (0-state). The flip-
flop circuit includes a pair of collector-coupled transis-
tor amplifiers, comprising the Tespective transistors 101,
102. The coupled transistor amplifier pair is connected
1o a pair of grounded-emitter transistor output ampli-
fiers, the output signals thereof representing respectively
the binary numbers 1 and 0, according to the stable state
in which the fip-flop is operating. The two output am-
plifiers are designated Tespectively the l-output ampli-
fier and the O-output amplifier, and comprise the Iespec-
tive transistors 103 and 104,
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The flip-flop is adapted to receive five input signals;
as follows:

(a) A clock pulse signal, received at input terminals
105 and 105°, and supplied by a clock pulse driver,

(b) An input logic signal for triggering the flip-flop
to its I-state, received at input terminal 106, and usually
supplied by a logical gate,

(c) An input logic signal for triggering the flip-flop to
its O-state, received at input terminal 107, and usuvally
supplied by a logical gate,

(d) An input signal for triggering the flip-flop to its
1-state, received at input termijnal 108, and usuvally sup-
plied by a register transfer circuit, and

(¢) An input signal for triggering the flip-flop to its
O-state, received at input terminal 109, and usually sup-
plied by a register transfer circuit.

A flip-flop output signal representing the 1-state of the
flip-flop is delivered at output terminal 110 and an out-
put signal representing the Q-state of the flip-flop is de-
livered at output terminal 111,

The operation of the flip-lop will now be described.
In both of the stable states of the flip-flop one of tran-
sistors 101 and 102 is conducting and the other is non-
conducting. Assume that transistor 101 is conducting
and transistor 102 is not conducting. When transistor
101 conducts its collector electrode voltage is approxi-
mately at +8 v, This voltage, when coupled to the base
electrode - of transistor 102 causes the potential thereof
to be approximately +-8.3 v. and maintains transistor
102 in its non-conducting state. The flip-flop will con-
tinue in this state until application of a positive voltage
greater than -8 v. to the base electrode of transistor
101. Transistor 101 will momentarily cease conducting.
When transistor 101 ceases conducting, the collector elec-

5 trode potential thereof becomes momentarily more nega-

tive, This negative change is coupled through capacitor
114 to the base electrode of transistor 102, which will
then commence conducting. The collector electrode po-
tential of transistor 102 will begin rising, and this po-
tential rise will be coupled by a capacitor 115 to the
base electrode of transistor 161, The positive-going volt-
age coupled to the base electrode of transistor 101 tends
to further decrease its tendency to conduct. This re-
generative action continues until transistor 102 js fully
conducting and transistor 101 is non-conducting. At this
time the flip-flop has transferred from the state in which
it was operating to the other stable state.

When transistor 101 is conducting and transistor 102
is non-conducting the flip-flop is in its defined O-state,
and when transistor 102 is conducting and transistor 101
is non-conducting the flip-flop is in its I-state. Thus, the
state of operation of the flip-flop represents a binary digit.

When the flip-flop is in its O-state, the +8 v. of the
collector electrode of transistor 101 is coupled to tran-
sistor 103 and maintains transistor 103 in a state of non-
conduction. The signal provided at output terminal 110
at this time is at the —5 v. level, Inasmuch as the sys-
tem logical elements and flip-flops respond to positive
signals of approximately 46 v., the —5 v, delivered at
output terminal 110 denotes a binary 0. Similarly, when
transistor 101 is conducting, a negative voltage is coupled
to transistor 104, so that transistor 104 conducts and de-
livers a 46 v. signal at output terminal 111. The ele-
ments of the system are adapted to respond to the +6
v. signal, and it is, therefore, denoted as a binary 1.
Therefore, when the flip-flop is in the O-state, a O-output
signal is provided by the 1-output terminal and a 1-out-
put signal is provided by the O-output terminal. Thus,
system elements adapted to respond to the flip-Aop 0-
state will be enabled by the -}6 v. signal delivered at
terminal 111, whereas elements adapted to respond to the
flip-flop 1-state will be disabled by the —5 v, signal de-
livered at terminal 110.

Conversely, when transistor 102 is conducting, so that
the fiip-flop is in its 1-state, a =6 v. signal, representing
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a binary 1, is supplied at terminal 110 and a —5 v. sig-
nal, representing a binary 0, is supplied at terminal 111.
Thus, the designation of output terminal 110 as a 1-out-
put terminal indicates that when the flip-flop is in its 1-
state, a binary 1-output signal is provided therefrom.
The designation of terminal 111 as a 0-output terminal
indicates that when the flip-flop is in its O-state, a binary
1-output signal is provided therefrom.

Consider now the input signals which will trigger the
flip-flop; that is, those signals which will transfer the
flip-flop from the state in which it is operating to its
other stable state. The signals applied to terminals 106
and 107 result from the logical combination of other
data-representing signals. When a logical combination
represents a binary 0, the resulting logic signal is ap-
proximately —5 v. When a logical combination repre-
sents a binary 1, the resulting logic signal is approximate-
ly +6 v. Inasmuch as +8 v. is applied to the emitter
electrode of the one of the transistors 101 and 102 that
is non-conducting, neither a 0-logic signal nor a 1-logic
signal is adequate, alone, to trigger the flip-flop when ap-
plied to terminal 106 or 107.

The input logic signals applied to terminals 106 and
107 are coupled to the respective capacitors 116 and 117
and charge the corresponding capacitors to the logic volt-
ace level. When a clock pulse is applied to terminals
195 and 105’ the terminals will experience a positive volt-
age swing of approximately +11 v., as described in the
previous section on the clock pulse driver. If a 1-logic
signal is present at terminal 106 or terminal 107, the
clock pulse signal is superposed thereon and momentarily
drives the corresponding base electrode of transistors 101
and 102 to 17 v, a voltage sufficient to momentarily
cause the transistor to stop conduction, if it is conduct-
ing, and, therefore, to change the state of the flip-flop.
However, any one of terminals 106 and 107 which is re-
ceiving a 0-logic signal when the clock pulse occurs will
cause a signal of but +6 v. to be applied to the base elec-
trode of the corresponding flip-flop transistors, a signal
insufficient to change the state of the flip-flop. This type
of flip-flop triggering is known as clock pulse pedestal
triggering and enables the flip-flops of the system to
change their state in synchronism with the clock pulses.
Between clock pulses, which occur no more frequently
than every 4 microseconds, there is adeguate time for
the logic elements of the system to change their state and
for the resulting logical combination signals to stabilize
at the logic input terminals 106 and 107 of all flip-flops.
Then when clock pulses are applied to any one of the flip-
flops, the input logic signal levels will determine whether
the flip-flop changes state. Since clock pulses are ap-
plied to both sides of the flip-flop simultaneously, only
one of the logic inputs to the flip-flop is ordinarily per-
mitted to be in the 1-state at any given time. If boib
logic inputs are in the 1-state, the clock pulse would at-
tempt to turn off both transistors simultaneously and the
flip-flop would not change its state. 1f both logic inputs
are in the O-state, the flip-flop does not change.

The diodes 119 and 120 isolate the input logic signal
source from the flip-flop when the clock pulse occurs.
The combination of the silicon and germanium diodes
coupled to transistors 101 and 102 prevent saturation and
are similar to those described for the clock pulse gen-
erator.

In addition to the input logic signal, which when en-
abled by a clock pulse, will trigger the flip-flop, a register
transfer input signal of proper amplitude, applied to ter-
minals 108 or 109 will trigger the flip-lop. The register
transfer signal, usually provided by a register transfer
circuit, consists of a logic signal with superposed clock
pulse. Therefore, if the logic signal represents a binary
1, thereby havinga 46 v. amplitude, the register transfer
signal will be sufficient to trigger the flip-flop. The super-
posed logic and clock signal is provided in the register
transfer circuit to be described later. Therefore, the sig-
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nals applied to terminals 108 or 109 are independently
triggering, since they are adapted to trigger the flip-flop
without requiring the clock pulses applied to terminals
105 and 105. Register transfer circuits are generally
employed to transfer the state of one flip-flop to another
flip-flop and are, therefore, employed in transferring data
between or within registers.

The register transfer input terminals are also employed
for manually setting or resetting the flip-flop. A +12 v.
signal is applied to the appropriate register transfer input
terminal through a push-button or a switch, The +12 v.
is adequate to transfer the flip-flop to the desired state.

Flip-flops are identified in accordance with the function
they perform. For example, a typical fiip-flop employed
for control is identified as the Cwu flip-flop. The Cwu
designation stands for “Count W up,” and the Cwu flip-
flop, when in the 1-state, increases the count of the W-
counter by 1. A typical flip-flop employed for temporary
storage of data is the A4l flip-flop. When the Adl
flip-flop stores a binary 1, a -+6 V. output signal is avail-
able at the 1-output terminal thereof. The flip-flop of
FIG. 4 is identified as the A41 flip-flop, and its input and
output terminals are identified with the corresponding
input and output signals of the A41 flip-flop.

The symbol 122, shown in FI1G. 4, is employed to rep-
resent a flip-flop. Symbol 122, in this instance, represents
the A41 flip-flop.

The A41 flip-flop is employed to temporarily store the
1-bit of the 4th digit of the contents of the A-register.
The five leads entering the left-hand side of the flip-flop
symbol represent the five input terminals. The two upper
input leads receive the 1-input signals and the two lower
leads receive the O-input signals. The central input lead
receives the clock pulse signal.

The symbol indicates that the A41 flip-flop receives
the clock signals of the B27 clock pulse driver. The first
and fifth input leads to symbol 122 represent the respec-
tive register transfer input terminals 108 and 109. The
notation #A41 opposite the first input lead, identifies the
register transfer signal adapted to trigger the A41 flip-flop
to the 1-state. Correspondingly, the notation #A11 op-
posite the fifth lead identifies the register transfer signal
adapted to trigger the A4l flip-flop to the O-state. Simi-
larly, the notations *A41 and *A41 identify the logic
input signals adapted to trigger the A41 flip-flop to the
respective 1 and O-states, Fowever, although the *Adl
or the *A47 signal may represent a binary 1, it will not
change the state of the flip-flop until the clock pulse driver
B27 supplies a clock pulse. If only register transfer sig-
nals are applied to a flip-flop, no clock pulse driver is con-
nected thereto, whereupon the notation “n-c” is placed
opposite the clock pulse input terminal.

The two leads leaving the right-hand side of symbol
122 represent the two output terminals. The upper out-
put lead delivers the 1-output signal of the flip-flop and
the lower output lead delivers the O-output signal. The
notations A41 and A41 identify the respective 1-output
and 0-output signals of the A41 flip-flop. Thus, the nota-
tion A4l has the dual function of identifying the A4l
flipflop and of identifying the 1-output signal thereof.

In the ensuing system description, a flip-flop in its
1-state is also said to be in the “set” state or in the “on”
state. Conversely, a flip-flop in its O-state is also said
to be in the “reset” state or in the “off” state. When a
flip-flop is transferred to its 1-state it will often be said
to be “set” or to be turned “on.” Conversely, when a
flip-flop is transferred to its O-state it may be said to be
“reset” or to be “turned off.”

AND-Gate

The AND-gate of FIG. 5 provides the logical opera-
tion of Conjunction for positive input signals applied
thereto. In the system a binary 1 is represented by a
signal of approximately 46 v. Therefore, the AND-
gate provides an output signal of approximately 46 v.,
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representing a binary 1, only when all of the input sig-
nals applied thereto represent binary 1’s.

The AND-gate cf FIG. § is illustrated, by way of ex-
ample, as having three input terminals 126, 127 and 128,
and a single output terminal 129, The AND-gates em-
ployed in the system are not limited to three input ter-
minals, but may have from two input terminals to the
maximum number necessary for the required Conjunc-
tive operation.

A logic input signal applied to an input terminal of the
AND-gate represents either a binary 0 or a binary 1, and
is provided as a corresponding signal of —S5 v. or +6 v.
Current flows from a positive voltage source through re-
sistor 139 and the diodes 131, 132 and 133 to respective
terminals 126, 127 and 128. If any one of the input
signals is at the —35 v. level, the corresponding diode will
conduct and all other diodes of the AND-gate receiving
-6 v. input signals will be back-biased and will not con-
duct. In such instance, the output signal from terminal
129 will be at —5 v. and represent a binary 0. There-
fore, only when all input signals are at the +6 v. level
will the output signal be at the +6 v. level,

The symbol 135, shown in FIG. 5 is employed to rep-
resent the AND-gate. Symbol 135 represents an AND-
gate having three input terminals. The three input sig-
nals to the particular AND-gate shown are respectively
denoted Tp, Tq and Ts. Therefore, the output signal 1s
denoted Tp Tg Ts.

The expression Tp Tq Ts is the logic expression for
the Conjunctive, or AND, combination of the individual
signals Tp, Tg and Ts. This form of expression is used
in logical equations, which are also known as Boolean
equations, to be employed hereinafter. The Conjunctive
operation on any two signals, such as the Tp and Tgq
signals, is indicated by writing the two signal terms ad-
jacent each other with no operator notation therebe-
tween, or with the operator notation (-) between the
two terms; as follows: Tp-Tq. This expression is read
as “Tp AND Tgq. OR-Gate

The OR-gate of FIG. 6 provides the logical operation
of Inclusive-Or for positive input signals applied thereto.
The OR-gate provides an output signal of approximately
+4-6 v., representing a binary 1, when any one or more
of the input signals applied thereto represent binary 1.

The OR-gate of FIG. 6 is illustrated, by way of ex
ample, as having three input terminals 140, 141 and 142
and a single output terminal 143. The OR-gates em-
ployed in the system are not limited to three input ter~
minals, but may have from two input terminals to the
maximum number necessary for the required Inclusive-
Or operation.

A logic input signal applied to an input terminal of
the OR-gate represents either a binary 0 or a binary 1,
and is provided as a corresponding signal of —5 v, or
+6 v. Current flows from the input terminals through
the diodes 145, 146 and 147, and resistor 148 to a nega-
tive voltage source. If any one of the input signals is
at the 46 v. level, the corresponding diode will conduct
and all other diodes of the OR-gate receiving —5 v. in-
put signals will be back-biased and will not conduct. In
such instance, the output signal from terminal 143 will
be at 4-6 v. and will represent a binary 1. Therefore,
when any one or more of the input signals are at the
=+6 v. level the output signal will be at the 46 v, level.

The symbol 149, shown in FIG. 6, is employed to
represent the OR-gate. Symbol 149 represents an OR-
gate having three input terminals. The three input sig-
nals to the particular OR-gate shown are respectively
denoted Tp, Tq and Ts. Therefore, the output signal is
denoted Tp+Tq+Ts.

The expression Tp+Tq+Ts is the logic expression
for the Inclusive-Or, or OR, combination of the indi-
vidual signals Tp, Tq, and Ts, This form of expression
is used in the logical equations to be employed herein-
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after. The Inclusive-Or cperation on any two signals,
such as the Tp and Tq signals, is indicated by writing the
two signal terms adjacent each other with the (+)
operator notation therebetween; as follows: Tp+4Tq.
This expression is read as “Tp OR Tg.”

Inverter

The inverter circuit of FIG. 7 provides the logical
operation of Inversion, or NOT, for an input signal ap-
plied thereto. The inverter is adapted to provide an
ontput signal of approximately -6 v., representing a
binary 1, when the input signal received thereby has a
—5 v. level, representing a binary 0. Conversely, the
inverter provides an output signal representing a binary 0
when the input signal represents a binary 1. The inverter
supplies an additional output signal having the same
logical significance as the input signal,

The inverter circuit of FIG. 7 comprises an emitter
follower driving a grounded-emitter amplifier, The emit-
ter follower portion of the inverter comprises a transistor
155 having its output signal level clamped to have a total
excursion between the extremes of —3.5 v. and +3.5 v,
The input signal is applied at terminal 156. The output
signal of the emitter follower is taken from the emitter
electrode of transistor 155. This signal is also available
at terminal 157 as a true logical representation of the
inverter input signal. The output signal of the emitter
follower is coupled to the grounded-emitter amplifier
comprising transistor 158.

To analyze the operation of the inverter assume, first,
that a binary 0 input signal is applied to input terminal
156. With an input signal of —5 v. level applied to the
base electrode of transistor 155, the emitter electrode of
transistor 155 operates approximately at the —5 v, level,
However, junction point 160 is clamped to a —3.5 v.
At this time current flows from the positive potential
source through resistor 161, diode 162, and resistor 163
to the —3.5 v. junction point 160. The value of voltage
at the base electrode of transistor 158 is below the value
of -6 v., so that transistor 158 conducts and supplies a
-6 v. output signal at output terminal 165. Thus, the
inverter delivers an output signal representing a binary
1 when the input signal thereto represents a binary 0.

Assume, now, that the input signal represents a binary
1. The application of a -6 v. signal to the base electrode
of transistor 155 causes transistor 155 to cease conduct-
ing and establishes junction point 160 at the 3.5 v,
level. The value of voltage at the base electrode of tran-
sistor 158 tends to go above +6 v., so that current flows
through diode 166 and cuts off transistor 158, At this
time the output signal at terminal 165 is at the —35 v.
level. Thus, a binary 1 input signal to the inverter pro-
vides a binary 0 output signal from terminal 165.

Capacitor 167 functions to speed the response of the
inverter when the inverter input signal level changes from
—5 v. 1o 46 v. Capacitor 168 prevents bypassing the diode
162, and thereby prevents saturation of transistor 158.

The symbol 170, shown in FIG. 6, is emploved to rep-
resent the inverter., By way of example, the input signal
to the inverter is denoted as the Sig signal. The logically
inverted output signal provided at terminal 165 of the
inverter is designated as TS77. The output signal pro-
vided from terminal 157 is not logically inverted and is
represented by the legend 1Sig. Thus, the “true” output
signal of an inverter is usually identified with the letter
I affixed to the input signal term. The inverted output
signal is similarly written, but is provided with a super-
scribing bar.

Emitter Follower

The emitter follower of FIG. 8 is employed in many
parts of the logic networks of the system. The primary
function of the emitter follower is to supply the input
current requirements of a large chain of logical gates,
which a flip-flop would be unable to directly drive, The
specific locations of the emitter followers in the system
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will not be given in the description to follow. However,
they may be employed following flip-flop output termi-
nals or at other locations where large current requirements
exist,

The emitter follower provides an output signal having
the same logical sense as the input signal. That is, the
emitter follower delivers a binary 1 output signal when
the input signal represents a binary 1, and vice versa.
Two types of emitter followers are shown in FIG. 8. The
first type, comprising the PNP transistor 175, is identified
as a PNP emitter follower. The second type, comprising
the NPN transistor 176, is identified as an NPN emitter
follower. Generally, the PNP emitter follower drives an
AND-gate and the NPN emitter follower drives an OR-
gate.

The symbol 178, shown in FIG. 8, is employed to rep-
resent the emitter follower. The output signal of the
emitter follower bears the same identification as the in-
put signal applied thereto.

Register Transfer

The register transfer shown in FIG. 9 provides for the
direct transfer of data between a pair of flip-flops, under
control of a pated clock pulse driver. Normally, if a
first flip-flop (which may be termed a data-receiving
flip-flop) is adapted to receive the data bit stored in a
second flip-flop (which may be termed a data-transmit-
ting flip-flop), the register transfer input terminals of the
first flipflop are connected through respective register
transfers to the corresponding output terminals of the
second flip-flop.

The register transfer circuit of FIG. 9 comprises eight
register transfers and is adapted to transfer the contents
of four data-transmitting flip-flops, storing a full data
digit, to four data-receiving flip-flops, also adapted to
store a full data digit. A register transfer circuit is con-
nected between the l1-output terminal of each data-trans-
mitting flip-flop and the register transfer 1-input terminal
of the corresponding data-receiving flip-flop. A register
transfer is also connected between the 0-output terminal
of each data-transmitting flip-flop and the register trans-
fer 0-input terminal of the corresponding data-receiving
flip-flop. FIGURE 10 illustrates the connection of a
register transfer between an output terminal of a data-
transmitting flip-flop and the corresponding register trans-
fer input terminal of a data-receiving flip-flop.

The operation of a typical register transfer 201 of FIG.
9 will now be described. Register transfer 201, which
is also shown in FIG. 10, is connected between the 1-out-
put terminal of the N21 flip-flop and the register transfer
1-input terminal of the N11 flip-flop. The N21 flip-flop
I-output terminal is connected to input terminal 202 of
the register transfer circuit. Terminal 202 is connected
to one end of resistors 203 and 204. The other end of
resistor 203 is connected to a source of minus voltage.
Resistor 203 provides collector resistance for the data-
transmitting flip-flop output amplifier. Thus, the po-
tential applied to input terminal 202 will be +6 v., when
a binary 1 is applied thereto, and —5 v. when a binary 0
is applied thereto. This input signal is transferred through
resistor 204 and a diode 205 to output terminal 208. A
capacitor 206 is connected to the junction of resistor 204
and diode 205, and is adapted to be charged to the logic
voltage level provided by the corresponding data-trans-
mitting flip-flop. Generally, the output signal of a
gated clock pulse driver is connected to input terminal
207. Output terminal 208 is connected to the correspond-
ing register transfer input terminal of the data-receiving
flip-flop. A resistor 209 functions to discharge any stray
capacitance connected across the output terminal 208,
thereby preventing spurious triggering of the data-re-
ceiving flip-flop.

As described in the previous section entitled “Flip-
Flop,” neither a —5 v. signal nor a 46 v. signal applied
to the register transfer input terminal is sufficient to
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trigger the flip-flop. However, when a clock pulse is
superposed on a -6 v. signal, the flip-lop can be trig-
ered. Thus, if a clock pulse is delivered by gated clock
driver SN when a binary 1-input signal is applied to input
terminal 202, the superposed 46 v. and clock pulse de-
livered at terminal 208 will be adequate to trigger the
data-receiving flip-flop.

The eight register transfers of FIG. 9 are adapted to
transfer the entire contents of the secend digit position of
the N-register to the first digit positicn of the N-register
upon receipt of the SN signal provided by the SN clock
pulse driver. Inasmuch as a triggering output signal
from a register transfer output terminal requires the
simultaneous presence of a binary 1 from the correspond-
ing data-transmitting flip-flop output terminal and a clock
pulse at terminal 207, the register transfer output signal
may be considered as representing a Conjunctive oper-
ation on the flip-flop input signal and the clock pulse.
Therefore, the output signal delivered at terminal 208,
for example, may be represented as:

#N11=SN N21

Correspondingly, the output signal delivered at terminal
210 may be represented as:

#X11=SN X21

The output terminals of one or more register transfers
may be connected to a single register transfer input
terminal of a flip-flop. In such instance, the one of the
register transfers which has a clock pulse applied thereto
will transfer the contents of the corresponding data-
transmitting flip-flop to the data-receiving flip-flop. An
example of such a circuit is provided by the N11 flip-flop,
which is adapted to receive the contents of the N21 flip-
flop when the SN clock signal is applied to register trans-
fers connecting the output terminals of the N21 flip-fiop
to the corresponding register transfer input terminals of
the N11 flip-flop, or to receive the contents of the All
flip-flop when the XAN clock signal is applied to register
transfers connecting the output terminals of the All flip-
flop to the corresponding register transfer input terminals
of the N11 flip-flop. This plural input connection to the
register transfer I-input terminal of the N11 flip-flop is
illustrated in FIG. 10.

Inasmuch as the plural register transfer connection to
a flip-flop provides that an output signal from any one
of the connected register transfers will trigger the data-
receiving flip-flop, an Inclusive-Or logical operation is
thereby provided for the output signals of the plurally-
connected register transfers. Thus, the register transfer
1-input signal to the N11 flip-flop may be expressed as:

#NI1=SN N214+XAN All

The output signals delivered by certain manually oper-
ated push buttons or switches are often directly connected
to a flip-fiop register input terminal which also has con-
nected thereto one or more register transfers, Actuation
of such a button or switch usually provides a 4-12 v. out-
put signal, which is sufficient to trigger the data-receiving
flip-flop. Therefore, this type of connection also pro-
vides an Inclusive-Or logical operation for the output
signals of the plurally-connected register transfers and
the buttons or switches. For example, the register trans-
fer O-input signal to the N11 flip-flop may be expressed as:

#N11=SN N2I}-XAN A11+Kce

where Kcc is a +12 v. signal when certain buttons on the
Control Console are depressed.

The symbol 212, shown in FIG. 9, is employed to rep-
resent the eight register transfers connecting the four flip-
flops N24, N23, N22 and N21 to the corresponding ones
of flip-flops N14, N13, N12 and N11. The arrow in
symbol 212 denotes that upon receipt of a clock pulse,
the entire contents of N2(i) are transferred to NI1().
Terminal 207, which is shown connected to symbol
212, illustrates that this data transfer is effected only
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when a clock pulse SN is received. Symbol 213 repre-
sents the four flip-flops, N2(#), which are adapted to store
the second digit of the contents of the N-register. Sym-
bol 214 represents the four flip-flops, N1(;), which are
adapted to store the LSD of the N-register.

One-Shot

The monostable multivibrator, or one-shot, of FIG, 11
provides an output signal of predetermined duration.
The duration of the output signal is usually equal to a
non-integral number of clock periods.

The one-shot is a circuit adapted to operate normally
in a stable state, but to transfer to an unstable state for
a predetermined duration upon application of a trigger
signal thereto. In one state of operation the onec-shot
represents the binary 1 (1-state) and in the cther state
the binary O (O-state), The one-shot circuit includes a
pair of coupled transistor amplifiers comprising the re-
spective transistors 220 and 221. The coupled transistor
amplifier pair is connected to a grounded-emitter tran-
sistor output amplifier, the output signal thereof repre-
senting the O-state of the one-shot. This output ampli-
fier comprises a transistor 222.

The one-shot is adapted to receive two input signals;
as follows: (a) a clock pulse signal, received at input ter-
minal 223, and supplied by a clock pulse driver, and (b)
an input logic signal, received at input terminal 224, and
usually supplied by a logical gate.

The output signal, representing the O-state of the onc-
shot, is delivered at output terminal 225,

The operation of the one-shot will now be described.
In the stable state transistor 221 is conducting and tran-
sistor 220 is non-conducting. The current flowing
through the resistor 228 provides sufficient reverse bias
voitage to maintain transistor 220 non-conducting, where-
as this bias voltage is divided by resistors 229 and 230
to permit preferential conduction of transistor 221. The
base electrode of conducting tramsistor 221 is approxi-
mately at ground, so that the emitter electrodes of tran-
sistors 220 and 221 are held negative with respect to
ground by only a small voltage. The collector electrode
of transistor 221 is also close to 0 v., so that transistor
222 is forward biased and conducts. The conduction of
transistor 222 when the one-shot is in the stable state
provides an output signal at terminal 225 of 4-6 v., rep-
resenting a binary 1.

In the stable state the collector electrode of transistor
220 is approximately at 4-70 v. Therefore, capacitor
232, which is connected between the collector of tran-
sistor 220 and the base of transistor 221, is charged to
+70 v.

A transistor 233 serves to isolate transistor 220 from
the input terminals of the one-shot. Normally, tran-
sistor 233 is non-conducting. The logic input signal
applied to terminal 224 is either at the —5 v. level (bi-
nary 0) or at the 4-6 v. level (binary 1). Either level
of the logic input signal is insufficient to trigger the one-
shot to its unstable state. However, if a clock pulse is
applied to terminal 223 when the logic input signal is
at its -6 v. level the superposition of the two input
signals is sufficient to drive transistor 233 into conduc-
tion. This momentary high positive signal, approxi-
mately 417 v., is applied to the base electrode of tran-
sistor 229, which thereupon commences conduction.
When transistor 220 commences to conduct, the col-
lector electrode thereof experiences a sudden potential
crop. This potential drop is coupled through capacitor
232 to the base electrode of transistor 221. As the base
electrode of transistor 221 swings negatively, the col-
lector current thereof diminishes. The decrease in cur-
rent flow of transistor 221 reduces the reverse bias ap-
plied to transistor 220, which conducts mere heavily.
Thus, a regenerative action ensues, and transistor 220
is transferred to the conducting state and transistor 221
is rendered non-conducting. Transistor 221 remains cut-
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off by the high reverse bias applied to its base electrode
from capacitor 232.

When transistor 221 is non-conducting, transistor 222
is rendered non-conducting, and the voltage at the out-
put terminal 225 drops to —5 v. Thus, when the one-shot
is in its unstable state, its output signal represents a bi-
nary 0.

Capacitor 232 now commences to discharge through
the path provided. The discharge time of capacitor 232
is determined by the RC-time constant of the circuit
loop comprising, basically, capacitor 232, potentiometer
234 and vesistor 235, The discharge time is also in-
fluenced by the parallel-connected capacitor 236 and any
one or more of capacitors 237, 233 and 239, which may
he coanacted to the “capacitor return” terminal 240. The
dischrrge time may also be altered by providing an ex-
ternal capacitor between the “ext time” terminal 241
and terminal 240,

In the unstable state, the emitter electrode of tran-
sistor 221 is slightly below ground potential, The base
electrode thereof is held below ground in accordance
with the voltage across capacitor 232. Therefore, as
capacitor 232 discharges, the base electrode of transistor
221 rises toward the potential of the emiiter electrode.

5 When the base electrode potential reaches the emitter

electrode potential, transistor 221 commences conducting,
and the one-shot returns to its stable state, where it re-
mains until it is again triggered.

One-shots are identified in accordance with the func-
tion they perform, although all one-shot designations be-
gin with the letter “Y.” For example, the Yb1 desig-
nation vefers to a one-shot which controls the time dura-
tion of the ringing of a bell. Normally only the 0-output
signal is taken from the one-shot. That is, when the
one-shot is triggered into its unstable state, the logic sig-
nal available at the output terminal of the one-shot rep-
resents a binary 0. In its stable state the one-shot out-
put signal represents a binary 1. Thus, in effect, the one-
shot output signal turns off when the one-shot is triggered.
If desired, another output amplifier may be connected to
the collector electrode of transistor 220 to provide an
output signal representing the 1-state of the one-shot.
Such an amplifier would provide a binary 1 when the
onz-shot was in its unstable state.

‘The symbol 244, shown in FIG. 11, is employed to
represent the one-shot. Symbol 244, in this instance,
represents the Yb1 one-shot. The two leads entering
the left-hand side of symbol 244 represent the two in-
put terminals, The upper input lead receives the logic
input signal. The lower input lead receives the clock
pulse signal. The symtol indicates that the Y31 flip-
flop receives the clock pulses provided by the CDA12
clock pulse driver. The notation *Yh1 opposite the up-
per input lead identifies the Togic input signal. The lead
leaving the right-hand side of symbol 244 represents the
output terminal. The notation Yh1 identifies the 0-out-
put signal of the Y1 one-shot. The duration of the un-
stable state of the flip-flop is also included within the
symbol. Thus, the unstable state of the Y51 flip-flop
is indicated to be 15 ms.

Register

A register is adapted to provide temporary storage of
data being processed or data being transferred between
system components. The repister comprises a plurality
of flip-flops, one flin-flop for each bit of the data to be
stored therein. Most registers of the svstem store a full
data word and, therefore, comprise 28 flip-flops.

The flip-flops of a register are identified according to
the register designation and the numerical significance
of the data bits stored therein. Thus; a register flip-flop
will be designated as the Qmn flip-flop, where Q identifies
the register, m identifies the digit order of the bit stored,
and »n identifies the decimal significance of the bit stored.
For example, the J13 flip-flop stores the 4-bit of the least
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significant digit of the J-register contents. The 28 flip-
flops of the J-register may be represented; as follows:
J-REGISTER

Jd (J74) T54 J54 Jd4 134 J24 Ji4
Js (373) J63 153 J43 J33 J23 J13
Jm2 (J712) J62 162 J42 ¥32 J22 J12
Jml (J11) J6l J6l J41 J31 J21 I

The most significant, or 7th, digit of the data word is
stored in Jd, Js, Jm2 and Jml. This set of flip-flops is
also termed J74, J73, 172 and J71.

The data in most of the registers may be serially shifted
from higher to lower order digit positions of the register.
In such registers, the entire contents of a digit position
are transferred by parallel shift to the next lower order
digit position, The serial shifting of data in this manner
is most often effected by register transfers connected be-
tween the flip-flops (see FIGS. 9 and 10 in the section
“Register Transfer”). Data which is serially transferred
by digits to successively lower order digit positions is said
to be “shifted-down.” If the fiip-flops are interconnected
to transfer the data to successively higher order digit
positions, they are said to “shift-up™ the data.

If the digit in the LSD position is directed to re-enter
the register at the MSD position during a shift-down, the
data is said to be “ring shifted-down.” Conversely, if
the MSD position digits enter the LSD position, the data
is said to be “ring shifted-up.”

Temporary signal storage is provided to permit a reg-
ister flip-flop to change its state at the same time that its
contents are being transmitted to another register flip-
flop; i.e., during the serial shift of data in a register.
This temporary signal storage is supplied by capacitors
in the register transfers and in the flip-flop logic input
circuits. These capacitors store the logic signal levels
from the output terminals of a data-transmitting flip-flop
prior to the occurrence of the clock signal that causes the
data-transmitting flip-flop to change its state and the cor-
responding data-receiving flip-flop to receive the contents
of the data-transmitting flip-flop. Thus, the register
transfer capacitors 206 temporarily store the logic signal
levels provided by the data-transmitting flip-flop. When
the clock pulse is applied to the register transfer the con-
tents of the data-transmitting flip-flop are held in ca-
pacitors 206 sufficiently long for the data-receiving flip-
flop to respond thereto, while the data-transmitting flip-
flop may simultanecusly have the state thereof changed.
Similarly, where the contents of one flip-flop are trans-
mitted to another through logical gates, the flip-flop input
capacitors 116 and 117 provide temporary storage for
the input logic signal levels.

DATA PROCESSING SYSTEM—DETAILS

The Data Processing System is shown symbolically in
FIG. 12 to illustrate the elements therein which store
data, the paths of data transfer between these elements,
and major control elements of the system.

Instruction words for data processing, and operand
words which are to be processed are stored in the 4,000
word Core Memory during data processing operations.
Temporary storage of data words is provided in the
various registers of the system. Data is most often trans-
ferred between registers by means of register transfers,
not shown in FIG. 12. Most registers are also adapted to
shift the data therein by the employment of register trans-
fers between digit positions, such as shown in FIG. 9.

The instruction word which directs the system oper-
ation is stored in the I-register 272. The I-register com-
prises two registers, a 2-digit C-register and a 4-digit A-
register. The I-register stores the 6 least significant digits
of an instruction word, these digits including the com-
mand portion and the address portion. The command
portion is stored in the C-register and the address portion
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in the A-register. The command portion in the C-
register controls the type of operation to be executed
by the system. The address portion in the A-register
usually indicates the memory location from which the
operand word is to be received, or where a data word
is to be stored. However, the address portion is also
employed as a control function to supplement the com-
mand portion in controlling the type of operation to be
executed. The memory location of the next instruction
to be executed is stored in the 4-digit N-register 274, As
execution of an instruction is nearing completion the next-
instruction address stored in the N-register is transferred
to the A-register, and this address provides the Memory
Controls 242 with the information to obtain the next
instruction from the Core Memory 243,

All data words received from the Core Memory or
entered into the Core Memory must pass through the
7-digit M-register 245. Therefore, when an instruction
is to be received from the Core Memory the A-register
contents direct the Memory Controls to obtain the instruc-
tion from the location then indicated in the A-register.
This instruction is first transferred to the M-register and
then to the 7-digit J-register 271. From the J-register
the 6 least significant digits of the instruction word are
transferred to the I-register and the instruction is then
executed. Operand words needed by the instruction are
obtained from the Core Memory by the same process;
that is, by a first transfer to the M-register under control
of the address portion of the instruction word in the A-
register and then by a transfer to the J-register.

Arithmetic operations, sorting operations, comparison
operations, etc., on operand words are performed pri-
marily by employing the Arithmetic Unit 276, the L-
register 273, and the R-register 275, The L-register and
R-register are both 7-digit registers and each stores a
complete data word. The L and R-registers are em-
ployed together when data processing is performed on
double-precision words, and when so employed are desig-
nated as the FULL-register. The R-register is usually
employed when processing single data words. The Arith-
metic Unit is adapted to perform the operation of addi-
tion or subtraction on a pair of words received simulta-
neously from the J-register and the R-register or on
data received simultaneously from the A-register and the
B-register 270. When the contents of J and R are re-
ceived by the Arithmetic Unit the output signals thereof
are entered into the R-register, if ‘single numeric words
are being processed, and into the FULL-register if double-
precision words are being processed.

A data word in the R-register may be transferred to
the M-register for storage in the Core Memory at the
location designated by the A-register contents.

The 4-digit B-register is employed to modify the ad-
dress portion of the instruction word in the A-register.
This modification is performed by adding the B-register
contents to the A-register contents in the Arithmetic
Unit, and by entering the output signals of the Arith-
metic Unit into the A-register.

The Ar-register 268 and the Aw-register 269 store
memory addresses during respective Multiplex Buffer
read and write operations and are adapted to enter the
address into the A-register when the Multiplex Buffer
is to transfer a word to the Core Memory or to receive
a word therefrom.

The modulo-3 of all words received by the J-register
from the Core Memory is compared against the mod-bits
of these words by the J-mod-generator 277, which ac-
cumulates the modulo-3 of a word as it ring shifts in the
J-register. The V-mod-generator of the Arithmetic Unit
accumulates the modulo-3 of the Arithmetic Unit output
signals in order to apply the appropriate mod-bits to
this word.

The Ar, Aw, B, J, I, L, N, and R-registers, the Arith-
metic Unit, and the J-mod-generator comprise the Cen-
tral Processor 10 of FIG. 1. The Memory Controls,
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Core Memory, and M-register comprise the Memcery 12
of FIG. 1.

The Central Processor receives data from the Control
Typewriter, the Photoreader, the Tape Handlers, and the
Character Reader, and transmits data to the Tape Han-
dlers, the Printer, the Control Typewriter, and the
Sorter.

The 7-digit P-register 247, which is a part of the P-
Buffer, temporarily stores a data word being transferred
from the Control Typewriter or from the Photoreader to
Memory. The P-register also temporarily stores a data
word being transferred from Menory to the Control
Typewriter. In so exchanging data with the Memory,
the P-Buffer is controlled by the Central Processor and
its mode of operation is initiated by the contents of the
A-register, which sets the P-Buffer Controls 246. The
P-Buffer, when directed by the Control Typewriter, co-
ordinates the typing out of the contents of the B, I L,
N, P, and R-registers by the Control Typewriter. The
Control Typewriter and the P-Buffer also cooperate in
entering data words directly into the I-register and the
R-register.

The Rb-register 248 and the Wh-register 250 form a
part of the Multiplex Buffer and are controlled by the
Multiplex Buffer Controls 249. The 7-digit Rb-register
temporarily stores a data word being transferred from
magnetic tape or the Sorter Control Unit to Memory.
The 7-digit Wh-register temporarily stores a data word
being transferred from Memory to magnetic tape or to
the Printer.

A description of the system operation is provided in
a succeeding section entitled “Instructions,” and in the
sections following thereafter. Details of the system
structure and of the components thereof are provided
in FIGS. 17, 19, 20, 24, 28, 29, 33, 36, 37, 42, 43 and
48-187.

Data Processing Operations

The command portions of the instruction word may
have any one of 52 bit configurations, each configuration
representing a different one of 52 decimal numbers. Each
command portion number directs a fundamentally dif-
ferent data processing operation of the system. The
system executes the commands of a succession of in-
struction words to process data. This succession of in-
struction words js termed a “program,” in any program
many, or all, of the 52 fundamental operations are exe-
cuted one or more times to process the received data.

These fundamental operations which the system will
execute, may be grouped by function; as follows:

A. Memory Input-Output Operations
Instruction 75: Transfer M to R (TMR)
A data word in Memory is transferred to the
R-register,
Instruction 70: Transfer R to M (TRM)
The data word in the R-register is transferred
to Memory.
Instruction 21: Exchange R and M {(XMR)
The data word in the R-register is transferred
to a specified memory location and the data
word in that location is transferred to the R-
register.
Instruction 85: Transfer M to FULL (TMF)
A double-precision word in Memory is trans-
ferred to the L and R-registers (FULL).
Instruction 80; Transfer FULL to M (TFM)
The double-precision word in FULL is trans-
ferred to Memory.
B. Operations Shifting Data within the Central Processor
Instruction 94: Exchange R and B (XRB)
The entire contents of the B-register are ex-
changed with the four least significant digit
position contents of the R-register.
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Instruction 97: Exchange L and R (XLR)
The L and R-registers exchange data words.
Instruction 99: Shift R Right (N) (SHR)

The numeric portion of the data word in the
R-register is shifted-down through a designated
number (N) of digit positions.

Instruction 91: Ring Shift R (N) (RSR)

The numeric portion of the data word in the R-
register is ring shifted-down through a desig-
nated number (N) of digit positions.

Instruction 92: Shift FULL Right (N) (SHF)

The combined numeric portions of the double-
precision data word in FULL is shifted-down
through a designated number (N) of digit posi-
tions.

Instruction 93: Ring Shift FULL (N) (RSF)

The combined numeric portions of the double-
precision data word in FULL is ring shifted-
down through a designated mumber (N) of
digit positions.

Instruction 28: Transfer M to B (TMB)

The four least significant digits of a data word

in Memory are transferred to the B-register,

. Program Jump Operations

Instruction 60: Branch if D1 (BD1)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, if the D1 flip-flop is on.

Instruction 62: Branch if D2 (BD2)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, if the D2 flip-flop is on.

Instruction 64: Branch if D3 (BD3)

The sequence of instructions being executed will
be interrupted by a jump to a designated ip-
struction if the D3 flip-flop is on.

Instruction 63: Jump Unconditionally JUN3

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction.

Instruction 61: Jump Unconditionally, Transfer N to
B (JNB)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, and the contents pf the N-register are
transferred to the B-register.

- Comparison Operations

Instruction 76: Is R Greater Than M? (RGM)

The data word in the R-register is compared with
a specified data word in Memory, and if the
word in the R-register is greater than the word
in Memory, the D1 flip-flop is set.

Instruction 86: Is Z—R Greater Than M, and
M,+1? (FGM)

The double-precision word in FULL is compared
with a specified double-precision word in
Memory, and if the word in FULL is greater
than the word in Memory, the DI flip-flop
is set,

Instruction 71: Is R Unequal to M? (RUM)

The data word in the Re-register is compared
with a specified data word in Memory, and if
the two words compared are not cqual, the D1
flip-flop is set.

Instruction 81: Is L—R Unequal to M, and My+1?
(FUM)

The double-precision word in FULL is compared
with a specified double - precision word in
Memery, and if the two words compared are
not equal, the D1 flip-flop is set,
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Instruction 31: Find Word in Memory Equal to
L—R (FND)

The Memory is searched through a series of
sequential double-word locations to find a
double-precision word that is equal to the
double-precision word in FULL.

Instruction 36: Find Word in Memory Equal To or
Greater Than FULL (FGR)

The Memory is searched through a series of
sequential double-word locations to find a
double-precision word that 1s equal to or
greater than the double-precision word in
FULL.

. Sorting Operation
Instruction 35: Tumble (TUM)

The double-precision word in FULL is stored in
Memory at a designated double-word location,
and the double-precision words in the desig-
nated memory location and in following se-
quential double-word memory locations are
each shifted to the next sequential double-
word locations.

F. Arithmetic Operations
Instruction 72: Add M to R (AMR)

A word in Memory is added to the word in the
R-register, and the sum is placed in the R-
register.

Instruction 73: Subtract M from R (SMR)

A word in Memory is subtracted from the word
in the R-register, and the difference is placed
in the R-register.

Instruction 82: Add M to FULL (AMF)

A double-precision word in Memory is added to
the double-precision word in FULL, and the
sum is placed in FULL,

Instruction 83: Subtract M from FULL (SMF)

A double-precision word in Memory is subtracted
from the double-precision word in FULL, and
the difference is placed in FULL.

Instruction 87: Add M to R and Carry (ARC)

A word in Memory is added to the word in the

R-register, and the sum is placed in FULL.
Instruction 88: Subtract M from R and Carry (SRC)

A word in Memory is subtracted from the word
in the R-register, and the difference is placed
in FULL.

Instruction 27: Add M to B (AMB)

The four least significant digits of a data word
in Memory are added to the contents of the
B-register, and the sum is placed in the B-
register.

Instruction 42: Multiply M by R (MPY)

A word in Memory is multiplied by the numeric
portion of the word in the R-register, and the
product is placed in FULL.

Instruction 43: Divide FULL by M (DIV)

The numeric portion of the double-precision word
in FULL is divided by the numeric porticn
of a single numeric word in Memory, and the
quotient is placed in FULL.

. Miscellaneous Central Processor Operations
Instruction 25: Mod-3 Generation on R (GMR)

Mod-bits are penerated for the modulo-3 of the

numeric portion of the R-register contents.
Instruction 26: Mod-3 Generation on L and R (GMF)

Mod-bits are generated for the modulo-3 of the

numeric portions of both the L and R-registers.
Instruction 54: Does Condition X Exist? (DSW)

One or more of a plurality of interrogations re-
fating to conditions in various parts of the
systern are made, and if the condition or con-
ditions exist, the D3 flip-flop is turned on.
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Instruction 50: Change State of Sign or Designator of
R, or Change Jc (CHR)

The state of the J¢, Rd, and Rs flip-flops may
be altered.

Instruction 29: Extract M into R by L (EXT)

Certain digits of the word in the R-register are
replaced with the corresponding digits of a
word in Memory, under control of a word in
the L-register.

Instruction 53: Halt (HLT)

Data processing halts at the termination of the
instruction.

. System Input-Output Operations
Instruction 24: Transfer P to M (TPM)

The data word in the P-register is transferred to
Memory.

Instruction 74: Transfer M to P (TMP)

A data word in Memory is transferred to the
P-register.

Instruction 59: Photoreader or Control Typewriter
In or Out (PIO)

A data word is transferred into the P-register
from either the Photoreader or the Control
Typewriter, or the data word in the P-register
is transferred to the Control Typewriter.

Instruction 52: Ring Bell or Gong (RNG)

An audible indication is produced.

Instruction 65: Read Magnetic Tape or Character
Reader (RMT)

The Multiplex Buffer is directed to start reading
one block of data from magnetic tape or to
start reading one line of data from a docu-
ment.

Instruction 66: Write Magnetic Tape or Load Printer
(WMT)

The Multiplex Buffer is directed to start writing
one block of data onto magnetic tape or to
start transmitting one block of data to the
Printer.

Instruction 67: Alter Magnetic Tape (AMT)

The magnetic tape of a Tape Handler is caused
to reverse, erase, or rewind.

Instruction 68: Write Blockettes on Magnetic Tape
or Load Printer (WMB)

The Multiplex Buffer is directed to start writing
5 blockettes of data onto magnetic tape, or to
start transmitting 5 blockettes of data to the
Printer.

Instruction 58: Start or Stop Check Feeding (CHF)

The Sorter is directed to start or stop transferring
documents to the Character Reader.

Instruction 57: Select Sorter Pocket (N) (POC)

The Sorter is directed to store the next document
in a designated (N) pocket.

In addition to the 49 above-described programmable
operations, three different operations are directed by the
corresponding command pertion numbers 51, 55, and 56.
These three numbers are automatically inserted into the
C-register when data is being transferred into or out of
the Multiplex Buffer. One of these operations is employed
each time the program or an instruction is interrupted in
order to transfer data between the Memory and the Multi-
plex Buffer.

Under certain circumstances an Instruction 25 or 26
is entered automatically to provide the correct mod-bits
after an instruction has altered the modulo-3 of a word.

GLOSSARY AND INDEX OF SIGNALS

The signals provided by the system circuit elements
are tabulated below. The portion of the description which
illustrates or describes the respective source circuit ele-
ment for each of these signals is also identified.
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For example, the notation:
Anpd: FF, Cent Proc; FIG. 105
indicates that the Anpd signal is provided by the Anpd
flip-flop of the Central Processor, and that the source
flip-flop and the corresponding logical schematic dia-
grams for providing input signals thereto are illustrated
in FIG. 105. A similar notation is employed for one-shot
and inverter output signals.
The notation:
Cad: Log, Cent Proc; FIG. 107
indicates that the Cad signal is a designated logical com-
bination signal of the Central Processor, and that its
source logical schematic diagram is illustrated in FIG.
107.
The notation:

B27: CP, Cent Proc; FIG. 17

indicates that the B27 signal is provided by the B27 clock
pulse driver of the Central Processor. Since the B27
clock pulse driver operates continuously, “FIG. 17" re-
fers to the actual illustration of the B27 clock pulse driver.
However, if a clock pulse driver is gated, the noted figure
refers to the illustration showing the logical schematic
diagram for providing the gating signal for the clock pulse
driver which supplies the tabulated signal. Thus, the B28
gated clock pulse driver output signal is tabulated as
B28: CP, Cent Proc; FIG. 108
wherein FIG. 108 illustrates the logical schematic dia-
gram that provides the Gate-B28 signal for the B28 clock
pulse driver.
The notation:

Kece: Sw, Con Cons; FIG. 19
indicates that the Kcee signal is provided by closing a

switch or button on the Centrol Console.
The notation:

Ka: Key, Con Typ; “Control Typewriter” section
indicates that the Ka signal is provided by depressing a
key on the Control Typewriter. The source circuit ele-
ment for the Ka signal is not illustrated in the drawings,
but is described in the “Control Typewriter” section,

The notation (ij) following the identification of a flip-
flop indicates, generally, all flip-flops of a given register
which bear a numerical suffix. For example, A(ij) re-
fers to the signals delivered by all flip-flops of the A-
register.

The table to follow employs the abbreviations:
CP—Clock pulse driver
FF—Flip-flop
Inv—Inverter
Key—Key
Log—Designated logical combination signal
OS8—One-shot
Sw—Switch or button
Cent Proc—Central Processor
Char Rdr-—Character Reader
Con Cons—Control Console
Con Typ—Control Typewriter
Mem—Memory
Mult-Buf—Multiplex Buffer
P-Buf—P-Buffer
Photo—Photoreader
Prir-—Printer
Read-Buf—Read Buffer
Sort—Sorter
Sort Con—Sorter Control Unit
Tape Con—Tape Control Unit
Tape Han—Tape Handler
Write-Buf—Write Buffer
A(ij): FF, Cent Proc; FIGS. 48-51

The 1-output signals of the 16 flip-flops of the A-
register, which stores the address portion of the
instruction word.,
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Aac: FF, Cent Proc; FIG. 98
The 1-output signal of an alarm flip-flop which is set
to the 1-state if a malfunction occurs in the Arith-
metic Unit.
Ah: Sw, Con Cons; FIG. 19
A signal which issues upon depression of the AD-
DRESS HALT button and causes the system to
halt when a designated address is in the A-register.
Ai: FF, Cent Proc; FIG. 105
The I-output signal of an alarm flip-flop which is set
to the 1-state if an improper instruction word en-
ters the Central Processor.
AM(ij}: FF, Mem; FIGS. 110-113
The 1-output signals of the 14 flip-flops of the AM-
register, which stores the address of the memory
location addressed during each memory cycle.
Amm: FF, Cent Proc; FIG. 105
The 1-output signal of an alarm flip-flop which is set
to the I-state if an improper data word is trans-
ferred to the Central Processor from Memory.
Anpd: FF, Cent Proc; FIG. 105
The 1-output signal of a sub-alarm flip-flop which is
set to the I-state if the Central Processor fails to
select a Sorter packet after a document is read by
the Character Reader.
Ar(ijy: FF, Cent Proc; FIGS. 52-55
The l-output signals of the 14 flip-flops of the Ar-
register, which stores the memory location wherein
the next word to be read from magnetic tape or
the Character Reader is to be stored.
Ard: FF, Tape Con; “Alarms” section
The 1-output signal of an alarm flip-flop which is
set to the 1-state if the addressed Tape Handier is
disabled.
Ate: FF, Cent Proc; FIG. 105
The l-output signal of an alarm flip-flop which is
set to the I-state if a malfunction occurs when a
Tape Handler or the Character Reader is reading
or when a Tape Handler or the Printer is writing,.
Arm: FF, Cent Proc; FIG. 104
‘The 1-output signal of a control flip-flop which, when
set to the I-state, causes the word in the M-
register of the Memory to be incremented by 2 as
it is restored to its Core Memory location.
Aw(ij): FF, Cent Proc; FIGS. 56-59
The 1-output signals of the 14 flip-flops of the Aw-
register, which stores the memory location wherein
the next word to be written by a Tape Handler or
the Printer is stored.
B17: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.
B27: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.
B28: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.
B(ij}: FF, Cent Proc; FIGS. 60-63
The I-output signals of the 16 flip-flops of the B-
register, which stores a number for modifying the
address in the A-register.
Bb: FF, Cent Proc; FIG. 95
The 1-output signal of a control flip-flop which, when
set to the l-state, causes modification of the ad-
dress in the A-register effecting the addition there-
to of the contents of the B-register.
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Bbf: FF, Write-Buf; FIG. 154
The 1-output signal of a control flip-flop, which when
set to the 1.state, signals that the first word of a
block of data words has been transferred to the
Write Buffer or aids in terminating the transfer of
a block of data words to the Printer.
Bbs: Log, Write-Buf; FIG. 158
A signal which notifies the Printer that the first word
of a block of data words is ready to be transferred
thereto.
Bks: Log, Cent Proc; FIG. 107
A signal which directs a Tape Handler to back one
data block.
Bl/k: FF, Cent Proc; FIG. 104
The 1-output signal of a control flip-flop which, when
set to the l-state, directs the writing on magnetic
tape or by the Printer of 100 data words comprising
five blockettes of 20 words, wherein the five
blockettes are taken from five respective groups of
memory locations disposed at random in Memory,
each group comprising 20 consecutive memory
locations.
Bis: Log, Cent Proc; FIG. 107
A signal which counts the Whk-counter up by 1
whenever the write-memory address in the A-
register is a multiple of 20.
Brt: FF, P-Buf; FIG. 135
The 1-output signal of a control fip-flop which, when
set to the 1-state, directs the type-out of the con-
tents of a designated register by the Control Type-
writer when the Central Processor is halted.
C(i}): FF, Cent Proc; FIGS. 64, 65
The 1-output signals of the 8 flip-flops of the C-
register, which stores the command portion of the
instruction word.
Cad: Log, Cent Proc; FIG. 107
A signal which effects the decrease by 1 of the num-
ber represented by the contents of the A21 and the
Al flip-flops of the A-register.
Can: Log, P-Buf; FIG. 138
A signal which directs the transfer of the contents
of the P7 flip-flops to the Cs flip-flops of the P-
Buffer when data is being transferred from the
P-Buffer to the Control Typewriter.
Cap: CP, P-Buf; FIG. 138
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to clock pulse
input terminals of P-Buffer flip-flops.
Cau: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the nu-
merical portion of the contents of the A-register,
Cd0-Cd9: Char Rdr; FIG. 42
Signals delivered by the Character Reader which
represent the reading and recognition of the re-
spective numerals 0-9 on a document.
CD1, CD2: CP, Mult-Buf; FIG. 33
The clock pulses which are delivered by a pair of
continuous clock pulse drivers and which are ap-
plied to clock pulse input terminals of Multiplex
Buffer flip-flops and one-shots,
CD3: CP, Tape Con; FIG. 33
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Tape Control Unit flip-
flops.
CD4: CP, P-Buf; FIG. 29
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of P-Buffer flip-flops and
one-shots.
CDA, CDB, CDC: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by three con-
tinuous clock pulse drivers and which are applied
to drive other clock pulse drivers of the Central
Processor.
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CDA11, CDA13, CDA14: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by three gated
clock pulse drivers and which are applied to clock
pulse input terminals of Central Processor flip-
flops.
CDA12: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-
flops and one-shots,
Cer: Char Rdr; FIG. 42
A signal which is delivered by the Character Reader
to denote that the Character Reader has been
unable to read or to recognize a particular char-
acter on a document.
Cjd: FF, Cent Proc; FIG. 104
The l-output signal of a control flip-flop which,
when set to the 1-state, causes the Sorter Control
Unit to direct the Sorter to continuously feed
documents.
Cfs: FF, Read-Buf; FIG. 177
The l-output signal of a control flip-flop which,
when set to the 1-state, controls the Read Buffer
so that a line of data is read from but one docu-
ment.
Cfsd: Log, Cent Proc; FIG. 107
A signal which effects the resetting of the Reb flip-
flop after a character reading command has been
given, but during the duration of which no docu-
ment has been detected, by causing the setting of
the Cfs flip-flop.
Cha: FF, Read-Buf; FIG. 175
The l-output signal of a control flip-flop which,
when set to the 1-state, controls the Read Buffer
when data is being transferred thereto from the
Character Reader.
Chad: Log, Cent Proc; FIG. 107
A signal which prepares the Read Buffer and Char-
acter Reader for a character reading operation
by causing the setting of the Cha flip-flop in the
Read Buffer.
Cinf: Log, P-Buf; FIG. 138
A signal which directs the transfer of the character
transmitted by the Control Typewriter to the Cs
flip-flops of the P-Buffer.
Cinp: Log, P-Buf; FIG. 138
A signal which directs the transfer of the character
transmitted by the Photoreader to the Cs flip-
flops of the P-Buffer.
Cinr: Log, P-Buf; FIG. 138
A signal which directs the transfer of the contents
of the P7 flipflops, or of the P7 and PI flip-
flops, to the Cs flip-flops of the P-Buffer, when
data is being transferred from the P-Buffer to the
Control Typewriter.
Ckp: FF, Sort Con; FIG. 185
The 1l-output signal of a control flip-flop which,
when set to the 1-state, signals that the field of
a document is passing the transducer of the
Character Reader.
Cid: Log, Cent Proc; FIG. 107
A signal which effects the decrease by 1 of the con-
tents of the L1 flip-flops of the L-register.
Clu: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the
contents of the L1 flip-flops of the L-register.
Cod4-Codl: Log, Sort Con; FIG. 187
The signals delivered by the digit encoder 850 of
the Sorter Control Unit, which represent in four
bit complementary code the numeral read and
recognized by the Character Reader.
Cof: FF, Sort Con; FIG. 185
The 1l-output signal of a control flip-flop which,
when set to the l-state, directs the Sorter to con-
tinuously feed documents.
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Cpg: Log, Cent Proc; FIG, 107
A signal which issues during a “greater than” com-
parison instruction to enable various logic inputs
to D1, in order that D1 may reflect the result of
a “greater than” comparison.
Crd4-Crdl: Log, Sort Con; FIG. 187
The signals transmitted from the Sorter Control Unit
to the Read Buffer, which represent in four bit
complementary code the character read and rec-
ognized by the Character Reader.
Cs1-Cs6, Csp: FF, P-Buf; FIGS. 130, 131
The l-output signals of the 7 flip-flops of the Cs-
register, which stores the six data bits and the
parity bit of characters being transferred into the
P-Buffer from the Control Typewriter and the
Photoreader or being transferred out of the P-
Buffer to the Control Typewriter.
Cscl, Csc2: CP, Sort Con; FIG. 43
The clock pulses which are delivered by a pair of
continuous clock pulse drivers and which are ap-
plied to clock pulse input terminals of Sorter Con-
trol Unit flip-flops and one-shots.
Csu: FF, Read-Buf; FIG. 177
The 1-output signal of a control flip-flop, which con-
trols the bursts of the Tr-counter when data is
being read by the Character Reader and trans-
ferred to the Read Buffer, and also signals the
failure of a Tape Handler to transfer any data to
the Read Buffer during the reading of a block of
data from magnetic tape.
Csyl, Csy2, Csy3: OS, Sort; FIG, 42
The output pulses of three cascaded Sorter one-shots
which operate to synchronize the reading of a line
of data from a document and the subsequent in-
sertion of the document in a Sorter pocket when
a pocket decision is received by the Sorter.
Cud-Cul: Char Rdr; FIG. 42
Signals delivered by the Character Reader which
represent the reading and recognition of the respec-
tive cue characters on a document.
Cwu: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the con-
tents of the W-counter.
Cytc: CP, P-Buf; FIG. 138
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to clock pulse
input terminals of P-Buffer flip-flops.
FF, Cent Proc; FIG. 100
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates the results of the execu-
tion of certain comparison instructions.
FF, Cent Proc; FIG. 100
The 1-output signal of a control flip-flop which, when
set to the I-state, indicates that the two least
significant digits of the contents of a memory ad-
dress have been incremented by 2, and also in-
dicates that an overflow has occurred when the
four least significant digits of a word in Memory
are added to the contents of B, during execution of
an Instruction 27,
FF, Cent Proc; FIG. 100
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that a particular situa-
tion exists during execution of an interrogation by
an Instruction 54,
D3g: Log, Cent Proc; FIG. 107
A signal which issues when a particular situation
exists during interrogation by an Instruction 54.
Dee: FF, Sort Con; FIG. 185
The 1l-output signals of a control flip-flop which,
when set to the 1-state, indicates that a character
has been read from a document and recognized
by the Character Reader.
Dec0-Dec9, Dec-ss: Log, Sort Con; FIG. 187
The signals delivered by the Sorter Control Unit to
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the Sorter, which represent respectively the Sorter
pocket into which a document is to be inserted.
Dor: Log, Sort Con; FIG. 187
A signal which issues when a numeral on a document
has been read and recognized by the Character
Reader.
DRCO-DRC19: Mem; FIG. 121
The respective output signals of the 20 address
drivers of the Memory.
Dsy1, Dsy2: FF, Read-Buf; FIG. 176
The l-output signals of two control flip-flops which
aid in retiming the data bits received by the Read
Buffer from magnetic tape.
Dr: FF, Cent Proc; FIG. 100
The 1-output signal of a contro! flip-flop which, when
sct to the 1-state, indicates that a programmed in-
struction has not been executed because a system
component was busy or was not prepared.
Efp: FF, P-Buf; FIG. 132
The 1-output signal of a full alarm flip-flop which is
set to the 1-state if a parity error has been detected
in data in the P-Buffer.
Em24: Log, Cent Proc; FIG. 107
A signal which issues during execution of an Instruc-
tion 24 to reset the Mc3 flip-flop for indicating
that the P-register is empty following the execu-
tion of the instruction.
Em59: Log, Cent Proc; FIG. 107
A signal which issues during execution of an In-
struction 59 for seiting the P-Buffer mode control
flip-flops to direct the execution of the selected
operation,
Em74: Log, Cent Proc; FIG, 107
A signal which issues during execution of an In-
struction 74 to initiate transfer of a word from
Memory to the P-Buffer.
End: Log, Cent Proc; FIG, 107
A signal which issues during the last clock period in
the execution of an instruction.
Eoc: FF, Read-Buf; FIG. 107
The 1-output signal of a control flip-flop which, when
set to the 1-state, signals that the end of the line
of data has been read by the Character Reader.
Eod: FF, P-Buf; FIG. 133
The 1-output signal of a control flip-flop which, when
set to the I-state, indicates the conclusion of a
P-Buffer operation, in order to provide proper
delay for the Control Typewriter mechanism to
return to its idle state,
Eos: Log, P-Buf; FIG. 138
A signal which issues to indicate that a P-Buffer
operation has been completed.
Err: Log, Sort Con; FIG. 187
A signal which issues when the waveshape obtained
from an improper character has been transmitted
to the Character Reader, or when the Character
Reader cannot recognize the waveshape received
thereby,
Ers: FF, Read-Buf; FIG. 174
The 1-output signal of a sub-alarm flip-flop which is
set to the 1-state: if a row or coiumn parity error
is detected in a data word received by the Read
Buffer from magnetic tape; if the Read Buffer has
not been unloaded when the next word is received
from magnetic tape or from the Character Reader;
or if no data is transmitted into the Read Buffer
from a tape block.
Ersd: Log, Cent Proc; FIG. 107
A signal which effects the resetting of the Ers flip-
flop when the state thereof is interrogated by
execution of an Instruction 54.
Ert: Log, Cent Proc; FIG. 107
A signal which issues during execution of an In-
struction 67 to initiate the erasing of block mark-
ers and the backing of an identified magnetic tape.



27,157

39

Ews: FF, Write-Buf; FIG. 151
The 1-output signal of a sub-alarm flip-flop which
is set to the l-state: if the Write Buffer has not
been loaded before another word must be trans-
mitted to the Tape Handler; or if the Write Buffer
has not been unloaded when the Central Processor
is ready to enter another word therein.
Ewsd: Log, Cent Proc; FIG. 107
A signal which effects the resemng of the Ews flip-
flop when the state thereof is interrogated by ex-
ecution of an Instruction £4.
Fir1-Ftr10: Tape Con; FIGS. 37 and 39
The l-output signals of the 10 read amplifiers of
the Tape Control Unit. These amplifiers amplify
and temporarily store the data read from the cor-
responding magnetic tape tracks of the Tape Han-
dler currently reading data,
Gm2, Gml: FF, P-Buf; FIG. 134
The 1-output signals of the two flip-flops of the P-
Mod-generator, which are primarily employed to
accumulate the modulo-3 of a data word in the
P-Buffer. The Gm1 flip-flop is also employed to
suppress the type-out of the most significant 0's
in the P-register. The Gm2 flip-flop is also em-
ployed during the type-out of a second half double-
precision word from the P-Buffer to provide for
the Car Ret putaway character.
Gm3: Log, P-Buf; FIG. 138
A signal which effects the increase by 1 of the num-
ber represented by the Gm2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of +-1.
Gm4: Log, P-Buf; FIG. 138
A signal which effects the decrease by 1 of the num-
ber represented by the Gm2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of —1.
Gmt: Log, P-Buf; FIG. 138
A signal which enables the Gm2, 1 flip-flops to ac-
cumulate the modulo-3 of a word in the P-register
in accordance with the state of the Gm3 and Gm4
signals.
Haf: FF, Read-Buf; FIG. 174
The 1-output signal of a control flip-flop which aids
in retiming the tape digits received by the Read
Buffer. The Haf flip-flop, when in the 1-state,
denotes that one digit from a magnetic tape trans-
verse recording position has been transmitted to
the Read Buffer digit input registers.
HDd, HDs, HDm2, HDm1, Hd(ij): Mem; FIG. 121
The input signals to the logic input terminals of the
respective inhibit drivers of the Memory.
Hst: FF, Cent Proc; FIG. 101
The 1l-output signal of a control flip-flop which,
when set to the I-state, is employed to “remem-
ber” that an instruction-interrupt operation is be-
ing performed by the Multiplex Buffer, during
execution of an Instruction 31, 35 or 36.
H:1, Hs2: FF, Cent Proc; FIG. 102
The l-output signals of a pair of control flip-flops
which function to halt the operation of the Data
Processing System.
Ich: Inv, P-Buf; FIG. 138
The true output signal of an inverter which indicates
that the Photoreader is ready and that a Photo-
reader input command has been given to the P-
Buffer.
Icom: Inv, Cent Proc; FIG. 109
The true output signal of an inverter whxch issues
to reset the Hr1 and Hr2 flip-flops and thereby
to place the system in the normal data processing
mode.
Icsp, 1cs6-Ics1: Inv, P-Buf; FIG. 138
The true output signals of seven inverters which
provide 1- and O-logic input signals to the corre-
sponding flip-flops of the Cs character register of
the P-Buffer.
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1End: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the End logical com-
bination signal.
1Err: Inv, Sort Con; FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the Cer signal.
Ifc: Inv, P-Buf; FIC. 138
The true output signal of an inverter which controls
the transfer of each character from Control Type-
writer to P-Buffer, or from P-Buffer to Control
Typewriter.
IM14-IM11: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the l-output signals
of the corresponding M-register flip-flops M14-
M11,
IMj4, IMjl: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Mj4-Mjl logical combination signals. These sig-
nals are employed during accumulation of the
modulo-3 of the contents of the J-register or the
L-register by the J-Mod-generator.
IMof: Inv, Mem; FIG. 121
The true output signal of an Inverter which pro-
vides an inverted logic signal for the Mof signal.
IMs: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which pro-
vides an inverted logic signal for the l-output sig-
nal of the Ms flip-flop of the M-register. The
IMs signal is employed to determine whether an
additive or subtractive function should be exe-
cuted during an arithmetic operation.
INpd: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Npd logical com-
bination signal of the Sorter Control Unit,
Ipe: Inv, P-Buf; FIG. 138
The true output signal of an inverter which controls
the transfer of each character from Photoreader
to P-Buffer.
Ipd, Ips, Ipm2, Ipm1: Inv, P-Buf; FIG. 138
The true output signals of four inverters which pro-
vide 1- and O-logic input signals to the corre-
sponding Pd, Ps, Pm2 and Pm1l flip-flops of the
P-register.
1Qd, 1Qs, 1Qm2, 1Qm1, 1Qj): Tnv, Mem; FIG. 121
The true output signals of 28 inverters which pro-
vide a portion of the 1- and 0-logic input signals
to the corresponding M-register flip-flops. These
signals are employed when new data is to be in-
serted into the addressed Memory location.
IRem: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which repre-
sents a binary 1 if the contents of the LSD posi-
tions of the J-register and the R-register are the
same, if either of these two digit positions con-
tains an asterisk (*), or if both the designator
b;tls( and the sign bits of the J- and R-registers are
alike.
IRgm: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Rgm logical com-
bination signal.
IRsr: Inv, Cent Proc; FIG. 109
The. true output signal of an inverter which pro-
vides an inverted logic signal for the Rsr signal
of the Sorter.
Irt: Inv, P-Buf; FIG. 138
The true output signal of an inverter which provides
an inverted logic signal for the Ktc signal of the
Control Typewriter. The Irt signal is employed
when the Control Typewriter directs a type-out of
the contents of certain registers.
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Isin: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which issues to
reset the Hr2 flip-flop and thereby to cause the
System to execute a Single-Cycle or Zingle-Cycle.
Itv: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which enables
the 1-logic input signal of the Tv flip-flop.
IV4-IV1: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
V4-V1 logical combination signals.
IVa4-1Val: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Va4-Val logical combination signals.
IVb4-1Vb1: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Vb4-Vb1 logical combination signals.
IVc: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
the 1- and O-logic input signals for the Ve flip-
flop.
IVs3: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
the 1- and O-logic input signals to the Vs3 flip-
flop.
IVsa: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
the 1- and O-logic input signals to the Vsa flip-
flop.
IXM]J: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Gate-XM]J clock
pulse driver gating signal.
IXZJ: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Gate-XZJ clock
pulse driver gating signal,
Y1, 1YP2: Inv, Cent Proc; FIG. 109
The true output signals of a pair of inverters which
provide inverted logic signals for the 0-output sig-
nals of the corresponding Yb1 and Yh?2 one-shots,
I¥ck: Inv, Sort Con: FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the 0-output signal of
the Yck one-shot.
IYcp: Inv, Sort Con; FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the 0-output signal of
the Ycp one-shot.
Iycrt: Inv, P-Buf; FIG. 138
The true output signal of an inverter which pro-
vides an inverted logic signal for the 0-output signal
of the Ycrt one-shot.
Iyrd: Tnv, P-Buf; FIG. 138
The true output signal of an inverter which aids in
controlling the transfer of each character from
the Control Typewriter or the Photoreader to the
P-Buffer. This signal provides an inverted logic
signal for the O-outpuat signals of either the Yfr
one-shot or the Ypr one-shot.
Iyzc: Inv, P-Buf; FIG. 138
The true output signal of an inverter which provides
an inverted logic signal for the O-output signal of
the Y¢c one-shot.
IZc: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which direcis
execution of instructions in proper sequence during
a Zingle-Cycle operation.
1Zm: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Zm logical com-
bination signal.
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Id, Is, Im2, Jm1, J(ij): FF, Cent Proc; FIGS. 66-72
The 1-output signals of the 28 flip-flops of the J-regis-
ter, which receives instruction words and operands
for the Central Processor from the Memory.
Jal, Ja2: Log, Cent Proc; FIG. 107
A pair of signals which supply the modulo-3 of the
word in the J-register to the respective mod-adder
flip-flops Mal and Ma?2.
Je: FF, Cent Proc; FIG. 103
The 1-output signal of a control flip-flop which, when
set to the 1-state, directs the Central Processor to
perform an absolute, 7-digit, comparison on two
data words, rather than an algebraic 6-digit com-
parison.
Jm20: FF, Cent Proc; FIG. 101
The l-output signal of the control flip-flop which,
when set to the I-state, directs that the Write
Buffer operation then being executed be modified
to the blockette variation thereof. This varia-
tion is employed to obtain the starting write-mem-
ory location address for the succeeding blockette
to be transferred to the Write Buffer.
Imgl, Imgl: FF, Cent Proc; FIG, 99
The 1-output signals of the two flip-flops of the I-
Mod-generator, which are primarily employed to
accumulate the medulo-3 of the contents of the J-
register or the L-register.
Jmgd: Log, Cent Proc; FIG. 107
A signal which effects the decrease by 1 of the num-
ber represented by the Img2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of —1,
Tmgu: log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the num-
ber represented by the Img2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of 41,
Jna: FF, Cent Proc; FIG. 104
The 1-output signal of a control flip-flop which, when
set to the l-state, prevents the transfer of the
next-instruction address to the A-register, thereby
permitting the execution of a branch or jump
operation,
Jr: FF, Cent Proc; FIG. 101
The 1-output signal of a control flip-flop which,
when set to the 1-state, controls a Read Buffer op-
eration.
Jw: FF, Cent Proc; FIG. 101
The 1-output signal of a control flip-flop which, when
set to the I-state, controls a Write Buffer opera-
tion.
Ka: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which changes
state when the A key is depressed, after the Enable
key has been depressed. This signal transfers the
system to the normal data processing mode from
the halt mode. The Ka signal is normally in the
1-state, but is transferred to the O-state when the
A key is depressed.
Kab: Log, Write Buf; FIG. 158
A signal which issues to reset the Ers and Ews sub-
alarm flip-flops.
Kacer: Con Typ; “Control Typewriter” section
A signal provided when a carriage return is to be
executed by the Control Typewriter, following
receipt of a character from the P-Buffer, to isolate
the Control Typewriter for a predetermined time in
order to allow the carriage return operation to be
completed.
Kah: Con Cons; FIG. 19
A signal which issues when an instruction word
in the A-register bears the address to which the
ADDRESS HALT SELECTOR switches of the
Control Console have been set. The Kah signal
initiates a halt sequence if the ADDRESS HALT
switch is on.
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Karm: Sw, Con Cons; FIG. 19
A logic level signal which issues when the AL PHA-
NUMERIC STORE switch is closed, and which
causes additional characters to function as put-
away signals when alphanumeric data is trans-
ferred from the Control Typewriter or the Photo-
reader to the P-Buffer.
Kb: Key, Con Typ; “Contro]l Typewriter” section
A Control Typewriter special signal which issues
when the D key is depressed, after the Enable key
has been depressed. This signal causes the B-
register contents to be typed out.
Kbc¢: Sw, Con Cons; FIG. 19
A logic level signal which issues when either the
COMPUTE button or the SINGLE-CYCLE but-
ton on the Control Console is depressed, and
which is effective to insure that only one cycle
of the specified operation takes place.
Khh: Sw, Con Cons; FIG. 19
A logic level signal which issues when the BRANCH
HALT switch is closed, and which initiates a halt
sequence if an Instruction 60 is executed.
Kch: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
COMPUTE batton is depressed, and which causes
the system to start pormal data processing. The
Kcb signal is normally in the 1-state, but is trans-
ferred to the O-state when the COMPUTE but-
ton is depressed.
Kce: Log, Cent Proc; FIG. 107
A signal which issues when either the TOTAL
CLEAR or the COMPUTER CLEAR button on
the Control Console is depressed, and which clears
the Central Processor.
Kcee: Sw, Con Cons; FIG, 19
A preemptive signal which issues when the COM-
PUTER CLEAR button is depressed, and which
clears the Central Processor.
Kef: Con Typ; “Control Typewriter” section
A signal which issues whenever any one of the Ka,
Ks, Kz signals goes to 0, and which insures that
only ome compute, single-cycle or zingle-cycle
operation takes place for each depression of the
corresponding A, S or Z key.
Kds1-Kds6: Sw, Con Cons; FIG. 19
Logic level signals which issne when the correspond-
ing ones of six DECISION switches on the Con-
trol Console are closed. The presence of any one
of these signals enables the program to branch
in a predetermined direction by interrogation with
a corresponding Instruction 54.
Kec: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the EXTER-
NAL CLEAR button on the Control Console is
depressed, and which clears the Multiplex Buller
and Tape Control Unit.
Kenl, Ken2: Key, Con Typ; “Control Typewriter” section
A pair of signals which change state when the Enable
key on the Control Typewriter is depressed. De-
pression of the Enable key enables several Control
Typewriter keys to issue special signals. The
Kenl signal is normally in the O-state and the
Ken? signal is normally in the l-state. When the
Enable key is depressed, the Kenl signal is trans-
ferred to the l-state and the Ken2 signal is trans-
ferred to the O-state.
Kew: Key, Con Typ, “Control Typewriter” section
A Control Typewriter special signal which issues
when either the E key or the W key is depressed,
after the Enable key has been depressed. If the
Kew signal occurs due to the E key being de-
pressed. data is first transferred from the Control
Typewriter to the P-register and then from the
P-register to the I-register. If the Kew signal
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occurs due to the W key being depressed, data is
first transferred from the Control Typewriter to
the P-register and then to the R-register.
Key: Sw, Con Cons; FIG. 19
A logic level signal which issues when the KEY
switch on the Control Console is unlocked. Un-
locking the KEY switch enables certain controls
on the Control Console to become effective.
Key2: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
KEY switch on the Control Console is unlocked.
The Key?2 signal is normally in the 1-state, but is
transferred to the O-state when the KEY switch
is unlocked.
Kfc: Con Typ; “Control Typewriter” section
A timing signal transmitted from the Control Type-
writer to the P-Buffer conmtrol circuits when the
seven bits of a character are fully represented by
the signals KF1-6, p and is ready for insertion
in the P-register. The Kfc signal is normally in
the 1-state, but is transferred to the O-state when
a character is ready for transmittal.
Kfi: Con Typ; “Control Typewriter” section
A signal which issues when the Control Typewriter
is ready to transmit or to receive information.
Kfp, Kf6-Kf1: Con Typ; “Control Typewriter” section
Seven signals transmitted from the Control Type-
writer to the P-Buffer to represent the six data bits
of an encoded character and the corresponding
parity bit.
Kh: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issnes
when the H key is depressed, after the Enable key
has been depressed. This signal causes the Central
Processor to halt.
Khb: Sw, Con Cons; FIG. 19
A logic level signal which issues when the HALT but-
ton on the Control Console is closed, and which
causes the system to halt,
Khol, Kho2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the ALARM HALT OVERRIDE switch on the
Control Conscle is closed. Closure of the
ALARM HALT OVERRIDE switch causes the
Central Processor to continue its normal instruc-
tion sequence without halting, although an alarm
flip-flop may set. The Khiol signal, which is nor-
mally in the O-state, is transferred to the I-state
and the Kho2 signal, which is normally in the I-
state, is transferred to the 0-state when the ALARM
HALT OVERRIDE switch js closed.

Ki: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the I-key is depressed, after the Enable key
has been depressed. This signal causes the I-reg-
ister contents to be typed out.
KI: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the L-key is depressed, after the Enable key
has been depressed. This signal causes the L-reg-
ister contents to be typed out.
Khnl, Klm2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the CONTROL TYPEWRITER LOAD switch, the
PHOTOREADER LOAD switch, the MEMORY
DUMP switch, or the RECYCLE MANUAL
switch on the Control Console is closed. For data
processing from sequential programmed instruc-
tions, the Kim2 signal is normally in the 1-state
and the Kiml signal is normally in the O-state.
However, when one of these four switches is
closed, the KIm2 signal is transferred to the 0-
state and the Kimnl signal is transferred to the 1-
state, whereupon the instruction in the I-register
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is executed repeatedly and the address portion
thereof is increased by 1 each time the instraction
is executed.
Kimlg: Sw, Con Cons; FIG. 19
A logic level signal which issues when the CON-
TROL TYPEWRITER LOAD switch, the
PHOTOREADER LOAD switch, or the MEM-
ORY DUMP switch on the Control Console is
closed. The K/mlg signal causes the automatic al-
ternating between a P-Buffer operation and execu-
tion of an instruction which remains in the instruc-
tion register,
Klnd: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
MEMORY DUMP switch is closed, and which
effects a Dump Memory operation. The Kimnd
signal, which is normally in the 1-state, is trans-
ferred to the O-state when the MEMORY DUMP
switch is closed.
Kimp: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
PHOTOREADER LOAD switch on the Control
Console is closed, and which effects a Photoreader
Load Memory operation:
Kn: Key, Cen Typ: “Control Typewriter” section
A Control Typewriter special signal which issues
when the N key is depressed, after the Enable key
has been depressed. This signal causes the N-
register contents to be typed out.
Knrl, Kur2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the INHIBIT TYPE-OUT switch on the Control
Console is closed. These signals function to pre-
vent the P-register from being emptied by an In-
struction 59. The Karl signal, which is normally
in the 1-state, is transferred to the O-state and the
Knr2 signal, which is normally in the O-state, is
transferred to the 1-state, when the INHIBIT
TYPE-OUT switch is closed.
Kpc: Photo; “Photoreader” section
A timing signal transmitted from the Photoreader
to the P-Buffer control circuits when the seven bits
of a character are fully represented by the Kpl-
6, p signals, and is ready for insertion in the P-
register.
Kpce: Sw, Con Cons; FIG. 19
A preemptive signal which issuss when the CON-
TROL TYPEWRITER CLEAR button is de-
pressed, and which clears the P-Buffer.
Kpi: Photo; “Photoreader” section
A signal which issues when the Photoreader is ready
to transmit information.
Kpp, Kp6-Kpl: Photo; “Photoreader” section
Seven signals transmitted from the Photoreader to
the P-Buffer to represent the six data bits of an
encoded character and the corresponding parity
bit.
Kgw: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when either the Q key or the W key is depressed,
after the Enable key has been depressed. If
the Kgw signal occurs due to the Q key being de-
pressed, data is transferred from the Control Type-
writer to the P-register, and retained in the P-reg-
ister. If the Kqw signal occurs due to the W key
being depressed, data is first transferred from the
Control Typewriter to the P-register, and then to
the R-register.
Kr: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the P key is depressed, after the Enable key
has been depressed. This signal causes the R-reg-
ister contents to be typed out.
Kra: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the ALERT
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RESET button is depressed, and which clears all
alarm and subalarm flip-flops in the system.
Krac: Log, Cent Proc; FIG. 107
A signal which issues when the TOTAL CLEAR
button, the COMPUTER CLEAR button, or the
ALERT RESET button on the Control Console
is depressed, and which clears all alarm flip-flops
in the Central Processor.
Kry1, Kry2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the RECYCLE button on the Control Console is
depressed. Depression of the RECYCLE button
causes the Central Processor to repeatedly execute
an instruction in the I-register. The Kryl signal,
which is normally in the O-state, is transferred to
the 1-state and the Kry2 signal, which is normally
in the l-state, is transferred to the O-state when
the RECYCLE button is depressed.
Ks: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when an S key is depressed, after the Enable key
has been depressed. This signal causes the Central
Processor to execute a single-cycle operation,
Ksb: Sw, Con Cons; FIG. 19
A logic level signal which issues when the SINGLE-
CYCLE button on the Control Console is de-
pressed, and which causes the Central Processor to
execute a single-cycle operation.
Ksh: Sw, Con Cons; FIG. 19
A logic level signal which issues when the SELEC.
TIVE HALT switch on the Control Console is
closed, and which causes the Central Processor
to halt if an instruction word bearing a breakpoint
bit is executed.
K#: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the T key is depressed, after the Enable
key has been depressed. This signal causes the
P-register contents to be typed out,
Ktb: Log, Write-Buf: FIG. 158
A signal which issues when either the TOTAL
CLEAR button or the EXTERNAL CLEAR but-
ton on the Control Console is depressed, and which
clears the Multiplex Buffer and Tape Control Unit,
“Control Typewriter” section
A signal which changes state whenever any one
of the Kb, K/, K/, Kn, Kr, or K¢ signals issues, and
which initiates a type-out sequence. The Krc sig-
nal, which is normally in the 1-state, is transferred
to the O-state, when one of the six above-identified
signals issues.
Kree: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the TOTAL
CLEAR button is depressed, and which clears the
entire data processing system.
Ksf: Con Typ; “Control Typewriter” section
A signal which issues following the receipt of a
character by the Control Typewriter, to isolate the
Control Typewriter for a predetermined time
from receipt of further signals in order to provide
for the character received to be typed out or
punched out.
Kz: Key, Con Typ:; “Control Typewriter” section
A Control Typewriter special signal which issues
when the Z key is depressed, after the Enable key
has been depressed. This signal causes the Cen-
tral Processor to execute a zingle-cycle operation.
Ld, Ls, Lm2, Lml1, L(ij): FF, Cent Proc; FIGS. 73-79
The l-output signals of the 28 flip-flops of the L-reg-
ister, which is most often employed for storing
the most significant half of a double-precision
word.
Lpr: Prtr; “Printer” section
A signal delivered by the Printer
thereby of the Prt signal,

following receipt
to notify the Write
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Buffer that the Printer has been turned on and
is ready to receive data.
Lw: FF, Write-Buf; FIG. 135
The l-output signal of a control flip-flop which,
when set to the l-state, orders the Central Proc-
essor to perform an operation to transfer a word
from Memory to the Write Buffer.
Md, Ms, Mm?2, Munl, M(ij): FF, Mem; FIGS. 114-120
The 1-output signals of the 28 flip-flops of the M-
register, which temporarily holds the data word
that is to be stored in the Core Memory, or tem-
porarily holds the data word that is read from
the Core Memory.
M3g: FF, Cent Proc; F1G. 95
The l-output signal of a control flip-flop which,
when set to the l-state, directs that an operation
be execuled to generate mod-bits for a designated
data word.
Mal, Ma2: FF, Cent Proc; FIG. 98
The l-output signals of a pair of control flip-flops,
which provide the sum of the mod-bits of the two
numbers added by the Arithmetic Unit. This sum
is compared with the contents of the Vmgl and
Vmg?2 flip-flops to provide a test of the correctness
of the result of an arithmetic operation.
Mc: Log, Cent Proc; FIG. 107
A signal which issues following failure of a com-
parison between the sum of the mod-bits of the
two numbers added by the Arithmetic Unit and the
mod-bits of the sum.
Mc1-Mc4: FF, P-Buf; FIG. 129
The 1-output signals of four control flip-flops which
determine and direct the particular type of oper-
ation being performed by the P-Buffer. The Mc3

flip-flop is also employed to indicate that the P- :

register contains a data word.
Mca: Log, Cent Proc; FIG. 107
A signal which initiates the first half of the memory
cycle, wherein the word in the addressed memory
location is transferred to the M-register and the
addressed memaory location to be cleared.
Mecb: Log. Cent Proc; FIG. 107
A signal which initiates the second half of the memory
cycle, wherein the word read out from the Core

Memory during the first half of the memory cycle - il

may be restored to the addressed memory location,

or a new word from the R, R or P-register may

be inserted into the addressed memory location.
Mil, Mi2: FF, P-Buf; FIG. 135

The 1-output signals of a pair of control flip-flops °

which direct operations wherein data is transferred
to the I-register, the P-register, the R-register or
to Memory with the Central Processor in the
halt mode.
Mj4-Mjt: Log. Cent Proc; FIG. 107
The output signals delivered by the J-Mod-generator
input gates, and which represent the digit contents
of the J1 flip-flops or the L1 flip-flops, according
to the state of the M3g flip-flop.
Mof: Log, Mem; FIG. 121
A signal which issues if an overflow occurs when the
two least significant digits of the word in the M-
register are incremented by 2 as the word is re-
stored to its Core Memory location.
MPd, MPs, MPm2, MPm1, MP(ij)}: Mem; “Memory”
section
The signals delivered by the read-out windings of
the respective 28 memory planes of the Core
Memory.
Mscl, Msc2: FF, Cent Proc; FIG. 102
The 1-output signals of a pair of control flip-flops,
which are employed, when starting from the halt
mode, to insure that only one cycle of the specified
operation takes place.
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Mwt: Log, Cent Proc; FIG. 107
A signal which gates a new word into the M-register
from the R, the Rb or the R-register for storage
in the addressed memory location.
N(ij): FF, Cent Proc; FIGS. 80-83
The 1-cutput signals of the 16 flip-flops of the M-
register, which stores the address of the next
instruction to be received by the Central Processor
from Memory.
Na0-Na9: Log, Tape-Con; FIG. 158
A signal which issues in response to a corresponding
address in the We-register to connect the 10 write
drivers to the write heads of the addressed Tape
Handler.
NBd0-NB!d9: Tape Con; “Tape Control Unit” section
A signal generated by the corresponding Tape Han-
dler and the Tape Control Unit to reset the corre-
sponding S(i) flip-flop when tape of the Tape
Handler addressed thereby has been completely
rewound.
Npd: Log, Sort Con; FIG. 187
A signal which changes state to set the Anpd sub-
alarm flip-flop of the Central Processor, if the Cen-
tral Processor fails to select a Sorter pocket after
a document is read by the Character Reader.
Nr0-Nr9: Log, Tape Con; FIG. 183
A signal, which issues in response to a corresponding
address in the Re-register, and which enables the
read preamplifiers connected to the read heads
of the addressed Tape Handler.
Nrb: Log, Tape Con; “Tape Control Unit” section
A signal which issues during execution of an Instruc-
tion 65 to direct the transfer of the designated
Tape Handler address from the LSD position of
the A-register to the Re-register of the Tape Cor-
trol Unit.
Nwb: Log, Tape Con; “Tape Control Unit” Section
A signal which issues during execution of an In-
struction 66, 67, or 68 to direct the transfer of the
designated Tape Handler address from the LSD
position of the A-register to the We-register of the
Tape Control Unit.
Ov: FF, Cent Proc; FIG. 98
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that the sum or the
difterence of the two numbers applied to the
Arithmetic Unit is too great to be placed in the
allotted number of register digit positions. The
Ov flip-flop also sets during Instruction 43 if the
quotient will be too large for the allotted register
space.
Pd, Ps, Pm2, Pml, P(ij): FF, P-Buf; FIGS. 122128
The l-output signals of the 28 flip-flops of the P-
register, which temporarily stores the data being
transferred through the P-Buffer.
Pbn: Log, P-Buf; FIG. 138
A signal which gates the SB and SBB clock drivers
to ring shift the contents of the B-register and
which gates the SN clock driver to ring shift the
contents of the N-register during a register type-
out operation.
Pbz: Log, P-Buf; FIG. 138
A signal which issues if the P-register is receiving
data from the Control Typewriter or the Photo-
reader, or is transmitting data to the Control
Typewriter, thereby indicating that the P-register
is busy.
Pcd: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rinl-5 flip-flops, if the
two bits in Rind, 5 are different.
Pce: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rin1-5 flip-flops, if an even
number of 0's is present in Rinl-3,



27,157

49
Pco: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rinl-5 flip-fiops, if an odd
number of 0’s is present in Rinl-3.
Pcs: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rinl1-5 flip-flops, if the two
bits in Rin4, 5 are the same.
Pi: Log, P-Buf; FIG, 138
A signal which gates the SC, SA, and SAC clock
drivers to ring shift the contents of the I-register
during a register type-out operation of the P-
Buffer.
Pigl: Log, P-Buf; FIG. 138
A signal which issues to gate Tgnore characters into
the P-register during alphanumeric input opera-
tions of the P-Buffer.
Pig2: Log, P-Buf; FIG. 138
A signal which issues, in the absence of the Pigl sig-
nal, to enable the normal serial shifting of the
contents of the P-register.
Pmr: Log, P-Buf; FIG. 138
A signal which gates the mod-bits in the P-Mod-gen-
erator to the R-register during a register type-in
operation of the P-Buffer.
Pnbz: Log, P-Buf; FIG. 138
A signal which issues if the P-register is neither re-

ceiving data from the Control Typewriter or the :

Photoreader nor transmitting data to the Control
Typewriter, thereby indicating that the P-register
is not busy.
Ppi: Log, P-Buf; FIG, 138
A signal, which issues during a register type-in opera-
tion of the P-Buffer, and which gates the contents
of the P-register to the ILregister, while simul-
taneously causing the contents of the I-register to
shift-down.
Ppr: Log, P-Buf; FIG. 138
A signal which issues during a register type-in opera-
tion of the P-Buffer, and which gates the contents
of the P-register to the R-register, while simultane-
ously causing the contents of the R-register to shift-
down.
Prl: Log, P-Buf; FIG. 138
A signal which gates the SR76, SR, and SRRm clock
drivers to ring shift the contents of the R-register

and which gates the SL, SL76, and SLL7 clock

drivers to ring shift the contents of the L-register
during a register type-out operation of the P-Buffer.
Pre: FF, Write-Buf; FIG. 155
The 1-output signal of a control flip-flop which, when
set to the 1-state, aids in controlling the Write Buf-
fer when data is being transferred to the Printer.
Prtd: Log, Cent Proc; FIG. 107
A signal which prepares the Write Buffer and Printer
for a write operation by causing the setting of the
Prt flip-flop in the Write Buffer,

Ps4-Ps1: Log, Cent Proc; FIG. 107
The signals delivered by the Central Processor which
represent in four bit complementary code a digit
identifying the Sorter pocket selected by the Cen-
tral Processor.
Pss: Log, P-Buf; FIG. 138
A signal which issues during a Control Typewriter
Load Memory operation, a Photoreader Load
Memory operation, or a Dump Memory opera-
tion, to cause an automatic single execution of the
instruction in the I-register in order to effect auto-
matic alternating between a P-Buffer operation and
execution of the instruction in the I-register.
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Pwel, Pwc2; Log, Write-Buf; FIG. 158
A pair of signals employed to generate the column
parity bit for a digit to be written on magnetic
tape. One of these two signals issues if there is an
even number of 0’s in the digit in the Pwr flip-
flops and thereby writes a 0 for the corresponding
column parity bit.
Pwc3, Pwed: Log, Write-Buf; FIG. 158
A pair of signals employed to generate the column
parity bit for a digit to be written on magnetic tape.
One of these two signals issues if there is an even
number of 0’s in the digit in the Wa3 flip-flops and
thereby writes a 0 for the corresponding column
parity bit.
Pwr4-Pwr1: FF, Write-Buf; FIG. 156
The 1-output signals of four flip-flops, which com-
prise a single digit register for providing temporary
storage for certain digits to be transferred to mag-
netic tape or to the Printer, and for accumulating
the row parity bits of the word stored in the
Write-Buffer,
Qor: Log, Sort Con; FIG. 187
A signal which issues when a cue character on a
document has been read and recognized by the
Character Reader.
Rd, Rs, Rm2, Rm1, R(ij): FF, Cent Proc; FIGS. 84-90
The 1-output signals of the 28 flip-flops of the R-
register, which is the primary register employed for
storing operands and the results of various opera-
tions performed by the Central Processor on single
numeric and alphanumeric words.
Ral, Ra2: Log, Cent Proc; FIG. 107
A pair of signals which supply the modulo-3 of the
number in the R-register to the respective mod-
adder flip-flops Mal and Ma2,
Ra(if): FF, Read-Buf; FIGS. 159-162
The l-output signals of the 16 flip-flops of the Ra-
register, which temporarily stores the data being
transferred through the Read Buffer. The Ra-
register receives input data transmitted to the Read
Buffer and delivers this data to the Rb-register.
Rbd, Rbs, Rbm2, Rbml, Rb(if): FF, Read Buf; FIGS.
163-169
The 1-output signals of the 28 flip-flops of the Rb-
register, which temporarily stores data being trans-
ferred through the Read Buffer. The Rb-register
receives data delivered by the Ra-register and
transmits full data words to the M-register.

Rb: FF, Tape Con; FIG. 175
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that one of the Tape
Handlers is presently engaged in transmitting a
block of data to Memory through the Read Buffer,
and also controls the gating of the selected Tape
Handler read preamplifier output signals to the
Ftr(i) read amplifiers.
Rd1, Rd2: FF, P-Buf; FIG. 134
The 1-output signals of two control flip-flops, which
synchronize the speed of operation of the Control
Typewriter and Photoreader with that’of the P-
Buffer and Central Processor.
Rdsl, Rds2: FF, Read-Buf; FIG. 176
The I-output signals of two control flip-flops, which
aid in retiming the data bits received by the Read
Buffer from magnetic tape.
Rdy: Log, P-Buf; FIG. 138
A signal which issues to indicate that the P-register
may receive a character from the Cs-register during
a P-Buffer input operation, or that the P-register
may transmit a character to the Cs-register dup-
ing a P-Buffer qutput operation.
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Reb: FF, Read-Buf; FIG. 175
The l-output signal of a control flip-flop which,
when set to the I-state, indicates that the Read
Buffer is busy receiving data from a Tape Han-
dler or from a Character Reader.
Rebd: Log, Cent Proc; FIG. 107
A signal which prepares the Read Buffer and Tape
Control Unit for a reading operation by causing
the setting of the Reb flip-flop in the Read Buffer.
Red: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the v-block marker is
sensed as data is being read from magnetic tape,
to denote the end of a block of data.
Rgm: Log, Cent Proc; FIG. 107
A signal which represents a binary 1 if the digit
in the LSD position of the R-register is preater
than the digit in the LSD position of the J-reg-
ister,
Rin1-RinS: FF, Read-Buf; FIGS. 170, 172
The 1-output signals of the five flip-flops of a tape
digit input register in the Read Buffer, which re-
ceives the tape digits read from one-half of a mag-
netic tape.
Rin6-Rin10: FF, Read-Buf; FIGS, 171, 172
The l-output signals of the five flip-flops of a tape
digit input register in the Read Buffer, which re-
ceives the tape digits read from one-half of a
magnetic tape.
Rip: Log, P-Buf; FIG. 138
A signal which issues to gate numeric input data to
the P-register.
Ripa: Log, P-Buf; FIG. 138
A signal which issues to gate alphanumeric charac-
ters to the P-register.
Rmt¢: Log, Cent Proc; FIG, 107
A signal which issues during execution of an In-
struction 67 to initiate the rewinding of an identi-
fied magnetic tape.
Rpl: Log, Read-Buf; FIG. 183
A signal which gates the digits of a data word re-
ceived from magnetic tape to the Rb7 flip-flops
of the Rb-register to accumulate therein the row
parity of the data word,
Rsr: Sw, Sort; FIG. 42
A logic level signal which issues when the START
SORTER switch on the Sorter is depressed, there-
by indicating that the Sorter is running and ready
to start document feeding.
Rsy: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the g-block marker is
sensed as data is being read from magnetic tape,
to denote the beginning of a block of data.
Rt4-R¢1: FF, Tape Con; FIG, 178
The 1-output signals of the four flip-flops of the
Rr-register, which stores the identification of the
Tape Handler that is to transfer one block of
data from the magnetic tape thereof to the Read
Buffer.
Rtc: FF, P-Buf; FIG. 135
The l-output signal of a control flip-flop which,
when set to the 1l-state, controls the type-out of
the contents of a designated register by the Con-
trol Typewriter.
Rwd: Tape Con; “Tape Control Unit” section
A signal which issues when a magnetic tape is re-
winding. This signal may be interrogated by
an Instruction 54.
S0-89: FF, Tape Con; FIGS. 179-181
The 1-output signals of the 10 flip-flops of the S-
register, which stores an identification of a Tape
Handler that is rewinding the magnetic tape
thereof.
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S9R7: Log, Cent Proc; FIG. 107
A signal which gates 9s into the R7 digit position of
the R-register.
SA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
A-register.
SAC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock driver and which are applied to register
transfers to shift the contents of the Al flip-flops
to the C6 flip-flops.
SB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the B-reg-
ister.
SBB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the B1 flip-
flops to the B4 flip-flops.
SC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
C-register. The SC clock pulses are also ap-
plied to register transfers to shift the contents of
the C5 flip-flops to the A4 flip-flops.
SCD0-SCD12: Mem; FIG. 121
The respective output signals of the 13 switch core
. drivers of the Memory.
Sinl: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of the Rinl-Rind Read
Buffer flip-flops to gate data thereto from the cor-
responding Ftr1-Frr4 read amplifiers,
Sin2: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of the Rin7-Rinl0 Read
Buffer flip-flops to gate thereto from the cor-
responding Ftr7-Ftr10 read amplifiers.
SI: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to ring shift-down the contents of
the J-register.
SILm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J12 and
J11 flip-flops to the respective L72 and L71 flip-
flops.
SILs: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J14 apd
J13 flip-flops to the respective L74 and L73 flip-

flops.
SImgL: Log, Cent Proc; FIG. 107
A signal which gates the contents of the Jmg2 and

IJmg1 flip-flops of the J-Mod-generator to the re-
spective L72 and L71 flip-flops.
SImgR: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J14 and
713 fiip-flops to the respective R74 and R73 flip-
flops and the contents of the Img2 and Jmgl
flip-flops of the J-Mod-generator to the respective
R72 and R71 flip-flops.
Sjp: Log, P-Buf; FIG. 138
A signal which gates the contents of the J1 flip-
fiops to the corresponding P7 flip-flops.
SIRm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J1 flip-
flops to the corresponding R7 flip-flops.
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SL: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
L6-L1 digit positions of the L-register.
SL76: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L7 flip-
flops to the L6 flip-flops.
SLL?7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the L7 flip-flops.
SLLs: Log, Cent Proc; FIG. 107
A signal which gates the contents of the L14 and
L13 flip-flops to the respective L74 and L73 flip-
flops.
SLR6: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the R6 flip-flops.
SLR7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the R7 flip-flops.
SN: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to ring shift-down the contents
of the N-register.
SNB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the N1
flip-flops to the B4 flip-flops.
Sou4-Soul: FF, Sort Con; FIG. 184
The l-output signals of the four flip-flops of the
Sou-register, which stores the Sorter pocket de-
cision transmitted by the Central Processor.
Sp: CP, P-Buf; FIG. 138
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the P5-P1
digit positions of the P-register. The Sp clock
pulses are also applied to register transfers to
shift the contents of the P7 flip-flops to the P6
flip-flops.
SPC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the P1 flip-
flops to the C6 flip-flaps.
Spp: Log, P-Buf; FIG. 138
A signal which gates the contents of the P1 flip-
flops to the corresponding P7 flip-flops.
SPR7: CP, Cent Proc; FIG, 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the P1 flip-flops
to the R7 flip-flops,
SPwr: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the signals provided by the row
parity generator of the Write Buffer to the corre-
sponding flip-flops of the Pwr-register.
SR: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the R6-R1
digit positions of the R-register.
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SR16: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flip-flops
to the R6 flip-flops.
SR76: CP, Cent Proc; FIG, 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R7 flip-flops to
the R6 flip-flops. .
SRa: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock
pulse driver and which "are applied to register
transfers to shift-up the contents of the Ra-register,
SRb: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Rb6-Rb1
digit positions of the Rb-register. The SRb clock
pulses are also applied to register transfers to shifi
the contents of the Ra4 flip-flops to the Rb1 flip-
flops.
SRin: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock:
pulse driver and which are applied to register
transfers to shift the contents of the Rin6—Rinl(
flip-flops to the corresponding Rinl-Rin5 flip-flops..
SRL6: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock:
pulse driver and which are applied to register’
transfers to shift the contents of the R1 flip-flops:
to the L6 flip-flops.
SRL7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flips-flops to
the L7 flip-flops.
SRRm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the R1 flip-flops
to the corresponding R7 flip-flops.
SRXB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flip-flops .
to the B4 flip-flops. The SRXB clock pulses are
also applied to register transfers to shift the con-
tents of the Bl flip-flops to the R7 flip-flops.
St: Mem; FIGS. 26 and 28
A signal which is delivered by the strobe driver of the
Memory and which is applied to the 28 core read
amplifiers thereof to enable the core read ampli-
fiers to transmit the output signals delivered by
the corresponding 28 read out windings of the
Core Memory.
SVA: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of
the Arithmetic Unit to the corresponding A4
flip-flops.
SVB: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of the
Arithmetic Unit to the corresponding B4 flip-flops.
SVL7: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of
the Arithmetic Unit to the corresponding L7 flip-
flops.
SVmgL: Log, Cent Proc; FIG. 107
A signal which gates the contents of the Vimg2 and
Vmgl flip-flops of the Arithmetic Unit V-Mod-
generator to the respective L72 and 171 flip-flops.
SVmgR: Log, Cent Proc; FIG. 107
A signal which gates the contents of the Vmg2 and
Vmgl flip-fiops of the Arithmetic Unit V-Mod-
generator to the respective R72 and R71 flip-flops.
SVR7: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of the
Arithmetic Unit to the corresponding R7 flip-flops.
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SWal: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Wa-register.
The SWal clock pulses are also applied to register
transfers to shift the contents of the W57 flip-flops
to the Wal flip-flops.
SWa?2: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the Wq3 flip-flops
to the corresponding Pwr flip-flops of the Pwr-
register.
SWh1/4: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register trans-
fers to shift-up the contents of the Wh3-Wb1 digit
positions of the Wh-register. The SWh1/4 clock
pulses are also applied to register transfers to shift
the contents of the Wb3 flip-flops to the Wb4 flip-
flops.
SWh5/7; CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Wb4-Wb7
digit positions of the Wh-register.
SWh7-4: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the Wb7 flip-flops
to the Wb4 flip-flops.
SWop: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver during transfer of data from the Write
Buffer to the Printer and which are applied to the
register transfers to shift the contents of the Pwr
flip-flops to the corresponding Wol-Wo4 flip-flops
and the contents of the Wa3 flip-flops to the cor-
responding Wo6-9 flip-flops.
SWort: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to the clock
pulse input terminals of the Wol-Wol0 flip-flops
to gate thereto the two tape digits to be trans-
ferred from Read Buffer to magnetic tape.
SZL6: Log, Cent Proc; FIG. 107
A signal which gates 0’s into the L6 digit position
of the L-register.
SZR6: Log, Cent Proc; FIG. 107
A signal which gates 0’s into the R6 digit position of
the R-register.
SZR7: Log, Cent Proc; FIG. 107
A signal which gates O's into the R7 digit position
of the R-register.
T1, Ta3, Ta8, Thl, Tb7, TS, Ti, Tv: FF, Cent Proc;
FIGS. 92-95
The 1-output signals of eight control flip-flops, which
are employed in the timing circuit of the Central
Processor to identify various ones of the 48 states
of the timing circuit.
Ta, Th, Td, Ty, Tzv: FF, Cent Proc; FIGS. 92-94
The 1-output signals of five control flip-flops, which
are employed in the timing circuit of the Central
Processor to define the 48 different states of the
timing circuit. The combined configurations of
these five signals identify six different cycles of the
T-counter.
Ta?2: Log, Cent Proc; FIG. 107
A signal which identifies one of the 48 states of the
timing circuit.
Tea, Tch, Tee: FF, P-Buf; FIG. 133
The 1-output signals of the three flip-flops of the Te-
counter, which directs the sequence of the steps of
the P-Buffer in executing an operation.
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Tp, Tq, Ts: FF, Cent Proc; FIG. 91
The l-output signals of the three flip-flops of the
T-counter, which is the fundamental unit of the
timing circuit of the Central Processor.
Tr1~Tr5: FF, Read-Buf; FIGS. 173, 174
The 1-output signals of the five flip-flops of the Tr-
counter, which is the source for fine timing and
control of the shifting operations executed by the
Read Buffer.
Tsa, Tsh, Tsc: FF, P-Buf; FIG. 132
The output signals of the three flip-flops of the Ts-
counter, which is the source for fine timing and
centrol of the shifting operations executed by the
P-Buffer.
Tsp: Log, P-Buf; FIG. 138
A signal which controls the duration in which the
Cap and Sp clock pulses issue and thereby deter.
mines the number of digit positions through which
the P-register contents are shifted.
Twl-Twé: FF, Write-Buf; FIGS. 152, 153
The 1-output signals of the six flip-flops of the Tw-
counter, which is the source for fine timing and
control of the shifting operations executed by the
Write Buffer.
Ur: FF, Read-Buf; FIG. 175
The 1-output signal of a control flip-flop which, when
set to the 1-state, orders the Central Processor to
perform an operation to transfer the word in the
Rb-register to Memory.
Us: FF, Cent Proc; FIG. 97
The 1-output signal of a control flip-flop which, when
set to the 1-state, directs that the magnitude of the
numeric portion of one of the numbers applied to
the Arithmetic Unit be subtracted from the magni-
tude of the numeric portion of the other number
applied thereto.
V4-V1: Log, Cent Proc; FIG. 107
The four output signals of the Arithmetic Unit which
represent the result of the arithmetic operation per-
formed thereby.
Va4-Val: Log, Cent Proc; FIG. 107
Four signals which represent one of the input num-
bers on which the Arithmetic Unit is to perform an
operation.
Vb4-Vb1: Log, Cent Proc; FIG. 107
Four input signals which represent one of the input
numbers on which the Arithmetic Unit is to per-
form an operation.
Vc¢: FF, Cent Proc; FIG. 97
The 1-output signal of a flip-flop, which generates
the carry bit of the two digits being added by the
Arithmetic Unit.
Vet: Log, Cent Proc; FIG. 107
A signal generated during those instructions where-
in an arithmetic operation is being performed by
the Arithmetic Unit to gate input signals to the
Ve {lip-flop.
Vmg2, Vmgl: FF, Cent Proc; FIG. 99
The l-output signals of the two flip-flops of the V-
Mod-generator, which are primarily employed to
accumulate the modulo-3 of the six-digit output
word delivered by the Arithmetic Unit.
Vmgd: Log, Cent Proc; FIG. 107
The signal which effects the decrease by 1 of the
number represented by the Vmgd2, 1 flip-flops in
response to a digit having a modulo-3 of —1.
Vmgu: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the num-
ber represented by the Vmgd2, 1 flip-flops in re-
sponse to a digit having a modulo-3 of 4-1.
Vsl1-Vs4, Vsa: FF, Cent Proc; FIGS. 96, 97
The 1-output signals of five flip-flops of the Arith-
metic Unit, which generate the sum digit of the
two digits being added by the Arithmetic Unit.
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WI1-W3: FF, Cent Proc; FIG. 103
The l-output signals of the three flip-flops of the
W-counter, which is employed primarily for
counting the number of register digit positions
through which data is shifted in certain opera-
tions. These three flip-flops also have independent
control functions. The W1 flip-flop indicates that
two digits compared during a comparison-type of
instruction are not equal. The W2 flip-flop indi-
cates the presence of an asterisk digit in either
word compared during a comparison instruction.
The W3 flip-flop indicates the presence of a period
digit in the least significant digit of a double-pre-
cision word obtained from Memory, during ex-
ecution of an Instruction 35.
Wa(ij): FF, Write-Buf; FIGS. 139-141
The 1-output signals of the 12 flip-flops of the Wa-
register, which temporarily stores the data being
transferred through the Write Buffer. The Wa-
register receives data from the Wh-register and
transmits this data to a Tape Handler for storage
on magnetic tape, or to the Printer.
Wbd, Wbs, Wbm2, Wbm], Wb(ij): FF, Write-Buf;
FIGS. 142148
The 1-output signals of the 28 flip-flops of the Wa-
register, which temporarily stores the data being
transferred through the Write Buffer. The Wba-
register receives complete data words from the
M-register and delivers these words to the Wa-
register.
Wb: FF, Tape Con; FIG. 155
The 1-output signal of a control flip-flop which,
when set to the 1-state, indicates that one of the
Tape Handlers is presently engaged in receiving a
block of data from the Memory through the Write
Buffer, and also controls the application of the
write driver output signals to the write heads of
the selected Tape Handler.
Wbf: FF, Write-Buf; FIG. 151
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that the Write Buffer
is loaded and that the contents thereof are ready
to be transferred to magnetic tape or to the Printer.
Wbk1-Whk3: FF, Write-Buf; FIG. 154
The I-output signals of the three flip-flops of the
Wbk-counter, which directs the number of data
words transferred during a Write Buffer opera-
tion,
Web: FF, Write-Buf; FIG. 155
The 1-output signal of a control flip-flop which,
when set to the I-state, indicates that the Write
Buffer is busy transferring data from Memory to
magnetic tape or to the Printer.
Webd: Log, Cent Proc; FIG. 107
A signal which prepares the Write Buffer and Tape
Control Unit for a writing operation by causing
the setting of the Web flip-flop in the Write Buffer.
Wed: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the v-block marker is
sensed as data is being written on magnetic tape,
to denote the end of the block space.
Wol-Wo5: FF, Write-Buf; FIGS, 149, 151
The l-output signals of five flip-flops which hold a
digit and its corresponding column parity bit for
transfer to magnetic tape or to the Printer.
Wo6-Wo10: FF, Write-Buf; FIGS, 150, 151
The 1-output signals of five flip-flops which hold a
digit and its corresponding parity bit for transfer
to magnetic tape or to the Printer.
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Wos: Log, Write-Buf; FIG. 158
A signal which notifies the Printer that two digits
are in the Wo flip-flops of the Write Buffer and
are available for receipt by the Printer.
5 Wsy: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
the Tape Handler, when the w«-block marker is
sensed as data is being written on tape, to denote
the beginning of a block space.
10 Wtd—Wrl: FF, Tape Con; FIG. 157
The 1-output signals of the four flip-flops of the
Wr-register, which stores the identification of the
Tape Handler that is to receive and record on
the magnetic tape thereof one block of data from
15 the Write Buffer. The Wteregister also stores
the identification of the Tape Handler which is
to have the magnetic tape thereof backed one
block, or backed one block and the corresponding
block markers erased.
20 XAAw: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the A-register to the Aw-register.
25 XAN: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the A-register to the N-register,
30 XArA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the Ar-register to the A-register.
35 XAtA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to shift the contents of the Whk-
counter flip-flops to the corresponding All, Al12,
40 and A13 flip-flops. The XA‘A clock pulses are
also applied to a register transfer to shift a 0-bit
to the A14 flip-flop.
XAwA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
45 clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the Aw-register to the A-register.
XI1: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
50 clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the six least significant digit positions of
the J-register to the I-register.
XMA: CP, Cent Proc; FIG. 108
55 The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the M4-M1 digit positions of the M-regis-
ter to the A-register. Only the l-output signals
60 of the M4, M3, and M2 flip-flops are applied to
the corresponding A-register flip-flops: however,
both the I-output signals of the M1 flip-flops and
corresponding inverted signals are applied to the
A1l flip-flops.
XMJ: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
70 tents of the M-register to the J-register. Only the
l-output signals of the M7-M2 flip-flops are ap-
plied to the corresponding  J-register flip-flops;
however, both the 1-output signals of the M1 flip-
flops and corresponding inverted signals are ap-
75 plied to the J1 flip-flops.
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XMWb: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to provide a parallel shift of the contents
of the M-register to the Wh-register. Only the
1-output signals of the M-register flip-flops are
applied to the corresponding Wh-register flip-flops.
XNA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the N-register to the A-register.
Xrl, Xr2: CP, Tape Con; FIG. 183
The clock pulses which are delivered by a pair of
gated clock pulse drivers and which are applied
to the clock pulse input terminals of the respec-
tive groups of Furl1-Fir5 and Ftr6-Ftr10 read
amplifiers to preset the read amplifiers of the cor-
responding group to the 1-state.
XZJ: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
¢lock pulse driver and which are applied to regis-
ter transfers to clear the J7-J2 flip-flops of the
I-register and to shift the contents of the J2 flip-
flops to the J1 flip-flops.
Y51, Y52: 08, Cent Proc; FIG. 106
The O-cutput signals of a pair of one-shots, which
control certain audible indications that are de-
manded by the Central Processor.
Yok: OS, Sort Con; FIG. 186
The 0-output signal of a one-shot, which is employed
to indicate the detection of the reference edge
of a document by the automatic reading appara-
tus of the Sorter. This one-shot remains in its
unstable state for a duration sufficient to enable
the triggering of the Ckp flip-flop and the Yor
one-shot.
Yep: OS, Sort Con; FIG. 186
The O-output signal of a one-shot, which remains
in its unstable state during the period when each
character is being read from a document.
Yat: OS, P-Buf; FIG. 137
The (O-output signal of a one-shot, which provides a
suspense period in the P-Buffer whenever an auto-
matic carriage return is executed by the Control
Typewriter, or when a Tab or Car Ret character
is transmitted to the Control Typewriter.
Yco: 0S. P-Buf; FIG. 136
The O-output signal of a one-shot, which provides
delay at the end of an operation to allow the Con-
trol Typewriter to return to its quiescent state,
Y77: 0S8, P-Buf; FIG. 136
The O-output signal of a one-shot, which indicates
that character signals are ready to be supplied by
the Control Typewriter.
Yor: OS, Sort Con; FIG. 186
The O-output signal of a one-shot, which controls
the period when the Sou-register may receive a
new pocket dzcision.
Tpr: 0OS, P-Buf; FIG. 136
The O-output signal of a one-shot, which indicates
that character signals are ready to be supplied by
the Photoreader.
ro: OS, Sort Con; FIG. 186
The O-output signal of a one-shot, which gates the
contents of the Sou-register to the Sorter.
Yic: OS, P-Buf; FIG. 136
The O-output signal of a one-shot, which gates the
character in the Cs flip-flops of the P-Buffer to the
Control Typewriter.
Yidi, Y7d2: 0S, Read-Buf; FIG, 182
The O-output signals of a pair of one-shots, which
control the amount of magnetic tape skew that is
tolerated by the data retiming circuit.
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Zal, Za2, Za3: Log, Cent Proc; FIG. 107
Signals which issue to propagate carrys from the re-
spective 1st, 2nd, and 3rd digit positions in the A-
register as the contents thereof are counted up.
The Zal signal issues when the Al flip-flops con-
tain a 9, the Za2 signal issues when the A2, 1
flip-flops contain a 99, and the Za3 signal issues
when the A3, 2, 1 flip-flops contain a 999.
Zm: Log, Cent Proc; FIG. 107
A signal which issues during a multiplication opera-
tion when the muitiplicand is to be multiplied by
a 0 digit of the multiplier, or when the multiplier
digit which is currently multiplying the multipli-
cand is about to become a 0. This signal causes
a shift-down through one digit position of the
accumulated product in the FULL register.
Zva: FF, Cent Proc; FIG. 97
The 1-output signal of a control flip-flop which
when set to the 1-state, normally directs that 0’s
be supplied by the Va input gates of the Arith-
metic Unit. However, when the Us flip-flop is
also set, the Zva signal directs that 9’s be supplied
by the Va input gates.

DEFINITIONS

The definition or explanation of certain terms employed
in this description follow:

Block—The unit and region of data storage on mag-
netic tape. A data block comprises 100 data words.

Blockette—A group of 20 data words, which are stored
in sequential memory locations, and which are transferred
to magnetic tape.

Block Marker—Information provided in an auxiliary
magnetic tape track for notifying control circuits of the
region on the magnetic tape wherein a block of data is
to be written or of the region on magnetic tape wherein a
data block has been stored.

Control Function—That part of the address portion of
an instruction word that is utilized to control a function
of the system, instead of denoting a location in Memory.

FULL—The combination of the L-register and the R-
register for storing and processing double-precision words.

Logic Level Signal—A signal which is provided by
closing a switch or button and which has the same logical
effect as the 0- or 1-output signals of a flip-flop.

LSD—The least significant digit of a data word. This
digit is the one first processed when the seven digits of a
word are processed in sequential order. If the word
represents a numerical quantity, the LSD is the digit of
least numerical significance.

LSH—The least significant half word of a double-
precision word.

Mod—A reference to a modulo-3 relationship. The
modulo-3 of a number is the remainder when that num-
ber is divided by 3. The mod-bits of a data word are
two bits which indicate the modulo-3 of the data word.

MSD-—The most significant digit of a data word.
This digit is the one last processed when the seven digits
of a data word are processed in sequential order.

MSH—The most significant half word of a double-
precision word.

Operator-—A notation expressing the logical relation-
ship between a pair of signals. For example, the plus
sign in the logical relationship Tp+Tgq indicates that the
logical operation .of Inclusive-Or is performed on the
Tp and Tq signals.

Parallel Shift—The substantially simultaneous transfer
of a plurality of data bits from one location to another.
This expression is most often employed when the com-
plete contents of a register are transferred to another
register during a single clock period.

Preemptive Signal—A signal which is provided by the
closing of a switch or button and which directly and im-
mediately sets or resets a flip-flop.

Qmn—A notation identifying the flip-flop which stores



61

the nth order bit in the m digit order of the Q-register.
For example, the J13 flip-flop stores the 3rd order bit of
the least significant digit of the J-register contents. This
notation also identifies the output signal of the corre-
sponding flip-flop.

The notation Qi identifies all the flip-flops in the ith
digit order of a register. For example, the J2 flip-flops
comprise the J24, J23, J22, and J21 flip-flops.

The notation Q(ij) identifies all flip-flops of the Q-
register,

Ring Shift-down—A function performed if the digit in
the LSD position of a register reenters in the MSD posi-
tion when the register contents are shifted-down.

Ring Shift-up—A function performed if the digit in
the MSD position of a register reenters in the LSD posi-
tion when the register contents are shifted-up.

Serial Shift—An expression most often employed when
all the data in a register, or portion thereof, is shifted
through one digit position during a single clock period.

Shift-down—A function performed when the contents
of a repister are serially shifted to successively lower
order digit positions.

Shift-up—A function performed when the contents of
a register are serially shifted to successively higher order
digit positions.

Term—The element of a logical expression or logical
schematic diagram that is related to the other elements
of the logical expression or logical schematic diagram by
the Inclusive-Or operator.

COMPONENT DETAILS AND OPERATION

The internal circuit structures of the components of
the system, the circuit configurations interconnecting the
components, and a description of the operation of the
system follow hereinafter. The details of the circuit
structure of the components and of the circuit configura-
tions interconnecting the components are provided in
FIGS. 17, 19, 20, 24, 28, 29, 33, 36, 37, 42, 43, and 48-
187. These component structures and interconnecting
configurations comprise novel assemblages of the pre-
viously described clock pulse drivers, flip-flops, AND-
gates, OR-gates, inverters, emitter followers, register
transfers, and one-shots to perform the functions of the
Data Processing System. The connective relationship
between these circuit elements can usually be described
by logic expressions of the type illustrated in the forego-
ing sections “AND-gate,” “OR-gate,” and “Register
Transfer.”

The Logical Schematic Diagram

Generally, two or more output signals from flip-flops,
one-shots, inverters, and clock pulse drivers and the
signals provided by certain switches and push buttons are
combined logically by AND-gates, OR-gates, and register
transfer circuits to provide input signals to other flip-
flops, one-shots, and inverters and to provide gating
signals for clock pulse drivers. Thus, the two logic in-
put signals to a flip-flop (FIG. 4) are usually the output
signals of respective logical chains of AND-gates and
OR-gates, which receive output signals provided by other
flip-flops, and by one-shots, inverters, and certain switches
and push buttons. These logical chains may be described
and illustrated by logical expressions, which are actually
logical schematic diasrams representing the logical and
structural interconnection of the chain providing these
two input signals to the flip-flop; i.e., see FIG. 48. Simi-
larly the two register transfer input signals to a flip-flop
are usually the signals provided by a tree of intercon-
nected register transfers and switches or push buttons,
wherein the register transfers receive output signals pro-
vided by other flip-flops and by clock pulse drivers. Thus,
the four circuits providing the logic and register transfer
input signals to a flip-fop may be illustrated by four logi-
cal schematic diagrams for each flip-flop, as shown in
FIG. 48. The remaining input signal, which is received
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directly from a clock pulse driver, is also represented in
FIG. 48. (If no logic input signals are provided at the
flip-flop input terminals, no clock pulse driver is neces-
sary.) The flip-flop representations of FIG. 48 and the
associated logical schematic diagrams to the left of each
flip-flop symbol are termed “fip-flop input” diagrams.

The one-shot receives an input logic signal from a
logical chain of AND-gates and OR-gates, which receive
output signals provided by other one-shots, and by flip-
flops, inverters, and certain switches and push buttons.
Therefore, the logical chain delivering the logical input
signal to a one-shot may also be illustrated by a logical
schematic diagram; i.e., see FIG. 106. The one-shot rep-
resentations of FIG. 106 and the associated logical sche-
matic diagrams to the left of each one-shot symbol are
termed “one-shot input” diagrams.

In a similar manner the logical circuits providing input
signals to inverters and gating signals to clock pulse
drivers may be illustrated by logical schematic diagrams.
The logical schematic diagrams of the logical circuits
providing input signals to inverters are illustrated in the
drawings under the headings “Inverter Signals™; i.e., see
FIG. 109. The logical schematic diagrams of the logical
circuits providing gating signals to clock pulse drivers are
illustrated in the drawings under the headings “Clock
Pulse Driver Gating Signals”; i.c., see FIG. 108.

The four types of logical schematic diagrams; namely,
“fip-flop input” diagrams, “one-shot input” diagrams,
“inverter signal” diagrams, and “clock pulse driver gat-
ing signal” diagrams, are employed in FIGS. 48-187 to
illustrate the internal circuit structure of the components
and the interconnecting circuit configurations between
the components.

In addition to the four types of logical schematic dja-
grams described above, a fifth type of logical schematic
diagram termed the “designated logical combination sig-
nal” diagram is employed in FIGS. 107, 121, 138, 158,
183, and 187. Designated logical combination signals are
generated within logical chains. Such signals are, there-
fore, the output signals of a first logical chain and are
employed as input signals to one or more additional logi-
cal chains. These signals are not usually employed di-
rectly as input signals to flip-flops, one-shots, inverters,
or clock pulse drivers. For example, the Clu signal
(F1G. 107) is employed to increase the numeric value of
the L-register contents. The Clu signal is the output
signal of a logical chain, which receives input signals from
the C63, C51, Tb8, Tz, Us, Th7, and Td flip-flops. The
Clu signal is applied as an input signal to a plurality of
logical chains whose output signals are applied to logic
input terminals of L-register flip-flops.

In the logical circuits illustrated by the following types
of logical schematic diagrams, the logical functions of
Conjunction are implemented by AND-gates and the
logical functions of Inclusive-Or are implemented by OR-
gates;

a. One-shot input diagrams

b. Inverter signal diagrams

¢. Clock pulse driver gating signal diagrams

d. Designated logical combination signal diagrams

e. Flip-flop input diagrams for logical circuits applying
signals to input logic terminals of flip-flops.

In the logical circuits illustrated by flip-flop input dia-
grams for logical circuits applying signals to register trans-
fer input terminals of flip-flops, the logical functions of
Conjunction are implemented by register transfers and
the logical functions of Inclusive-Or are implemented by
plural input connections, as described in the preceding
“Register Transfer” section.

The following example demonstrates the significance of
the logical schematic diagram and its employment to illys-
trate the interconnection of flip-flops, one-shots, inverters.
clock pulse drivers, switches and push buttons by AND-
gates, OR-gates, and register transfers. It particularly
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illustrates that this notation, couched in terms of signal
designations in associative and combinatorial arrange-
ments, completely defines the block and schematic circuit
element arrangements, once these basic building - blocks
have been determined, as has been done in FIGS. 3-11.
FIGURE 13 is a block diagram of the circuits pro-
viding the five input signals of the L11 fip-flop. This
figure is the block diagram equivalent of the logical sche-
matic diagrams which provide the L11 input signals of
FIG. 79 and the Cid and Clu signals of FIG. 107.
The Cld signal is the output signal of AND-gate 251
(FIG. 13). AND-gate 251 receives the Td output signal
of the Td flip-flop, the Th7 output signal of the Th7 flip-
flop, and the T3 output signal of the Us flip-flop. The
output signal of AND-gate 251 is represented oy:

Cid=Tbh7 Td Us

where Tb7 Td Us represents the logical operation of
Conjunction on the three input signals applied to AND-
gate 251, and is also a direct representation of the circuit
generating Cld. Therefore, the logical schematic dia-
gram Th7 Td Us may also be employed to illustrate the
logical circuit which generates the Clid signal.

The Clu signal is generated by the logical circuit com-
prising AND-gates 252 and 253 and OR-gate 254. AND-
gate 252 receives the Us output signal of the Us flip-flop,
the Tb7 output signal of the Tbs7 flip-flop and the Td
output signal of the Td flip-flop. The output signal of
AND-gate 252 is represented by

Tb7 Td Us

AND-gate 253 receives the C63 output signal of the C63
flip-fiop, the 51 signal of the C51 flip-flop, the T68 signal
of the Th8 flip-flop, the Tz signal of the Tz flip-flop, and
the Us signal of the Us flip-flop. The output signal of
AND-gate 253 is represented by

Cé63 C51 Th8 Tz Us

The output signals of AND-gates 252 and 253 are applied
to OR-gate 254. The output signal of OR-gate 254 is
represented by

Clu=Tb7 Td Us+C63 TSI Tb8 Tz Us

Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates the Clu signal.

The clock pulse signal received by the L11 flip-flop is
provided by the continuously operating clock pulse driver
B17. Clock pulse driver B17 receives input trigger sig-
nals synchronized by the master clock pulse driver illus-
trated in FIG. 17.

The logic input signal *L11 is generated by the logical
circuit comprising OR-gate 257, AND-gate 258, AND-
gate 259, and OR-gate 260. OR-gate 257 receives the
L12 output signal of the L12 flip-flop and the L13 output
signal of the L13 flip-flop. The output signal of OR-gate
257 is represented by

L134L12

AND-gate 258 receives the T11 output signal of the
L11 flip-flop, the output signal of OR-gate 257, anq the
Clid output signal of AND-gate 251. The output signal
of AND-gate 258 is represented by

Ccid Ti1 (L134L12)

AND-gate 259 receives the Ti3 output signal of the
L13 flip-flop, the Clu output signal of OR-gate 254, and
the Tl output signal of the L1l flip-flop. The output
signal of AND-gate 259 is represented by

Clu T13 T11

OR-gate 260 receives the output signals of AND-gate
258 and AND-gate 259. The output signal of OR-gate
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260, which is the *L11 input signal to the LIl flip-flop,
is represented by

*[11=Cin T13 LI14Cld T11 (L13+L12)

Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates tne *L11 signal.
In a similar manner the logical schematic diagram

*Ti1=(Clu+Cld)L11

illustrates the logical circuit which generates the sL11
signal.

The register transfer input signals #L11 and #T11 are
received by the L11 flip-flop from two of the cight regis-
ter transfers of register transfer circuit 265. Input sig-
nals to the register transfer circuit 265 are provided by
the eight output signals of the L24, 123, 122, and L21
flip-flops. The SL clock pulse driver, when gated on,
supplies clock pulses to register transfer circuit 265. The
SL clock pulse driver is gated on by the signal Gate-SL,
which is a signal generated by the logic circuit illustrated
in the corresponding logical schematic diagram of FIG.
108. The signals #L11 and #Lii are represented re-
spectively by:

#L11=SL L21
#T11=3T I321

Therefore, the above two logical schematic diagrams also
illustrate the register transfer logical circuits which gen-
erate the #L11 and #LI1 signals.

The preceding example demonstrates how the logical
schematic diagrams of FIGS. 48-187 provide simple,
compact, and readily analyzed and related illustrations of
the circuit structures of the components and of the circuit
interconnection configurations between components.  This
has been done by using signal designations in associations
and combinations serving not only to identify the signal
relationships, but also to define the circuit elements and
their circuit relationships.

Central Processor

The Central Processor exercises operational control
over the Data Processing System. The Central Processor
responds to a plurality of distinct instructions, which are
supplied thereto in the sequential order necessary to per
form a particular data processing function. The dat:
which is processed in the Central Processor is primarily
supplied thereto from the Memory. This data is usually
transferred into and out of the Memory under contro
of the Central Processor.

The Central Processor comprises registers for tempo
rarily storing data, register transfer and logic circuits fo
transferring data through and between registers, clocl
pulse drivers for controlling the timing of the Centra
Processor, counters, an Arithmetic Unit, and flip-flop
and one-shots employed as control signal sources. FIG
URE 14 illustrates symbolically the elements of the Cen
tral Processor which store data, the paths of data transfe
between these elements, and certain control element:
The Central Processor comprises the following registers
the Ar-register 268, the Aw-register 269, the B-registe
270, the J-register 271, the L-register 272, the L-regist¢
273, the N-register 274, and the R-register 275. Tk
Arithmetic Unit 276 is adapted to perform the operatio
of addition or subtraction on a pair of words receive
thereby.

The details of the circuit structure of the Central Pro
essor are provided in FIG. 17, which illustrates the cloc
circuit, FIGS. 48105, which are the flip-flop input logic
schematic diagrams of Central Processor flip-flops er
ployed in registers, in counters, as control signal source
and in the Arithmetic Unit; FIG. 106, which is a one-sh
input logical schematic diagram; FIG. 107, which is
designated logical combination signal diagram; FI1G. 10
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which is a clock pulse driver gating signal diagram; and
FIG. 109, which is an inverter signal diagram.

As described in the preceding section “Data Processing
System—Details,” the instruction word which directs the
system operation is stored in the 6-digit I-register, which
comprises the 2-digit C-register for storing the command
portion of the instruction word and the 4-digit A-register
for storing the address portion of the instruction word.
The preceding section “Data Processing Operations” de-
scribed the command portion of the instruction word
as having any one of 52 bit configurations, each configura-
tion directing a fundamentally different data processing
operation of the system. These operations were described
generally in this preceding section, but are also described
in detail in a following section “Instructions.” In the
“Instructions” section, and in the sections immediately fol-
lowing thereafter, there is provided a detailed description
of the operation of the Central Processor in performing
each of its possible functions.

The logical schematic diagrams of the I-register are
given by FIGS. 48-51, 64, and 65. The contents of the
C-register may be shifted-down upon application of the
SC clock signal to register transfers connecting the digit
positions of the C-register. The SC signal also gates the
contents of the C5 flip-flops to the A4 flip-flops. The con-
tents of the A-register are shifted-down upon application
of the SA clock signal to register transfers connecting the
digit positions of the A-register. The contents of the Al
flip-flops are transferred to the C6 flip-flops upon appli-
cation of the SAC clock signal to the register transfers
which connect the cutput terminals of the Al flip-flops to
corresponding input terminals of the C6 flip-flops. There-
fore, the entire contents of the I-register are ring shifted-
down by the simultaneous issuance of the clock signals
SAC, SC, and SA.

The I-register is adapted to receive, by parallel shift,
the contents of the corresponding 6 least significant digit
positions of the J-register upon application of the XJI
clock signal to the register transfers which connect the
output terminals of the J6-J1 flip-flops to corresponding
input terminals of the I-register flip-flops.

The A-register flip-flops are adapted to receive, by par-
allel shift, the contents of the corresponding flip-flops of
the Ar-register upon application of the XArA clock signal
to register transfers which connect the output terminals of
the Ar flip-flops to corresponding input termjnals of the A
flip-flops. The A-register flip-flops are adapted to receive,
by perallel shift, the contents of the corresponding flip-
fiops of the Aw-register upon application of the XAwA
clock signal to register transfers which connect the output
terminals of the Aw flip-flops to corresponding input ter-
minals of the A flipflops. The A-register flip-flops are
adapted to receive, by parallel shift, the contents of the
corresponding M-register flip-flops of the Memory upon
application of the XMA clock signal to register transfers
which connect the output terminals of the M flip-flops to
corresponding input terminals of the' A flip-flops. In this
instance only the I-output signals of the M4, M3, and M2
flip-flops are applied to the corresponding A-register flip-
flops; however, both the 1 and 0-output signals of the M1
flip-flops are applied to the corresponding A1 flip-flops.

The All, Al12, and A3 flip-flops are adapted to re-
ceive the contents of the corresponding Write Buffer Whk1,
Wbk2, and Wbi3 flip-flops upon application of the XArA
clock signal to register transfers which connect the output
terminals of the Wbk flip-flops to corresponding input ter-
minals of the All, Al12, and A13 flip-flops. When the
XAtA signal transfers the Whk-counter contents to the
All, A12, and A13 flip-flops, a binary 0 is transferred to
Al4. The A4 flip-flops are adapted to receive the output
signals delivered by the corresponding Arithmetic Unit V
output AND-gates and their respective inverters upon ap-
plication of the SVA logical combination signal to logica!
gates which connect the Arithmetic Unit to the A-register.

The contents of the A-register may be transmitted to the
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Memory Controls 242 (FIG. 12) to indicate the memory
location of the data word to be received from or stored in
the Core Memory. The contents of the A-register may
also be transmitted to the N, Ar, and Aw-registers. The
O-output signals of the Al flip-flops may be transmitted
to the Sorter Control Unit (FIG. 43) to store in the Sou
flip-flops thereof the Sorter pocket code necessary to di-
rect the sterage of a document in a designated pocket.
The contents of the Al flip-flops are also adapted to be
transmitted to the Va input AND-gates of the Arithmetic
Unit.

The C6 flip-flops are adapted to receive the contents of
the corresponding P1 flip-fisps of the P-register (FIGS.
12 and 14) upon application of the SPC clock sizgnal to
register transfers which connect the output terminals of
the P1 flip-flops to corresponding input terminals of the
Cé6 flip-flops,

The N-register is a 4-digit register adapted to store a
memory address, which is usually the address of the next
instruction to be received from Memory by the Central
Processor. he logical schematic diagrams of the N-
register are given by FIGS. 80-83. The N-register con-
tents are ring shifted-down upon application of the SN
clock signal to register transfers which connect the digit
positions of the N-register. The N-register flip-flops are
adapted to receive, by parallel shift, the contents of the
corresponding A-register flip-flops upon application of the
XAN clock signal to register transfers which connect the
output terminals of the A flip-flops to corresponding input
terminals of the N flip-flops. The contents of the N-
register may be transmitted to the A-register. The con-
tents of the N1 flip-flops may be transmitted to the B4
flip-flops ¢f the B-register.

The B-register is adapted to store 4 digits which repre-
sent a memory address, and is primarily employed to
modify the address stored in the A-register. The logical
schematic diagrams of the B-register are given by FIGS.
60-63. The B-register contents are shifted-down upon
application of the SB clock signal to register transfers
which connect the digit positions of the B-register. In
addition, the contents of the B1 flip-flops are transferred
to the corresponding B4 flip-flops upon application of the
SBB clock signal to register transfers which connect the
output terminals of the B1 flip-flops to corresponding input
terminals of the B4 flip-flops. Therefore, the entire con-
tents of the B-register are ring shifted-down by the simui-
taneous issuance of the clock signals SBE and SB.

The B4 flip-flops are adapted to receive the contents of
the corresponding N1 flip-flops of the N-register upon ap-
plication of the SNB clock signal to register transfers
which connect the output terminals of the N1 flip-flops to
corresponding input terminals of the B4 flip-flops. The
B4 flip-flops are adapted to receive the contents of the
corresponding R1 flip-flops of the R-register upon appli-
cation of the SRXB clock signal to register transfers
which connect the output terminals of the R1 flip-flops to
corresponding input terminals of the B4 flip-flops. The B4
flip-flops are also adapted to receive the output signals
delivered by the corresponding Arithmetic Unit V output
AND-gates and their respective inverters upon application
of the SVB logical combination signal to logical gates
which connect the Arithmetic Unit to the B-register.

The contents of the B1 flip-flops may be transmitted to
the R7 flip-flops of the R-register and to the Vb input
AND-gates of the Arithmetic Unit,

The 7-digit J-register is the primary input register for
the Central Processor. The logical schematic diagrams
of the J-register are given by FIGS. 66-72, The contents
of the J-register are ring shifted-down upon application
of the SJ clock signal to register transfers which connect
the digit positions of the J-register. The J-register flip-
flops are adapted to receive, by parallel shift, the contents
of the corresponding Memory M-register flip-flops upon
application of the XMJ clock signal to register transfers
which connect the output terminals of the M flip-flops to
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corresponding input terminals of the J flip-flops. The
17-J2 flip-flops, however, receive only the I-output signals
of the corresponding M-register flip-flops. The J1 flip-
flops, however, receive both of the 1-output signals and the
0O-output signals of the corresponding M1 flip-flops.

The XZJ clock signal clears the J7-J2 flip-flops of the
J-register and transfers the contents of the J2 flip-flops to
the corresponding J1 flip-flops through register transfers
which connect the output terminals of the J2 flip-flops to
corresponding input terminals of the J1 flip-flops. The
contents of the J6-J1 flip-flops may be transferred by
parallel shift to the corresponding flip-flops of the
I-register. The contents of the J1 flip-flops may be trans-
ferred to the L7 flip-flops of the L-register, to the R7
flip-flops of the R-register, and to the Va input AND-
gates of the Arithmetic Unit. The contents of the J1 flip-
flops may also be transmitied to the J-Mod-generator
277.

The J-Mod-generator 277 comprises the Jmg2 and Jmgl
flip-flops (FIG. 99) and their corresponding input logical
circuits. The J-Mod-generator is adapted to accumulate
the modulo-3 of the words applied thereto, and its oper-
ation is described, for example, in the sections “Initial
Routine During Instruction,” “Instruction 21,” and “In-
struction 26.”

The 14-bit Ar-register is adapted to store a memory
address, and is primarily employed during Read Buffer
operations wherein data is transferred from magnetic tape
or Character Reader to Memory. The logical schematic
diagrams of the Ar-register are given by FIGS. 52-55.
The Ar-register flip-flops are adapted to receive, by par-
allel shift, the contents of the corresponding A-register
flip-flops upon application of the XArA clock signal to
register transfers which connect the output terminals of
the A flip-flops to corresponding input terminals of the
Ar flipflops. The contents of the Ar-register may be
transmitted to the A-register.

The 14-bit Aw-register is adapted to store a memory
address, and is primarily employed during Write Buffer
operations wherein data is transferred from Memory to
magnetic tape or the Printer. The logical schematic dia-
grams of the Aw-register are given by FIGS. 56-59. The
Aw-register flip-flops are adapted to receive, by parallel
shift, the contents of the corresponding A-register flip-
flops upon application of the XAAw clock signal to
register transfers which connect the output terminals of
the A fiip-flops to corresponding input terminals of the
Aw flip-flops. The contents of the Aw-register may be
transmitted to the A-register.

The 7-digit R-register is the primary register employed
for storing the operands and the results of various opera-
tions performed by the Central Processor on single nu-
meric and alphanumeric words. The logical schematic
diagrams of the R-register are given by FIGS. 84-90.
The contents of the R6-R1 flip-flops of the R-register
are shifted-down upon application of the SR clock signal
to register transfers which connect the R6-R1 digit posi-
tions of the R-register. The contents of the R1 flip-flops
are transferred to the corresponding R7 flip-flops upon
application of the SRRm logical combination signal to
logical gates which connect the output terminals of the
R1 flip-flops to corresponding input terminals of the
R7 flip-flops. The contents of the R7 flip-flops are trans-
ferred to the corresponding R6 flip-flops upon applica-
tion of the SR76 clock signal to register transfers which
connect the output terminals of the R7 flip-flops to
corresponding input terminals of the Ré6 flip-flops.
Therefore, the entire contents of the R-register are
ring shifted-down by the simultaneous issuance of the
SRRm, SR76, and SR signals. The contents of the R1
flip-flops are also adapted to be transferred to the corre-
sponding R6 flip-flops upon application of the SR16 clock
signal to register transfers which connect the output termi-
nals of the R1 flip-flops to corresponding input terminals
of the R6 flip-flops. Therefore, the numeric contents of
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the R-register are ring shifted-down by the simultaneous
issuance of the SR16 and SR clock signals.

The R7 flip-flops are adepted to receive the contents
of the corresponding J1 flip-flops of the J-register upon
application of the SJIRm logical combination signal to
logical gates which connect the output terminals of the
J1 flip-flops to corresponding input terminals of the R7
flip-flops. The R72 and R71 flip-flops are adapted to
receive the contents of the corresponding Jmg2 and Imgl
flip-flops of the J-Mod-generator upon application of the
SImgR logical combination signal to logical gates which
connect the output terminals of the J-Mod-generator flip-
flops to corresponding input terminals of the R7 flip-flops.
The R74 and R73 flip-flops are adapted to receive the
contents of the corresponding J14 and J13 flip-flops upon
application of the SImgR logical combination signal to
logical gates which connect the output terminals of the
314 and J13 flip-flops to corresponding input terminals of
the R74 and R73 flip-flops. The R7 fiip-flops are adapted
to receive the contents of the corresponding Bl flip-flops
of the B-register upon application of the SRXB clock
signal to register transfers which connect the output termi-
nals of the B1 flip-flops to corresponding input terminals
of the R7 flip-flops. The R7 flip-flops are also adapted
to receive the contents of the corresponding L1 flip-flops
of the L-register upon application of the SLR7 clock sig-
nal to register transfers which connect the output termi-
nals of the L1 flip-flops to corresponding input terminals
of the R7 flip-flops. The R7 flip-flops are adapted to
receive the contents of the corresponding P1 flip-flops of
the P-register upon application of the SPR7 clock signal
to register transfers which connect the output terminals of
the P1 flip-flops to corresponding input terminals of the
R7 flip-flops. The R7 flip-flops are adapted to receive
the output signals delivered by the corresponding Arith-
metic Unit V output AND-gates and their respective in-
verters upon application of the SVR7 logical combina-
tion signal to logical gates which connect the Arithmetic
Unit to the R-register. The R72 and R71 flip-flops are
adapted to receive the contents of the corresponding
Vmg2 and Vmgl flip-flops of the Arithmetic Unit V-
Mod-generator upon application of the SVmgR logical
combination signal to logical gates which connect the
output terminals of the V-Mod-generator flip-flops to
corresponding input terminals of the R7 flip-flops. Addi-
tionally, the R6 flip-flops are adapted to receive the con-
tents of the corresponding L1 flip-flops of the L-register
upon application of the SLR6 clock signal to register
transfers which connect the output terminals of the L1
flip-lops to corresponding input terminals of the R6
flip-flops.

The contents of the R-register may be transmitted by
parallel shift to the M-register. In this parallel shift
only the l-output signals of the R flip-flops are applied
to the corresponding M flip-flops. The contents of the
R1 flip-flops may be transmitted to the L7 or L6 flip-
flops of the L-register, to the Vb input AND-gates of
the Arithmetic Unit, and to the B4 flip-flops of the
B-register.

The 7-digit L-register is most often employed for stor-
ing the most significant half of a double-precision word.
When the MSH of a double-precision word is stored in
the L-register, the MSH of the word is stored in the
R-register. The combination of the L and R-registers
for storing and processing double-precision words is iden-
tified as the FULL-register. The logical schematic dia-
grams of the L-register are given by FIGS. 73-79. The
contents of the L6-L1 flip-flops are shifted-down upon
application of the SL clock signal to register transfers
which connect the L6-L1 digit positions of the L-regis-
ter. The contents of the L1 flip-flops are transferred to
the corresponding L7 flip-flops upon application of the
SLL7 clock signal to register transfers which connect
the output terminals of the L1 flip-flops to correspond-
ing input terminals of the L7 flip-flops. The contents
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of the L7 flip-flops are transferred to the corresponding
L6 flip-flops upon application of the SL76 clock signal
to register transfers which connect the output terminals
of the L7 flip-flops to corresponding input terminals of
the L6 flip-flops. Therefore, the entire contents of the
L-register are ring shifted-down by the simultaneous
issuance of the SLL7, SL76, and SL clock signals. The
contents of the L14 and L13 flip-flops are transferred
to the corresponding L74 and L73 flip-flops upon appli-
cation of the SLLs logical combination signal to logical
gates which connect the output terminals of the LI4
and L13 flip-flops to corresponding input terminals of
the L74 and L73 flip-flops.

The 174 and L73 flip-flops are adapted to receive the
contents of the corresponding J14 and J13 flip-flops
upon application of the SJLs logical combination signal
to logical gates which connect the output terminals of
the J14 and J13 flip-flops to corresponding input termi-
nals of the L74 and L73 flip-flops. The L72 and L71
flip-flops are adapted to receive the contents of the cor-
responding J12 and J11 flip-flops upon application of
the SJLm logical combination signal to logical gates
which connect the output terminals of the J12 and J11
flip-flops to corresponding input terminals of the L72
and L71 flip-flops. The L72 and L71 flip-flops are also
adapted to receive the contents of the corresponding
Jmg2 and Jmgl flip-flops of the J-Mod-generator upon
application of the SlmgL logical combination signal to
logical gates which connect the output terminals of the
Jmg2 and Jmgl flip-flops to corresponding input termi-
nals of the L72 and L71 flip-flops.

The L7 flip-flops are adapted to receive the contents
of the corresponding R1 flip-flops upon application of the
SRL7 clock signal to register transfers which connect
the output terminals of the R1 flip-flops to coriespond-
ing input terminals of the L7 flip-flops. Therefore, the
entire contents of FULL are ring shifted-down by the
simultaneous issuance of the SL76, SL, SLR7, SR75, SR,
and SRL7 clock signals. The L6 flip-flops are adapted
to receive the contents of the corresponding R1 flip-flops
upon application of the SRL6 clock signal to register
transfers which connect the output terminals of the Rl
flip-flops to corresponding input terminals of the L6 flip-
flops.

The L7 flip-flops are also adapted to receive the out-
put signals delivered by the corresponding Arithmetic
Unit V output AND-gates and their respective inverters
upon application of the SVL7 logical combination signal
to logical gates which connect the Arithmetic Unit to
the L-register. The L72 and L71 flip-flops are adapted
to receive the contents of the corresponding Vmg?2 and
Vmel flip-flops of the Arithmetic Unit V-Mod-generator
upon application of the SVmgL logical combination sig-
nal to logical gates which connect output terminals of
the V-Mod-generator flip-flops to corresponding input
terminals of the L7 flip-flops.

The contents of the L1 flip-flops may be transmitted
to the R7 or R6 flip-flops of the R-register.

A T-counter 278, which comprises the Tp, Tq, and
Ts flip-flops (FIG. 91), and which repetitively counts
through 8 discrete states, is the basic source for timing
and control of the operations executed by the Central
Processor. A W-counter 279, which comprises the W3,
W2, and W1 flip-flops (FIG. 103), is employed pri-
marily for counting the number of register digit posi-
tions through which data is shifted in certain operations,
but has additional control functions which are described
in the various instructions wherein the W-counter is em-
ployed.

Other Central Processor flip-flops are employed pri-
marily to perform control functions. The Ai, Amm,
Anpd, and Are flip-flops (FIG. 105) function as alarms
to notify the Central Processor when a particular mal-
function or other unusual incident has occurred. The
Amm flip-flop (FIG, 104) is set when the contents of
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the Memory M-register must be increased by 2. The
Bb flip-flop (FIG. 95) is set to direct a B-Subroutne,
wherein the contents of the B-register are zdded to the
address in the A-register. The Blk flip-flop (FIG. 104)
controls the transfer of blockettes of data from Memory
to the Multiplex Buffer following execution of an In-
struction 68. The Cfd flip-flop (FIG. 104) controls
the feeding of documents by the Sorter. The D1, D2,
and D3 flip-flops (FIG. 100) are decision flip-flops, each
adapted to set when a respective event occurs. The D¢
flip-flop (FIG. 100) is set when a programmed instruc-
tion is not executed because a necessary system com-
ponent is busy or is not prepared. The Hst flip-flop
(FIG. 101) functions during an instruction-interrupt op-
eration of the Multiplex Buffer. The Hr1 and Hs2 flip-
flops (FIG. 102) function to halt the operation of the
Data Processing System. The Jc¢ flip-flop (FIG. 103)
controls the type of data comparison executed during
comparison operations. The Im20 flip-flop (FIG. 101),
when on, directs a blockette variation of the Write Buffer
operation then being executed.

The Jmg1 and Img?2 flip-flops (FIG. 99) accumulate the
modulo-3 of a data word applied to the J-Mod-generator.
The Jna flip-flop-(FIG. 104) is emploved during branch
and jump instructions to prevent the transfer of the next-
instruction address to the A-register. The J» and Jw flip-
flops (FIG. 101) direct respective Multiplex Buffer read
and write operations. The M3g flip-flop (FIG. 95), when
sct, directs that an operation be executed to generate mod-
bits for a designated data word. The Mscl and Msc2
flip-flops (FIG. 102) are employed when starting from
the halt mode to insure that only a single cycle of the
specified operation takes place. The T1, Ta, Ta3, Ta8,
Th, Tbl, Th7, Th8, Td, Ti, Tv, Ty, and Tz flip-flops
(FIGS. 92-95) are part of the timing circuit of the Cen-
tral Processor and aid in controlling the sequence of
execution of operations.

In addition to the control flip-flops above-described,
the Yb1 and Y52 one-shots control the duration of cer-
tain audible indications that are demanded by the Cen-
tral Processor.

TIMING CIRCUIT

The timing circuit of the Central Processor controls
the sequential execution of the steps in the operations
performed by the system. Forty-eight different clock pe-
riods (FIG. 15) are defined by the timing circuit. Each
clock period exists for approximately 4 usec. and is ter-
minated by a clock pulse. Although the execution of
each instruction commences at t1 of the timing sequence,
all of the clock periods do not occur for most of the
instructions. Furthermore, the clock periods do not al-
ways occur in sequence. For example, during some in-
structions, certain groups of clock periods of the timing
sequence are executed repetitively until a designated
event occurs. Generally, when the signal End issues, the
timing sequence returns to ¢1 and a new instruction com-
mences.

The timing circuit comprises the Tp, Tq, Ts, T1, Ta,
Ta3, Ta8, Tb, Tbl, Tb7, T8, Td, Ti, Tv, Ty, and Tz
flip-flops and their associated logical circuits. In addi-
tion, the timing circuit comprises the logical circuit
which generates the Ta2 designated logical combination
signal. The logical schematic diagrams of the timing
circuit flip-flops are shown in FIGS. 91-95, and the logi-
cal schematic diagram of the circuit for generating Ta2
is shown in FIG. 107,

The 48 clock periods of the timing sequence are de-
fined by the 48 different states of the combination com-
prising the Tp, Tq, Ts, Ta, Tb, Td, Ty, and Tz flip-flops.
The T1, Ta3, Ta8, Tb1, Tb7, Th8, Ti, and Ty flip-fiops
and the Ta2 signal are on during certain of the 48 states.
For example, the T1 flip-flop is on during the first clock
period of each instruction, whereas the Th1 flip-flop is

in the I-state whenever the logical combination Tp Tq
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Ts Té Th exists. The Ta2 signal issues whenever Tp
Tq Tz Ta exists.

The fundamental unit of the timing circuit is the T-
counter. The T-counter is a three stage binary counter
which, in effect, counts the 250 kc. clock signals delivered
by the gated clock pulse driver, CDA13. The T-counter,
which repetitively counts through 8 discrete states, com-
prises the Tp, Tq, and Ts flip-flops, and their associated
logical circuits. The logical schematic diagrams of the
T-counter are shown in FIG. 91. The block diagram
of FIG. 16 is another representation of the circuit illus-
trated by the logical schematic diagrams of FIG. 91. The
AND-gates and OR-gates of the logical schematic dia-
grams of FIG. 91 are shown as blocks in FIG. 16. Foi
example, the 1-logic input signal to the Tp flip-flop

*Tp=Tp Tq Ts+Zm

is provided by the logic chain comprising the AND-gate
297 and the OR-gate 298. The method of employing the
emitter followers of FIG. 8 is illustrated in FIG. 16 (ie.,
emitter followers 299 and 300).

The Ts flip-flop represents the lowest order bit of the
T-counter and changes its state for every clock pulse re-
ceived thereby. The Tgq flip-flop represents the 2-bit
order of the counter. The Tp flip-flop is the highest
order flip-flop of the T-counter. The T-counter normally
counts from 001 (Tp Tq Ts), as shown in FIG. 15, to
111, returns to the 000 state and continues to count repet-
itively through its eight clock periods. The eight clock
periods of the T-counter from the 001 state to the 000
state are termed a “T-cycle” and are 32 psec. in duration.

In addition to receiving the CDA13 clock signals, the
T-counter receives the Bb signal, the Zm signal, and the
Kcc signal. The T-counter may be halted, and the Cen-
tral Processor assumes the halt mode. When halted, the
T-counter ceases counting with the Tp, Tq, Ts flip-flops
in the 011 state (see Instruction 53). This halting of the
T-counter is accomplished by gating off the CDAI3 clock
signals when both of the halt flip-flops Hil and Hiz2 are
in the l-state. The BJ signal represents a binary 0 dur-
ing a B-Subroutine and alters the normal sequence of the
T-counter (see the succeeding section “B-Subroutine”)
by forcing the T-counter to the 3-state from the 7-state.
The Zm signal, when in the 1-state, also affects the se-
quence of the T-counter during an Instruction 42 (see the
section “Instruction 42”) by forcing the T-counter to re-
turn to the 7-state from the O-state. The Kce signal pro-
vides initial conditions throughout the Central Processor
and sets the T-counter to the 011-state. The Kec signal
issues upon depression of certain buttons on the Control
Console.

Six different T-cycles of the T-counter are defined to
provide the 48 different clock periods of the timing se-
quence. The six different T-cycles are distinguished by
the state of the combination comprising the Ta, Tb, Td,
Ty, and Tz flip-flops, as shown in FIG. 15. Thus, the
eight clock periods designated 118 occur during the
T-cycle when Ta=1. The 19-216 clock periods occur
during the T-cycle when Tb Td Ty Tz. The 117-124
clock periods occur during the T-cycle when Th Td Ty
Tz The r25-132 clock periods occur during the T-cycle
when Th Td Ty Tz. The £33-140 clock periods occur
during the T-cycle when Tb Td Ty Tz. The 141-148
clock periods occur during the T-cycle when Tb Td
Ty Tz.

The Tv flip-flop (FIG. 94) is set only during instruc-
tions in the 90 group. In these instructions the contents
of a register are shifted therein through a predetermined
number of digit positions. The Tv flip-flop enables the
necessary shift signals to issue for a predetermined dura-
tion during these instructions.

The Ti flip-flop (FIG. 95) is in the 1-state during
the fourth clock period of certain T-cycles, and thereby
notifies the system that the Memory will not be needed
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either (a) during the remaining clock periods of the
particular instruction or operation being executed, or (5
during the next eight clock periods of the instruction or
operation. This notification by Ti permits the Memory
to transfer the next-instruction word to the M-register,
or to transmit a word to or to receive a word from the
Multiplex Buffer. The issuance of the Ti signal is not
illustrated in FIG. 15, since the clock period when Ti
issues depends upon the particular instruction being ex-
ecuted.

The states that the timing circuit occupies during the
execution of each instruction are shown in the timing
diagram accompanying the description of the instruc-
tion. The shortest instructions are executed during the
clock periods #1-#8. Many instructions, however, con-
tinue beyond 8 and comprise various combinations of
the five remaining T-cycles or portions of these T-cycles,

CLOCK CIRCUIT

The clock eircuit of the Central Processor, shown in
FIG. 17, provides clock pulse signals for application to
flip-flops and register transfers to control respectively the
entry of data into flip-flops and the transfer of data be-
tween flip-flops. The clock pulse drivers of the Central
Processor clock circuit may be gated to provide single
clock pulses or clock pulses at the 250 ke, rate, or may
be operated continuously. A detailed description of the
clock pulse driver is given in a preceding section en-
titled “Clock Pulse Driver.” When gated on, the clock
pulse driver generates a clock pulse for each trigger sig-
nal received, but when gated off, no clock pulses are
generated. The logical schematic diagrams of the logi-
cal circuits providing gating signals for the clock pulse
drivers of FIG. 17 are illustrated in F1G. 108. This clock
circuit also provides clock pulses to control the trigger-
ing of one-shots.

The Central Processor clock circuit comprises a clock
pulse generator 301, which has been previously described
and is shown in FIG. 2. The clock pulse generator sup-
plies trigger signals at a 250 kc. repetition rate for the
clock pulse drivers. Continuous clock pulse driver 302
responds to the output signals of clock pulse generator
301 to provide continuous clock pulses at the 250 ke.
rate. The output signals of clock pulse driver 302 are
applied as trigger signals to the CDA clock pulse driver
303, the CDB clock pulse driver 304, and the CDC clock
pulse driver 305. The CDA, CDB, and CDC clock
pulse drivers operate continuously and deliver clock pulses
at the 250 kc. rate. Additionally, clock pulse driver 302
delivers clock pulses on a lead 306 for driving the clock
pulse drivers of the Multiplex Buffer, the Tape Control
Unit, and the P-Buffer.

The clock pulses delivered by the CDA clock pulse
driver are applied to the input terminals of the CDA1],
CDA12, CDAL13, CDAl4, SAC, SC, SPC, and XIJI
clock pulse drivers. All clock pulse drivers driven by
the CDA clock pulse driver are gated clock pulse drivers,
with the exception of the continuous clock pulse driver
CDA12. The output clock pulses of the CDAL1l,
CDA12, CDA13, and CDA14 clock pulse drivers are
applied to the clock pulse input terminals of Central
Processor flip-flops. For example, the output clock pulses
of the CDA11 clock pulse driver are applied to the clock
pulse input terminals of the D1, D2, and D3 flip-flops.
Since the logical schematic diagram illustrating the cir-
cuit for gating the CDA11 clock pulse driver is (FIG.
108)

Gate-CDA=HI1+HZ

the CDA11 clock pulse driver supplies clock pulses con-
tinuously at the 250 kc. rate, except when the Central
Processor is in the halt mode; ie., when both the Hrl
and Hz2 flip-flops are set.

The SAC, SC, SPC, and XIT clock pulse drivers sup-
ply clock pulses to the clock pulse input terminals of
register transfers. For example, the SC clock pulse driver
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supplies clock pulses to the register transfers which con-
nect the output terminals of the C6 flip-flops to the cor-
responding register transfer input terminals of the C35 fip-
flops. When the SC clock pulse driver is gated on, in
accordance with the corresponding logical schematic di-
agram of FIG, 108; i.e,,

Gate-SC=Pi4-Ppi

the contents of the C6 flip-flops are transmitted to the
corresponding C5 flip-flops. The related register trans-
fer circuits are illustrated by the logical schematic di-
agrams for the C51 flip-flops (FIG. 65); as follows:

#C5(i)=8C C6(i)
#C5(i)=SC C6(i)

The clock pulses delivered by the CDB clock pulse
driver are applied to the input terminals of the B17, B27,
B28, SA, SL, SL76, SLL7, SN, SRL6, SRL7, XAAw,
XAN, XArA, XAwA, and XNA clock pulse drivers. All
clock pulse drivers driven by the CDB clock pulse driver
are gated clock pulse drivers, with the exception of the
continuous clock pulse drivers B17 and B27. The output
clock pulses of the B17, B27, and B28 clock pulse drivers
are applied to the clock pulse input terminals of Central
Processor flip-flops. The output clock pulses of the SA,
SL, SL76, SLL7, SN, SRL6, SRL7, XAAw, XAN, XArA,
XAwA, and XNA clock pulse drivers are applied to the
clock pulse input terminals of Central Processor register
transfers.

The clock pulses delivered by the CDC clock pulse
driver are applied to the input terminals of the SB, SBB,
SJ, SPR7, SNB, SR, SR16, SR76, SLR6, SLR7, SRXB,
XArA, XMA, XMJ, and XZJ clock pulse drivers. All
clock pulse drivers driven by the CDC clock pulse driver
are gated clock pulse drivers, and supply clock pulses
for Central Processor register transfers.

J-MOD-GENERATOR

The J-Mod-generator 277 (FIG. 14) comprises the
Ymg2 and Imgl flip-flops (FIG. 99) and their correspond-
ing input logic circuits. The primary function of the J-
Mod-generator is to accumulate the modulo-3 of a data
word, as the digits of the word are sampled in serial
order, LSD first. The accumulated modulo-3 is then em-
ployed to generate the mod-bits for the sampled data word,
or to check the total modulo-3 of the sampled word.

In accumulating the modulo-3 of a word, the Jmg2 and
Jmgl flip-flops respond to their present contents and to
the Jmgd and Imgu logical combination signals (FIG.
107). The Jmgd signal represents a binary 1 whenever
the digit sampled by the J-Mod-generator has a modulo-3
of 2 (—1). Thus, the digits 2, 5, and 8 cause issuance
of the Jmgd signal. Additionally, the numerical signifi-
cance of the ($) and (*) digits cause issuance of the
Imegd signal. The Jmgu signal represents a binary 1
whenever the digit sampled by the J-Mod-generator has a
modulo-3 of 1 (—2). Thus, the numeric digits 1, 4,
and 7, and the non-numeric digits (&) and (.) cause is-
suance of the Jmgu signal.

Therefore, whenever the Jmgd signal issues to indicate
the sampling by the J-Mod-generator of a digit having a
modulo-3 of —1, the number stored in Jmg2, 1 is de-
creased by 1. Similarly, when the Jmgu signal issues
to indicate the sampling of a digit having a modulo-3
of 1, the contents of Ymg2, 1 is increased by 1. If neither
Jmgd nor Jmgu issues, the digit sampled has a modulo-
3 of 0, and the contents of Jmgl and Img2 remain un-
changed.

The Jmgd and Jmgu signals issue in response to the
M;jl, Mj2, Mj3, and Mj4 logical combination signals and
their corresponding inverter signals TM71, IM;2, IM73,
and IMj4. The Mj(i) and IMj(i) signals represent the
digit sampled by the J-Mod-generator, The logical sche-
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matic diagrams of the circuits generating the Mj(i) sig-
nals are illustrated by FIG. 107; as follows:

Mj(i)=7J1(i) T35+L1(i) M3g

The corresponding inverter signals are generated in cir-
cuits illustrated by the logical schematic diagrams of FIG.
109; for example,

IMj(i)y =Mij(i)

If the M3g flip-flop is off, the Jmg2, 1 flip-flops ac-
cumulate the modulo-3 of the contents of the J-register,
This occurs when a mod-check of the instruction or
operand is made as it enters the Central Processor from
Memory. If the M3g flip-flop is on, the Jmg2, 1 flip-
flops accumulate the modulo-3 of the contents of the L-
register. This occurs during execution of an Instruction
26, wherein new mod-bits are generated for the contents
of FULL.

The operation of the J-Mod-generator in accumulating
the modulo-3 of an instruction word, an operand, or a
data word in the L-register, is described in the respective
sections “Initial Routine during Instruction,” “Instruc-
tion 21,” and “Instruction 26.” In certain operations the
J-Mod-generator is preset to prevent its triggering the
Amm alarm flip-flop as, for example, when an alpha-
numeric operand enters the J-register. The functioning
of the J-Mod-generator in these operations is set forth
in the sections describing these operations.

ARITHMETIC UNIT

The Arithmetic Unit is adapted to perform the opera-
tion of addition or subtraction on a pair of data words
received simultaneously from the J-register and the R-
register or on data received simultaneously from the A-
register and the B-register. FIGURE 18 illustrates sym-
bolically the elements of the Arithmetic Unit which store
data, the paths of data transfer into and out of these ele-
ments, and certain control elements. The Arithmetic Unit
comprises the Va input gates 309; the Vb input gates 310;
the inverters 312, 313, etc.; the sum and carry bit gen-
eration logic circuit 315; the Ve, Vsl, Vs2, Vs3, Vsa, and
Vs4 flip-flops; the sum digit encoding logic circuit 317;
the V-mod-bit accumulation logic circuit 318; the Vmg2
and Vmgl flip-flops; and the control signal sources, in-
cluding the Aac, Mal, Ma2, Ov, Us, and Zva flip-flops.
The details of the circuit structure of the Arithmetic Unit
are provided in FIGS. 96-99, which are the flip-flop logical
schematic diagrams of Arithmetic Unit flip-flops; FIG.
107, which is a designated logical combination signal
diagram; and FIG. 109, which is an inverter signal dia-
gram,

The details of the operation of the Arithmetic Unit are
provided in the descriptions of the various arithmetic
instructions which employ the Arithmetic Unit, such as
in the sections entitled “Instructiocn 72,” “Instruction 73,”
“Instruction 82,” “Instruction 83,” “Instruction 87,” “In-
struction 88,” “Instruction 27,” “Instruction 28,” and “B-
Subroutine.”

When the Va input gates sample the contents of the J1
flip-flops and the Vb input gates sample the contents of
the R1 flip-flops, the Arithmetic Unit adds to or subtracts
from the contents of the R-register, the contents of the
J-register, digit-by-digit. The state of the Us flip-flop
determines the type of operation to be performed by the
Arithmetic Unit. If Us=0, an additive operation is per-
formed and the data word applied to the Va input gates is
added to the word transmitted to the Vb input gates. On
the other hand, if Us=1, a subtractive operation is per-
formed, and the magnitude of the numeric portion of the
word applied to the Va input gates (i.e., |J|) is subtracted
from the magnitude of the numeric portion of the word
transmitted to the Vb input gates (i.e., |R|). The subtrac-
tive operation is executed by causing the Va input gates to
deliver the complement of the word applied thereto.

Five classes of output signals are supplied by the Va
input gates, these output signals being represented by the
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logical combination signals Va4, Va3, Va2, and Val.
Most often, the Val-4 signals represent the digit in J1.
If Us=1 the Va4-1 signals represent the 9's complement
of the digit in J1. If Us=1 and Zva=1, the Va4-1 sig-
nals represent the digit 9. If Us=0 and Zva=1, the
Vad-1 signals represent the digit 0. If the Bb flip-flop is
set, the Va4—1 signals represent the digit in the A1 flip-
flops of the A-register. The Zva flip-flop, when on, nor-
mally directs that 0's be supplied by the Va input gates.
However, when the Us flip-flop is also on, the complement
of these 0%; i.e., 9%, are supplied by the Va input gates.

Three classes of output signals are supplied by the Vb
input gates, these output signals being represented by
logical combination signals Vb4, 3, 2, and 1. Most often,
the Vb4-1 signals represent the digit in R1. However dur-
ing a B-subroutine and during execution of Instruction 27,
the Vb4-1 signals represent the digit in B1. If Tz=1, the
Vh4-1 signals represent the 9°s complement of the digit in
R1. This latter class of output signal is necessary follow-
ing an arithmetic operation wherein a number has been
subtracted from a smaller number, so that the result in R
must be complemented; i.e., see the description of Instruc-
tion 72.

The Va4, Va3, Va2, and Val signals are applied to the
respective IVa4, IVa3, IVa2, and IVal inverters 312, 313,
etc. The Vb4, Vb3, Vb2, and Vb1 signals are applied
to the respective IVb4, IVb3, IVH2, and IVh1 inverters,
The output signals of the IVa4-IVal and IVH4-IVb1 in-
verters are applied to the sum and carry bit generation
logic circuit 315, Logic circuit 315 adds the two digits
represented respectively by the output signals of the
IVa4-IVal and IVb4-IVh1 inverters and the carry bit
stored in Vc and provides the output signals *Vs1, *VsT,
*Vs2, *Vs2, *Vs53, *Vs3, *Vsa, *Vsa, *Vs4, and *Vsd,
which represent the sum digit, and the signals *Ve¢ and
*Ve¢, which represent the next carry bit. The output sig-
nals of logic circuit 315 set or reset the corresponding
flip-flops Vsl, Vs2, Vs3, Vsa, Vs4 and Vc each clock
period in accordance with the sum digits and carry bits
produced by logic circuit 315.

The following table “Input Signal Combinations Which
Set Vs(i) Flip-flops” illustrates how circuit 315 combines
the Vad—1, Vb4-1, and Ve signals to set the Vs flip-flops
to their respective 1-states.

INPUT SIGNAL COMBINATIONS WHICH SET
Vs(i) FLIP-FLOPS

Va(i) (Value) [ Va4 | Vb4 | Va3 | VB3 [ Va2 [ VB2 | Va1l | Vb1 | Ve
Vst 1 (1] 1 (1]
1 0 (1]
1 1 1
0 0 1
Va2 2 1 0
0 1
1 1
Via 2 1 1
1 1
1 1
1 1
Va3 4 1 1
1
1
\21) [ 1 0
0 1

The total of the values represented by the five Vs flip-
flops is the sum digit resulting from addition of the three
digits represented by the Va, Vb, and V¢ signals. If at
least one of the combinations illustrated in the table for
a given Vs flip-flop does not appear in any clock period,
the corresponding Vs flip-flop is set to its O-state. The
Vs4 flip-flop, which represents the quantity 5, is depend-
ent on only the 5-bits of the two input digits, and is set to
its 1-state if any one, but not both, of the 5-bit positions of
Va4-1 and Vb4-1 is 1. Thus, the Vs4 flip-flop is not set
to the 1-state even though combinations of the Va3-1,
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Vb3-1, and Ve signals provide a sum between the values
of 5 and 9. The Vsl flip-flop, which represents the value
1, is dependent only on the 1-bits of the two input digits,
and on the state of the carry flip-flop, Ve. Thus, Vsli is
set to the 1-state if any one or all three of the Val, Vb1,
and Vc signals represent 1. Vsl is unaffected by any of
the higher order signals Vad, Vb4, Va3, Vb3, Va2, and
Vb2. Thus, the signal combination illustrated by the
above table provides for a simplified logical structure
wherein each Vs flip-flop must respond to but simple
logical combinations of only a few of the input signals
to logic circuit 315.

At the same time that the Vs flip-flops are set or reset
in accordance with the sum of each pair of received
digits, the V¢ flip-flop is set or reset in accordance with
whether a carry should be held over for the next succeed-
ing digit pair.

In providing the sum digit in the Vs flip-flops and
the carry bit, the non-numeric digits are weighted ac-
cording to their respective bit values. For example,
the dollar sign ($) adds as a 5, the comma (,) adds as a
6, the ampersand (&) adds as a 7, the period (.) adds as
a 0, and the (*) adds as a 1.

The total value represented by the five bits stored
in the Vs flip-flops is encoded into the four bit §, 4, 2, 1
digit code of the Central Processor by the sum digit
encoding logic circuit 317. Logic circuit 317 comprises
the circuits for generating the V4, V3, V2, and V1 sig-
nals and is illustrated by the logical schematic diagrams
for the V4-V1 signals of FIG. 107. The V4, V3, V2,
and V1 signals represent respectively the values 5, 4, 2,
and 1. The following table “V Output Signals of
Arithmetic Unit” illustrates the various configurations
which the V4-V1 signals take in response to the pos-
sible combinations of the Vs flip-flops.

V OUTPUT SIGNALS OF ARITHMETIC UNIT

Ved | V83 | Vea | Va2 | Vel

V4 1 0 Q

1 0 [
1 0 0

1 0 [ 0

[ 1 1
0 1 1

] 1 1

0 1 1 1
V3 (1] 1 1 1]
1 0 ] 0
1 1 1 1

V2 Q 0 1
1 0 1

0 1 0
1 1 1 0
0 1 1
Vi 0 0 1
0 1
1 1 0
1 1 (1}

Consider the following example: the signals Va4-Val
represent the digit 9 and the signals Vb4-Vb1 represent
the digit 8. The carry flip-flop is in its O-state, Under
these circumstances the Vs flip-flops will be set to the
Vsd Vs3 Vsa Vs2 Vsl configuration. For this combina-
tion the V4 and V2 signals issue to represent the digit 7.
The carry flip-flop Ve will be set to the 1-state.

The Ve flip-flop generates the carry bit of the two
digits being added by logic circuit 315, providing also
for the previous state of the Ve flip-flop, when enabled
by the Vet signal. The V! signal is generated during
those instructions where an arithmetic operation is to
be performed.

The alarm flip-flop, Aac, is set to the 1-state if:

(a) The Arithmetic Unit output digits (from V-output
gates) are non-numeric, except if M3g=1, during
which time mod-bits are generated for the R con-
tents and the Arithmetic Unit output digits are not
employed;
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(5) Any input digit to the Arithmetic Unit is non-
numeric during execution of an operation when the
Arithmetic Unit is actually performing an arithmetic
operation, and its output signals are being used, except
that non-numerics to the Va input gates do not set the
Aac flip-flop during the “Hash-Add” variation of In-
struction 82;

(c) There is a non-numeric input digit to the Va input
gates during execution of Instruction 28, wherein the
contents of the designated memory location are trans-
mitted through the Arithmetic Unit to the B-register;
and

(d) The mod-comparator signal Mc issues during an
arithmetic operation to indicate that the mod-com-
parison has failed (see description of Instruction 72).

When the Aac flip-flop sets, it causes the Central Proces-
sor to halt following completion of the current instruc-
tion.

Logic circuit 315 is also adapted to add together two
non-numeric digits or to add a numeric and a non-
numeric digit, in accordance with the numerical equiv-
alent of the non-numeric digits. However, the result-
ing sum digit stored in the Vs flip-flops always represents
a quantity from 0-9. Therefore, only numeric digits
are supplied by the V4-V1 output signals of the Arith-
metic Unit during an arithmetic operation. Conse-
quently, when the Aac flip-flop is prevented from setting
during the Hash-Add variation of Instruction 82, non-
numeric double-precision words from Memory may be
added to numeric double-precision words in FULL and
numeric words are delivered by the Arithmetic Unit.

The overflow flip-flop, Ov, is employed primarily in
arithmetic operations and indicates that the sum or dif-
ference of the two numbers applied to the Arithmetic
Unit is too great to be placed in the prescribed number
of digit positions. The Ov flipflop also sets during
Instruction 43 if the quotient will be too large for the
allotted storage space.

The Vmg2 and Vmgl flip-flops (FIG. 99) and their
corresponding input logic circuits, as represented by logic
circuit 318 of FIG. 18, comprises the V-Mod-generator
shown in FIG. 14. The primary function of the V-Mod-
generator is to accumulate the modulo-3 of the six-digit
output number delivered by the Arithmetic Unit. The
accumulated modulo-3 is then employed to generate the
mod-bits for this output word and to check the correct-
ness of the operation performed by the Arithmetic Unit.

In accumulating the moculo-3 of the output digits of the
Arithmetic Unit, the Vmg2 and Vmg1 flip-flops respond
to their present contents and to the Vmgd and Vmgu
logical combination signals (FIG. 107). The Vmgd and
Vmgu signals issue in response to the V4, V3, V2, and V1
signals and their corresponding inverter signals TV, TV3,
IV3, and Tv4 (FIG. 109). The Vmed signal repre-
sents a binary 1 whenever the digit applied to logic cir-
cuit 318 has a modulo-3 of 2 (—1). The Vmgu signal
represents a binary 1 whenever the digit applied to logic
circuit 318 has a modulo-3 of 1 (—2). The V-Mod-
generator is also adapted to respond to non-numeric digits,
inasmuch as the V4-V1 signals represent the contents of
R14-R11 during a mod-bit generation operation; ie.,
Instruction 25.

Therefore, whenever the Vmgd signal issues to indi-
cate the application to the V-Mod-generator of a digit
having a modulo-3 of —1, the number stored in Vmg2,
1, is decreased by 1. Similarly, when the Vmgu signal
issues to indicate the receipt of a digit having a modulo-3
of 1, the contents of the Vmg2, 1 is increased by 1. If
neither Vimgd nor Vmgu issues, the digit applied to logic
circuit 318 has a modulo-3 of 0, and the contents of
Vmg2, 1 remain unchanged.

The operation of the V-Mod-generator in accumulating
the modulo-3 of a data word is described in the sections
“Instruction 25” and “Instruction 72.”
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The mod-adder flip-flops Ma2 and Mal (FIG. 98) pro-
vide the sum of the mod-bits of the two words added
or subtracted by the Arithmetic Unit, for comparison
with the contents of Vmg2, 1, in order to provide a test
of the correctness of the result. The Ma2, 1 flip-flops
respond to the logical combination signals Ja2, 1, and
Ra2, 1 (FIG. 107), as described in the “Modulo-3 Com-
parison” subsection of the Instruction 72 description.

Control Console

The Coritro! Console provides an indicating and con-
trol station for the operator, whereby he has access to
the system for modification of the sequence of execution
of the instructions or for data revision. FIGURE 19 il-
lustrates those portions of the Control Console which are
related to this invention and includes the controls for
enabling the operator to modify the sequence of execu-
tion of the instructions and the controls for starting or
halting data processing in the system. The Control
Console primarily directs the Central Processor, which,
in turn, enables controlling the remainder of the Data
Processing System. Not shown in FIG. 19 are indicators
which may be employed to show the states of the various
register, alarm, and control flip-flops of the system by
indicating with illuminated lamps those of the flip-flops
which are in their I1-states. Also not shown in FIG. 19
are a plurality of switches which may be employed to
selectively apply voltages directly to the register trans-
fer input terminals of system flip-flops in order to set or
reset various flip-flops.

Two types of signals are delivered by the Control
Console and may be termed respectively “logic level sig-
nals” and “preemptive signals.” Logic level signals are
intended to have the same effect as the 0 or 1-output sig-
nals of a flip-flop and, therefore, are at similar voltage
levels. Thus, a logic level signal which represents a
binary 1 merely enables a flip-flop, when it is applied
to an input logic terminal thereof, and the flip-flop re-
quires the further application of a clock pulse to be set
or reset. For example, the output signal, Kbh, of the
BRANCH-HALT switch is coupled through a logical cir-
cuit to the I-input logic terminal of the Hrl flip-flop of
FIG. 102; as follows:

*Ht1=(CT62 C61 T54 Ta3)(TH3 T2 T51) Kbh

If the BRANCH-HALT switch is in its off position, the
Kbh signal is at the —7.5 v. level, and the above expres-
sion for the *H/1 signal cannot represent a binary 1 dur-
ing the course of data processing. However, if the
BRANCH-HALT switch is in its on position, the Kbk
signal is at the +-6 v. level, and enables the above ex-
pression for *Hr1, When so enabled, the *Hrl signal
represents a binary 1 at £3 of Instruction 60 and the Hrl
flip-flop sets to the 1-state upon receipt of the next clock
pulse from the CDA12 clock pulse driver.

Preemptive signals in their 1-states set or reset flip-
flops directly. For example, the CONTROL TYPE-
WRITER CLEAR switch directs the level of the pre-
emptive Kpcc signal. When the CONTROL TYPE-
WRITER CLEAR switch is in its on position, the Kpce
signal is at the 412 v. level, and resets the Mcl, Mc2,
and Mc3 flip-flops (FIG. 129) by its application to the
register transfer O-input terminals thereof.

CLEAR CONTROLS

Selected components of the system, or the entire Sys-
tem, may be cleared by closing the appropriate clear
button or clear switch. These buttons are usually closed
with the system in the halt mode (see succeeding section
“Operations From Halt Mode”). Accidental closure of
any one of these buttons while the system is processing
data by automatically executing instructions in sequence
would cause errors, and would seriously interfere with
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the data processing operation. Therefore, a protective
switch is provided, which must be unlocked, before these
clear controls are effective. This protective switch is
the KEY switch 325, which is normally locked in its
open position when the system is processing data. When
it is desired to enable one of the clear buttons, the KEY
switch is unlocked. Unlocking KEY switch 328 (FIG.
19) causes actuation of a relay 326. When relay 326
is actuated, arms 327 and 328 thereof contact their up-
per terminals, causing the Key output signal, which in
the locked state of the KEY switch represents a —7.5 v.
binary 0, to represent a -6 v. binary 1. Simultaneously,
the Key2 signal, which in the locked state of the KEY
switch represents a binary 1, now represents a binary 0.
Arm 328, which in the locked state of the KEY switch
causes —7.5 v. to be applied to the upper terminals of
clear buttons 329, 330, 331, 332, and 333, in the un-
locked state of the KEY switch contacts its upper termi-
nal and applies 4+ 12 v. to the upper terminals of the clear
buttons 329-333. Thus, each of buttons 329-333 is en-
abled, and when the movable arm thereof contacts the
respective upper terminal, the output signal delivered
thereby will represent a 412 v, binary 1.

With the KEY switch unlocked the clear buttons are
effective; as follows: the TOTAL CLEAR button 329,
when in its upper position, causes the Kzcc signal to issue,
which clears the entire data processing system, including
the Central Processor, P-Buffer, Multiplex Buffer, and
Tape Control Unit; the COMPUTER CLEAR button 330,
when in its upper position, causes the Kcce signal to issue
which clears the Central Processor; the CONTROL
TYPEWRITER CLEAR button 331, when in its upper
position, causes the Kpcc signal to issue, which clears
the P-Buffer; the EXTERNAL CLEAR button, when in
its upper position, causes the Kec signal to issue, which
clears the Multiplex Buffer and Tape Control Unit; and,
the ALERT RESET button, when in its upper position,
causes the Kra signal to issue, which clears all alarm
and sub-alarm flip-flops in the system.

STARTTING CONTROLS

The COMPUTE button 335, the SINGLE-CYCLE
button 336, and the RECYCLE button 337 will each
cause the Central Processor to execute one or more in-
structions, starting from the halt mode.

Closure of the COMPUTE button by moving the arm
thereof to contact the lower terminal, causes the Kcb
signal, which is normally in the 1-state, to enter the
O-state, and causes the Kbc signal, which is normally
in the O-state, to enter the 1-state. This change of state
of the Kcb and Kbc signals is effective to reset the halt
flip-flops, Hz1 and Hr2, and to place the system in the
normal data processing mode (see section “Starting Sys-
tem From Halt Mode”).

Closure of the SINGLE-CYCLE button by moving the
arm thereof to contact the lower terminal, causes the
Ksb signal, which is normally in the 1-state, to enter the
0O-state, and causes the Kbc signal to enter the l-state.
This change of state of the Ksb and Kbc signals is effec-
tive to cause the Central Processor to execute the instruc-
tion then in the l-register, and to halt immediately there-
after with the next sequential instruction in the I-register
(see section “Single-Cycle”).

Neither the COMPUTE button nor the SINGLE-
CYCLE button is effective if the KEY switch is locked,
inasmuch as the Key signal would be in the O-state, and
would prevent the Kbc signal from entering the 1-state.

Closure of the RECYCLE button by moving the arm
thereof to contact the upper terminal, causes the Kryl
signal, which is normally in the O-state, to enter the 1-state,
and causes the Kry2 signal, which is normally in the 1-
state, to enter the O-state. This change of state of the
Kryl and Kry2 signals is effective to cause the Central
Processor 1o repeatedly execute an instruction in the I-reg-
ister (see section “Recycle”). The RECYCLE button is
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ineffective if the KEY switch is locked, inasmuch as the
Key2 signal is in the 1-state, thereby preventing the Kry2
signal from entering the O-state,

HALT CONTROLS

The HALT button 339, the BRANCH HALT button
340, the SELECTIVE HALT button 341, and the AD-
DRESS HALT button 342 will each enable the Central
Processor to halt. HALT button 339, when closed by
moving the arm thereof to contact the lower terminal,
causes the Khb signal, which is normally in the O-state,
to enter the 1-state. When the Khb signal enters its 1-
state, it sets the Hrl flip-flop and initiates a halt sequence,
as described in a succeeding section “Manual Halt.” ' The
halt sequence can only be initiated by the HALT switch
if the KEY switch is unlocked, thereupon transferring
the Key signal to the l-state. If the KEY switch is not
unlocked, the —7.5 v. Key signal clamps the Khb signal
in the O-state regardless of the condition of the HALT
button.

Closure of the BRANCH HALT switch by moving the
arm thereof to contact the upper terminal, causes the
Kbh signal to enter the 1-state. When the Kbh signal
is in the 1-state the Central Processor will halt if an In-
struction 60 is executed (see description of Imstruction
60).

Closure of the SELECTIVE HALT switch by moving
the arm thereof to contact the upper terminal, causes the
Ksh signal to enter the l-state. ‘When the Ksh signal is
in the l-state, the Central Processor will halt if an in-
struction bearing a breakpoint bit is executed (see sec-
tion “Selective Halt™).

Closure of the ADDRESS HALT switch by moving
the arm thereof to contact the upper terminal causes the
Ah signal to enter the 1-state. When the Ah signal is in
the 1-state the Central Processor will halt if an instruc-
tion word bearing the address to which the ADDRESS
HALT SELECTOR switches 344 are set enters the A-reg-
ister (see section “Address Halt™).

If the arm of the ALARM HALT OVERRIDE switch
345 is moved to contact the lower terminal, the Kho2
signal, which is normally in the 1-state, enters the O-state,
and the Khol signal enters the l-state. When the Kho2
signal is in the O-state the Central Processor will con-
tinue its normal instruction sequence without halting, al-
though an alarm flip-flop sets (see section “Alarm Halt™).
The ALARM HALT OVERRIDE switch is ineffective if
the KEY switch is locked, inasmuch as the Key2 signal
is in the 1-state, thereby preventing the Kho2 signal from
entering the O-state.

SEQUENTIAL MEMORY LOCATION
OPERATION CONTROLS

With the system in the halt mode four different opera-
tions, each involving sequential memory locations, are
initiated by closing the respective CONTROL TYPE-
WRITER LOAD switch 350, the PHOTOREADER
LOAD switch 351, the MEMORY DUMP switch 352,
and the RECYCLE MANUAL switch 353. Each of
these switches is effective only if the KEY switch 325
is unlocked. Details of the operation initiated by each
of these four switches is provided in the section “Manu-
ally-Controlled Operations Involving Sequential Memory
Locations.” The CONTROL TYPEWRITER LOAD
switch, when closed to its ON position, causes the
Memory to receive data words from the Control Type-
writer and to place them in sequential memory loca-
tions. The PHOTOREADER LOAD switch, when
closed to its ON position, causes the Memory to re-
ceive data words from the Photoreader and to place
them in sequential memory locations. When the
MEMORY DUMP switch is in its ON position, the
Memory transmits words from sequential memory loca-
tions to the Control Typewriter. When the RECYCLE
MANUAL switch is in its ON position, the instruction
in the I-register is repeatedly executed and the address
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portion thereof is increased by 1 following each exe-
cution.
MISCELLANEOUS SWITCHES

Six DECISION switches 365, 366, 367, 368, 369, and
370 are provided for interrogation by the Central Proces-
sor. When a DECISION swilch is closed, the correspond-
ing output signal thereof, Kds(i), is in the 1-state, If
the closed DECISION switch is then interrogated by an
Instruction 54, the D3 flip-flop will set. Thus, the manual
closing of a particular DECISION switch enables the
program to branch in a predetermined direction.

If the arm of the ALPHANUMERIC STORE switch
371 is moved to contact the upper terminal, the +6 v.
Kam signal which results causes additional characters
to function as putaway signals in the P-Buffer operation
described in the section “Control Typewriter or Photo-
reader Input to P-Register; Alphanumeric Word.”

The INHIBIT TYPE-OUT switch 372, when in the
ON position, causes the signal Knarl to be in the O-state
and the signal Kns2 to be in the 1-state. These two sig-
nals then function to prevent the P-register from being
emptied by an Instruction 29, as described in the P-Buffer
Operation section “Control Typewriter Output From
P-Register; Single Numeric or First Half Double-Pre-
cision Word.”

Memory

The Memory stores operand words which are to be
processed, data words which have resulted from proc-
essing, and instruction words to direct data processing.

The Memory comprises a storage element, a buffer
register for transferring words into and out of the stor-
age element of the Memory, appropriate addressing cir-
cuits for locating words in the storage element, control
circuits, etc. FIGURE 20 illustrates symbolically the
elements of the Memory, the paths of data transfer be-
tween these elements, and the paths of control signals.
The details of the circuit structure of the Memory are
provided in FIGS. 23, 24, 25, 26, 28, and 110-121.

The storage element of the Memory of FIG. 20 is the
coincident-current magnetic core type, which is well
known in the art. The structure and operation of such
a memory element is described, for example, in the pub-
lication by C. V. L. Smith, “Electronic Digital Com-
puters,” chapter 12, McGraw-Hill Book Co., Inc., New
York, 1959. Core Memory 401 is the storage element
of the Memory of FIG. 20. The Core Memory is adapted
to store 4,000 data words of 28 bits each, each bit being
stored in a corresponding magnetic core. The Core
Memory comprises 28 planes, each plane having 4,000
magnetic cores. Each plane stores the corresponding bit
for the 4,000 words. A core plane comprises a matrix
of magnetic cores arranged in 50 rows and 80 columns.
The location of a magnetic core in a matrix row and
column is the address of the core and is identified by a
number. Corresponding cores in all 28 planes are iden-
tified by the same number and store the 28 bits of a
data word, Therefore, Core Memory 401 contains 4,000
addressable locations (0000-3999) for storing 4,000 data
words,

One of the 50 X-line switch cores 402 and one of the
80 Y-line switch cores 403 are excited to address the
respective row and column in which data is to be stored
into or read from the Core Memory. The M-register
404 temporarily stores the data word that is to be stored
in the Core Memory, or temporarily stores the data
word that is read from the Core Memory. Twenty-eight
inhibit drivers 405, directed by the respective contents
of the M-register flip-flops, control the storage of the 28
bits of a word in the addressed memory location.
Twenty-eight core read amplifiers 406, when enabled by
the St signal, read out the 28 bits from the addressed
memory location and store the data word in the M-reg-
ister, Mo-register input gates 407 direct the storage in
the M-register of the data word read from the Core
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Memory or of an input data word from the P-register,
the Rb-register, or the R-register. The contents of the
M-register may be transferred to the Central Processor
or to the Write Buffer of the Multiplex Buffer.

A 2 adder 408 adds the number 2 to the contents of
the two least significant digits of the word in the M-reg-
ister as it is transferred to the Core Memory, if the sig-
nal Asm is delivered by the Central Processor. A mod-
bit adder 409 corrects the mod-bits of the word trans-
ferred from the M-register to the Core Memory when
the Arm signal is present,

An AM-register 410 stores the address of the Core
Memory location wherein data is to be stored or from
which data is to be read. The AM-register receives a
new address from the AM input pates 411 upon appli-
cation of the Mca signal of the Central Processor to
the AM input gates. The contents of the AM-register
control one of 5 switch core drivers 412 and one of
10 address drivers 413, which, in turn, excite one of the
50 X-line switch cores 402. The AM-register also con-
trols one of 8 switch core drivers 414 and one of 10 ad-
dress drivers 415, which, in turn, excite one of the 80
Y-line switch cores 403.

Control circuit 416 directs the timing sequence of the
Memory for reading data from the Core Memory to other
components and for storing data in the Core Memory
from other components.

CORE MEMORY

The Core Memory 401 comprises 112,000 magnetic
cores, each adapted to store one bit of information.
These magnetic cores, FIG. 21, are characterized by sub-
stantially rectangular hysteresis loops, FIG. 22, being
composed of materials such as silicon steels and certain
ferrites; i.e., see the aforementioned C. V. L. Smith ref-
erence, section 4-14. Such magnetic cores are char-
acterized by very low coercive forces and high remanent
magnetism.

In the core hysteresis loop of FIG. 22 the abscissae
represents current, or magnetizing force, with positive cur-
rent to the right. The ordinate represents the magnetic
field induced in the core. If a magnetizing force pro-
vided by a positive current greater than I is impressed
upon the core, the core will saturate in a direction de-
noted as positive magnetic saturation. After removal
of the saturating current, the core will retain the -}Br
residual magnetic field. A core so magnetized is said
to be in the l.state. After a core is magnetized to sat-
uration in the negative direction by a negative current
greater in magnitude than I, and the magnetizing force
is removed, the core will retain a magnetic field of —Br,
which is designated as the O-state of magnetism in the
core.

Assume, first, that the core is in the O-state, and that
a positive current I; is applied thereto as a magnetizing
force. This current is not sufficient to transfer the mag-
netic field of the core beyond the negative knee of the
hysteresis loop, so that when the current I; is removed,
the magnetic field in the core will remain at the —Br
value and the core will remain in the O-state. Assume,
now, that a current equal to 2X1; is applied as a mag-
netizing force to the core, where 2I;>I,. This consti-
tutes a positive saturating current for the core, and it
will saturate in the positive direction, so that when the
magnetizing force is removed, the core will remain in
the I-state. Therefore, by simultaneous application of
two currents, each equal to I, and each alone incapable
of changing the state of the core, but which together are
greater than Iy, the core is transferred from the 0-state
to the I-state. Similarly, if the core is in the I-state,
the simultaneous application of two currents, each equal
to —I,, will transfer the core to the 0-state.

Four one-turn windings thread each core: the X-line
winding 426, the Y-line winding 427, the read out wind-
ing 428, and the inhibit winding 429, When energized,
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the X-line winding and the Y-line winding each carry a
current having a magnitude equal to I,. Therefore, if
both the X-line winding and the Y-line winding of a
given core are energized with currents providing aiding
magnetizing forces, the core receives a saturating mag-
netizing field and will change state if it is not already in
the state directed by this field. The read out winding
responds to changes in state of the core to detect the bit
value that is stored therein. The inhibit winding, when
energized, prevents the transfer of the core from one
state to another, by providing a magnetizing force op-
posing that produced by the X and Y-line windings.

Four thousand cores arranged in a 50 x 80 matrix
comprise each memory plane. The cores in a memory
plane store the corresponding bit of the 4,000 data words
stored in the Memory. Each of 50 X-line windings
threads serially 80 cores and each of 80 Y-line windings
threads serially 50 cores. Therefore, there are 4,000
different combinations comprising one X-line winding and
one Y-line winding, each combination constituting an
address. The address of the data word to be stored in
or to be read from the Memory designates the combina-
tion of X and Y-line windings which is to be energized.
All 28 bits of the data word have the same address in
the 28 corresponding memory planes. Therefore, it is
only the 28 cores having the selected combination of X
and Y-lines which are adapted to have their states trans-
ferred, since only these cores are capable of receiving
a magnetizing force of |2I;]. Thus, for a given address,
the corresponding X-line windings and the correspond-
ing Y-line windings in all 28 memory planes are ener-
gized.

A data word is stored at the designated memory ad-
dress by transferring all 28 cores at that address to the
1-state except those which are prevented by a current in
their inhibit windings. Each of the 28 inhibit windings
threads serially all cores of a corresponding memory
plane. Each memory plane that is to have a 0-bit stored
in the addressed location is provided with an inhibit
current that is equal in magnitude, but opposite in po-
larity, to the current in the selected X-line winding.
Therefore, the addressed core in the inhibited plane only
receives a magnetizing force corresponding to one wind-
ing current; i.e., I;. Thus, when a word is stored in
Memory, all addressed cores are transferred to the 1-
state except those which are prevented therefrom by cur-
rents through the corresponding inhibit windings.

A single read out winding threads serially all the cores
of a given memory plane. Each of the 28 read out
windings senses the bit stored at the addressed location
of the corresponding memory plane. During read out
of data from the selected memory address, currents of
—1I, are provided in the selected X and Y-line windings
and transfer all cores at the selected address, which
were in the 1-state, to the O-state. The resulting changes
in magnetic field direction are sensed by the correspond-
ing read out windings. The 1’s sensed by the read out
windings are amplified by the corresponding core read
amplifiers and are transferred to the corresponding flip-
flops of the M-register.

Thus, the Core Memory is adapted to store a data
word in each of 4,000 addressable word locations. A
data word is stored in an addressed word location by
transferring the 28 cores at that location to the 1-state,
except those cores which are to store 0-bits. A data
word is read out of an addressed memory location by
transferring those cores at that location to the O-state,
which were not already in the C-state, and by sensing
each core which had its magnetic field so transferred.

DATA STORAGE

The word to be stored in the addressed memory loca-
tion is held temporarily in the 28 flip-flops of the M-reg-
ister (FIGS. 114-120). The 1-output terminal of each
flip-flop of the M-register is connected either directly, or
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through a logical circuit, to the logic input terminal 432
of a corresponding inhibit driver (FIG. 23). These
connections of the M-register flip-flop output terminals to
the corresponding inhibit driver logic input terminals is
shown in the logical schematic diagrams of FIG. 121.
In FIG. 121, an inhibit driver is represented by the no-
tation HD(ij). For example, the diagram

HD62: M62

iltustrates the direct connection of the 1-output terminal
of the M62 flip-flop to the logic input terminal of the
HD62 inhibit driver. The M3, M4, M5, and M6, Md
and Ms flip-flops have their 1-output terminals connected
directly to the logic input terminals 432 of a correspond-
ing inhibit driver.

The 1-output terminals of the M1 and M2 flip-flops
are connected through logic circuits (designated as the
2 adder 408) to the logic input terminals of the corre-
sponding inhibit drivers, because if the Arm signal is in
its 1-state, the quantity 2 must be added to the two least
significant digits of a word transferred from the M-reg-
ister to the Core Memory. The logical schematic dia-
grams of FIG. 121 illustrate the logical circuits provided
between the M1 and M2 flip-flops and the correspond-
ing inhibit drivers for adding the number 2 to the two
least significant digits transferred from the M-register to
the inhibit drivers when the signal Arm is present. Any
overflow occurring when so adding 2 to the two least
significant digits of the word transferred to the Core
Memory is suppressed. For example, if the three least
significant digit positions of the M-register store the num-
ber 499, and the signal Afm is present when these M-reg-
ister contents are transferred to the Core Memory, the
number stored in the Core Memory in these two digit
positions will be 401. A logical combination signal Mof
is generated by the 2 adder when the overflow occurs to
notify the Central Processor and to modify the opera-
tion of the mod-bit adder 409. The logical schematic
diagram for generating the Mof signal is illustrated in
FI1G. 121. Thus, the signal Mof is generated if the digit
contents of the M2 and M1 flip-flops are either 99 or
98, and the Asm signal is present when the word in the
M-register is transferred to the Core Memory. If the Atm
signal is not present, the contents of the M2 and. M1
flip-flops are transferred directly to the corresponding in-
hibit drivers, and thus to the Core Memory.

The logic circuits (mod-bit adder 409) connecting the
1-output terminals of the Mm2 and Mm]1 flip-flops to the
logic input terminals of the corresponding inhibit drivers
HDmi2 and HDm1 alter the mod-bits if the Atm signal
is present as the word in the M-register is transferred to
the Core Memory, and to further alter these mod-bits if
the overflow signal occurs. The number in the M-reg-
ister, which would be transferred to the Core Memory
without alteration if the signal A#m did not occur, has
the mod-bit configuration required to make the modulo-3
of the entire 28 bits of the word equal to 41. If the
Atm signal occurs, the modulo-3 of the two least signifi-
cant digits of the word in the M-register is increased by
2, and, therefore, the mod-bits of the word transferred
to the Core Memory must be decreased by 2. The al-
teration of the mod-bits in such a transfer is shown in
the table below.

MOD-BIT ALTERATION IF Aim SIGNAL PRESENT

M register word Word to inhihit drivers

Mm2 | Mm1| Modulod | Modulo3 | HDm2 | HDml
of 26 bits of 26 bits
0 1 [ 0 1
0 1 0 2 1 0
1 2 [} 0

For example, if the mod-bits of the data word in the M-
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register are both 0, the modulo-3 thereof is --1. There-
fore, when 2 is added to this data word, the modulo-3 of
the data word, less the mod-bits, becomes 0, whereupon
the new mod-bits must be 0, 1.
If the overflow signal occurs, however, indicating that
a value of 100 has been dropped, the modulo-3 of 100
(which is +1) must be deducted from the modulo-3 al-
teration in the word. Thus, if the signal Asm and Mof
both occur, the modulo-3 of the bits of the word, less
the mod-bits, is only increased by 1, and, therefore, the
mod-bits must be decreased by 1. This is illustrated in
the table following.

MOD-BIT ALTERATION IF Atm AND Mof BOTH OCCUR

M-register word Word to inhibit drivers

Mm2 | Mml| Madulo-3 Modulo-3 | IDm2 | HDm1
of 26 bits of 26 bits
V] 0 1 1 0
0 1 0 1 0 Q
1 0 2 0 1

If the Atm signal does not occur, the contents of the
Mm2 and Mm1 flip-flops are transferred directly to the
corresponding inhibit drivers.

A second input terminal 433 of the inhibit drivers is
coupled to receive the gate-inhibit signal provided by the
control circuit 416. This is a —5 v. signal, representing
a binary 0, and is delivered when the word in the M-
register is to be transferred to the Core Memory. Only
when the gate-inhibit signal and the logic input signal
both represent binary 0’s, does the inhibit driver pro-
vide an output signal. Thus, the inhibit driver functions
to inhibit the change of state of the corresponding core
if the corresponding bit to be written is a 0. Normally,
the input transistor 434 and the output transistor 436 of
the inhibit driver of FIG. 23 are biased to be non-con-
ductive, Ubpon the simultaneous occurrence of a —5 v.
logic input signal and a —5 v. gate-inhibit signal, tran-
sistor 134 commences conducting and thereby enables the
conduction of output transistor 136. Transistor 136,
when conducting, provides the inhibit current through
the inhibit winding of the corresponding core. If a core
is to store a 1, no output current is delivered by its cor-
responding inhibit driver.

CORE MEMORY ADDRESSING: STORE AND
READ OUT

When the data word is stored in the addressed Core
Memory location, the addressed core in each of the 28
planes is automatically set to the I-state, unless the corre-
sponding inhibit driver provides a current through the in-
hibit winding thereof. When the data word is read out
from the addressed Core Memory location, the addressed
core in each plane is transferred to the O-state, if it is not
already in that state. The setting to the 1-state of the ad-
dressed cores during the store operation and the resetting
to the O-state of the addressed cores during the read out
operation is effected by the 50 X-line switch cores 402
and the 80 Y-line switch cores 403. Each X-line switch
core is adapted to energize the corresponding X-line
winding (FIG. 21) in all 28 memory planes. Corre-
spondingly, each Y-line switch core is adapted to energize
the corresponding Y-line winding in all 28 memory
planes. Thus, a particular X-line switch core and a
Y-line switch core combination identifies 28 magnetic
cores, one in each memory plane, through which the corre-
sponding X-line and Y-line windings pass. The 4,000
possible combinations of X-line and Y-line switch core
pairs represent the 4,000 addresses at which data words
can be stored in the Core Memory.

The 50 X-line switch cores 450, 451, 452, 453, 454,
455, ete. are illustrated in the memory addressing circuit
of FIG. 24. The cores of FIG. 24 are arranged in an
array of 5 rows and 10 columns. Five switch core drivers
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457, 458, 459, 460, and 461 energize respectively the 5
rows of X-line switch cores. These 5 switch core drivers
are designated respectively SCD0, SCD1, SCD2, SCD3,
and SCD4. Switch core driver SCD( is shown in detail in
FIG. 24q. Ten address drivers 464—-473 energize respec-
tively the 10 columns of the X-line switch cores. These
10 address drivers are designated respectively as DRCO,
DRCI, ..., DRCY. Address driver DRCO is shown
in detail in FI1G. 24.

When a particular switch core is addressed, the address
driver and the switch core driver connected thereto are
conducting. Thus, the output transistor amplifier 475
of an address driver conducts and delivers current at its
output terminal 476 and one of the two output transistors
477 or 478 of a switch core driver conducts and receives
current at the corresponding lead 479 or 480. The ad-
dressed address driver transmits a pulse of current from
its output terminal 476 through one of the windings 482
or 483 of the one of the corresponding five X-line switch
cores to which an addressed switch core driver is con-
nected. A switch core functions as a transformer and
couples the current pulse in the winding 482 or 483
thereof to an output winding 484 thereof. This output
winding is connected directly to the 28 corresponding
X-line windings of the Core Memory and delivers the
half-current, I, thereto. Similarly, the output windings
of the 80 Y-line switch cores provide the half-current,
I, to the corresponding Y-lines of the Core Memory.

Windings 482 and 483 are wound in opposite direc-
tions on switch core 450 and thereby induce output pulses
of opposite polarity in output winding 484. The one of
transistors 477 or 478, of the triggered switch core driver
which conducts determines the one of windings 482 or
483 which conducts to induce a current pulse in output
winding 484, and thereby determines whether the corre-
sponding Core Memory cores will be transferred to their
1-state or to their O-state. If transistor 477 conducts
current through winding 482, the corresponding Core
Memory cores will be transferred to their O-state, if they
are not already in the O-state. Therefore, transistor 477
enables the read out of data from the addressed memory
location. If tramsistor 478 conducts current through
winding 483, the corresponding Core Memory cores will
be transferred to their 1-state, if they are not inhibited by
current flowing through the corresponding inhibit wind-
ing. Therefore, transistor 478 enables the storing of
data in the addressed memory location.

When the address driver (FIG. 24) is not addressed, the
input transistor 488 thereof is back-biased and, there-
fore, non-conducting; transistor 489 is non-conducting;
and transistor 490 is conducting. Therefore, output
transistor 475 of the address driver is non-conducling
when the address driver is not addressed. If all four of
the AM-register input signals to the address driver are in
the O-state, the address driver is addressed. At this time
the base electrode of transistor 488 drops to the —5 v.
level, and transistor 488 commences conducting, The re-
sulting —5 v. output signal from the emitter electrode of
transistor 488 is coupled to the base electrodes of tran-
sistors 489 and 490, causing transistor 489 to become
conductive and transistor 490 to become non-conductive.
Current thereupon flows from ground, through transistor
475 and transistor 489 to the —7 v. source. Output ter-
minal 476 is placed approximately at ground potential and
transistor 475 is enabled to supply current to the addressed
switch core driver. Therefore, the addressed address
driver is continuously enabled to supply current at the
output terminal thereof.

When the switch core driver (FIG. 244) is not ad-
dressed, or does not have a “core reset” or “core set”
signal applied thereto, the emitter electrodes of transistors
492 and 493 are at approximately the —5 v. level, there-
by maintaining the respective transistors 494 and 495 in
the non-conducting state. The switch core driver is ad-
dressed if all three input signals from the AM-register are
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in the 1-state. However, even though the switch core
driver is addressed, causing the emitter electrode of tran-
sistor 496 to rise to the +3 v. level, transistors 492 and
493 remain non-conducting unti! the corresponding “core
reset” and “core set” signals are transferred to the 1-
state; i.e., the +6 v. level. The “core reset” or “core set”
signals are delivered by control circuit 416 (FIG. 20)
when a data word is to be respectively read from or stored
in the Core Memory. Thus, when the -+6 v. “core reset”
signal is received on lead 497 of the addressed switch core
driver, the emilter electrode of transistor 492 rises to
approximately 4-6 v. and transistor 494 commences con-
ducting through the primary winding of transformer 499,
A voltage pulse is then coupled to the secondary winding
of transformer 499, enabling transistor 477 to receive a
pulse of current from output lead 479, thereby enabling
the resetting to 1 of the 28 memory cores addressed.
Similarly, when the -6 v. “core set” signal is received
on lead 498 of the addressed switch core driver, the ad-
dressed memory cores in the non-inhibited memory planes
are set to the 1-state.

The ten DRCO-DRC9 address drivers 413 are adapted
10 energize respectively the ten columns of the 50 X-line
switch cores. The ten DRCIO-DRCI19 address drivers
415 are adapted to energize respectively the ten columns
of the 80 Y-line switch cores. The DRCO-DRCY ad-
dress drivers are addressed by the least significant digit
contents of the AM-register. The connections of the least
significant digit flip-flops of the AM-register to the input
terminals of the address drivers are illusirated in the
logical schematic diagrams of FIG. 121. For example,
the diagram

DRC3: AMI14 AM13 AMI12 AM11

illustrates that the 1-output terminals of the AM14 and
AM 13 flip-flops and the O-output terminals of the AM12
and AM11 flip-flops are coupled to the four input termi-
nals of the DRC3 address driver. Because of the inverse
input logic required to address the address driver, the
DRC3 address driver will provide an output signal when
the least significant digit in the AM-register is a 3.

Similarly, the second order digit in the AM-repister
addresses the DRC10-DRC19 address drivers. The con-
nections of the AM?2 flip-flops to the input terminals of
the DRC10-DRC19 address drivers are also illustrated in
FIG. 121,

The five SCDO-SCD4 switch core drivers 412 are
adapted to energize respectively the five rows of the 50
X-line switch cores. The eight SCD5-SCD12 switch core
drivers are adapted to energize respectively the eight rows
of the 80 Y-line switch cores. The SCD0-SCD4 switch
core drivers are addressed by the contents of the AM33,
AM32, and AM31 flip-flops of the AM-register. The
connecticns of thess three flip-flops to the AM-input ter-
minals of the switch core drivers are illustrated in FIG.
121. For example, the diagram

SCD2: AM33 AM32 AM31

illustrates that the O-output terminals of the AM33 and
AM31 flip-flops and the 1-output terminal of the AM32
fiip-flop are connected to respective input terminals of the
SCD?2 switch core driver. When the contents of AM33,
AM32, and AM31 are 0, 1, 0, the SCD2 switch core
driver is enabled.

Similarly, the contents of the AM42, AM41, and AM34
flip-flops address the SCD5-SCD12 switch core drivers.

The AM-register 410 (FIG. 20) stores a number from
0000-3999 to represent one of the 4,000 addressable
memory locations. The logical schematic diagrams for
the AM-register flip-flops are illustrated in FIGS. 110-
113. The AM-rcgister is adapted to receive the numeri-
cal contents of the A-register of the Central Processor
upon application of the Mca signal to logical gates con-
necting the output terminals of the A-register flip-flops to
corresponding input terminals of the AM-register flip-
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flops. Thus, the AM-register stores an address until is-
suance of thc Mca signal, whereupon the AM-register
accepts the current address in the A-register. Inasmuch
as the Mca signal initiates a complete memory cycle, the
AM-register has its contents updated at the start of each
memory cycle.

CORE MEMORY DATA READ OUT

As described previously, a single read out winding 428
threads serially all the cores of a memory plane. Each
read out winding delivers an output signal whenever a
core in its memory plane changes state. Since only the
addressed cores will change state, the output signal de-
livered by the read out winding is representative of the
bit stored in the addressed core in the corresponding
mzmory plane.

Each read out winding and the signal delivered there
by is designated in accordance with the numerical order
of significance of the bits stored in the corresponding
memory plane. Thus, the read out signal from the
memory plane which stores the least significant bit of
the 3rd digit of a data word is designated as the MP31
signal.

The 28 read out windings are coupled to the respective
input terminals of 28 core read amplifiers (FIG. 25).
Each core read amplifier is gated so as to provide an out-
put signal only during the portion of the memory cycle
when data is to be read out from the addressed memory
location. The output signals of the 28 core read ampli-
fiers are transmitted through appropriate logic circuits to
the 1 logic input terminals of the corresponding M-regis-
ter flip-flops.

In the absence of both an input signal from the corre-
sponding read out winding and a read strobe input sig-
nal, the core read amplifier delivers an output signal rep-
resenting a binzry 0 on the ouiput lead 505 thereof; i.e.,
a signal at the —5 v. level. In the absence of both of
these input signals, the normal bias level at the base of
transistor 506 is +-6 v., as established by the voltage di-
vider comprising resistors 507 and 508 and the diode
bridge 509. The St read strobe, which is applied to input
lead 510, is normally at the -6 v. level and biases tran-
sistor 511 into the non-conducting state. Transistor 512
is therefore in the conducting state and its emitter is
held at the —35 v. level, providing a binary 0 output sig-
nal on lead 505.

The circuit to the left of bridge 509 in FIG. 25 is essen-
tially & balanced amplifier, delivering no voltage differ-
ential between leads 513 and 514 in the absence of an
input signal to input transformer 515. When transformer
515 receives the MP(ij) read out signal, a balanced push-
pull input signal is applied to the base electrodes of tran-
sistors 516 and 517. The current flowing in transistor
516 then decreases and the current in transistor 517 in-
creases. The change in current flowing through transis-
tors 515 and 517 is coupled to the base electrodes of the
respective transistors 518 and 519. The current flowing
through transistor 518 then increases and that in tran-
sistor 519 correspondingly decreases. These changes in
current flow in transistors 518 and 519, in the senses indi-
cated, provide that lead 513, which is coupled to the col-
lector electrode of transistor 518, becomes positive with
respect to lead 514, which is coupled to the collector elec-
trode of transistor 519. This voltage differential between
leads 513 and 514 is conducted through the diode bridge
509, whereupon the base electrode of transistor 506 be-
comes more negative. If the strobe signal is at this time
transferred to the 0 v. lavel, the decrease in base electrode
voltape of transistor 586 is coupled to the base electrode
of transistor 511, which is thereupon renderea conduct-
ing. Transistor §11, when conducting, establishes a +35
v. level at the base electrode of transistor 512 thereby
causing the output signal on output lead 505 to rise to
approximately -3 v., representing a binary 1.

Therefore, the output signal of the core read amplifier
represents the logical combination (St MPij), inasmuch
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as the addressed core in the {jth memory plane must have
been reset from the 1-state when the St signal was applied
to the core read amplifier.

The strobe driver of FIG. 26 supplies a voltage of
approximately O v. on lead 510 to the core read amplifier
when data is to be read from the Core Memory. At
other times the signal delivered by the strobe driver is
at the 4-6 v. level. The strobe input signal applied to the
strobe driver on lead 523 is normally at the —5 v. level.
When data is to be read from the Core Memory by the
read amplifiers, this input signal transfers to the -6 v.
level. In the quiescent condition, the —5 v. input signal
to the strobe driver maintains transistor 524 non-conduct-
ing and transistor 525 conducting. The approximately
—5 v. signal at the emitter electrode of transistor 525
maintains transistor 526 non-conducting and transistor
527 conducting. With transistor 527 conducting and tran-
sistar 526 cut off, the output signal on lead 510 is ap-
proximately +6 v. When the strobe input signal on lead
523 rises to the 4-6 v. level, transistor 525 is cut off and
transistor 524 commences conducting. As transistor 524
conducts, transistor 526 commences conducting and tran-
sistor 527 cuts off. Transistor 526 couples output lead
510 to approximately ground potential, so that the output
signal on lead 510 enables the core read amplifier of
FIG. 23.

Capacitors 528 and 529 function to speed the response
of the strobe driver and to maintain transistor 527 cut off
for the proper duration.

M-REGISTER

The M-register 404 provides temporary storage for the
new data words to be stored in the Core Memory, for
the data words to be restored in Memory after they have
been read therefrom, and for data words which have been
read out from the Core Memory and are to be transferred
to other components of the system, The M-register flip-
flop input diagrams are illustrated in FIGS. 114-120.
The M-register flip-flops receive as the logic input signals
thereof, the corresponding output signals delivered by
the M-register input gates 407 (FIG. 20), 'The M-regis-
ter input gates comprise the logical circuits illustrated by
the logical schematic diagrams of FIGS. 114-120 and by
the logical schematic diagrams of the M-register input
inverters 1Q(if), of FIG. 121. The M-register input in-
verters provide input signals to the M-register flip-flops
when a new data word is to be stored in the addressed
memory location. This new data word is provided by
the P-register, the Rb-register, or the R-register., A typi-
cal logical circuit for applying signals to an M-register
input inverter is illustrated by:

1Q34=R34 T53 Jr--Rb34 Jr4-P34 C53 Tr

Thus, the contents of the R-register will be gated by the
M-register input inverters into the M-register in the pres-
ence of the signal combination (C58 J7). Such a signal
combination occurs, for example, during Instruction 70,
when the entire contents (except mod-bits) of the R-
register are transferred to Memory. The Ir signal occurs
during a Read Buffer operation and transfers the entire
contents of the Rb-register to Memory. The signal
(C53 J7) occurs, for example, during Instruction 24 and
serves to transfer the entire contents of the P-register to
Memory.

As was set forth in the previous section entitled “Mod-
bits,” the mod-bits of each numeric word in Memory and,
consequently, the mod-bits of each word transferred tnto
the M-register must have the configuration required to
make the modulo-3 of the entire seven digits of the word
equal to 1. Inasmuch as the words stored on magnetic
tape have the required mod-bits for storage in Memory
and the words read from a document are provided with
the proper mod-bits when they are transferred into the
Rob-register, the word transferred from the Read Buffer
has the proper mod-bits for insertion into Memory (see
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succeeding section entitled “Read Buffer Operations™).
Similarly, the words received from the Photoreader or
the Control Typewriter are provided with the proper mod-
bits when they are transferrcd into the P-register. There-
fore, the mod-bits of the words transferred from the
P-register or the Rb-register may be stored without altera-
tion in the Memory. This is illustrated in the logical
schematic diagrams for the inverter signals 1Qm2 and
IQm1.

On the other hand, the mod-bits of a word in the
R-register have the configuration of the total modulo-3
of the six least significant digits of the word in the
R-register. Therefore, these mod-bits must be converted
to the proper configuration for insertion in Memory. The
logical schematic diagrams for IQm1 and 1Qm2 illustrate
the logical circuits of the M-register input gates 467 for
converting the mod-bits of Rm2 and Rm1 prior to their
insertion in the M-register. The proper mod-bits of the
word to be stored in M depends on the mod-bits of the
word in R and on the contents of the Rd and Rs flip-
flops. The following table “Mod-bit Generation: R to M”
illustrates the required mod-bits for insertion in the mod-
bit positions of the M-register, for the various configura-
tions of the condition digit in the R-register,

MOD-BIT GENERATION: R TO M

Modulo-3 Required
Rm2 | Rml | Rd | Re total
(26 bits)
IQm2 | 1IQml
0 0 0 0 0 0 1
¢ 1 [1] 0 1 0 0
1 0 Q 0 2 1 0
0 0 0 1 1 0 0
0 1 0 1 2 1 0
1 0 0 1 ¢ 0 1
0 (1] 1 a 2 1 0
0 1 1 q 0 [ 1
1 0 1 Q 1 0 0
i} 0 1 1 0 0 1
¢ 1 1 1 1 0 [}
1 0 1 1 2 1 Q
1 ) S P ! P, 1 1

For example, if Rm2, 1 have the configuration 0, 1, the
total modulo-3 of the numeric contents of the R-register
is +1. If, in addition, Rd=0, and Rs=1, the modulo-3
of the six numeric digits in R and the R4 and Rs contents
Is 2. Therefore, the mod-bits inserted in the M-register
fiipflops Mm2, 1 must have the configuration 1, 0, in
order that the total modulo-3 of the word in the M-regis-
ter be 1. If the word in R is alphanumeric, the mod-
bits inserted in the M-register are automatically 1, 1.

Therefore, each word inserted in the M-register has the
proper mod-bits included therein for storage in the Core
Memory.

The M-register is cleared by the signal Mca at the start
of each memory cycle. After clearing, the contents of
the addressed memory location are read out and are stored
in the M-register; for example:

*M61==5t MPG1

This expression represents the output signal delivered by
the 28 core read amplifiers. If this word read from the
Core Memory is not to be restored therein, a new word
is gated into the M-register prior to the writing portion
of the memory cycle. This new word is gated into the
M-register from the M-register input inverters by the
“Memory Write” signal Mwt, which is delivered by the
Central Processor; for example: *M61=Mw:t I061;
*q761=Mwt TO01.

Therefore, prior to the portion of the memory cycle
during which the contents of the M-register are inserted
in the addressed Core Memory location, either the data
word which was previously read from this addressed
memory location is in the M-register, or a new data word
has been inserted in the M-register from the R-register,
the Rb-register, or the P-register.



27 157

91

GENERAL OPERATION AND TIMING

The waveforms of FIG. 27 illustrate the timing se-
quence of the Memory of FIG. 20. The Memory oper-
ates in one of two cycles, illustrated in the lower portion
of FIG. 27. During the 8 clock periods of the read
cycle, a data word is read out from the addressed Core
Memory location, transferred into the M-register, and
restored to the same addressed Core Memory location.
The restoration of the word read out from the Core Mem-
ory is necessary, inasmuch as the read out process is a
destructive one, all magnetic corcs in the addressed loca-
tion being returned to the O-state. The write cycle com-
mences with the read out of the data word from the
addressed Core Memory location, an operation which
clears the addressed memory location so that a new word
can be written therein. The new word to be written in
the addressed location is then transferred into the M-regis-
ter and subsequently stored in the addressed memory loca-
tion.

A memory cycle is initiated by the issuance of the Mca
signal from the Central Processor. The Mca signal clears
the M-register and gates the address in the A-register
of the Central Processor into the AM-register of the
Memory, thereby designating the Core Memory location
which the succeeding memory cycle is to address. FIG-
URE 27 illustrates a typical timing sequence wherein
the signal Mca may occur. For example, the signal Mca
may occur during clock period 5 of the Central Proces-
sor, following the issuance of the shift signal XNA,
which transfers the address of the next-instruction to
the A-register. The signal Mca initiates the first balf of
the memory cycle. The first half of the memory cycle
is designated “Memory cycle-A.” The “core reset” sig-
nal issues approximately 2 microseconds, or one-half
clock period, after the Mca signal enters the Memory,
angd tripgers the addressed X-line switch core driver and
the addressed Y-line switch core driver, whereupon all
28 magnetic cores at the addressed memory location,
which are not in the O-state, arc restored to their O-state.
During the second clock period of the memory cycle, the
read strobe signal, S¢, issues and enables the 28 core
read amplifiers to sense the output signals of the memory
planes wherein the cores at the addressed memory loca-
tion are returned to the Q-state. The output signals of
these core read amplifiers which sense a binary 1 there-
upoa set the corresponding M-register flip-flops to the 1-
state, so that at the end of Memory cycle-A (the 4th
clock period of the memory cycle) the word in the ad-
dressed memory location is in the M-register, and the
addressed memory location has been cleared. .

The signal Mch then issues in the fifth clock period
of the memory cycle to initiate Memory cycle-B, the
designation for the second balf of the memory cycle.
During Memory cycle-B the word read out from the Core
Memory may be restored to the addressed memory loca-
tion, or a new word from the R, Rb, or P-registers may
be inserted into the addressed memory location. If a
read cycle is occurring, the word read out from the Core
Memory remains in the M-register during the last half of
the memory cycle. The gate-inhibit signal then issues
in the sixth clock period of the memory cycle to apply
an inhibiting current to the memory planes in which the
bit to be stored is a binary 0. At the same time, the
“core set” signal issues and triggers the addressed X-line
switch core driver and the addressed Y-line switch core
driver, whereupon all non-inhibited cores in the addressed
memory location are set to the 1-state. The read cycle is
thereupon compiete, and the word read out is once again
in the addressed memory location. On the other hand,
if a write cycle is occurring, the Memory write signal,
Mwt, issues during the 5th clock period of the memory
cycle, to transfer the contents of the R, the Rb, or the
P-register to the M-register. The gate-inhibit and core
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set signals then issue to store the new word in the ad-
dressed memory location,

If the quantity 2 is to be added to the two least signifi-
cant digits of the word in the M-register, the signal Atm
issues during Memory cycle-B, thereby enabling the 2
adder 408 and the mod-bit adder 409, so that as the word
in the M-register is transferred to the Core Memory, the
two least significant digits thereof are incremented by 2
and the mod-bits thereof are correcied.

CONTROL CIRCULT

The timing sequence and conirol of the Memory is di-
rected by signals generated in the Central Processor and
by signals generated in control circuit 416, shown in de-
tail in FIG. 28. The contiol circuit of FIG. 28 com-
prises a plurality of interconnected one-shots, which may
be of the type previously described, and illustrated ir
FIG. 11, or may be of any oiher type well-known in the
art; for example, as described in the publication by I.
Millman and H. Taub, “Pulse and Digital Circuits,” page
600, McGraw-Hill Book Co., Inc., New York, 1956. In
the event that the one-shot of FIG. 11 is employed, it
may be foliowed by the inverter of FIG. 7 to achieve the
positive signals shown in FIG. 27.

The Mca signal trizggers a one-shot 536, which re-
mains in its unstable state for approximately 2 micro-
seconds and then returns to its stable state to trigger a
one-shot 537. One-shot 537 remains in its unstable state
for approximately 2 clock periods to provide the “core
reset” signals. The “core reset” signal is applied to the
switch core drivers to reset the magnetic cores in the ad-
dressed memory location, The Mca signal also triggers
a one-shot 538, which remains in its unstable state for
approximately 4 microseconds and then returns to its
stable state to trigger a one-shot 539. One-shot 539 re-
mains in its unstable state for approximately 1 clock
period, or 4 microseconds, to trigger the strobe driver
540 (FIG. 26). Strobe driver 540 provides the signal
required to enable the core read amplifiers of FIG. 25
during Memory cycle-A.

The Mch signal, which follows the Mca signal by 4
clock periods, triggers a one-shot 541, which remains
in its unstable state for approximately one clock period
and then returns to its stable state to trigger a one-shot
542. One-shot 542 remains in its unstable state for ap-
proximately 8 microseconds to provide the “core set”
signals. The “core set” signal is applied to the switch
core drivers to set the non-inhibited Core Memory cores
in the addressed memory location. The Mecb signal also
trigeers one-shot 543, which remains in its unstable staie
for one clock period and then returns to its stable state
to trigger a one-shot 544. One-shot 544 remains in its
unstable state for approximately 10 microseconds to pro-
vide the gate-inhibit signal. The gate-inbhibit signal en-
ables the inhibit drivers to provide inhibit currents for
the magnetic cores in which 0’s are to be stored.

There has thus been described a Memory providing
random access to 4,000 word locations therein. This
Memory is synchronized with the Central Processor, com-
pleting a cycle in 8 clock periods. During the ‘memory
cycle the word in the memory location addressed by the
Central Processor is read out to the M-register, the ad-
dressed memory location is cleared, the contents of the
M-register may be transferred to the Central Processor
or to the Write Buffer, a new word may be inserted in the
M-register, and the contents of the M-register are stored
in the addressed memory location.

P-Buffer

The P-Buffer primarily provides temporary storage for
data words being transferred to the Memory from the
Control Typewriter or Photoreader and for data words
being transferred from the Memory to the Control Type-
writer. The P-Buffer temporarily stores data words dur-
ing these tranmsfers to accommodate the relatively slow
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rate of the Control Typewriter and Photoreader action
to the relatively fast rate of the Central Processor action.
The P-Buffer performs these storage functions either under
direct control of the Central Processor, as the Central
Processor executes an instruction, or independently of the
Central Processor after the preparation of the P-Buffer
by the Central Processor executing an instruction, How-
ever, with the Central Processor in the halt mode the P-
Buffer executes certain operations (register type-in and
register type-out) under control of the Control Type-
writer. The P-Buffer also cooperates in loading or dump-
ing Memory contents in sequential memory locations,
under direction of the Control Console, if the Central
Processor is in the halt mode. The succeeding sections
“P-Buffer Operations” and “Manualily-Controlled Opera-
tions Involving Sequential Memory Locations” provide de-
tails of the operation of the P-Buffer in effecting the above-
mentioned operations.

The P-Buffer comprises the P-register for temporarily
storing the data being transferred through the P-Buffer,
register transfer and logic circuits for transferring data
into and through the P-register, clock pulse drivers for
controlling the timing of the P.Buffer, counters, and flip-
flops and cne-shots employed as control signal sources.
FIGURE 29 illustrates symbolicaily the elements of the
P-Buffer which store data, the paths of data transfer be-
tween these elements, and certain control elements. The
details of the circuit structure of the P-Buffer are pro-
vided in FIGS. 122-135, which are flip-flop input logical
schematic diagrams; FIGS. 136 and 137, which are one-
shot input logical schematic diagrams; and FIG. 138,
which includes designated logical combination signal
fiiagrams, clock pulse driver gating signal diagrams, and
mverter signal diagrams.

The 7-digit P-register 550 temporarily stores the data
being transferred through the P-Buffer. The logical sche-
matic diagrams of the P-register are given by FIGS. 122—
128. The contents of the P5-PI flip-flops of the P-
register are shifted-down upon application of the Sp clock
signal to register transfers which connect the P5-P1 digit
positions of the P-register. The contents of the P7 flip-
flops are transferred to the corresponding P6 flip-flops
upon application of the Sp clock signal to register trans-
fers which connect the output terminals of the P7 flip-
flops to corresponding input terminals of the P6 flip-
flops. The contents of the P6 flip-flops are transferred to
the corresponding PS flip-flops upon application of the
Pig2 logical combination signal to logical gates which
connect the output terminals of the P§ flip-flops to cor-
responding input terminals of the PS5 flip-flops. The con-
tents of the PI flip-flops are transferred to the correspond-
ing P7 flip-flops upon application of the Spp logical com-
bination signal to logical gates which connect the output
terminals of the P1 flip-flops to input terminals of the
corresponding P7 input inverters 551. Therefore, the
entire contents of the P-register are ring shifted-down by
simultaneous issuance of the Sp, Pig2, and Spp signals.

The P7 flip-flops are adapted to receive the contents of
the J1, R1, L1, Al, B1, or N1 flip-flops of the Central
Processor registers upon application of a corresponding
logical combination signal to logical gates which connect
the output terminals of these flip-flops of the Central
Processor to input terminals of the corresponding P7 in-
put inverters 551. The P7 flip-flops are also adapted
to receive the digit contents of the Cs flip-flops 552 upon
application of logical combination sigrals to logical gates
which connect the output terminals of the Cs flip-flops to
input terminals of the P7 input inverters 551,

The P1 flip-flops are adapted to receive the most sig-
nificant digit of an alphanumeric character in the Cs flip-
flops upon application of the Ripa logical combination
signal to the alphanumeric input logic circuit 554, which
couples the output terminals of the Cs5 and Cs6 flip-flops
to input terminals of the P11 and P12 flip-flops.

The contents of the P-register may be transmitted by

10

20

30

40

45

50

60

70

94

parallel shift to the M-register. The contents of the P1
flip-flops may be transmitted to the C6 flip-fiops of the C-
register or to the R7 flip-flops of the R-register. The con-
tents of the Pl flip-flops may also be transmitted to the
P-Mod-generator 555 and to the alphanumeric output
logic circuit 556. The contents of the P7 flip-flops may
be transferred to the Cs input inverters and logic circuit
§57.

The seven Cs flip-flops 552 comprise a single character
register for providing temporary storage for each char-
acter transferred from the Control Typewriter or Photo-
reader to the P-register or for each character transferred
from the P-register to the Control Typewriter. Each
character handled by the Control Typewriter or Photo-
reader comprises six data bits and a parity bit (see the
“Control Typewriter” section). Cs1-Cs6 hold the six
data bits of the character being transferred in the com-
mon Control Typewritcr-Photoreader code.  The Csp
flip-flop holds the parity bit for the data bits in Cs1-Cs6.
The Cs flip-flops are adapted to receive the contents of
the P7 flip-flops upon application of the Cinr logical
combination signal to logical gates which connect the cut-
put terminals of the P7 flip-flops to input terminals of the
corresponding Cs input inverters, when any character is
to be transfe:red from the P-register to the Control Type-
writer. The Cs5 and Cs6 flip-flops are adapted to recejve
the contents of the P11 and P12 flip-flops upon applica-
tion of a corresponding logical combination signal to
logical gates 556, which connect the output terminals of
the P11 and P12 fiip-flops to input terminals cf the cor-
responding Cs input inverters when an alphanumeric char-
acter is to be transferred from the P-register to the Con-
trol Typewriter. The Cs flip-flops are adapted to receive
the corresponding Kp1-Kp6, Kpp signals -provided by the
Photoreader upon application of the Cinp logical combi-
nation signal to logical gates which apply these Photo-
reader signals to the Cs input inverters. The Cs flip-fiops
are adapted to receive the corresponding Kf1-6, Kfp sig-
nals provided by the Control Typewriter upon applica-
tion of the Cinf logical combination signal to logical
gates which apply these Control Typewriter signals to the
Cs input inverters.

The contents of the Cs flip-flops may be transmitted
to the P7 flip-flops when a numeric character is in Cs.
A portion of the contents of the Cs flip-flops are trans-
mitted to the P7 flip-flops and the remaining portion to
the P1 flip-flops through the logic circuit 554 when an
alphanumeric character is in Cs. In this latter instance,
the least significant digit of the alphanumeric character
is transferred to P7 and the most significant digit to P1.
The contents of the Cs flip-flops may also be transmitted
by parallel shift to the Control Typewriter.

A parity generation and check circuit 358 samples the
contents of the Cys flip-flops to generate a parity bit for
the character stored therein, prior to transfer of the char-
acter to the Control Typewriter, and to check the contents
thereof to determine if an odd number of 0's exist in the 7
bits, when a character is received from the Photoreader
or Control Typewriter. In the event that a parity error is
detected, the Efp flip-flop 559 is set (FIG. 132).

A Ts-counter 560, which comprises the Tsa, Tsb, and
Tse flip-flops (FIG. 132) and which operates in eight dis-
crete states, is the source for fine timing and control of
the shifting cperations executed in the P-Buffer. A Tc-
counter 61, which comprises the Tea, Tch, Tce flip-flops
(FIG. 133) and operates in eight discrete states, directs
the sequence of the steps which the P-Buffer executes in
performing an operation.

Other P-Buffer flip-flops are employed primarily to per-
form control functions. The Brf and Ric flip-flops (FIG.
135) control those operations performed when the Cen-
tral Processor is in the halt mode, wherein the contents
of various Central Processor registers are typed out; i.e.,
transferred to the Control Typewriter. The Eod flip-flop
(FIG. 133} is set at the conclusion of a P-Buffer opcra-
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tion to provide proper delay for the Control Typewriter
mechanism to return to its idle state. The Mcl, Mc2,
Mc3, and Mc4 flip-flops (FIG. 129) determine and direct
the particular type of operation being performed by the
P-Buffer. The Mil and Mi2 flip-flops (FIG. 135) control
operations wherein data is transferred to the P-register,
the I-register, or to Memory with the Central Processor
in the halt mode. The Rd1 and Rd2 flip-flops (FIG. 134)
synchronize the speed of operation of the Control Tvpe-
writer and Photoreader with that of the P-Buffer and
Central Processor. These two flip-flops indicate when a
character is to be transferred to the P-Buffer from the
Control Typewriter or Photoreader, or when a character
is to be transferred to the Control Typewriter from the
P-Buffer.

The Yecrt one-shot (FIG. 137) is triggered to provide a
suspense period in the P-Buffer whenever an automatic
carriage return is executed by the Control Typewriter, or
whenever a Tab or Car Ret character is transmitted to
the Control Typewriter. The Yeo one-shot (FIG. 136)
provides delay at the end of an operation to allow the
Control Typewriter to return to its quiescent state. The
Yfr and Ypr one-shots (FIG. 136) are triggered on re-
ceipt of the timing signals from the respective Control
Typewriter and Photoreader to indicate that character sig-
nals are ready to be supplied therefrom. The Yic one-
shot (FIG. 136) functions to gate the character in the Cs
flip-flops into the Control Typewriter.

CLOCK CIRCUIT, P-BCFFER

The clock circuit of the P-Buffer, also shown in FIG.
29, provides clock pulse signals for application to flip-
flops and register transfers to control respectively the
entry of data into flip-flops and the transfer of data
between flip-flops. The clock pulse drivers of the P-
Buffer clock circuit may be gated to provide single clock
pulses or clock pulses at the 250 kc. rate, or may be
operated continuously. The logical schematic diagrams
of the logical circuits providing gating signals- to the
clock pulse drivers of FIG. 29 are illustrated in FIG.
138. This clock circuit also provides clock pulses to
control the triggering of one-shots.

The P-Buffer clock circuit comprises a continuous
clock pulse driver 365 connected by lead 306 to receive
continuous clock pulses at the 250 kc. rate from master
clock pulse driver 302 of the Central Processor (FIG.
17). The clock pulses provided by clock pulse driver
365 are applied to continnous clock pulse driver CD4
and to gated clock pulse drivers Sp, Cap, and Cy:c.

P-MOD-GENERATOR

The P-Mod-generator 535 (FiG. 29) comprises the
Gm?2 and Gml flip-flops (FIG. 134) and their corre-
sponding logic circuits. The primary function of the
P-Mod-generator is to accumulate the modulo-3 of a
data word as the dicits of the word are sampled thereby
in serial order, LSD first. Detailed operation of the
P-Mod-generator is described in the following sections
“Modulo-3 Generation for Numeric Inputs to P-Register,”
and “Register Type-In.” The modulo-3 accumulated by
the P-Mod-generator is employed to generate the mod-
bits for the word in the P-register. In accumulating the
modulo-3 of a word, the Gm2 and Gm1 flip-flops respond
to their present contents and to the Gm3 and Gma4 logical
combination signals (FIG. 138)., The Gm3 signal rep-
rcsents a binary 1 whenever the digit in P, which is
sampled by the P-Mod-generator, has a modulo-3 of
4+1. The Gm4 signal represents a binary | whenever
the digit in P1 has a modulo-3 of —1. Therefore,
whenever the Gm3 signal issues, the number stored in
Gm2, 1 is increased by 1. Similarly, when the Gm4
signal issues, the contents of Gm2, 1 is decreased by 1.
If neither Gm3 nor Gm4 issues, the digit sampled by
the P-Mod-generator has a modulo-3 of 0, and the con-
tents of Gml and Gm2 remain unchanged. After the
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P-Mod-generator has sampled the appropriate number
of digits in the P-register, the contents of Gm2, 1 are
encoded and transferred to the mod-bit flip-flops of the
register which at that time contains the word whose
modulo-3 was accumulated in Gm2, 1.

Other uses for the Gm2 and Gm1l fiip-flops, such as
for suppressing the most significant 0's during type-out
operations, are described in the “p-Buffer Operations”
section.

Control Typewriter

The Control Typewriter 14 (FIG. 1) receives data
words from the P-Buffer and types a visible representa-
tion of these words or punches on paper tape an encoded
representation of these words. The Control Typewriter
also transfers data words to the P-Buffer by reading en-
coded punched paper tape or upon depression of Con-
trol Typewriter keys in proper sequence. The Control
Typewriter is primarily adapted to cooperate with the
P.Buffer to transfer words into or receive words from
the Memory. However, the Control Typewriter also
cooperates with the P-Buffer to transfer data directly into
the [-register or the R-register of the Central Processor
or to type out the contents of any one of the B, I, L, N,
or R registers. Additionally, the Central Processor may
be controlled by the Control Typewriter, rather than by
the Control Console.

The Control Typewriter, the structure of which is not
shown, may be any one of several kinds commonly em-
ployed in data processing operations. Generally, the
Control Typewriter is an electric typewriter which trans-
mits encoded electrical signals upon the depression of
the keys thereof, or types on a printed form in response
to encoded signals received thereby. Such an electric
typewriter may be also adapted to transmit similarly en-
coded signals by reading punched paper tape, or to punch
paper tape in response 1o receipt of encoded signals. It
is only necessary to an understanding of this invention
to describe the signals which are transmitted by the Con-
trol Typewriter. Each of these signals is delivered on
a separate lead, the signal on each lead representing a
binary 0 or a binary 1, in accordance with the system
requirements. Thus, if a signal transmitted by the Con-
trol Typewriter is to represent a binary 0, it normally
will have a —5 v. level, and if it is to represent a binary
1, it normally will have a 46 v. level. Similarly, the
Control Typewriter is adapted to receive signals having
either the 46 v. or —3 v. level.

The Control Typewriter comprises a plurality of char-
acter keys, many of which perform two functions. A
character key is provided for each letter of the alphabet,
for each of the numerals 0-9, and for each of the non-
numeric digits shown in Table I in the section “Data
Representation.”  In its normal function, a character key,
when depressed, transmits a corresponding character en-
coded in a seven bit configuration to the P-Buffer. Addi-
tionally, several of the character keys provide special
functions. If a key, identified as the “Enable” key is first
depressed, and then a character key providing one of the
special functions is depressed, a signal is delivered on a
corresponding special lead, rather than the seven bit
character configuration. The special signals are control
signals, which direct operations by the P-Buffer, by the
Central Processor, or by both.

DATA INPUT FROM CONTROL TYPEWRITER

When data is transferred from the Control Typewriter
to the P-Buffer (for example, after a previous Instructicn
59 has been executed by the Central Processor to prepare
the P-Buffer), the following signals, which are transmitted
by the Control Typewriter to the P-Buffer, are employed.

Kf1-Kf6: These six signals, shown entering the Cs
input inverters 557 of FIG. 29, represent the six data bits
of the encoded character transmitted by the Control Type-
writer when a corresponding character key is depressed.
These six signals may represent a single digit, as shown
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i the aforementioned Table 1, or they may represent the
two dieits of an alphanumeric character, as shown in
Table IT of the section “Data Representation.”

Kfp: This signal represents the 7th bit transmitted from
the Control Typewriter to the Cs input inverters when a
character key is depressed. This signal represents the
parity bit for the six data bits represented by the signals
Kf1-6. The value of Kfp accommodates the requirement
for an odd number of 0’s in Kf1-6, p.

Kfc: This sprocket, or timing, signal is transmitted
from the Control Typewriter to the P-Buffer Control c¢ir-
cuits when the seven bits of a character are fully repre-
sented by the signals Kf1-6, p and are ready for insertion
in the P-register. The Kjc signal is normally in the 1-
state, but when a character is ready for transmittal, the
signal transfers to the O-state,

The employment of the above signals during operations
involving the Control Typewriter and the P-Buffer is de-
scribed in the Control Typewriter input subsections of the
“P-Buffer Cperations™ section.

The following table illustrates the configurations of the
Kf1-6, p signals when the Control Typewriter transmits
characters to the P-register. This same code is employed
when the P-register transmits data to the Control Type-
writer. This code corresponds with the two digit
alphanumeric code employed in the system and iltustrated
in the aforementioned Table II.
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signals in order to provide for the character received to
be typed out or punched out.

Kacr: This signal is provided when a carriage return
is to be executed by the Control Typewriter, following
raceipt of a character from the P-Buffer, to isolate the
Control Typewriter for a predetermined time in order to
allow the carriage return operation to be completed.

The employment of the above signals during operations
involving the P-Buffer and the Contro]l Typewriter is de-
scribed in the Control Typewriter output subsections of
the “P-Buffer Operations” section.

REGISTER TYPE-IN

With the Central Processor halted, data may be trans-
ferred from the Control Typewriter to the P, I, or R-
registers. In these operations the following signals,
which are transmitted by the Control Typewriter to the
P-Buffer, are employed.

Kfi: This signal denotes that the Control Typewriter
is ready to transmit or to receive information.

Kew: This is a special signal which issues when either
the E key or the W key is depressed, after the Enable
key has been depressed. If the signal occurs due to the
E key being depressed, data is first transferred to the
P-register and then from the P-register to the I-register.
If this signal occurs due to the W key being depressed,
data is first transferred to the P-register and then to the
R-register.

CONTROL TYPEWRITER TWO-DIGIT CHARACTER CODES

Code of1|2(3i4|nlaj7|[s|[os], & *|a|BlCiD
ofrlatofrjrfofr|1friatofof1|1]ol:
plrradfafrpr|yy|t|rje|e|t]r{1
olofofofofolofolojolalalof1|1]|1]1
ofolofrf1fifrift|ojojoi1l1lo|o]olo
olojrjofofojolr|t|1ir]1]1lolololt
tlrfofodalrftinlottlijolrloft]r]|o
orrfofofrjoflriofrfoj1lrjof1{of1]o
Codo E{F|{G|II|I|J|K|L|M|N|O{P{Q[R|S|{T|U|V|W
tiofolrjoettitjofrit|ojof1iolo|lslalol
tlr|r|1|1|ojo|o|o|ajofalojolololalolae
drirfrfrirfofe]ofoioflojoioleit|1li]1]
tfrfilayrfofojotoleltlrirlsiojololrqt
ojojoflofafojofotijolojolaojifejoitlolo
Joejotrfrjotolrytiojolojrltfelritiolo]o
oftlofsfofriof1iofoj1|o|ijoflo{1|alo]t
Code |X|Y| Z]|Space| Shift | Norm |CarRet] Tab | EQI | Stop |+ | — | Ignore
1{oj1) o 1 0 0 1 0 0 Jol1| 1
Jotolo} 1 0 0 1 0 1 o (olo] 1
Jifr|} 1 0 1 1 1 1 1 jofof 1
dafr]at e 1 1 0 0 ¢ o fol1f o
Jojoli] o 1 1 1 1 1 1 114 1
1/L|0]| a 0 0 0 0 1 1 |1l 1
vi1fo| o 1 1 1 1 0 1 [o|of 1
The bits represented by the signals Csl, 2, 3, 4, com- Kgw: This is a special signal which issues when either
prise the LSD of the alphanumeric character. The bits the Q key or the W key is depressed, after the Enable
represented by the Cs5 and Cs6 signals comprise the two key has been depressed. If this signal occurs due to the
least significant bits of the MSD of the alphanumeric Q key having been depressed, data is transferred to the
character, although the Cs6 signal provides an inverted go P-register and retained therein.
bit. Thus, if Cs6 represents 1, the corresponding MSD The employment of the above signals during opera-
bit is a 0, and vice versa. For example, the MSD of the tions involving the Control Typewriter and the P-Buffer
character “J” is the numeric 2. The normal system code is described in the “Register Type-In Subsection of the
for the numeral 2 is 0010. Therefore the control type- P-Buffer Operations” section.
writer code for this character is 00, wherein the first 0 85 REGISTER TYPE-OUT
Is translated to represent a 1. With the Central Processor halted, the contents of the
DATA OUTPUT TO CONTROL TYPEWRITER B, I, L, N, P, or R registers may be transferred to the
When data is received by the Control Typewriter from Control Typewriter for type-out thereby. In these opera-
the P-Buffer (for example, after a previous Instruction 59 tions the following signals, which are transmitted by the
has been executed by the Central Processor to prepare 70 Control Typewriter to the P-Buffer, are employed.
the P-Buffer) the following signals, which are transmitted Kre: This is a common type-cut control signal which
by the Control Typewriter to the P-Buffer, are employed. initiates the type-out sequence. This signal is normally
K:f: This signal follows the receipt of a character by in its l-state, but is transferred to the O-state when one
the Control Typewriter 10 isolate the Contro] Typawriter of the special type-out signals Kb, Ki, KI, Kn, Kr or K¢
for a predetermined time from the receipt of further 76 issues,
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Kb: This special signal issues when the B key is de-
pressed, after the Enable key has been depressed. This
signal causes the B-register contents to be typed-out.

Ki: This special signal issues when the I key is de-
pressed, after the Enable key has been depressed. This
signal causes the I-register contents to be typed-out,

KI: This special signal issues when the L key is de-
pressed, after the Enable key has been depressed. This
signal causes the L-register contents to be typed-out.

Kn: This special signal issues when the N key is de-
pressed, after the Enable key has been depressed. This
signal causes the N-register contents to be typed-out.

Kr: This special signal issues when the P key is de-
pressed, after the Enable key has been depressed. This
signal causes the R-register contents to be typed-out.

K¢: This special signal issues when the T key is de-
pressed, after the Enable key has been depressed. This
signal causes the P-register contents to be typed-out.

Kenl, 2: The Kenl signal is normally in the O-state
and the Ken2 signal is normally in the l-state. When
the Enable key is depressed the Kenl signal is trans-
ferred to the l-state and the Ken2 signal is transferred
to the O-state.

The employment of the above signals during opera-
tions involving the Control Typewriter and the P-Buffer
is described in the “Register Type-Out” subsection of the
“P-Buffer Operations” section.

CENTRAL PROCESSOR CONTROL

The Central Processor is controlled when certain keys
of the Control Typewriter are depressed. The following
signals, which are transmitted by the Control Typewriter
to the Central Processor, are employed.

Ka: This special signal issues when the A key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the {ssuance of this signal
will place the systern .in the normal data processing mode.
The function of this signal in causing the Central Proc-
essor to initiate the normal processing of data is de-
scribed in the subsection “Starting System From Halt
Mode” of the section “Operations From Halt Mode.”
This signal is normally in the 1-state, but is transferred
to the D-state when the A key is depressed.

Kh: This special signal issues when the H key is de-
pressed, after the Enable key has been depressed. When
this signal issues the Central Processor will halt. The
function of this signal in initiating a system halt opera-
tion is described in the subsection “Manual Halt” of the
“Halts” section.

Ks: This special signal issues when the S key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the issuance of this sig-
nal causes the Central Processor to execute a single-
cycle operation. The function of this signal in initiating
a single-cycle operation is described in the “Single-Cycle”
subsection of the “Operations From Halt Mode” section.
This signal is normally in the 1-state, but is transferred
to the O-state when the S key is depressed.

Kz: This special signal issues when the Z key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the issuance of this signal
causes the Central Processor to execute a zingle-cycle
operation. The function of this signal in initiating a
zingle-cycle operation is described in the “Zingle-Cycle”
subsection of the “Operations From Halt Mode” section.
This signal is normally in the 1-state, but is transferred
to the O-state when the Z key is depressed.

Kcef: This common signal issues whenever any one of
the Ka, Ks, or Kz signals goes to 0. This signal insures
that only one compute, single-cycle, or zingle-cycle op-
eration takes place for each depression of the correspond-
ing A, S, or Z key, The function of the Kcf signal is
described in the aforementioned “Starting System From
Halt Mode” subsection.
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Photoreader

‘The Photoreader 15 (FIG. 1) photoelectrically reads
punched encoded paper tapes and transfers electrical
representations of the data thereon to the P-Buffer. The
Photoreader, the structure of which is not shown, may be
any one of several kinds commonly employed in data
processing operations. Generally, the Photoreader is a
device which reads a sequence of characters encoded
respectively as a row of holes on punched paper tape and
transmits electrical signals representative of the presence
or absence of the punched holes. It is only necessary to
an understanding of this invention to describe the signals
which are transmitted by the Photoreader. Each of these
signals is delivered on a separate lead, the signal on each
lead representing a binary 0 or a binary 1, in accordance
with the system requirements. Thus, if a signal trans-
mitted by the Photoreader is to represent a binary 0 it
normally will have a —5 v. level, and if it is to represent
a binary 1, it normally will have a -6 v. level.

When data is transferred from the Photoreader to the
P-Buffer (for example, after a previous Instruction 59
has been executed by the Central Processor to prepare the
P-Buffer), the following signals, which are transmitted
by the Photoreader to the P-Buffer, are employed.

Kp1-Kp6: These six signals, shown entering the Cs
input inverters 557 of FIG. 29, represent the six data bits
of the encoded character transmitted by the Photoreader
when a row of punched holes is read from the tape
thereof. These six signals may represent a single digit,
as shown in the aforementioned Table I, or they may rep-
resent the two digits of an alphanumeric character, as
shown in the aforementioned Table II.

Kpp: This signal represents the 7th bit transmitted from
the Photoreader to the Cs input inverters when a row of
punched holes is read. This signal represents the parity
bit for the six data bits represented by the signals Kpl1-6.
The value of Kpp accommodates the requirement for an
odd number of 0’s in Kp1-6, p.

Kpc: This sprocket, or timing, signal is transmitted from
the Photoreader to the P-Buffer control circuits when the
seven bits of a character are fully represented by the sig-
nals Kp1-6, p and are ready for insertion in the P-register,

Kpi: This signal denotes that the Photoreader is ready
to transmit input signals to the P-Buffer.

The employment of the above signals during operations
involving the Photoreader and the P-Buffer is described in
the Photoreader input subsections of the “P-Buffer Op-
erations” section.

The configurations of the Kp1-6, p signals when the
Photoreader transmits characters to the P-register are
identical to those employed for transmittal of characters
between Control Typewriter and P-Buffer, and are, there-
fore, illustrated by the preceding table “Control Type-
writer Two-Digit Character Codes.” In this table, the
signals Kp1-6, p may be substituted for the correspond-
ing signals Kf1-6, p.

Multiplex Buffer

The Multiplex Buffer provides an intermediate storage
function for data words being transferred from Memory
to a Tape Handler for storage on magnetic tape or to the
Printer, and for data being transferred from a Tape
Handler or from the Character Reader to Memory. The
Multiplex Buffer temporarily stores data during these
transfers to accommodate the relatively slow rate of the
Tape Handler, Printer, and Character Reader action to
the relatively fast rate of the Memory and its controlling
Central Processor.

The Multiplex Buffer comprises a Write Buffer, a Read
Buffer, and a clock circuit, each of which will be described
separately in succeeding sections.

Write Buffer

The Write Buffer temporarily stores data words being
transferred from Memory to a Tape Handler for storage
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on magnetic tape or to the Printer. A succeeding section
“Write Buffer Operations” provides details of the opera-
tion of the Write Buffer in effecting the following types
of data transfer:

(a) The writing of one block of 100 data words on
magnetic tape from consecutive memory locations;

(5} the printing of one block of 100 data words by
the Printer from consecutive memory locations;

(c) the writing on magnetic tape of one block of 100
data words comprising five blockettcs of 20 words,
wherein the five blockettes are taken from five respective
groups of memory locations, each group comprising 20
consecutive memory locations; and

(d) the printing by the Printer of one block of 100
data words comprising five blockettes of 20 words, where-
in the five blockettes are taken from five respective groups
of memory locations, each group comprising 20 consecu-
tive memory locations.

Each of these types of data transfer is initiated by an
appropriate programmed instruction (66 or 68) executed
in the Central Processor, but continued and carried to
completion under control of the Write Buffer.

The Write Buffer comprises a register for temporarily
storing the data being transferred through the Write
Buffer, register transfer and logic circuits for transferring
data into and through the register, clock pulse drivers
for controlling the timing of the Write Buffer, counters,
and flip-flops employed as control signal sources. FIG-
URE 32 illustrates symbolically the elements of the
Write Buffer which store data, the paths of data trans-
fer between these elements, and certain control elements.
The details of the circuit structure of the Write Buffer
are provided in FIGS. 139-156, which illustrate flip-flop
input logical schematic diagrams, and FIG. 158, which
illustrates designated logical combination signal diagrams
and clock pulse driver gating signal diagrams.

The 7-digit Wh-register 601 and the 3-digit Wa-register
602 temporarily store the data being transferred through
the Write Buffer. The logical schematic diagrams of
the Wh-register are illustrated in FIGS. 142-148 and those
of the Wa-register are illustrated in FIGS. 139-141.

The contents of the WhH3-Wb1 flip-flops of the Wh-
register are shifted-up upon application of the SWh1/4
clock signal to register transfers which connect the Wh1-
W53 digit positions of the Wh-register. The contents
of the Wh3 f'p-flops are transferred to the correspond-
ing W54 flip-flops upen application of the SWh1/4 clock
signal to register transfers which connect the output ter-
minals of the Wb3 flip-fops to corresponding input ter-
minals of the Wb4 flip-flops. The contents of the W57
Wh4 flip-flops are shifted-up upon application of the
SWb5/7 clock signal to register transfers which connect
the WhH7-Wh4 d'git positions of the Who-register. There-
fore, the entire contents of the Wh-register are shifted-up
by the simultaneous issuance of the SW41/4 and SW55/7
signals.

The contents of the Wh7 flip-flops are transferred to
the corresponding Wb4 flip-flops upon application of the
SWb7-4 clock signal to register transfers which connect
the output terminals of the W57 flip-flops to correspond-
ing input terminals of the Wb4 flip-flops. Therefore, the
contents of the Wb7-Wb4 digit positions are ring shifted-
up by the simultaneous issuance of the SWb5/7 and
SWb7-4 signals,

The Wh-register flip-flops are adapted to receive, by
parallel shift, the contents of the corresponding Memory
M-register flip-flops upon application of the XMW5 clock
signal to register transfers which connect output terminals
of the M flip-flops to corresponding input terminals of
the Wb flip-flops. The Wb flip-flops, however, receive
only the 1-output signals of the corresponding M-register
flip-flops, since the Wh-register is cleared before each
transfer of a data word thereto from Memory.

The contents of the Wb7 flip-flops may be transferred
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to the corresponding Wal flip-flops of the Wa-register
and to the row parity generator circuit 603,

The contents of the Wa3-Wal flip-flops of the Wa-
register are shifted-up upon application of the SWal
clock signal to register transfers which connect the Wa3—
Wal digit positions of the Wa-register. The Wal flip-
flops are adapted to receive the contents of the correspond-
ing Wb7 flip-flops upon application of the SWal clock
signal to register transfers which connect the output ter-
minals of the Wb7 flip-flops to corresponding input ter-
minals of the Wal flip-flops. The contents of the Wa3
flip-flops may be transferred to the Wo6-Wo% flip-flops,
for subsequent transfer to magnetic tape or to the Printer.
The contents of the Wa3 flip-flops may also be transferred
to the Pwr flip-flops for subsequent transfer to magnetic
tape or to the Printer.

The Wol-Wol0 flip-flops hold two digits and their
corresponding column parity bits for energizing corre-
sponding write drivers for storage of data in a single
transverse recording position on magnetic tape. The con-
tents of the Wol-Wod4 flip-flops and the Wo6-Wo9 flip-
flops may also be transferred to the Printer. The col-
umn parity bit for the digit in the Wo4-Wol flip-flops is
stored in the Wo5 flip-flop. The column parity bit for
the digit in the Wo9-Wo6 flip-flops is stored in the Wol0
flip-flop. The logical schematic diagrams for the Wol-
Wol0 flip-flops are illustrated in FIGS. 149-151.

Only 0’s are written on magnetic tape. A 0 is written
whenever the corresponding Wo flip-flop changes state.
Therefore, whenever data is to be transferred from the
Write Buffer to magnetic tape, the write zeroes circuits
665 and 606 provide the input signals to the correspond-
ing Wol—4 and Wo6-9 flip-flops. The write zeroes cir-
cuit 605 comprises the circuits illustrated by the logical
schematic diagrams for the logic input terminals of the
Wol—4 flip-flops in FIG. 149. Whenever a digit is to
be transferred from the Pwr flip-flops to the correspond-
ing Wol-4 flip-flops, for storage on magnetic tape, the
write zerces circuit 605 samples the contents of Pwr flip-
flops and the contents of the corresponding Wol-4 flip-
flops and changes the state of those Wol-4 flip-Hops for
which the corresponding Pwr flip-flops store a binary 0.
Similarly, when data is to be written on magnetic tape, the
write zero circuit 606 changes the state of those Wo6-9
flip-flops for which the corresponding Wa3 flip-flops store
a 0. The write zeroes circuit 606 comprises the circuits
illustrated by the logical schematic diagrams for the logic
input terminals of the Wo6-9 flip-flops of FIG. 150.

Additionally, when data is to be written on magnetic
tape, the Wo3 and We10 flip-flops have their correspond-
ing states changed whenever the column parity bit to
be transmitted thereby represents a 0. Column parity
generator 607 samples the bits in Pwr to determine wheth-
er the bit to be inserted into WoS5 should be a ©
and, therefore, that the state of Wo5 should be changed.
If an even number of 0’s is stored in Pwr, column parity
generator 607 issues a signal to change the state of the
Wo5 flip-flop. Column parity generator 607 comprises
the circuits illustrated by the logical schematic diagrams
for generating the Pwcl and Pwec2 signals in FIG. 158
and the circuits illustrated by the logical schematic dia-
grams for the logic input terminals of the Wo5 flip-flop
of FIG. 151. Similarly, column parity generator 608
samples the contents of the Wa3 flip-flops to determine
whether the Wol0 flip-flop should have the state thereof
changed. Column parity generator 608 comprises the
circuits illustrated by the logical schematic diagrams for
generating the Pwc3 and Pwc4 signals of FIG. 158 and
the circuits illustrated by the logical schematic diagrams
for the logic input terminals of the Wol0 flip-flop of
FIG. 151.

When data is to be transferred from the Write Buffer
to the Printer, the digit contents of the Pwr flip-flops and
the Wa3 flip-flops are transferred directly to the respec-
tive Wol-Wo4 and Wo6-Wo9 flip-flops by application of
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the SWop clock signal to register transfers which connect
the output terminals of the Pwr flip-flops to correspond-
ing input terminals of the Wo4-Wol flip-flops and to
register transfers which connect the output terminals of
the Wa3 flip-flops to corresponding input terminals of
the Wo9-Wob flip-flops.

The Pwr flip-fiops 610 (FIG. 156) comprise a single
digit register for providing temporary storage of certain
digits to be transferred from the Wa3-register to magnetic
tape or to the Printer, and for accumulating the row par-
ity bits of the word stored in the Wh-register. The Pwr
flip-flops are adapted to receive the contents of the corre-
sponding Wa3 flip-flops upon application of the SWa2
clock signal to register transfers which connect the output
terminals of the Wq3 flip-flops to corresponding input
terminals of the Pwr flip-flops. Row parity generator
603 samples the bits in the Wb7 flip-flops in order to
accumulate row parity for the word in the Wh-register.
Row parity generator 603 comprises those portions of the
circuits illustrated by the logical schematic diagrams for
the register transfer input terminals of the Pwr flip-flops
of FIG. 156, which are enabled by the SPwr clock signal.
The function of the Pwr flip-flops in accumulating the row
parity bits is described in detail in a following section
“Write Buffer Data Transfer for Magnetic Tape Writing.”

A Tw-counter 611, which comprises the Twl-Twé
flip-flops (FIGS. 152 and 153) and which operates in 64
discrete states, is the source for fine timing and control of
the shifting operations executed in the Write Buffer.
The sequence of operations directed by the Tw-counter is
illustrated in the timing diagram of FIG. 242. A Wbk-
counter 612, which comprises the Wbkl, Wbk2, and
Wbk3 flip-flops (FIG. 154), and which operates in 8
discrete states, directs the number of data words trans-
ferred during a Write Buffer operation.

Other Write Buffer flip-flops are employed primarily
to perform control functions. The Bbf flip-flop (FIG.
154) signals that the first word of a block of data has
been transferred to the Write Buffer and that the Write
Buffer should commence its sequence of operations to
write this first word and the remainder of the block onto
magnetic tape or transfer the block to the Printer. The
Bbf flip-flop is also employed for terminating the transfer
of a block of data words to the Printer. The Ews flip-flop
(FIG. 151) functions as an alarm to notify the Central
Processor that a particular malfunction in transferring
data from Memory to the Write Buffer has taken place.
The Lw flip-flop (FIG. 155), when set, demands that the
Central Processor perform an operation to transfer a
word from Memory to the Write Buffer. The Prr flip-
flop (FIG. 155) aids in controlling the Write Buffer when
data is being transferred to the Printer. The Wb flip-flop
(FIG. 155), when on, indicates that one of the Tape Han-
dlers is presently engaged in receiving a block of data
from Memory through the Write Buffer. (The Wb flip-
flop is actually located in the Tape Control Unit, but is
illustrated in FIG. 32 for purposes of clarity of the
description, inasmuch as the Tape Control Unit will not
be described in detail,) The Wb&f flip-flop (FIG. 151)
is turned on when the Write Buffer receives a data word
from Memory, to indicate that the Write Buffer is loaded
and that the contents thereof are ready to be transferred
to magnetic tape or to the Printer. The Web flip-flop
(FIG. 155), when on, indicates that the Write Buffer is
busy transferring data from Memory to magnetic tape or
to the Printer.

CLOCK CIRCUIT, WRITE BUFFER

The clock circuit of the Write Buffer (FIG. 33) pro-
vides clock pulse signals for application to flip-flops and
register transfers to control respectively the entry of data
into flip-flops and the transfer of data between flip-flops.
The clock pulse drivers of the Write Buffer clock circuit
may be gated to provide single clock pulses or clock pulses
at the 250 kc. rate, or may be operated continuously.
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The logical schematic diagrams of the logical circuits
providing gating signals to the Write Buffer clock pulse
drivers of FIG. 33 are illustrated in FIG. 158.

The Write Buffer clock circuit comprises a continuous
clock pulse driver 625 connected by lead 306 to receive
continuous clock pulses at the 250 kc. rate from master
clock pulse driver 302 of the Central Processor (FIG.
17). The clock pulses provided by clock pulse driver
625 are applied to continuous clock pulse drivers CDI1
and CD2 and to the SPwr, SWal, SWa2, SWbhH1/4,
SWb5/7, SWb7-4, SWot, SWop, and XMWb gated clock
pulse drivers.

Tape Handler

The Tape Handler is adapted to write on magnetic
tape the data received from the Write Buffer or to read
the data stored on magnetic tape and to deliver this data
to the Multiplex Buffer. The Tape Handler is also adapt-
ed to erase the data stored on the magnetic tape thereof.
The Tape Handler is also adapted to drive the magnetic
tape in the forward direction for reading or writing and
in the backward direction for rewinding. The Tape Han-
dler will also erase a certain portion of the information
stored on the magnetic tape. Tape Handlers are well-
known in the art and, therefore, will not be described in
detail. Only those Tape Handler elements necessary to
explain the operation of this invention will be described.

FIGURES 34 and 35 illustrate the scheme for storing
data on magnetic tape and for reading the data therefrom.
Data is stored on magnetic tape 640 in groups of data
words, which are designated as data blocks 641. Each
data block comprises 100 data words wherein each data
word comprises eight tape digits. Each tape digit com-
prises five bits, four bits being the system code for a digit
to be processed, as shown in Table I of the “Data Repre-
sentation” section. The fifth bit of the tape digit is the
column parity bit for the tape digit. Seven of the eight
tape digits of each tape data word include the seven digits
of the data word to be processed in the system and the
seven corresponding column parity bits. The eight tape
digit contains the five row parity bits for the tape data
word.

Data is stored on the magnetic tape in 10 parallel
tracks spaced across the tape, and extending parallel to
the length of the tape. Ten bits are stored on a line sub-
stantially perpendicular to the length of the tape in the
10 tape tracks, which are numbered 1-10. The line on
which the ten bits are stored perpendicularly to the
lIength of the tape is termed a transverse recording posi-
tion. The four data bits of one digit are stored in tracks
1-4 and the corresponding column parity bit in track 5.
The four data bits of another digit are stored in tracks
6-9 and the corresponding column parity bit in track 10,
Therefore, two tape digits are stored side-by-side in a
transverse recording position,

A full tape data word is stored in four adjacent trans-
verse recording positions, so that a data block of 100
words comprises 400 transverse recording positions. As
shown in FIG. 35, the row parity digit and the 6th, 4th,
and 2nd tape digits of the tape data word are stored in
tracks 1-5 and the 7th, Sth, 3rd, and 1st tape digits are
stored in tracks 6-10. The spacing between transverse
recording positions and the speed of the tape are ad-
justed so that a transverse recording position is recorded
or read approximately once during each 16 clock periods.
Therefore, the reading or writing of a complete data
word occurs in approximately 64 clock periods.

A plurality of writing heads 642, one opposite each
track, are adapted to write data on the magnetic tape
in the corresponding track. During the writing process,
current is passed continuously through the write head in
a direction to magnetize to saturation the corresponding
track in a direction parallel to the length of the tape.
The direction of this write head current depends on the
data to be written. Only 0-bits are stored on magnetic
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tape. A 0-bit is denoted by a reversal in the direction
of saturation in a track. Therefore, whenever a writing
head is to write a 0, the current in the winding thereof
is reversed. A 1-bit is represented by the absence of any
change of magnetic field direction in a transverse record-
ing position.

A plurality of reading heads 643, one opposite each
track, are adapted to sense the magnetic field provided
by the corresponding track and to deliver an output pulse
wherever a 0-bit is sensed. Where a 1-bit is represented,
no output signal is delivered by the corresponding read
head.

The individual data bits and the representation in
which they are stored are illustrated in FIG. 35. The
arrows indicate the magnetic saturation of a track in
the direction indicated. Thus, at the transverse recording
position for the 4th digit, the 1st, 3rd, and 4th tracks
have the saturation direction therein reversed, whereas
the 2nd, and 5th tracks have the saturation direction un-
changed. Consequently, the column parity bit for the
4th digit is a 1 and the four data bits in tracks 4-1 are
respectively 0010. The table below illustrates the data
word represented in FIG. 35,

DATA DIGITS ON MAGNETIC TAPE (FIG. 35)

Row
parity

diglt 7th 6th 5th  4th  3rd 2nd st
0 1 1 0 1 0 0 1
1 0 0 [} 0 (1] 0 0
4] 0 1 0 0 0 0 0
1 1 (1] 1 1 1 0 0
0 1] 0 1 0 1 0 1

The bits below the horizontal ruled line and to the right
of the vertical ruled line are the data bits. The top row
of bits are the column parity bits for the corresponding
digits. The bits in the 2nd, 3rd, 4th, and 5th rows of the
left-hand column are the row parity bits for the corre-
sponding rows. The bit in the first row of the left-hand
column is the column parity bit for that digit. No row
parity bit is provided for the first row,

A block marker track provides indicia thereon for
notifying the Write Buffer of the area on the magnetic
tape wherein a data block is to be written and for notify-
ing the Read Buffer of the location of the data block.
Three block markers are employed, designated respec-
tively as the a-block marker, 8-block marker, and +-block
markers. [Each different block marker comprises a dif-
ferent number of recorded 0’s. A block marker analyzer
644 (FIG. 35) receives the signals provided by the read
head 643’, which detects the magnetic field of the block
marker track. In response to the signals received, the
block marker analyzer provides a plurality of output
signals identifying the respective block markers. Thus,
if data is to be read from tape, the g-block marker, when
sensed, will cause the block marker analyzer to deliver
the synchronizing Rsy signal and the +4-block marker,
when sensed, will cause the block marker analyzer to
deliver the Red signal. Similarly, if data is to be writ-
ten on the tape, when the block marker analyzer senses
the «-block marker, the Wsy signal will be delivered and
when the analyzer senses the y-block marker signal, the
Wed signal will be delivered. The « and g signals are
used to denote the beginning of the block for the re-
spective write and read operations. The ~y-block marker
is used to denote the end of the block in order to termi-
nate a read or write operation.

Only one Tape Handler may be reading and one Tape
Handler writing at any given time, inasmuch as the Read
Buffer can only receive data from one Tape Handler
and the Write Buffer can only deliver data to one Tape
Handler. The address of the Tape Handler which is
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writing data is stored in the Wr flip-flops (FIG. 157) of
the Tape Control Unit. In response to the Tape Han-
dler address stored in the Wr flip-flops, the correspond-
ing Na(#) signal (FIG. 158) issues to actuate one of the
relays shown in FIG. 36, to couple the 10 write drivers
to the corresponding write heads 642 of the addressed
Tape Handler. Thus, if Tape Handler #2 is addressed
by the Wt flip-flops, the signal Na2 will issue and couple
the 10 write drivers to the 10 write heads 642 of the
second Tape Handler.

The address of the Tape Handler which is reading
data is stored in the R¢ flip-flops (FIG. 178). In re-
sponse to the Tape Handler address stored in the Rt
flip-flops, the corresponding Nr(i) signal (FIG. 183)
issues to enable the output gates of the read preampli-
fiers (FIG. 37) of the addressed Tape Handler. Thus, if
Tape Handler #4 is addressed by the Rt flip-flops, the
signal Nr4 will issue and enable the 10 read preampli-
fiers, corresponding to the 10 data tracks of the fourth
Tape Handler,

Each of the 10 write heads 642 of the addressed Tape
Handler is coupled to a respective one of 10 write drivers
(FIG. 36) through appropriate relays 653, 654, etc. ac-
tuated by the corresponding Na(i) signals. Ten read
preamplifiers 660, 661, 662, etc., corresponding to data
tracks 1-10, are provided for each Tape Handler and are
coupled to the corresponding read heads 643, 643", 643",
etc.,, thereof (FIG. 37). The read preamplifiers of a
particular Tape Handler are enabled by the correspond-
ing Nr(i) signal only when that Tape Handler is ad-
dressed. The read preamplifiers of all the Tape Han-
dlers for a given track number are coupled to a common
read amplifier 663, by connecting to an input OR-gate
of the read amplifier.

A read preamplifier (FIG. 38) is permanently con-
nected to the output winding of each read head in a
Tape Handler. Input terminals 665 and 666 are con-
nected directly to the output winding of a read head
643. The signal applied to terminals 665 and 666 is
coupled to the respective base electrodes of transistors
667 and 668. Transistors 667 and 668 and their asso-
ciated circuits comprise a difference amplifier. The out-
put signal of the difference amplifier is taken from the
collector electrode 670 of transistor 668. As described
previously, only O’s are recorded as magnetic changes in
the tape track. Therefore, successive 0’s will induce volt-
ages of opposite polarity in the output winding of the
corresponding read head. These voltages will appear as
pulses of opposite polarity at input terminals 665 and
666 and, consequently, will be amplified and appear as
pulses of opposite polarity at collector electrode 670.
Thus, the output signal of the difference amplifier de-
livered at collector electrode 670 will be a series of
alternately positive and negative pulses, each pulse occur-
ring when a 0 is read by the corresponding read head.

The output signal of the difference amplifier is coupled
through an emitter follower comprising transistor 671
to a variable gain amplifier circuit comprising transistors
672 and 673 and their associated circuits. A potentiom-
eter 674 is provided to adjust the gain of the variable gain
amplifier to compensate for variations in read head out-
put levels and for variations in the overall gain of the
amplifier chain, The output signal of the variable gain
amplifier is taken from the emitter electrode 675 of tran-
sistor 673. The alternately positive and negative polarity
pulses at emitter electrode 675 each has an amplitude of
approximately 1 v.

The output signal of transistor 673 is applied to one
input terminal 676 of an AND-gate 677. Normally,
AND-gate 677 is disabled by a —5 v. signal applied to
its other input terminal 678. However, when a Tape
Handler is addressed to read data, the corresponding
Nr(i) signal is transferred to its 1-state and enables the
corresponding read preamplifier output AND-gate 677.
For example, the read preamplifier illustrated in FIG. 38
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is in Tape Handler #4, so that when Tape Handler #4
is addressed to read a block of data from its magnetic
tape, the signal Nr4 enters the 1-state, thereby enabling
AND-gate 677. With AND-gate 677 enabled, the signal
delivered by transistor 673 is coupled to the preamplifier
output terminal 679.

The output signal delivered by a read preamplifier is
designated as the signal DRO(/). For example, the
output signal DRO9 of FIG. 38 designates the output
signal of a read preamplifier connected to read the data
stored in track 9 of a Tape Handler. The output termi-
nals of all read preamplifiers which read data from like-
numbered data tracks are connected to the input OR-
gite of a single read amplifier (FIG. 37). However,
only the read preamplifiers of the addressed Tape Handler
will deliver signals to the corresponding read amplifier.

Tape Control Unit

The Tape Control Unit 17 (FIG. 1) is adapted to
direct one of the Tape Handlers to read data from the
magnetic tape thereof and to deliver this data to the Read
Buffer; to direct one of the Tape Handlers to write data
provided by the Write Buffer on the magnetic tape there-
of; and to direct one of the Tape Handlers to back the
magnetic tape thereof one block, to back the tape one
block and erase one set of block markers, or to rewind
the tape completely. Only those elements of the Tape
Control Unit necessary to an understanding of this in-
vention are illustrated and described herein. These ele-
ments are illustrated in various figures and their opera-
tion in cooperation with other components of the sys-
tem is provided in the instruction descriptions. These
elements of the Tape Control Unit are: the Re-register;
the Wt-register; the S-register; the Rb and Wb flip-flops;
the CD3, Xrl, and Xr2 clock pulse drivers; logic circuits
for generating the Nrb and Nwb signals; logic circuits for
generating the Na and Nr signals; logic circuits for gen-
erating the NB#d(i) signals; the write drivers; and the
Fir read amplifiers. Additionally, the Rwd signal issues
when a Tape Handler is rewinding the tape thereof. This
signal may be interrogated by an Instruction 54.

The four-bjt Rz-register (FIG. 178) stores the identi-
fication of the Tape Handler that is to transfer one block
of data from the magnetic tape thereof to the Read
Buffer. This identification is transferred into the R¢-
register during execution of an Instruction 65.

The four-bit We-register (FIG. 157) stores the identi-
fication of the Tape Handler that is to receive and to
record on the magnetic tape thereof one block of data
from the Write Buffer. This identification is transferred
into the Wi-register during execution of an Instruction
66 or an Instruction 68. The Wi-register also stores the
identification of the Tape Handler which is to have the
magnetic tape thereof backed one block, or backed one
block and the corresponding block markers e(ased. Thxs
identification is transferred into the Wie-register during
execution of a corresponding Instruction 67. )

The S-register (FIGS. 179-181) comprises one flip-
flop for each Tape Handler. The S-register, when set,
controls the rewinding of the magnetic tape of the cor-
responding Tape Handler. Thus, the S(i) flip-flop, when
set, causes the rewinding of the ith Tape Handler. An
S flip-flop is set during execution of an Instruction 67
that identifies the Tape Handler to be rewound.

The Rb flip-flop (FIG. 175), when on, indicates that
one of the Tape Handlers is presently engaged in trans-
mitting a block of data to Memory through the Read
Buffer, and also controls the gating of the selected Tape
Handler read preamplifier output signals to the Fur(i)
read amplifiers.

The Wb flip-lop (FIG. 155), when on, indicates that
one of the Tape Handlers is presently engaged in re-
ceiving a block of data from the Memory through the
Write Buffer, and also controls the application of the
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write driver output signals to the write heads of the
selected Tape Handler.

The Tape Control Unit clock pulse drivers CD3, Xrl,
and Xr2 provide clock pulse signals for application to
flip-flops of the Tape Control Unit to control the entry
of data into these flip-flops. The CD3 clock pulse driver
operates continuously at the 250 ke. rate. The Xr1 and
Xr2 clock pulse drivers are gated to provide single clock
pulses or clock pulses at the 250 kc. rate. The logical
schematic diagrams of the logical circuits providing gating
signals to the Xrl and Xr2 clock pulse drivers are illus-
trated in FIG. 183. These logical schematic diagrams are
included with those of the Read Buffer for simplicity.
The Tape Control Unit clock circuit, which includes the
clock pulse drivers CD3, Xr1, and Xr2 is illustrated in
FIG. 33. The Tape Control Unit clock circuit comprises
a continuous clock pulse driver 629 connected by lead
306 to receive continuous clock pulses at the 250 ke.
rate from master clock pulse driver 302 of the Central
Processor (FIG. 17). The clock pulses provided by clock
pulse driver 629 are applied to the input terminals of
the CD3, Xrl, and Xr2 clock pulse drivers.

The Nrb logical combination signal issues during exe-
cution of an Instruction 65 to control the transfer of the
designated Tape Handler address from the LSD position
of the A-register to the Rf-register in the Tape Control
Unit. Although the logical schematic diagram of the
circuit for generating the Nrb signal is not illustrated in
the drawings, it may be here illustrated as follows:

Nrb=Rebd Rb

The Nwb logical combination signal issues during exe-
cution of an Imstruction 66, 67, or 68 to control the trans-
fer of the designated Tape Handler address from the LSD
position of the A-register to the Weregister in the Tape
Control Unit. Although the logical schematic diagram
of the circuit for generating the Nwb signal is not illus-
trated in the drawings, it may be here illustrated as
follows:

Nwb=Webd Wb

The Na(i) logical combination signal issues, in re-
sponse to the state of the We-register, to energize 10 write
head relays (FIG. 36) to connect the 10 write drivers
of the Tape Control Unit to the corresponding write
heads of the addressed Tape Handler. The logical
schematic diagrams for generating the Na(i) signals are
illustrated, for convenience, in FIG. 158.

The Nr(i) logical combination signal issues, in response
to the state of the Rt-register, to enable the read pre-
amplifiers connected to the read heads of the addressed
Tape Handler. The logical schematic diagrams for gen-
erating the Nr(#) signals are illustrated, for convenience,
in FIG. 183,

The NBrd(i) logical combination signal is generated
by the ith Tape Handler and the Tape Control Unit to
reset the corresponding S(J/) flip-flop when the Tape
Handler addressed thereby has been completely rewound.

A write driver (FIG. 36) is provided for each of the
Wo flip-flops of the Write Buffer. The write driver
couples the Wo flip-flops to the corresponding write heads
of the Tape Handler that is presently writing data on
magnetic tape. The exemplary write driver of FIG. 36
responds to the state of the Wo3 flip-flop to record corre-
sponding data on track 3 of the magnetic tape of the
addressed Tape Handler. The write driver transmits
sufficient current through the winding of the correspond-
ing write head to saturate track 3 of the magnetic tape
in a direction determined by the Wo3 flip-flop.

Assume that the Wo3 flip-flop is in the l-state. A
46 v. signal is applied to the base electrode of transistor
649 and a —35 v. signal to the base electrode of transistor
650. Transistors 649 and 650 function as emitter fol-
lowers and therefore provide at the corresponding emit-
ter electrodes thereof the respective 46 v, and —5 v.
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signals. Transistors 651 and 652 have the emitter elec-
trodes thereof grounded. Therefore, the -6 v. coupled
through a resistor to the base electrode of transistor 651
causes this transistor to be cut off, and the —35 v. coupled
through a resistor to the base electrode of transistor 652
causes this transistor to conduct. Therefore, the collector
electrode of transistor 651 will be negative with respect
to that of transistor 652 and current will flow from
junction 657 through the connected write head winding
to junction 656.

Conversely, if the Wo3 flip-flop is in the O-state, cur-
rent will flow from junction 656 through the connected
write head winding to junction 657.

The Tape Handler address stored in the Wr-register
directs the issuance of the corresponding Na(i) signal,
which actuates the corresponding one of reiays 653, 654,
etc. When one of relays 653, 654, etc. is actuated, the
winding of the corresponding read head 642, 6427, elc.
receives the current provided by the write driver and
magnetizes to saturation the adjacent tape track in a
direction controlled by the state of the corresponding Wo
flip-flop.

The Ftr read amplifier receives the output signals de-
livered by the enabled read preamplifier connected there-
to (FIG. 37) and converts these signals into form suit-
able for transmission to the Ra-register of the Read
Buffer (FI1G. 40).

The read amplifiers are denoted by the inclusive sym-
bols Frr1-10, and are adapted to receive the data read
from the correspondingly numbered tape tracks of the
Tape Handler reading data. A single read amplifier is
provided in the Tape Control Unit for like numbered
tape tracks of all the Tape Handlers. Thus, as shown
in FIG. 37, each read preamplifier coupled to receive
the data read from track 9 of the corresponding Tape
Handler is connected to the single F1r9 read amplificr.
However, only the read preamplifier of the Tape Handler
then reading data, is enabled by the corresponding Nr(i)
logical combination signal, as directed by the Rs-register.

In the Fir read amplifier, shown in detail in FIG. 39,
an input OR-gate 701 is connected to receive the output
signals of the corresponding read preamplifiers. The
output terminals 679 (FIG. 38) of approximately one-
half of the corresponding read preamplifiers are con-
nected directly to input terminal 702 and the output ter-
minals of the remaining corresponding read preamplifiers
are connected directly to input terminal 703,

The signal received by the read amplifier has pulses,
due to binary O's recorded on tape, which arc approxi-
mately 1 volt in amplitude and either positive or neca-
tive in polarity. It is the function of the read amplifier
to convert each of these pulses to the conventional volit-
age level for data processing. Additionally, the read
amplifier will reject spurious and other noise signals re-
ceived thereby which do not satisfy predetermined criteria
of amplitude and duration. The circuits of the read
amplifier following OR-gate 701 are adapted to sense
the received signal to determine if the signal contains a
pulse whose amplitude is greater than a predetermined
value and whose length is greater than a predetermined
duration. If the received signal satisfies these criteria,
the read amplifier will deliver an output signal represent-
ing a binary 0. If such a signal is not received, the
read amplifier delivers a signal representing a binary 1.

The input signal is first applied to the base electrode
of a transistor 705 of a feedback amplifier, designed for
stable gain. The feedback amplifier comprises tran-
sistors 705 and 706 and their associated circuitry. In the
feedback amplifier output signal, taken from the emitter
electrode of transistor 706, the pulses representing binary
0’s have an amplitude of approximately 7.5 v. This
output signal is applied to the base electrode of a tran-
sistor 708, which, with transistor 709 and associated cir-
cuitry, comprises a threshold detector circuit. This thresh-
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old detector provides an output signal only when the input
signal applied thereto exceeds a predetermined positive
voltage level. Conversely, transistors 710 and 711 and
their associated circuitry comprise a threshold -detector
which provides an output signal only when the signal
applied thereto is less than a predetermined negative
voliage level,

The output signals of both threshold detectors are ap-
plied to the base electrode of transistor 714 of a transis-
tor amplifier. The output signal of transistor 714 is
applied to a foliowing amplifier comprising transistor
715. The output signal delivered by transistor 715 is
applied to a pulse duration detector circuit, comprising
transistor 716. The pulse duration detector provides an
output signal only when the signal applied thereto ex-
ceeds a predetermined duration. The output signal of
the pulse duration detector is applied to the base electrode
of a transistor 717 of a flip-flop 718.

Flip-flop 718 comprises the transistors 717 and 719
and associated circuitry. This flip-flop is similar to that
described previously and illustrated in FIG. 4. The out-
put signals delivered by flip-flop 718 represent the data
read by the corresponding read head. If no 0-bit has
been read from tape, the flip-flop 718 delivers a 1-output
signal at its output terminal 721. If, however, a 0-bit
has been read from tape, flip-flop 718 delivers a Q-output
signal at its terminal 722. Transistors 723 and 724 am-
plify the flip-flop output signals and provide the corre-
sponding output signals of terminals 721 and 722.
Whenever all five bits of a complete tape digit have been
transferred from five read amplifiers to the Read Buf-
fer, the flip-flops 718 of these five read amplifiers are
preset to the 1-state by the clock signal Xr1 or Xr2, ap-
plied to input terminal 725. The clock signal Xr1 pre-
sets the Fir1-Fsr5 read amplifiers and the clock signal
Xr2 presets the Ftr6-Ftr10 read amplifiers. Thus, im-
mediately following receipt of a tape digit by the Read
Buffer from a group of five read amplifiers, the flip-flops
of these read amplifiers are set to the l-state, and re-
main in the l-state, unless a O-bit is read from the cor-
responding tape tracks.

The response of the read amplifier to the signals de-
livered by transistor 706 will now be described. The cir-
cuits will first be analyzed under quiescent coaditions;
that is, in the absence of any pulses delivered by tran-
sistor 706. The base electrode of transistor 708 is at
ground potential (0 v.); and transistor 708 is enabled to
conduct by current flowing through a resistor 727. There-
fore, the emitter electrode of transistor 709, which is con-
necied to the emitter electrode of transistor 708, is ap-
proximately at 0 v. The base electrode of transistor 709
is maintained at approximately 4-1.4 v. by current flow
through diodes 728 and 729, so that transistor 709 is held
non-conducting. Thus, the output transistor 709 of
the positive threshold detector is non-conducting in the
quiescent state. Transistor 711 is normally conducting
and the base electrode thereof is maintained at the —1.4
v. level by current flow through diodes 730 and 731.
Therefore, the emitter electrode of transistor 710, which
is connected to the emitter electrode of transistor 711,
is held at —1.4 v. Transistor 710 is consequently cut
off due to the 0 v. potential applied to the base electrode
thereof from the emitter electrode of transistor 708.
Thus, the output transistor 710 of the negative thresh-
old detector is non-conducting in the quiescent state.

Transistor 714 is normally cut off and transistor 715%
is normally conducting heavily because of the corre-
sponding bias voltages applied thereto. With transistor
715 conducting heavily, the —S5 v. signal delivered by the
collector electrode thereof is applied to the base elec-
trode of the transistor 716. Since the emitter electrode
of transistor 716 is grounded, this transistor is held cut
off in the quiescent state. The presetting of flip-flop 718
to the 1l-state, renders tramsistor 717 normally conduct-
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ing and transistor 719 normally cut off. The level of
the emitter electrode of tramsistor 717 is maintained
at -8 v.

Consider now the application of a pulse to the base
electrode of transistor 708. If the pulse is positive, the
voltage thereof will be coupled through the emitter elec-
trode of transistor 708 to the emitter electrode of transis-
tor 709. Transistor 709 will thereupon commence con-
ducting if this pulse exceeds +1.4 v. When transistor
709 conducts, the emitter electrode thereof is clamped to
+1.4 v., so that transistor 708 is forced into non-con-
duction. If the pulse applied to transistor 708 is nega-
tive, the voltage thereof is coupled through the emitter
electrode of transistor 708 to the base electrode of tran-
sistor 710. Transistor 710 will thereupon commence
conducting if this pulse is more negative than —1.4 v,
and will, in turn, cut off transistor 711, whose base elec-
trode is maintained at —1.4 v, Therefore, if the input
pulse exceeds 1.4 v. in amplitude one of the two thresh-
old detector output transistors 709 or 710 commences
conducting.

The conduction of transistors 709 or 710 provides a
voltage at the collector electrodes thereof which is suf-
ficiently positive with respect to the —7.5 v. bias on the
emitter electrode of tranmsistor 714 to cause transistor
714 to commence conducting, The conduction of tran-
sistor 714 causes application of an approximately —7.5
v. signal to the base electrode of transistor 715, which
thereupon ceases conduction.

When transistor 715 ceases conduction, the —5 v. out-
put signal thereof is removed from the collector electrode
of transistor 716, and capacitor 733 commences charging
positively through resistor 734. Capacitor 733 will charge
positively from —5 v. until it reaches 0 volt, whereupon
transistor 716 commences conducting. The time required
for capacitor 733 to charge to @ volt from its original -5
v. level is approximately 4 usec. If the amplitude of the
input pulse does not exceed 1.4 v. for 4 usec., or greater,
transistor 715 commences conducting once again before
the capacitor 733 can charge to the 0 v. level. Conduc-
tion of transistor 715 discharges capacitor 733. so that
transistor 716 does not become conducting. Therefore,
capacitor 733. resistor 734, and transistor 716 constitute
a pulse duration detector. providing an output signal only
if the input signal applied thereto exceeds 4 wsec. in dura-
tion. Therefore, the read amplifier will not respond to
extremely short duration pulses even though they be of
high level of amplitude, but will respond 1o pulses pro-
vided by a binary 0 on the magnetic tape, since the binary
0 produces a pulse of about 25 usec. duration.

When transistor 716 conducts, the collector electrode
thereof is established at approximately 0 v., and capaci-
tor 735 charges to -6 v. When the read amplifier input
pulse decreases and transistor 715 once again commences
conducting, transistor 716 cuts off. The collector elec-
trode of transistor 716 thereupon rises to the -8 v. level,
causing a signal having a 414 v. level to be coupled to
the base electrode of transistor 717. This 414 v. signal
cuts off transistor 717, and flip-flop 718 transfers to the
O-state, where it remains until once again preset to the
1-state by the clock signal Xrl or Xr2.

Thus, the flip-flop of the Frr read amplifier is preset
to the l-state after each digit has been read from tape
and is transferred to the O-state only if an input pulse of
satisfactory amplitude and duration is received by the
read amplifier.

Read Buffer

The Read Buffer temporarily stores data being trans-
ferred from a Tape Handler or the Character Reader to
Memory. A succeeding section “Read Buffer Operations”
provides details of the operation of the Read Buffer in
effecting the following types of data transfer:

(a) The storing in consecutive memory locations of
one block of 100 data words from magnetic tape, and
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(b) the storing in consecutive memory locations of
one line of data read from a document by the Character
Reader.

Each of these types of data transfer is initiated by an
appropriate programmed instruction (65), executed in
the Central Processor, but continued and carried to com-
pletion under control of the Read Buffer.

The Read Buffer comprises a register for temporarily
storing the data being transferred through the Read Buffer,
register transfer and logic circuits for transferring data
into and through the register, clock pulse drivers for con-
trolling the timing of the Read Buffer, a counter, and
flip-flops employed as control signal sources. FIGURE 40
illustrates symbolically the elements of the Read Buffer
which store data, the paths of data transfer between these
elements, and certain control elements. The details of the
circuit structure of the Read Buffer are provided in FIGS.
159-177, which illustrate flip-flop input logical schematic
diagrams; FIG. 182, which illustrates one-shot input logi-
cal schematic diagrams; and FIG. 183, which illustrates
designated logical combination signal diagrams and clock
pulse driver gating signal diagrams.

The 4-digit Ra-register 740 and the 7-digit Rb-register
741 temporarily store the data being transferred through
the Read Buffer. The logical schematic diagrams of the
Ra-register are illustrated in FIGS. 159162 and those of
the Rb-register are illustrated in FIGS. 163-169.

The contents of the Ra4-Ral flip-flops of the Ra-regis-
ter are shifted-up upon application of the SRa clock signal
to register transfers which connect the Ral-Ra4 digit
positions of the Ra-register. The Ral flip-flops are
adapted to receive the contents of the corresponding
Rin1-Rin4 flip-flops upon application of the SRa clock
signal to register transfers which connect the output
terminals of the Rinl-Rin4 flip-flops to corresponding
input terminals of the Ral flip-flops. The Ra4 flip-flops
are adapted to receive the corresponding Crd4-Crd1 out-
put signals of the Sorter Control Unit (FI1G. 43) upon
application of the (Trl Tra Cha) signal to logical gates
which connect output terminals of the Sorter Control Unit
to corresponding input terminals of the Ra4 flip-flops.
The contents of the Ra4 flip-flops may be transmitted 'o
the Rb1 or Rb67 flip-flops of the Rb-register.

The contents of the Rb6—Rb1 fip-flops of the Rb-reg-
ister are shifted-up upon application of the SR& clock
signal to register transfers which connect the Rb6-Rb1
digit positions of the Rb-register. The contents of the
Rb6 flip-flops are transferred to the corresponding R&7
flip-flops upon application of the (Tr2 Trd Tr5 Chea)
signal to logical gates which connect the output terminals
of the Rb6 flip-flops to corresponding input terminals of
the Rb7 flip-flops. The Rb1 flip-flops are adapted to
receive the contents of the corresponding Ra4 flip-flops
upon application of the SRb clock signal to register
transfers which connect the output terminals of the Rad
flip-flops to corresponding input terminals of the Réb1
flipflops. The Rb7 flip-flops are adapted to receive the
contents of the corresponding Rad4 flip-flops upon ap-
plication of the Rp1 logical combination signal to logical
gates which connect the output terminals of the Ra4
flip-flops to corresponding input terminals, of the R57
flip-flops. The contents of the Rb-register may be trans-
mitted by parallel shift to the M-register. In this par-
allel shift only the l-output signals of the Rb flip-flops
are applied to the corresponding M flip-flops. The con-
tents of the Rb7 flip-flops may be transmitted to the row
parity check circuit 743.

The Rin6-Rinl0 flip-flops comprise one tape digit in-
put register for the Read Buffer and receive the tape
digits read from tracks 6-10 of the magnetic tape of
the Tape Handler reading data. The Rin6-Rinl0 flip-
flops are adapted to receive the contents of the flip-flops
of the corresponding Ftr6-Ftr10 read amplifiers upon ap-
plication of the (Rds2 Dsy2) signal to logical gates which
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connect the output terminals of the Fir6-Ftr10 amplifiers
to corresponding input terminals of the Rin6-Rin10 flip-
flops. The contents of the Rin6—10 flip-flops are adapted
to be transferred to the corresponding Rinl1-5 flip-flops.

The Rinl-RinS flip-flops comprise the other tape digit
input register for the Read Buffer and are adapted to
receive the tape digits read from tracks 1-5 of the mag-
netic tape of the Tape Handler reading data. The Rinl—~
Rin5 flip-flops are adapted to receive the contents of
the flip-flops of the corresponding Fir1-Ftr5 read ampli-
fiers upon application of the (Rdsl Dsyl) signal to
logical gates which connect the output terminals of the
Fir1-Fir5 amplifiers to corresponding input terminals of
the Rinl-Rin5 flip-flops. The Rinl-Rin5 flip-flops are
also adapted to receive the contents of the correspond-
ing Rin6~Rin10 flip-flops upon application of the SRin
clock signal to register transfers which connect the output
terminals of the Rin6-Rin10 flip-flops to corresponding
input terminals of the Rinl-Rin5 flip-lops. The con-
tents of the Rinl-Rind flip-lops may be transmitted to
the Ral flip-flops of the Ra-register. The contents of
the Rinl-Rin5 flip-flops may be transferred to the column
parity check circuit 744.

The row parity check circuit 743 samples the contents
of the Rb7 flip-flops to determine if each set of eight
bits of like bit order in the word received from tape
contains an odd number of O’'s. The column parity
check circuit 744 samples the contents of the Rin1-RinS
flip-flops to determine if the five bits of each tape digit
received has an odd number of 0’s. If a parity error
is detected by the row parity check circuit 743 or the
column parity check circuit 744, the Ers flip-flop 745
is set (FIG. 174).

A Tr-counter 746, which comprises the Tr1-Tr5 flip-
flops (FIGS. 173 and 174) and which operates in 17
discrete states, is the source for fine timing and control
of the shifting operations executed in the Read Buffer.

Other Read Buffer flip-flops are employed primarily
to perform control functions. The Cfs flip-flop (FIG.
177) directs the Read Buffer to read a line of data from
but one document. The Cha flip-flop (FIG. 175) aids
in controiling the Read Buffer when data is being trans-
ferred thereto from the Character Reader. The Csu
flip-flop (FIG. 177) denotes the failure to read any data
from a tape block during a Read Buffer operation, and
is employed when the Character Reader is transferring
data to the Read Buffer to aid in controlling the Tr-
counter. The Dsyl, 2, Haf, and Rds1, 2 flip-flops (FIGS.
174 and 176) are employed in the data retiming cir-
cuit, illustrated in FIG. 41, to gate the digits received
by the read amplifiers from each tape half to the cor-
responding one of the Read Buffer digit input registers
Rinl-5 and Rin6-10. (The data retiming circuit is de-
scribed in the “Read Buffer Operations” section to fol-
low.) The Eoc flip-flop (FIG. 177) is employed when
the Character Reader is supplying data to the Read
Buffer to signal that the end of the line of data has been
reached by the Character Reader. The Ré flip-flop
(FIG. 175), when on, indicates that one of the Tape
Handlers is presently engaged in transferring a block of
data to the Memory through the Read Buffer. (The Rbé
flip-flop is actually in the Tape Control Unit, but is il-
lustrated in FIG. 40 for purposes of clarity of the de-
scription, inasmuch as the Tape Control Unit is not de-
scribed in detail.) The Reé flip-flop (FIG. 175), when
on, indicates that the Read Buffer is busy receiving data
from a Tape Handler or from the Character Reader.
The Ur flip-flop (FIG. 175), when set, demands that
the Central Processor perform an operation to transfer
the word in the Rb-register to Memory.

The Yrd1 and Y:d2 one-shots (FIG, 182) function in
the data retiming circuit to control the amount of mag-
netic tape skew which will be tolerated.
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CLOCK CIRCUIT, READ BUFFER

The clock circuit of the Read Buffer (FIG. 33) pro-
vides clock pulse signals for application to flip-flops and
register transfers to control respectively the entry of
data into flip-flops and transfer of data between flip-
flops. This clock circuit also provides clock pulses to
control the triggering of one-shots. The clock pulse
drivers of the Read Buffer clock circuit may be gated
to provide single clock pulses or clock pulses at the 250
kc. rate, or may be operated continuously. The logical
schematic diagrams of the logical circuits providing gat-
ing signals to the Read Buffer clock pulse drivers of
F1G. 33 are illustrated in FIG. 183.

The Read Buffer clock circuit comprises the continuous
clock pulse driver 625, previously described in the “Write
Buffer” section. The clock pulses provided by clock
pulse driver 625 are applied to continuous clock pulse
drivers CD1 and CD2 and to the SRa, SR#, Sinl, Sin2,
SRin gated clock pulse drivers.

Printer

The Printer 23 of FIG. 1 receives data words from the
Write Buffer and prints a visible representation of these
words. Many types of printers are known in the art and
no specific type will be described here. A useful printer
for employment with this invention is the printer iden-
tified as the “on-the-fly” printer, employing a type wheel
which revolves continuously and has accurately timed
hammers to strike the paper when the correct type char-
acter is opposite the line of type to be printed.

The Printer receives data, one digit at a time, from
the Write Buffer and stores this data until a full line
is to be printed, at which time the line is reproduced
on the paper. The operation of the Printer in coopera-
tion with the Write Buffer is described in a succeeding
section “Write Buffer Data Transfer for Printer.” Only
those signals which are employed in the description of
this invention will be described in this section. The
Printer receives the following signals from the Write
Buffer or Central Processor:

Prt: This signal issues during an operation wherein the
Printer is to receive a block of 100 data words from the
Write Buffer. This operation is initiated by execution
of an Instruction 66 or 68.

Bbs: This signal issues when Tw=2 in the first Tw-
cycle of the Write Buffer (FIG. 242) to notify the Printer
that the first word is ready to be transferred thereto,
Wol-4 and Wo6-9: These signals constitute the two
output digits that are simultaneously made available in
the output flip-flops of the Write Buffer. These signals
are interpreted by the Printer and are employed to set
up the line to be printed.

Wos: This signal issues when Tw=10, 26, 42, and 58
to notify the Printer that two digits are available in the
Wo flip-flops. The Printer then accepts these digits,
one at a time,

The Printer transmits the signal Lpr following receipt
thereby of the signal Pre, to notify the Write Buffer that
‘tihe Printer has been turned on and is ready to receive

ata.
Sorter and Character Reader

Sorter 21 and Character Reader 22 provide for the
automatic reading of data borne by documents, such as
bank checks, the delivery of this data to the Sorter Con-
trol Unit 20, and the sorting of these documents into
Sorter pockets under contrel of signals received from
the Sorter Control Unit. The Sorter stores a stack of
documents to be read by the Character Reader and to be
subsequently sorted; delivers the documents, one at a
time, to apparatus for automatically reading the data
thereon, this data being imprinted in magnetic ink; and
then sorts these documents into Sorter pockets, as directed
by signals received from the Sorter Control Unit. The
Character Reader responds to the signals read by the
automatic reading apparatus to deliver an encoded rep-
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resentation of the data on the documents to the Sorter
Control Unit. A Sorter useful in the embodiment of
this invention is described in the copending United States
patent application by N. R. Crain et al,, filed September
12, 1959, Serial No. 839,836, now Patent No. 3,108,694,
for a Sorter Control, which is assigned to the same as-
signee as the instant invention. A Character Reader and
automatic reading apparatus useful in the embodiment of
this invention is described in the two copending United
States patent applications by P. E. Merritt and C. M.
Steele, one filed October 31, 1957, Serial No. 693,773,
now Patent No. 2,924,812, for an Automatic Reading
System, and the other filed December 29, 1958, Serial No.
783,350, now Patent No. 3,092,809, for Spurious Signal
Suppression in Automatic Symbol Reader, both of which
are assigned to the same assignee as the instant invention.

The Sorter, which is illustrated schematically in FIG.
42, is driven by a motor 801. Motor 801 is energized
upon closure of the START SORTER switch 802 and
provides mechanical power by the linkages illustrated
schematically for the various belt-driving pulleys, drums,
and timer discs of the Sorter. When the START SORT-
ER switch is closed, a relay 803 is energized to deliver
a signal representing a binary 1, and denoted as the Rsr
signal, to the Central Processor to indicate that Sorter
power is on and that the Sorter is running. Although
closure of the START SORTER switch 802 prepares the
Sorter to feed documents for automatic reading and
sorting, the Sorter must receive an additional signal be-
fore the documents are actually processed thereby.

A stack 805 of the documents to be read are held
against a base plate 806 by a spring-loaded pressure plate,
which is not shown. A continuously rotating cam 807
is provided to feed the bottom document of the stack
into the transport mechanism of the Sorter, when this
bottom document rests against the cam. However, in the
absence of the Cof signal provided by the Sorter Control
Unit, a lever 808 maintains the bottom document of the
stack spaced from cam 807. Upon receipt of the Cof
signal from the Sorter Control Unit (see the following
description of Instruction 58) solenoids 809 and 809’
are energized, thereby causing lever 808 to pivot into a
depression provided in cam 807, and allowing the bottom
document of the stack to come into contact with cam §07.
The Cof signal also actuates a valve 810, which provides
vacuum at orifice 811. Cam 807 forces the bottom docu-
ment into the region between the oppositely-moving belts
812 and 813. When apertures 814 in belt 812 are oppo-
site orifice 811, the document between belts 812 and 813
is attracted to belt 812 and moves therewith. Belt 813,
which moves in a direction opposite the direction of
motion of the bottom document, insures that only one
document is fed by the document transport mechanism.
Therefore, when the Cof signal is present, the document
is moved by belt 812 to the periphery of a drum 816,
which, in turn, transports the document to the automatic
reading apparatus. The automatic reading apparatus
comprises a lamp 817, a photocell 818, a magnet 819,
and a transducer §20. Lamp 817 directs a beam of light
on photocell 818. Photocell 818 delivers a significant
output signal when the reference (leading) edge of a
document interrupts the beam of light. Magnet 819
magnetizes the line of information on the document which
is to be read, this line of information being imprinted on
the document with magnetizable material. Transducer
820 responds to the magnetic field of the magnetized in-
formation on the document and delivers corresponding
signals to Character Reader 22. The document is then
transported to the right in FIG. 42 by the transport
mechanism and enters a Sorter pocket in accordance with
signals received from the Sorter Control Unit. The signals
received from the Sorter Control Unit are delivered there-
to by the Central Processor, after the Central Processor
has processed the information borne on the document.

The bank check of FIG. 45 exemplifies documents
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bearing data imprinted in magnetizable material, from
which the automatic reading apparatus, FIG. 42, extracts
information. The reference edge of the document is
that which first interrupts the light beam between lamp
817 and photocell 818. The reference edge of the docu-
ment of FIG. 45, which is scanned from right to left, is
denoted as edge 893. A portion of the check near the
lower edge thereof is allotted to the printing of magnetic
symbols. This portion is termed the field 890 and com-
prises a plurality of symbols printed in ink capable of
being magnetized. Information which may appear in
field 890 includes the amount of the check, represented
in FIG. 45 by the eight numerals in the extreme right
portion of the field; the transaction code number, repre-
sented by the single numeral immediately to the left of
the amount; the account number, represented by the five
numerals immediately to the left of the transaction code
number; and the bank branch number, represented by the
three numerals in the extreme left portion of the field.

Information is extracted from the field by first mag-
netizing the magnetic material thereon and then by scan-
ning the field from the right to the left with transducer
820 of the Sorter, as the document moves to the right
across the transducer. In scanning the magnetized sym-
bols, the transducer senses the induced magnetic fields of
the symbols, and generates electrical waveshapes char-
acteristic of each different symbol. The Character
Reader 22 identifies these characteristic waveshapes and
provides output signals indicative of the symbols scanned.
Thus, whenever one of the numerals 0-9 is scanned, the
corresponding one of output signals Cd0—Cd9 is delivered
at one of the Character Reader output terminals,

In addition to the numerals bearing the data to be read,
cue characters are provided to distinguish the various
portions of the document field. Thus, the cue character
891 signals the start of the data borne by the check, and
also that the next eight numerals read by the Character
Reader represent the amount of the check. The cue
character 892 signals that the three digits immediately
following constitute the bank branch number. In the
documents to be read by the automatic reading apparatus
of FIG. 42, four different cue characters are provided.
Therefore, the Character Reader identifies the character-
istic waveshape obtained by scanning one of the cue char:
acters and delivers a corresponding one of output signals
Cul-Cud.

In addition to providing output signals representing the
ten numerals and four cue characters recognizable by the
Character Reader, an error signal, Cer, is provided
thereby when the transducer scans an improper character
(one that the Character Reader is not designed to recog-
nize), or a character that is so poorly printed that the
Character Reader cannot recognize it.

As the automatic reading apparatus scans the docu-
ment, the Csyl, Csy2, and Csy3 signals are delivered by
the Sorter in response to detection of the reference edge
893 of the document by photocell 818. These three sig-
nals, which are shown in FIG. 46, are delivered by the
tandem-connected one-shots 822, 823, and 824. These
one-shots may be of the type described for employment
in the Memory, and referred to in the “Control Circuit”
subsection of the Memory section. One-shot 822 is
triggered into its unstable state by the signal delivered
when the light beam from lamp 817 to photocell 818 is
interrupted by the reference edge of the document. Thus,
the signal delivered to one-shot 822 denotes the arrival
of the document at the automatic reading apparatus.
One-shot 822 remains in its unstable state for approxi-
mately 10 msec. whereupon it returns to its stable state.
The 10 msec. pulse delivered by one-shot 822 is differenti-
ated by differentiating circuit 825. The positive-going
output pulse from differentiating circuit 125, which is
delivered when one-shot 822 returns to its stable state, is
transmitted as the Csyl signal to the Sorter Control Unit
(FIG. 46) and is also applied to trigger the one-shot 823.
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Similarly, one-shot 823 remains in its unstable state for 70
msec., and upon return to its stable state causes issuance
of the Csy2 signal, which triggers one-shot 824. One-
shot 824 remains in its unstable state for 62 msec., there-
upon returning to its stable state and delivering the
Csy3 signal. Therefore, the signals Csyl, Csy2, and
Csy3 occur respectively 10 msec., 80 msec., and 142
msec. after the reference edge of the document arrives
at photocell 818.

The output signal of photocell 818 is also applied to
the Character Reader 22 to allow for activation of the
circuits thereof when the document field is opposite trans-
ducer 820.

Prior to the arrival of the document at the first Sorter
pocket, the Central Processor has determined in which
pocket the document is to be entered and transmitted a
corresponding signal to the Sorter Control Unit. (Docu-
ments are vsually sorted in accordance with the numeral
in a predetermined position in the field. For example,
a group of checks may be sorted according to the least
significant digit of the account number.) The Sorter
Control Unit, in turn, transmits this pocket identifica-
tion to the Sorter on one of 11 lines, which carry the
corresponding signals Dec-ss, and Dec0-Dec9. Each of
the signals Dec—ss and DecO-Dec9 is amplified and in-
verted by a corresponding Sorter amplifier 828, 829, 839,
etc. Twelve pockets are provided in the Sorter for ac-
cepting the documents. The first pocket, designated as
the Special Sort pocket, receives documents which are
not to be sorted according to one of the numeric char-
acters thereon. Thus, a check in the stack which did
not belong to the bank branch whose checks were then
being sorted by account number, may be entered into the
Special Sort pocket. The Zero-Nine pockets accept those
documents having the corresponding numeral in the field
digit position on which the document is being sorted.
For example, if the documents are being sorted on the
least significant digit of the account number, the check
in FIG. 45 will enter the Nine pocket.  The last (Reject)
pocket is provided to receive those checks for which an
error signal is delivered by the Character Reader, or for
which no decision is provided by the Central Processor
in adequate time to actuate the proper numbered pocket.

The Central Processor provides a pocket decision signal
for a document within 62 msec. after the data has been
read from the document and transferred to the Centraj
Processor. 1f the document is to be entered in the
Special Sort pocket, the Dec—ss signal is delivered to the
Sorter, and amplifier 828 directly energizes solenoid 831.

When solenoid 831 is energized, deflector 832 lifts and ;

causes the document just read to enter the Special Sort
pocket. Inasmuch as the Central Processor provides a
pocket decision for all documents before they reach the
first deflector; ie., the Special Sort pocket, means is pro-
vided to store this decision until immediately prior to the
time when the document arrives at the deflector of the
decision pocket, Hence, several documents may be
traveling along the transport mechanism beiween the
automatic reading apparatus and the reject pocket. Each
document will pass over closed deflectors until it reaches
the deflector of the pocket wherein it is to be entered.
However, if no pocket is selected for a document, no de-
flector is lifted, and the document enters the Reject pocket,
Thus, if a document is to be sorted into pocket Nine, the
corresponding deflector will not be lifted until the docu-
ment is immediately ahead of the deflector. The storage
of pocket decisions, and consequent delay in deflector
actuation is provided by a timer 833.

Timer 833 comprises 10 timer discs, 834, each of which
corresponds to one of the Zero-Nine pockets. The timer
discs are mounted on a common shaft and driven at a
speed which provides one complete revolution of the timer
disc during the time required for a document to travel the
length of the pocket assembly. Each disc is provided
with 12 apertures 835 about the periphery thereof, each
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aperture containing a pin 836 which normally projects
outwardly on the right side of the disc, as shown in the
drawing. Cooperating with each disc is a corresponding
plunger 837, which is driven by a respective solenoid 838.
The 10 solenoids 838 are connected to the output ter-
minals of the respective amplificrs 829, 830, etc., which
receive the corresponding Dec0~Dec9 input signals,
Upon the occurrence of a signal at the output terminal
of any one of amplifiers 829, 830, etc., the corresponding
solenoid 838 is energized, thereby driving its plunger 837
to the left, which moves the pin 836 opposite thereto to-
ward the left through its disc support, so that it projects
outwardly on the left-hand side of the disc.

As the discs 834 rotate, the pins projecting outwardly
on the left-hand side thereof, engage and close correspond-
ing contacts 839. The closure of contacts 839 provides
current to energize a corresponding one of solenoids 840,
841, etc., which lifts the deflector for the respective Zero-
Nine pockets. For example, energizing solenoid 843
causes the deflector 842 to be lifted at the proper time to
admit the check having the numeral 0 in the selected field
position into the Zero pocket. Means is provided to reset
each pin 836 after it passes the corresponding contacts
839,

If the numeral 9 occurs in the selected field position of
one check and the numeral 0 in this field position of the
immediately following check, the first check must travel
the entire length of the pocket assembly before it is de-
posited in pocket Nine, whereas the immediately follow-
ing check must be deposited in the Zero pocket. Thus,
this second check must be deposited in its pocket before
the first check arrives at deflector 844. Therefore, the
contacts 839, adjacent the timer discs which correspond
respectively to pockets 0-9, are spaced at progressively
greater angles about the periphery of the discs from the
corresponding plunger 837. The angular spacing between
the plunger 837 and the contacts 839 about the periphery
of a disc provides that a pin 836 is moved to the left by
the plunger when the pocket decision for a document is
generated, and closes the contacts as the document arrives
at the corresponding deflector.

The Sorter and Character Reader of FIG. 42, therefore,
transport documents individually from a stack, auto-
matically read a line of information thereon, transmit sig-
nals providing this information to the Central Processor,
receive signals denoting the pockets of the Sorter, and in
accordance with these signals enter the documents into
corresponding pockets,

Sorter Control Unit

The Sorter Control Unit controls the reading of in-
formation on documents by the Sorter and Character
Reader and transmits this information to the Central
Processor. The Central Processor then determines from
this information the particular Sorter pockets to which
the documents are to be directed and notifies the Sorter
Control Unit, which, in turn, directs the transfer of these
documents into the corresponding Sorter pockets. The
Sorter Control Unit receives the information digit-by-
digit as it is read from a document by the Character
Reader, encodes the digits of information into Central
Processor code, and delivers the digits to the Read Buffer.
Subsequently, the Sorter Control Unit receives a digit
for each document from the Central Processor, the digit
corresponding to the pocket into which the document is
to be sorted; decodes this digit; and transmits a signal to
actuate the corresponding Sorter pocket in order that the
document may be entered therein.

FIGURE 43 illustrates symbolically the elements of the
Sorter Control Unit which store data, the elements which
encode and decode data, the paths of data transfer be-
tween these elements, and certain control elements. The
details of the circuit structure of the Sorter Control Unit
are provided by FIGS. 184 and 185, which illustrate the
flip-flop input logical schematic diagrams; FIG. 186,
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which illustrates the one-shot input logical schematic
diagrams; and FIG. 187, which illustrates designated
logical combination signal diagrams and inverter signal
diagrams.

As each digit on a document is read by the Character
Reader, the Sorter Contro! Unit receives a corresponding
signal on a respective one of 14 lines, these signals being
designated Cd0-9, if a numeral has been read, and Cu1-4,
if a cue character has been read. Additionally, the
Sorter Control Unit receives the Cer signal on a separate
line, if an error has been detected by the Character
Reader.

Thus, each character read by the Character Reader is
designated by only a single signal on a corresponding lead.
These single signals, which represent digits or cue charac-
ters, must be converted into a four bit code useful by
the Central Processor. Therefore, each of the signals
Cd0-9, Cul—4 and Cer is encoded into a four bit digit
which comprises a code complementary to that normally
employed by the Central Processor. This complementary
code is illustrated in the following table “Sorter Control
Unit Digits,” wherein it may be seen that the four bit
Sorter Control Unit complementary code for each charac-
ter is an inverted binary form from the corresponding
digits in Central Processor code.

SORTER CONTROL UNIT DIGITS

Character 8.C.U, comple- Cent, proe.
mentary code code
0 1111 0000
1 1110 0001
2 1101 0010
3 1100 0011
4 1011 0100
5 0111 1000
6 0110 1001
7 0101 1010
8 100 1011
9 0011 1100
Cul 0010 1101
Cu2 1010 0101
Cu3 0001 1110
Cud 1001 0110
Error 1000 0111
Forbidden 0000 m1

The four bits of the complementary code are trans-
mitted from Sorter Control Unit to Central Processor
as the respective output signals Crd4, Crd3, Crd2, and
Crdl. This complementary code enables the ready detec-
tion of a reading failure. For example, if no character
is read or if a failure occurs in the Character Reader, all
lines from Character Reader to the Sorter Control Unit
will have no signal thereon. Therefore, all four bits
transmitted to the Central Processor will be 0, and this
0000 code will be converted by the Read Buffer to the
forbidden 1111 code. Therefore, the Central Processor
does not interpret the failure of the Character Reader
to provide a character signal to the Sorter Control Unit
as a 0 numeral, but, instead, will respond to the forbid-
den digit combination which is transmitted thereto.

Digit encoder 850 of the Sorter Control Unit provides
the logical circuits for receiving any one of the numeral
signals Cd0~Cd9 and for encoding this signal into the
corresponding four bit complementary Sorter Control
Unit code, in accordance with the preceding table. Digit
encoder 850 is illustrated in FIG. 187 by the four logical
schematic diagrams which generate the four signals,
Cod4, Cod3, Cod2, and Codl, If a numeral has been
properly read by the Character Reader, the Err error
signal (FIG. 187) is absent, and the corresponding sig-
nals Cod4-Codl are transmitted directly through OR-
gate 851 and AND-gates 852, 853, and 854 as the Sorter
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Control Unit output signals Crd4, Crd3, Crd2, and Crd1.
If a cue character is read by the Character Reader, the
corresponding signal Cul-Cu4 is encoded through OR-
gates 851, 855, 856 into the complementary four bit
code and delivered as corresponding Crd4-1 output sig-
nals. If an error is detected by the Character Reader,
the Err signal causes the transmittal of the binary com-
bination 1000 by the Sorter Control Unit.

The characters in the line of data read from a docu-
ment are transmitted in the complementary code of the
Sorter Control Unit to the Read Buffer, where they are
converted to Central Processor code and stored in the
Memory. (See the section “Read Buffer Data Transfer
for Document Reading.”) The Central Processor there-
upon analyzes the data provided by the document, in
accordance with a prearranged program, and in response
to this data provides output signals representing the
Sorter pocket into which the document is to be inserted.
The four logical combination signals Ps(f}) issue from
the Central Processor in response to the bits in the Al
flip-flops of the A-register. The signals Ps4-Psl repre-
sent four bits, each being the inverted binary form of the
corresponding bit in Al. Therefore, the Ps4-Ps1 signals
represent in the complementary code of the Sorter Con-
trol Unit the pocket into which the document is to be
sorted. (See the description of Instruction 57.)

The Ps4-Psl signals are applied to the O-input logic
terminals of the respective Soud4-Soul flip-flops of the
Sorter Control Unit output register. The Sou(i) flip-
flops are thereby transferred to the same bit configura-
tion as that originally provided by the Al flip-flops. The
Sou-register 858 is illustrated in FIG. 184.

Digit decoder 859 responds to the output signals de-
livered by the Sou-register and the Yro one-shot, to pro-
vide a significant output signal Dec—ss and Dec0-Dec9
on only one of the respective Sorter Control Unit output
lines to the Sorter. The signal on each of these output
lines represents a binary 1, except on that line which
commands a pocket decision. For example, if the Sou-
register is in the 0001 state, a significant output signal,
representing a binary 0, is available on only the Decl line.
If no pocket designation has arrived at the Sou-register
when the read out signal Yro transfers to the 0-state, no
pocket decision line is actuated; instead, the Npd signal

5 is transmitted to the Central Processor to set the Anpd

sub-alarm flip-flop. Digit decoder 859 is illustrated in
FIG. 187 by the logical schematic diagrams which gen-
erate the output signals Dec—ss, Dec0-Dec9, and Npd.

The output lines from digit decoder 859 are connected
to the input terminals of respective emitter followers 860,
861, 862, etc. The output terminals of these emitter
followers are connected to respective amplifiers 828, 829,
830, etc., in the Sorter (FIG, 42).

The significant output signal delivered by digit decoder
859 is a binary 0 on one of the lines therefrom. When
this binary O issues on a pocket decision line; i.e., the
Dec-ss and Dec0-Dec9 lines, it is transmitted through
the corresponding emitter follower to a corresponding
Sorter amplifier 828, 829, 830, etc, FIGURE 44 illus-
trates the typical connection of one of the Sorter Control
Unit emitter followers 861 to the corresponding Sorter
amplifier 829 of the Sorter of FIG. 42. Normally, the
input signal to emitter follower 861 represents a binary
1, and the conducting transistor 871 thereof couples the
-6 v. input signal to the base electrode of transistor 872
of amplifier 829. Transistor 872 is thereupon back-
biased and no collector current is drawn thereby. How-
ever, when the Dec0 signal issues by transferring to the
O-state, the output voltage delivered by the emitter fol-
lower 861 transfers to approximately the 0 v. level and
transistor 872 conducts current through the correspond-
ing Sorter solenoid 843. Solenoid 843 thereupon sets
the adjacent pin 836 of the respective timer disc, and
the corresponding document will enter the Zero pocket
when it arrives at deflector 842.
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Other Sorter Control Unit flip-flops are employed pri-
matily to perform control functions, The Ckp flip-flop
(FIG. 185) indicates the presence of the field of a docu
ment under the transducer 820 of the Sorter and Charac-
ter Reader. The Cof flip-flop (FIG. 185) directs the
feeding of documents by the Sorter. The Dcc flip-flop
(FIG. 185) indicates the arrival of a character signal
from the Character Reader.

The Yck one-shot (FIG. 186) is triggered when the
Csy1 signal arrives from the Sorter Control Unit to indi-
cate the presence of the reference edge of the document.
This one-shot remains in its unstable state for a duration
sufficient to enable the triggering of the Ckp flip-flop and
the Yor oneshot. The Ycp one-shot (FIG. 186) is
triggered and remains in its unstable state when a char-
acter is being read from the document. The Yor one-
shot (FIG. 186) controls the pericd when the Sou-reg-
ister may receive new data. The Yro one-shot (FIG.
186) enables the read out of the contents of the Sou-
register to the Sorter.

CLOCE CIRCUIT, SORTER CONTROL UNIT

The clock circuit of the Sorter Control Unit, also shown
in FIG. 43, provides clock pulse signals for application
to flip-flops to control the entry of data into the flip-flops.
This clock circuit also provides clock pulses to control the
triggering of one-shots. The clock pulse drivers of the
Sorter Control Unit provide continuous clock pulses at the
250 k. rate.

The Sorter Control Unit clock circuit comprises a con-
tinuous clock pulse generator 866, operating at the 250 ke.
rate, and illustrated in FIG. 2. The clock pulses pro-
vided by clock pulse generator 866 are applied to continu-
ousaclock pulse drivers Csel and Csc2.

INSTRUCTIONS

The Central Processor responds to 52 different com-
mands to execute 52 fundamentally different operations,
These operations may be executed solely within the Cen-
tral Processor, by the Central Processor in cooperation
with the Memory, or by the Central Processor in coopera-
tion with one or more of the peripheral equipments.
Each operation is initiated by the command number, when
it is stored in the C-register, and consists of a sequence
of steps controlled and directed by the Clock Circuit and
the C-register contents. Each operation is identified by
the instruction word for which it is initiated. Tor exani-
ple, the operation executed when the contents of the C-
register are 27, is identified as “Instruction 27.” In addi-
tion to the command number, each instruction word con-
tains an address portion, which is either the Memory loca-
tion of the operand or a control function for comple-
menting the Clock Circuit and the C-register contents in
directing execution of this command.

Forty-nine of the commands may be executed as indi-
vidual instructions in the program. In addition to being
programmable, two of these 49 commands (commands 25
and 26) are initiated by the Central Processor to follow
certain arithmetic operations for correcting the mod-bits
of a word. Commands 51, 55 and 56 are initiated and
executed independently by the Central Processor when
it performs certain other programmed commands. Com-
mands 51, 55 and 56 cannot be programmed, but are exe-
cuted during Read-Interrupt or Write-Interrupt opera-
tions.

In the description to follow, the sequence of execution
of each command is described in detail. The detajled de-
scription is accompanied by a timing diagram to aid in
visualizing the steps in the operational sequence. The
commands 51, 55 and 56 are described in the Multiplex
Buffer Operations section. The descriptions of the 52 dif-
ferent commands and the descriptions of the Wired Sub-
routines comprise a substantially complete functional de-
scription of the Central Processor operation and its con-
trol of and operation with the Memory and peripheral
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equipments, The order of presentation of the command
descriptions has been chosen to provide an orderly and
progressive picture of the Central Processor operaticn.
Certain other operations not executed in the normal course
of data processing, such as halts, starts, single-cycles, etc.,
complete the functional description of the Central Proc-
£ssor.
Initial Routine During Instruction

During the first eight clock periods of an instruction
(the Ta-cycle) certain signals (FIG. 237) normally oc-
cur. These normal signals effect the transfer of a new
instruction to the I-register, the mod-checking of this in-
struction, the addition of 1 to the next-instruction address
in the A-register, the transfer of this modified address to
the N-register, and the transfer of an operand from the
memory location designated by the new instruction to the
M-register. 'The sequence of occurrence of the normal
signals in this initial routine is given by the timing dia-
gram of FIG. 237.

MEMORY CYCLE

Prior to the occurrence of f1 a memory cycle-A has oc-
curred and the new instruction is available in the M-
register. Memeory cycle-A is initiated by the signal Mca,

§ which occurs at ¢5 of every Ta-cycle, except for Instruc-

tions 90, 94 and 97, and in the fifth clock period of every
Tb-cycle; except during a B-subroutine. The purpose of
the memory cycle-A is to transfer data from Memory to
the M-register. The M-register flip-flops are set shortly
after, or near the end of the sixth clock pericd of the T-
cycle in which Mea occurs; therefore, by the eighth clock
period of that T-cycle, the word from Memory is avail-
able in the M-register.

Memory cycle-B is initiated by the signal Mcbh, which
occurs at every f1. Mcb also occurs in the first clock
period of every Th-cycle, except for Instructions 90-94
and 97. During memory cycle-B, the word which was
transferred from Memory to the M-register during mem-
ory cycle-A is restored to Memory, or a new word is
stored in Memory. By the fourth clock period of the
T-cycle in which Mch occurs, the storing or restoring
process is complete.

DETAILS OF INITIAL ROUTINE

At 11, three signals occur; namely, Mch, XMJ and
Cau. XMJ functions to transfer the new instruction from
the M-register to the J-register. XM]J always occurs at
t1, uniess Jr=1, wherein the Memory is accepting data
from the Read Buffer or Character Reader. XMJ is in-
hibited by Ir to prevent the old word in the memory lo-
cation in which a new data word is to be inserted during
a Read-Interrupt operation from giving a faulty modulo
check and halting the Central Processor. (See Read-
Interrupt Operation.) XMJ effects a parallel shift of
data from the M-register to the J-register. At r2 the
new instruction is in the J-register. Mch occurs uncon-
ditionally at f1 and initiates the restoration of the new
instruction to its original location in Memory. Cau
causes 1 to be added to the instruction address in the
A-register, unless Hs1=1, which occurs when the Cen-
tral Processor is preparing to halt, but is waiting for com-
pletion of a Read or Write operation of the type initiated
by Instructions 65, 66 or 68. At 12 the address present
in the A-register has been increased by I and will be used
to locate the next instruction in Memory.

Three signals occur at #2; namely, XJI, XAN and SI.
XJT causes the transfer of the new instruction from the
J-register to the I-register by a paralle! shift. At 3 the
new instruction is present in the I-register. XJI always
occurs at 12 if a Read-Interrupt or Write-Interrupt opera-
tion is not occurring (ie., TF T Jm20), if the “Load
Memory” switch on the Control Console is off, and if
the Central Processor is not preparing to halt. XAN
serves to transfer the address of the instruction, which
has been increased by 1, by parallel shift to the N-reg-
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ister. XAN always occurs at £2, unless a Re-cycle order
is received from the Control Console, unless Jr Jw Jm20
does not exist, or unless the last instruction was improper
(Ai=1). At 3 this next-instruction address has been
stored in the N-register. SJ effects a ring shift-down of
the J-register contents in order to mod-check the contents
thereof, in this instance, to mod-check the new instruc-
tion. SJ occurs during the Ta-cycle, except during the
presence of XMJ or XZJ, and if the Central Processor
is not preparing to halt (i.e., if Hi1+Hi2). Therefore,
SJ is present from 26, and the first shift of the J-reg-
ister contents has taken place at £3.

At #5, Mca occurs. This signal prepares to obtain an
operand from the memory location addressed by the new
instruction, or prepares to clear the address location for
receipt of a new word. Mca occurs at ¢5, except during
conditions previously described.

At 17, the only signal which occurs is XZJ. This signal
transfers O's by parallel shift to J2-J7 and shifts the con-
tents of J2 to J1. At (7, the MSD of the instruction is
present in J2, whereupon at ¢8 this digit appears in J1.
XZJ always occurs at 77 for Instructions 42, 43 and 74.
If 37 BB, XZJ occurs for the remaining instructions, ex-
cept for Instructions 24, 50, 54, 60, 64, 70, 80, 90, 94 and
97. The purpose of XZJ is to clear most of the J-register,
since only the 1-output terminals of the M-register flip-
flops M2-M7 are coupled to the corresponding J-register
flip-flops. However, the 1-output terminals of Ml and
their inverted equivalents are coupled to J1, because time
is not available to clear J1. It is necessary that the MSD
of the new instruction be present in J1 at 18 to complete
the mod-checking, and, therefore, XZJ effects the trans-
fer of this digit to J1.

The following table illustrates the arrangement of data
in the J-register during this Initial Routine. The nota-
tion I-% is an instruction digit. The notation O-k is an
operand digit.
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(Jmg2, Jmgl) is set equal to —1. As a result of this
initial setting of the J-Mod-generator, its contents should
be O at the end of the mod-checking interval if the new
instruction is correct. The above table illustrates how
the contents of the J-Mod-generator are altered by the
digits of the new instruction as they are successively
shifted into J1, starting at 3. At 3 the contents of the
J-Mod-generator are increased by the modulo-3 of ths
LSD of the new instruction, the LSD having been stored
in J1 at £2. Since the MSD of the new instruction en-
ters J1 at ¢8, the J-Mod-generator reflects the modulo-3
of the entire new instruction at 9. Therefore, at 19 a
signal *Amm is generated if the J-Mod-generator con-
tents are not 0. This signal sets the Amm flip-flop at
¢10, an alarm which indicates that the modulo-3 of this
new instruction was erroneous.

Instruction 21: Exchange R and M (XRM)

This instruction (FIG. 188) effects the exchange of the
entire contents (except mod-bits) of the R-register with
those of a specified memory location. The address of the
operand from Memory is specified in the address portion
of the instruction.

The operand address is: 0000-3999 Memory.

The Initial Routine is unaltered.

At 19 the operand is in the J-register. At this time the
Memory receives two control signals; namely, Mw? and
Mch. Mwt, “Memory Write,” issues nnconditionally and
gates the entry of new information into the M-register.
The command 21 (T53) directs the parallel shift of the
conients of R1-R6, Rs and Rd to M. During this shift
to M, logic circuits generate new mod-bits for the condi-
tion digit, so that the sum of all seven digits of the word
stored in M has a modulo-3 of 41. Mwr controls the
generation of a Write pulse in the Memory. The Write
pulse, in turn, gates new information into the M-register,
whereas C58 provides this new information from R.

Shift
J7 J6 J5 J4 J3 J2 Jt signals Jmg contents
I3 0 0 0 0 0 0 0 XMJ
2 -7 6 -5 I-4 13 I2 I+ -1
3 1 -7 16 15 I4 I3 L2 —14+Mod I-1
14 -2 1 -7 I6 5 I-4 I-3:8J —1+4+Mod 1-1, I-2
t5 -3 12 -1 -7 16 I-5 I+4 —1+Mod I-1,2,3
6 4 -3 I-2 I-1 -7 I-6 1I-5 —14+Mod I-1 to 4
17 I-5 14 -3 2 11 ¥7 I-6 X7) ~14-Mod I-1 to &
XMJ 8 0 ] 0 0 ] 0 I-7 XMJ —1+4-Mod I-1 to B
0-7 06 0-5 0-4 0-3 0-2 O-1 —14+Mod I-1t0 7

At 18 the signal XMJ occurs. This signal effects the
transfer of the operand to the J-register. XMIJ occurs at

(8 under the same conditions that XZJ occurred at 7. ;

Therefore, at £9, the operand is present in the J-register.
MODULO-3 CHECK

As part of the initial routine, the modulo of the new
instruction is checked. Every word stored in Memory

Mcb then cycles the data in the M-register into the loca-
tion in Memory designated in the instruction.
Four signals effect the shifting of J into R and com-
mence at 9. These signals are SJ, SR, SR76 and SJRm.
The signal ST issues unconditionally from ¢9-f14 and
is then inhibited by XZ). 8J ring shifts-down the operand
for mod-checking and for transfer to the R-register.

gy Table A illustrates the shifting of data in the J-register
has modulo-3 of --1. At 2 the I-Mod-generator during 19-116.
TABLE A

Jmg2,1

J7 J6 J5 J& J3 J2 N Jmg2, 1{numeric) (algha-

nameric)
t9 0-7 06 0-5 04 03 02 O-1 00 00
110 0-1 0-7 08 0-5 0-4 0-3 0-2 Mod O-1 n
41 0-2 0-1 -7 0-6 0-5 04 O-3 11
12 0-3 0-2 0-1 O-7 06 0-5 0O-4 Mod O-1t03 11
113 0-4 0-3 02 0O-1 0-7 06 O-5 11
t14 0-5 04 0-3 0-2 O-1 0-7 0-6 Mod O-1to5 11
115 0-6 0-5 O-4 0-3 0-2 O-1 0-7 Mod (numeric part) 11
{16 0 0 0 (] 0 0 O-1 0,1,if correct 11
17 0 0 0 0 0 ¢ 0 00 «—Reset— 00
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XZJ which issues at 115 clears the entire J-register
except for J1. XZJ which issues at 116 not only main-
tains J2~J7 cleared, but shifts a 0 digit from J2 to J1.
The Jmg2, 1 contents are equal to 0, 0 at 19, provided the
previous instruction gave a correct mod-check. If the
operand is not alphanumeric Img2, 1 commences ac-
cumulating the modulo-3 of the operand at ¢10. By 715,
Jmg2, 1 represents the modulo-3 of the numeric portion
of the operand. By 716, Jmg2, 1 should be 0, 1, if the
modulo-3 of the operand was correct. If not correct
(i. e, if Jmgl) *Amm is generated at 16, and at ¢17
Amm is set to 1 to indicate an alarm. If the operand is
alphanumeric at 19, Jmg2, 1 sense the bits stored in Jm?2, 1
and are set to 1, 1 at r10. With the Jmg2, 1 inthe 1, 1
state, they are disabled from responding to the signals
provided by Imgu, Imgd and thus remain at 1, 1 through
t16. The alarm Armm is not set since Jmgl=1.

At 117 Img2, 1 are reset to 0, 0.

The signals SR and SR76 issue unconditionally during
the first Th-cycle, if Th=1 (i.e., from 9—¢15). Thus,
SR and SR76 are present for seven successive clock
periods and allow the R-register to complete seven full
shifts, SR shifts-down the data from R6. SR76 shifts
the contents of R7 to R6.

SIRm issues unconditionally from 19-¢14, being in-
hibited by T67 and serially shifts the contents of J1 to R7.
However, SYR:z issues at #15 only under the conditions
indicated below. Thus, from 110714 the operand is trans-
ferred from the J-register to the R-register. The original
contents of the R-register are destroyed during this shift-
ing process, although they previously have been trans-
ferred to Memory by the Mws signal. Table B illustrates
the shifting of data into the R-register.

TABLE B
R? R6 RS R4 R3 R2 Rl
(6 | 87 §6 86 9S4 S4 52 S
110 | O-t S7 S-6 85 S-4 S§3 S-2
1 | 02 O-1 $7 S8 S5 S-4 83 SR SIRm
02 | 03 02 01 87 86 85 S SR76
13 | 04 03 02 O-1 §7 86 S-5
4 | 05 O-4 0-3 0-2 O-1 87 S§-6
i15 | 06 0-5 O-4 0-3 0-2 0-1 87 p—————-
STEm it T11J12
SImgR if (124311
116 X 06 05 04 03 02 o ——0 RO

Nork,—X=0-d, 0-3, mod-bits of numerie portion or 1, 1,

The notation S—% is a digit of the original word stored
in the R-register,

At t15, the contents of J11 and J12 are sampled for a
decision, At this time, the condition digit of the operand
is in J1. If the operand is alphanumeric, SIRm issues
during 715 and shifts the entire condition digit to R7, but
if either J11 or J12 is 0, the operand is not alphanumeric,
and the signal SImgR issues at #15. This signal SImgR
shifts the conténts of Img2, 1, which at this time repre-
sents the madulo-3 of the numeric portion of the operand,
to Rm2, 1. The following summary illustrates the shift
of the condition digit to R7 under control of either SIrm
or SImgR:

SIRm SImgR
J14—Rd J14—Rd
J13—Rs J13—Rs
J12—-Rm2 Jmg2—Rm2
J11—Rml Imgl—Rm}
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Thus, at 16 the operand is stored in the R-register. If
the operand is alphanumeric, the mod-bits continue as
1, 1. However, if the operand is not alphanumeric, the
new mod-bits represent the actual modulo-3 of the nu-
meric portion of the operand.

At t12 the flip-flop Ti is set unconditionally. It is
turned off in the next clock period. Ti effects the is-
suance of the signal XNA, which provides a parallel shift
of the contents of the N-register to the A-register at 713.
Thus, at 714 the address of the next-instruction is present
in the A-register.

At r13, the signal Mca issues and directs the Memory
to obtain the next-instruction, whose address is now in
the A-register.

At ¢15, the signal XZJ issues, conditioned on Jr Bb.

At 16, the signal End occurs unconditionally, which
effects the issuance of the signal XZJ, conditioned on
J7 M3y, Time: 16 clock periods.

Instruction 70: Transfer R to M (TRM)

This instruction (FIG. 216) effects the transfer of the
entire contents (except mod-bits) of the R-register to
a specified Memory location,

The location address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 70.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ, at 8, ipasmuch as no operand
is received from Memory. Since XZJ does not occur at
17 and XMJ does not occur at 18, the signal SJ is not
inhibited at these two clock periods, and, therefore, con-
tinues through 8. .

Therefore, at 19, after SJ has occurred seven times, a
complete ring shift-down of the instruction in the J-reg-
ister has taken place.

At 19, the signal Mwz issues and initiates the gating
of data from the R-register to the M-register, as de-
scribed in Imstructicn 21. When this occurs, the object
of Instruction 70 has been completed. However, cer-
tain other non-essential actions take place as follows.

The signal SJ occurs from 79115 and effects another
ring shift-down of the instruction in the J-register, so
that at 16 the instruction again occupies its sequential
position in J. Thus, the instruction is mod-checked
once again. Since the contents of Jmg2, 1 were 0, 0
at 19, these contents will be 0, 1 at 716, so that *Amm
is suppressed (provided that the modulo-3 of the instruc-
tion was correct). The signals SR, SR76 and SRRm
occur from r9 through 115 and cause a complete ring
shift-down of the contents of the R-register. No essen-
tial function is accomplished by this acticn, but the Cen-
tral Processor logic is simplified by not inhibiting these
ring shifts.

The signal Erd occurs unconditionally at r16 and ef-
fects the issuance of the signal XZJ. Although the sig-
nal XMJ does not issue at ¢16, its issuance at the next
t] insures that the next-instruction will have a proper
Initial Routine. Time: 16 clock periods.

Instruction 75: Transfer M to R (TMR)

This instruction (FIG. 221) effects the transfer of the
contents of a memory location to the R-register,

The operand address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 75.

The Initial Routine is unaltered.

The sequence of signals during the Tb-cycle is the
same as that of Instruction 21, except that the signal
Mwt does not issue at 9, so that the contents of R are
not transferred to M.

Therefore, the sequence of Instruction 75 is the same

" as Instruction 21, except that the signal Mw¢ does not

75

occur.
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The signal End occurs unconditionally at 116, Time:
16 clock periods.

Instruction 85: Transfer M to FULL (TMF)

This instruction (FIG. 227) effects the transfer of the
contents of two successive Memory locations (a double-
precision word) to the L and R-registers (FULL). The
address of the most significant half (MSH) of the op-
erand is specified in the address portion of the instruc-
tion. The MSH of the operand is stored in the L-reg-
ister and the least significant half (LSH) of the operand
is stored in the R-register. The former contents of the
L and R-registers are destroyed.

The operand address specified in the instruction is:
0000-3998 Memory (MSH addressed).

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 85.

The Initial Routine is unaltered.

The address portion of the instruction is first increzsed
by 1, the LSH of the operand is received in J, and the
LSH is then transferred frem J to L. Next, the address
portion of the instruction is decreased by 1, the MSH
is received in J, and the MSH is then transferred from
J to L as the LSH is simultaneously being transferred
from L to R.

Since the MSH is originally addressed in the instruc-~
tion, but the LSH must be transferred through L to R,
the operand address must be increased by 1 before any
portion of the operand is obtained from Memory. There-
fore, at £3, the signal Cau issues, which causes the op-
erand address to be increased by 1 at 4. The operand
address becomes that of the LSH. At 79, the LSH por-
tion of the operand is present in the J-register. At this
time the signal Cad issues. Cad causes the operand
address to be reduced by 1 at #10. The operand ad-
dress now becomes the original address, that of the MSH.
At 117, the MSH portion of the operand is in J.

The signals SJ, STLm and SJLs issue for six clock periods
(19-114) and transfer the contents of the numeric portion
of the LSH in J to the L-register, SJLs transfers the
contents of J13 and J14 to L73 and L74 respectively.
SILm transfers the contents of J11 and J12 to L71 and
172 respectively. The signals SL and SL76 effect the
serial shift-down of the data entering the L-register. At
¢15, the most significant digit of the LSH is sampled in
J1; if the LSH is alphanumeric, the mod-bits are trans-
ferred directly to the L-register at 116 by SJLm, but if
LSH is numeric, SImgL transfers the contents of Jmg2, 1
to the L-register. This testing of the condition digit is
described in more detail in Instruction 21. SJLs also
issues at 115 to transfer the contents of J13 and J14 to
the L-register. (The contents of J1 are transferred to
L7 by the use of two shift signals, as contrasted to
the transfer of the contents of J1 to R7 by the use of
one shift signal; see Instruction 21.)

At t16, the entire LSH is in the L-register.

XZJ issues at 715 to clear the J-register from J2-J7.
XMJ issues at 16 to transfer the MSH to J.

The MSH of the operand is transferred from J to L
during 118—24 in the same manner as the LSH was
transferred to L during 710—16. Simultaneously with
the transfer of the MSH to L, the signals SLR7, SR76
and SR effect the transfer of the contents of L to R.
At t18, the LSD of the LSH is in R7, and the LSD of
the MSH is in L7. Six clock periods later (#24) the
entire MSH is in L and the entire LSH is in R. The J-
Mod-generator, Jmg2, 1, generates mod-bits for the nu-
meric portions of both the LSH and the MSH. Thus,
both words in FULL bear their own mod-bits.

The signals SLR7, SR76 and SR have no significance
from #9-115.
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The J-mod-check is similar to that of Instruction 21
during the first two T-cycles. At 19, the J-Mod-generator,
which had been set to 1, 0 at 11, is 0, O for a correct in-
struction. The J-Mod-generator then accumulates the
modulo-3 of the LSH. Therefore, at ¢16, the proper
contents in Jmg2, 1 are 0, 1. At each Tb8 the J-
Mod-generator is set to 0, 0 so that by 24 the modulo-3
of the MSH will again set the J-Mod-generator to 0, 1.

The signal End occurs unconditionally at 124, Time:
24 clock periods.

Instruction 80: Transfer FULL to M (TFM)

This instruction (FIG. 223) effects the transfer of the
entire contents (except mod-bits) of the L and R-regis-
ters (FULL) to two successive Memory locations.

The location address specified in the instruction is:
0000-3998 Memory.

The description of Instructions 70, 85 and 21, cou-
pled with the description to follow, is a complete de-
scription of Instruction 80.

The Initial Routine is altered by the deletion of the
signals XZJ and XMIJ at 8, inasmuch as no operand is
received from Memory. Since XZJ does not occur at £7,
and XMJ does not occur at 8, the signal SJ is not in-
hibited at these two clock periods, and, therefore, con-
tinues through (8.

The M, address portion of the instruction is first in-
creased by 1, the LSH contents of R are transferred
to M,+1, and the entire contents of FULL are ring
shifted-down. Next, the address portion of the instruc-
tion is decreased by 1, the MSH contents of R are trans-
ferred to M,, and FULL is again ring shifted-down.
Therefore, the original contents of FULL remain un-
altered at the end of the instruction.

Since the memory location of the MSH is provided in
the instruction, but the LSH, which is in R, must be
transferred to Memory first, the location address specified
in the instruction must first be increased by 1. This is
accomplished at t4, by the signal Cau. At 9, Mwt
occurs, and gates the LSH from R to M in the manner
described in Instruction 21. From ¢9—15, SL76, SL,
SLR7, SR76, SR and SRL7 occur, causing a ring shift-
down of the contents of FULL, so that by ¢16, the MSH
is in R and the LSH is in L.

At 17, Mwt occurs again, gating the MSH from R to
M. Once again, the contents of FULL are ring shifted-
down, so that by r24 the original contents of L and R
have been restored, with the MSH in L and the LSH
in R.

As in Instruction 70, the instruction is ring shifted-
down in J through the two Th-cycles in order to suppress
the issuance of the signal *Amun.

The signal End occurs unconditionally at £24. Time:
24 clock periods.

Instruction 94: Exchange R and B (XRB)

This instruction (FIG. 235) eflects the exchange of
the entire contents of the B-register with the contents of
the four least significant digit positions of the R-register.

The A-register contents have no significance.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 94.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at (8, and Mca at 15, inasmuch as
no operand is received from Memory. Since XZJ} does
not occur at 17 and XMJ does not occur at (8, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through 8. Therefore, at 19, after SJ has oc-
curred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at /3 and sets Tv at 14, Tv re-
mains set for seven clock periods (14-710) and is reset at
t11. Tv causes the issuance of the four shift signals
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which effect the exchange between the B and R-registers;
namely, SR, SR76, SRXB and SB. SR and SR76 issue
for the full seven clock periods of Tv. SRXB and SB
issue for the first four clock periods of Tv. The signal
SRXB gates digits from B1 to R7 and from R1 to B4.
SRXB and SB are generated by the logic (94) Tp Tv.
The exchange of data is shown in the following table.

R7 R6 RS R4 R3 R2 Rl B4 B3 B2 B1

i4 5-7 B6 86 84 83 82 51 Q4 Q-3 Q2 Q-1
5 Q-1 87 86 S5 S84 83 B2 81 Q4 Q3 Q2
[} Q-2 Q-1 87 846 85 S84 R-3 82 S Q4 Q-3
74 Q3 Q2 Q-1 §7 86 S5 B4 83 S2 51 Q4
8 Q4 Q3 Q-2 Q-1 87 §6 85 84 83 8§82 &1
& 85 Q4 @G-3 Q-2 Q-1 8-7 54

10 86 8-5 Q4 Q-3 Q-2 Q-1 87

21 5-7 86 86 Q4 Q-3 Q-2 Q1

At the end of the first four clock periods of Tv (i.e.,
at r8) the four least significant digits of R have been
transferred in sequential order to B, and the contents of
B have been transferred in sequential order to the four
most significant digit positions of R. From 78-710, the
logical gating signal SRRm issues, effecting the cyclic
shift of the contents of R. SRRm is generated by the
logic (94) Tp Tv. Therefore, at r11, the R-register
contains in its three most significant digit positions, the
original three digits located therein, and in its four least
significant digit positions, the original contents of the
B-register.

Since the numeric contents of the R-register have been
changed, the modulo-3 of the new numeric portion may
be different than that of the original numeric portion.

Therefore, new mod-bits must be generated for this new -

word in R prior to the issuance of the next instruction.
The signal *M3g occurs unconditionally at 715 and sets
M3g at r16. M3g alters the succeeding sequence. The
signal End occurs unconditionally at r16, but both XZJ
and *T1 are inhibited by M3g, and do not occur. There-
fore, the Ta-cycle is not entered at the next clock period,
but instead another Th-cycle is entered, due to the *Tb
and *Tb1 logic, which includes the term T8 M3g. (The
signal End prevents setting of Ty.) M3g sets the C-reg-
ister to 25 at ¢17. For the next eight clock periods the
Central Processor executes Instruction 25, “Mod-3 Gen-
eration on R.,” The signal M3g sets all four bits of C6
and the three most significant bits of C5. C51 remains
unchanged, and, therefore, remains in the O-state.

M3g is reset unconditionally at the next T58.

See Instruction 25 for details.

The instruction is once again mod-checked during the
Th-cycle to prevent the issuance of *Amm. Time: 24
clock periods.

Instruction 97: Exchange L and R (XLR)

This instruction (FIG. 236) effects the exchange of
the entire contents of the L-register with the entire con-
tents of the R-register.

The A-register contents have no significance.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 97.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at 8, and Mca at 15, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at 7 and XMJ does not occur at #8, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through 8. Therefore, at 9, after SJ has
occurred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at 3 and sets Tv at 74. Tv re-
mains set for seven clock periods (z4-¢10) and is reset at
t11. Tv causes the issuance of the six shift signals which,

b

1

30

40

Ll‘.
2t

50

60

85

70

75,

130

effect a ring shift-down of the L and R-register combina-
tion (FULL); namely SL76, SL, SLR7, SR76, SR and
SRL7. Therefore, at 11, the former contents of R are in
L and vice-versa.

The instruction is once again mod-checked during the
Tb-cycle to prevent the issuance of *Ammn.

The signal End occurs unconditionally at f16. Time:
16 clock periods.

Instruction 90: Shift R Right (N) (SHR)

This instruction (FIG. 231) causes the numeric con-
tents of the R-register to shift-down N digit positions,
and replaces the N most significant numeric positions of
R with Q's.

The A-register contents are: 0001-0006. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the contents of R must shift.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 90.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at 8, and Mca at 15, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at 17 and XM/J does not occur at 18, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through 8. Therefore, at (9, after SJ has oc-
curred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at ¢3 and sets Tv at 4. Tv re-
mains set for N clock periods, starting at and including #4.
Tv causes the issuance of the two shift signals SR and
SZR6, and the signal Cad. SR shifts-down the numeric
contents of R, and SZR6 inserts 0’s in R6. The signal
Cad reduces the numeric contents of Al by 1 in each
clock period. During the clock period when the contents
of Al become equal 1, *Tv issues and Tv is reset to 0 in
the next succeeding clock period. At the same time, the
numeric contents of Al have been reduced to 0. There-
fore, an SR and SZR6 signal issues in each clock period
when Tv is on and when the contents of Al are non-zero.
For example, if the A-register contents are initially 0004,
the shift signals will issue for four clock periods; so that
the two digits originally in the Sth and 6th digit positions
of R will terminate in the st and 2nd digit positions
respectively, and the 3rd-6th digit positions of R will
contain 0’s. The condition digit in R is not affected.
For example:

R (initial) =C123456 R (final)=C000012

The signals *W3 and *W2 also issue at ¢3 to set W3
and W2 to 1. Tt is necessary that these two flip-flops be
in the 1-state in order that Tv be reset when the Al con-
tents reach 1. The logic is *To=(90) W2 W3 A21 A14
AT3 A12. The W-counter performs no other function
during this instruction, and is reset in the clock period
next following ¢16.

If the initial contents of Al are 0, Tv is not set, since
*Tv is inhibited by the signal Itv. Itv is generated when
the contents of Al are 0, and no shift occurs.

Since the numeric contents of the R-register have been
changed when this instruction is completed, the modulo-3
of the final numeric portion may be different from that
of the initial numeric portion. Therefore, M3g is set at
116, the contents of the C-register are changed to 25 in
the next clock period, and for the next 8 clock periods the
Central Processor executes the “Mod-3 generation on R”
instruction. (See Instruction 25 for details.)

The instruction is again mod-checked during the Tb-
cycle to prevent the issuance of *Amm.

The signal End occurs unconditionally at £16. The sig«
nals XZJ and *T1 are inhibited by M3g, so that the next
T-cycle is a Th-cycle. Time: 24 clock periods.

Instruction 91: Ring Shift R (N) (RSR)
This instruction (FIG, 232) effects a ring shift-down.
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by N digit positions of the numeric contents of the R-
register.

The A-register contents are: 0001-0006. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the numeric contents of R must
ring shift.

The descriptions of Instructions 90 and 21, coupled with
the description to follow, is a complete description of
Instruction 91.

The primary difference between this instruction and
Instruction 90, is that the contents of R are ring shifted-
down N digit positions, instead of merely shifting-down.
Therefore, this instruction is not described in detail; in-
stead, the distinction between this instruction and Instruc-
tion 90 is described. Instead of the signal SZR6, which
shifts 0’s into R6 as the contents of R are shifted-down
in Instruction 90, the signal SR16 issues. The signal
SR16 transfers the contents of R1 to R6. Therefore, no
digits of the numeric contents of R are lost, but instead,
they are merely ring shifted-down N digit positions. At
the end of the requisite N shifts, all original digits re-
main in R.

As in Instruction 90, the only function of W3 and W2
is to permit the resetting of Tv when the contents of Al
have been reduced to 1.

The condition digit in R is not affected.

The signal End occurs unconditionally at £16.

Inasmuch as the original six numeric digits are still
present in R, the modulo-3 of the numeric contents of R
remain unchanged, so that M3g does issue at the end of
this instruction. (This is the only shift instruction not
followed by a Mod-3 generation instruction.) Time: 16
clock periods,

Instruction 92: Shift FULL Right (N) (SHF)

This instruction (FIG. 233) causes the numeric con-
tents of FULL (taken as a twelve-digit register) to shift-
down N digits, and replaces the N most significant nu-
meric positions of FULL with 0’s.

The A-register contents are: 0001-0012. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the contents of FULL must shift.

The descriptions of Instructions 90 and 21, coupled
with the description to follow, is a complete description
of Instruction 92.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at 8, and Mca at 15, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at t7 and XMJ does not occur at 8, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through ¢8. Therefore, at 19, after SJ has oc-
curred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at ¢3 and sets Tv at 14, Tv re-
mains set for N clock periods, starting at and including
t4. Tv causes the issuance of the four shift signals SZLS,
SL, SLR6, and SR and the signals Cad or Cwu. The last
three of the shift signals shift-down the numeric con-
tents of FULL, and SZL6 inserts O’s in L6. For example,
if N=10, FULL (initial)=C123456 C789064; FULL
(final) =C000000 CO000012. The signal Cad reduces
the numeric contents of Al (the address) by 1 in each
clock period. Cad exists only through t11, provided that
at Jeast 8 shift signals are denoted by N. If N equals
1-9, Al is reduced to 1, at the latest, by ¢12. This reduc-
tion of A to 1 causes the occurrence of *Tv, thereby
terminating these shift signals.

At 712, the signal XNA occurs and destroys the exist-
ing contents of A at 13, Therefore, any information
remaining in A is transferred to the W-counter at ¢13 and
the shift count is continued under the control of the W-
counter.

The W-counter can only count up, under the control
of Cwu. The signal Cwu is enabled by Tv(W2+W3).
Therefore, the complement of the information in A must
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be transferred to W at 713. Since the greatest value of
N is 12, the largest value in A at ¢12 is four, and only
A13, A12 and A1l will have significant data at t12. The
complement of this data is that which is to be transferred
to the W-counter. The simplest complement is one in
which each binary digit is inverted. For three binary
digits, such a complement is the 7's complement. Thus,
at ¢12, the 7’s complement of the count of A is trans-
ferred to W and sets the W-counter at #13. Until ¢13
the W-counter has the number 6 stored therein, and
thereby inhibits the counting signal Cwu. Therefore, at
113, the signal Cwu commences and W-counts up, as
may be seen in the analysis following. If the last shift
signal occurs when W reaches 5, N shift signals will have
issued. Therefore, W reaching 5 is equivalent to A
having been counted down to 1. Therefore, when either
W reaches 5§ or A reaches 1, *To issues and the last of
the N shift signals occurs.

If N is 9, or less, all shift signals are controlled by A,
and W never has any other state than 6. If N is 10, or
greater, W controls the issuance of 1-3 shift signals.

The functioning of the A and W-registers to provide
N shift signals is illustrated in the following tables A-E.

TABLE A
8hift
A Count W Te  signals
121 12 Cad [ 1 1
t1 5 Cad B 1 3
112 4 R 8 1 9
[3%] Next instr. Cwu 3 1 10
address
t14 . Cun 4 1 11
t15 Cuwu 5 1 12
t16 o 8 0 -

Ezplanation of table:
Cad requires Tv(Tp+Ta)—tast Cad at i11.
Cwu requires 'I‘a(fﬂ—}-m)-—does not operate if W=8,
Ty occurs if A=1 or W=b,

Bhift signals require Tp,

TABLE B
Bhift
A Count W Te signals
14 n Cad [} 1 1
ti1 4 Cod 8 1 3
t12 O 6 1 9
£13 Next inste, Cwu 4 1 10
address
114 N Cwu 5 1 11
L ] 0 .
TABLE C
Shify
A Count W Tv signals
4 10 Cad 8 1 1
ti1 3 Cd 6 1 8
812 2 e ] 3 9
413 Next inste, Cwu 5 1 10
address
14 v emaea 8 0 -
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TABLE D
Shift
A Count W Trv  signals
4 9 Cud 6 1 1
1 2 Cad @ 1 B
112 1 L] 1 14
13 Noxt instr. ———— 8 0 -
address
TABLE E
Bhift
A Count W To  signals
4 8 Cad 8 1 1
ti1 i Cad i 8
2z 0o ... 8 0 -

As in Instruction 90, the W-counter is set to the 6-state
at 14 to enable the issuance of *Tv if A reaches 1.

If the initial contents of Al are 0, Tv is not set since
*Tv is inhibited by the signal Itv, which is generated
when the contents of A1 are 0, and no shift occurs.

The instruction is again mod-checked during the Tb-
cycle to prevent the issuance of *Amm.

Since the numeric contents of both the L and R-regis-
ters have been changed, the modulo-3 of these new nu-
meric portions may be different from those of the original
numeric portions. Therefore, M3g is set at 116, the con-
tents of the C-register are changed to 26 in the next clock
period, and for 8 additional clock periods the Central
Processor executes the “Mod-3 generation on L and R”
instruction. (See Instruction 26 for details.)

The sign and designator bits of both the R and L-regis-
ter contents are unaffected by this instruction.

The signal End occurs unconditionally at 116, The sig-
nals XZJ and *T1 are inhibited by M3g so that the next
T-cycle is a Th-cycle. Time: 24 clock periods.

ANALYSIS OF JOINT USE OF A AND W TO
CONTROL SHIFT COUNT

As complementary data must be transferred from A to
W, the simplest such transfer is one where each binary
digit is merely inverted. Since only the three least signif-
icant digits of A contain data at 112, a 7's complement
shift is used to transfer this data to the three W flip-flops.

Let:

A, be the contents of A at 712,
W, be the contents of W at 113.

The contents of A are transferred to W as: Wy=7—4 o

Total shifts necessary: N.

Total shifts through £12=9=N—A4y+1, if N=9, or
greater,

Total shifts necessary following ¢12; Ay—1=6—W,,
If the last shift signal issues when W reaches 5, 6—W,
shift signals occur. Hence, if last shift occurs when W
reaches 5, the total shifts are N.

Check:

N—Ay+14+6—Wy=N—Ag+1+6—T4Ag=N
Therefore, W stops counting when it reaches 6. Hence,

W=6 is also a useful control to trigger *Tv prior to
713, if A reaches 1.

If Agis 1 at 712, N was 9, and 9 shift signals have is-
sued. W, is set to 6 and no further shift signals remain.

10

20

0w
(=0

30

40

50

55

80

65

70

-3
o

134

If Ag reaches 1 before r12, *Tv occurs, and no A to
W transfer takes place at 712.

Instruction 93: Ring Shift FULL (N) (RSF)

This instruction (FIG. 234) causes the numeric con-
tents of FULL (taken as a 12-digit register) to ring shift-
down N digits.

The A-register contents are: 0001-0012. The LSD, N,
of the A-register contents denotes the number of digit
positions through which the contents of FULL must ring
shift.

The descriptions of Instructions 92 and 21, coupled
with the description to follow, is a complete description
of Instruction 93.

The primary difference between this instruction and
Instruction 92, is that the numeric contents of FULL are
ring shifted-down N digits, instead of merely shifting-
down. Therefore, this instruction is not described in de-
tail; instead, only the distinction between this instruction
and Instruction 92 is described. Instead of the signal
SZL6, which shifts 0’s into L6, as the contents of FULL
are shifted-down in Instruction 92, the signal SRL6 issues.
The signal SRL6 transfers the contents of R1 to L6.
Therefore, no digits of the numeric contents of FULL are
lost, but instead, they are merely ring shifted-down by
N digit positions. At the end of the requisite N shifts, all
original digits remain in FULL. For example, if N=10,

FULL (initial)=C123456 C789064
FULL (final) =C345678 C906412

The functions of Cad, the W-register, and Cwu are the
same as in Instruction 92.

The sign and designator bits of both the R and L-regis-
ter contents are unaffected by this instruction.

The signal End occurs unconditionally at £16,

Since the numeric contents of both the L and R-registers
have been changed, the modulo-3 of these new numeric
portions may be different from those of the original nu-
meric portions. Therefore, M3g is set at 116, the contents
of the C-register are changed to 26 in the next clock
period, and for 8 additional clock periods the Central
Processor executes the “Mod-3 generation on L and R” in-
struction. (See Instruction 26 for details.) Time: 24
clock periods,

Instruction 25: Mod-3 Generation on R (GMR)

This instruction (FIG. 190) effects the generation of
the mod-bits for the numeric contents of R. The instruc-
tion is employed either as a “wired” instruction, which is
executed by the Central Processor without direction by
the program, following a programmed instruction which
may alter the modulo-3 of the R-register contents (for ex-
ample, Instruction 94); or as « “programmed” instruction.

The descriptions of Instructions 21 and 94, coupled with
the description to follow, is a complete description of
Instruction 25.

When Instruction 25 is employed as a wired instruc-
tion, it is entered at time 19, because of generation of
the signal M3g in the immediately preceding clock period,
which was the last clock period of a preceding instruc-
tion that may have changed the modulo-3 of the con-
tents of R. However, Ty is inhibited by the previous
signal End. When Instruction 25 is employed as a pro-
grammed instruction, it has an Initial Routine, as any
other conventional instruction.

When Instruction 25 is programmed, the Initial Rou-
tine is unaltered, the A-register contents have no sig-
nificance, and the cignal M3 issues at ¢9.

For both wired and programmed employment, the
actual mod-bit generation occurs following the issuance
of M3g and upon the setting of Th. For both types of
employment, 19-116 in the timing diagram are common.
The signals SR and SR76 issue unconditionally during
the presence of Th. SRRm also issues unconditionally

5 from 19-r14. SR76, SR and SRRm effect a ring shift~
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down of the contents of R, so that by r15 the condition
digit of these contents is in R1, and the six least sig-
nificant digits are in sequential order in the other six
digit positions of R.

M3g also directs the contents of Rl to the Arithmetic
Unit output decoding gates V(i), the output of these gates
being directed to the /-Mod-generator, Vmgl, 2. There-
fore, the V-Mod-generator accumulates the modulo-3 of
the contents of R as they are shifted. The signal M3g
enables Vmgl and Vmg2 to receive input signals for
the total duration of Th. At 19, *Vmgl, ¥Vmg2 are re-
sponsive to the LSD in R and, consequently, at t10,
Vmg2, 1 reflect the modulo-3 of this LSD. Therefore,
at r15, the V-Mod-generator has accumulated the
modulo-3 of the numeric portion of R. At 715, the old
mod-bits are in R1, which is now sampled. If the R
contents are numeric, SVmgR issues to direct the con-
tents of Vgm2, 1 to R72 and R71, while simultaneously
placing the contents of R14 and R13 in R74 and R73.
However, if the old mod-bits indicate an alphanumeric,
SRRm issues, and the entire contents of R1 are trans-
ferred to R7. This alternative generation of the condi-
tion digit occurs at #16, at which time the original six
least sigmificant digits of R have been returned to
R6-R1 and the new condition digit is in R7.

The signal XMJ occurs at 8 when Instruction 25 is
employed as a programmed instruction. This serves to
place a new operand, which is not used, in J. The signal
M3g directs the contents of L1 to the V-Mod-generator,
but this function is not used. Jmgl is set to 1 at 7116 by
the logic Th7 M3g. With Jmgl at 1 at this time, *Amm
will not occur. This is necessary, because the full
modulo-3 of a number in L is not necessarily +1, as is
that of an operand.

M3g is reset unconditionally at #16 (at the end of the
first T-cycle in which it exists).

End occurs unconditidnally at #16. Time: 16 clock
periods; if programmed employment. 8 clock periods; if
wired employment.

Instruction 26: Mod-3 Generation on L and R (GMF)

This instruction (FIG. 191) effects the generation of
the mod-bits for the numeric contents of both L and R.
The instruction is employed as either a “wired” instruc-
tion, which is executed by the Central Processor without
direction by the program, following a programmed in-
struction which may alter the modulo-3 of the contents
of one or both words in FULL (for example, Instruc-
tion 92); or as a “programmed” instruction.

The descriptions of Instructions 25, 92 and 21, cou-
pled with the description to follow, is a complete descrip-
tion of Instruction 26.

When Instruction 26 is emploved as a wired instruc-
tion, it is entered at time 19, because of generation of
signal M3g in the immediately preceding clock period,
which was the last clock period of a preceding instruc-
tion that may have changed the modulo-3 of the con-
tents of L or R, or -both. However, Ty is inhibited by
the previous signal End. When Instruction 26 is em-
ployed as a programmed instruction, it has an Initial
Routine, as any other conventional instruction.

When Instruction 26 is programmed, the Initial Rou-
tine is unaltered, the A-register contents have no sig-
nificance, and the signal M3g issues at ¢9.

For both wired and programmed employment, the
actual mod-bit generation occurs following the issuance
of M3g and upon the setting of Tbh. For both types of
employment, /9-116 in the timing diagram are common.
The mod-bits of L and R are generated simultaneously
during 19-¢16, by parallel operations. The mod-bits of
L are generated by the J-Mod-generator and those of R
by the V-Mod-generator.

SL76, SL, SLLs, SR76 and SR issue unconditionally
during the presence of To. SLL7 and SRRm also issue
unconditionally from /9-s14. SLL7, SL76 and SL effect
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a ring shift-down of the contents of L, so that by 715 the
condition digit of these contents is in L1, and the six
least significant digits are in sequential order in the other
six digit positions of L. SRRsm, SR76 and SR effect a
ring shift-down of the contents of R, so that by 115 the
condition digit of these contents is in R1, and the six
least significant digits are in sequential order in the other
six digit positions of R.

M3g directs the contents of L1 to Mj(i), which are
input gates to the J-Mod-generator. Similarly, the con-
tents of R1 are directed to the V-Mod-generator. The
mod-bits of the numeric contents of R are generated in
the same manner as in Instruction 25. At (9, Img2, 1
is set to 00, if the instruction is employed as a wired
instruction. On the other hand, if the instruction is a
programmed one, Jmg2, 1 reach 00 at 19 if the modulo-
3 of the insiruction is correct. Consequently, at 10,
Img2, 1 reflect the modulo-3 of the LSD in L. By 115,
the J-Mod-generator has accumulated the modulo-3 of
the numeric portion of L. At ¢15, the old mod-bits are
in L1, which is now sampled. If the L contents are nu-
meric, STmgl. issues to direct the contents of Jmg2, 1 to
L72 and L71. Simultaneously, SLLs places the con-
tents of L14 and L13 in L74 and L73. However, if the
old mod-bits indicate an alphanumeric, SLL7 issues, and
the entire contents of L1 are transferred to L7. This
alternative generation of the condition digit occurs at
#16, at which time the original six least significant digits
of L have been returned to L6-L1, and the new condi-
tion digit is in L7.

The signal XMJ occurs at /8 when Instruction 26 is
employed as a programmed instruction, This serves to
place a new operand, which is not used, in J. The sig-
nal M3g directs the contents of L1 to the V-Mod-gen-
erator, instead of this operand. JImgl is set to 1 at 716
by the logic T67 M3g. With Jmgl at 1 at this time,
*Amm will not occur. This is necessary, because the
full modulo-3 of a number in L is not necessarily 1,
as is that of an operand.

M3g is reset unconditionally at 16 (at the end of
the first T-cycle in which it exists).

End occurs uncenditionally at £16.
periods; if programmed employment.
if wired employment.

Instruction 53: Halt (HLT)

This instruction (FIG. 202) is a programmed halt,
which causes the Central Processor to halt at #3 follow-
ing the completion of this instruction.

The A-register contents have no significance.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 53,

The Inijtial Routine is unaltered.

The halt sequence is initiated by the issuance of *Hrl

at 3, and the Central Processor stops when both Hrl
and Hs2 are on.

*H1 issues unconditionally at £3. At ¢4, Hel is turned

off by the issuance of *Hil and Hs2 is turned on, pro-
viding certain conditions are met, Thus,

*HR=*TT1=Tp Hil Rcb Web Bb

If *Hr2 issues at t4, Hs2 stays on following the end of
this instruction. With H:2 on, *H¢1 will issue at £2 of the
next following instruction, and Hz1 comes on at 3. Since
H:2 is also on, the Central Processor ceases programmed
processing by inhibiting the output signals of clock driv-
ers CDA11, CDA13, CDA14 and 8J. These clock driv-
ers control the setting of the timing flip-flops, the mod-
bit check circuitry and the shifting of data in the J-regis-
ter. The Ta3 flip-flop is prevented from setting at this
next succeeding 12, but except for this flip-flop, the Cen-
tral Processor stops in the 3 mode; i.e.,

Time: 16 clock
8 clock periods;

Tp Tq Ts and Ta=1
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The signal End occurs at ¢8 of this instruction, but the
Central Processor continues through its halting process
as the next-instruction is received. Since Cau occurs at
t1, and XAN and XJI occur at 2, following End, when
the Central Processor finally halts, the new instruction
to be executed is in the I-register, and the address of the
next-instruction following this new instruction is stored
in the N-register. The signal XAAw issues at f1, fol-
lowing End, and transfers the address portion of the new
instruction to the Aw-register. Thus, when the Central
Processor stops, the new instruction is in both the J and
I-registers, the address portion of this new instruction
is in the Aw-register, and the address of the next-instruc-
tion is in the N-register. The instruction stored in Aw
is used for Zingle cycle operation. The clock driver
CDAI12 continues to function, so that clock pulses are
available to reset Hrl and Hs2, when the appropriate
logic is applied thereto, and to set Ta3 when Hz2 is re-
set to 0. When the Central Processor is restarted follow-
ing this instruction, it will start in the normal 73 mode
for the instruction in the instruction register.

The two signals *H71 and *Hr2 will not issue if a
tape is reading, a tape is writing, or a B-subroutine is
being performed. When the B-subroutine is completed,
*Hi1 and *He2 will issue at the following ¢4, and the
Central Processor will halt, as shown in the timing di-
agram. If either Reb or Web=1, Htl stays on. At
the next ¢1 the C-register contents are altered to 51, and
Tape Interrupt Sequence 51 occurs. When Reb or Web
or both are restored to 0, the halt sequence is completed.

Instruction 63: Jump Unconditionally (JUN)

This instruction (FIG. 210) is an unconditional Jump,
wherein the execution of instructions in sequential order
in Memory is interrupted and a new sequence of instruc-
tions commences from the memory location specified in
this instruction.

The location address specified in the instruction is:
0000-3999 Memory.

The description of Instruction 21, coupled with the
description to {ollow, is a complete description of In-
struction 63.

The Initial Routine is unaltered.

Both Ti and Jra issue unconditionally at 4. The sig-
nal Jna inhibits the issuance of the signal XNA, so that
the next sequential instruction location is not transferred
from N to A. Thus, when the next-instruction is brought
from Memory, its address is that specified in the address
portion of this Instruction 63. Subsequent instructions
are taken in sequential order from this new memory
location.

Ina is reset at 8 if Jr Jio Jm20.

The signal End occurs unconditionally at /8. Time: 8
clock periods.

Instruction 61: Jump Unconditionally,
Transfer N to B (JNB)

This instruction (FIG. 208) is an unconditional Jump,
wherein the execution of instructions in sequential order
in Memory is interrupted and a new sequence of in-
structions commences from the memory location speci-
fied in this instruction. In addition, the contents of the
N-register are placed in the B-register where they may
be reached later in the program.

The location address is: 0000-3999 Memory.

The description of Instruction 63, coupled with the
description to follow, is a complete description of In-
struction 61,

The Initial Routine is unaltered.

Both Ti and Jna issue unconditionally at ¢4. The
signal Jna inhibits the issuance of the signal XNA, so
that the next sequential instruction location is not trans-
ferred from N to A. Thus, when the next instruction
is brought from Memory, its address is that specified in
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the address portion of this Instruction 61. Subsequent
instructions are taken in sequential order from this new
memory location.

The shift signals SN, SNB and SB issue uncendition-
ally from r4—17 and transfer the contents of N to B.
These shift signals are controlled by the signal Jna.
Therefore, at 18, the address of the next-instruction in
the old sequence is stored in B.

The first instruction in the new sequence transfers to
T in the clock period following 8.

Ina is reset at 8 if Jr Jw Jm20.

The signal End occurs unconditionally at 8. Time:
8 clock periods.

Instruction 60: Branch if D1 (BD1)

This instruction (FIG. 207) is a Jump, conditioned on
the state of the D1 decision flip-flop.

The location of the branch address specified in the
instruction is: 0000-3999 Memory.

The description of Instruction 63, coupled with the
description to follow, is a complete description of In-
struction 60.

The Initial Routine is altered by the deletion of the
signal XZJ at 17 and XMJ at /8. Since XZJ does not
occur at 17, SJ is not then inhibited, and, therefore, con-
tinues through 17.

This instruction tests the condition of D1, D1 will
be set before this instruction commences if certain con-
ditions were met during a preceding comparison instruc-
tion; i.e., Instructions 71, 76, 81 or 86.

The actual Jump is accomplished by inhibiting the
N to A transfer, thereby leaving the A-register contents
unchenged at the time when the Memory is addressed
to obtain the next-instruction. If D1 has been on, this
N to A transfer is inhibited by the setting of Jna at ¢4,
which in turn inhibits the issuance of the signal XNA.
Inhibiting XNA prevents the execution of the instruc-
tion in the next sequential location in Memory; instead,
the next-instruction is obtained from the address in the
address portion of this Instruction 60, and subsequent
instructions will be taken sequentially from this new ad-
dress. If D1 has not been on, XNA occurs, and the
normal instruction sequence continues.

The same signal which caused Jna to set also causes
D1 to reset, if it has been on at the beginning of this
instruction; as follows:

*Ina=*D1=(60) Ta3 D1

The flip-flop Ti sets unconditionally at 74 and enables
the conditional issuance of XNA.,

Jna is reset at 78 if Jr Jiww Jm20.

The signal End occurs unconditionally at 18. Time:
8 clock periods.

HALT OPTION

1f the Control Console BRANCH HALT switch is
on at the beginning of this instruction, the signal Kbk
issues, and the Central Processor will hait at the next
3 following the end of this instruction. The halting
process is initiated by the setting of Htl; ie.,

*Htl=(60) Ta3 Kbh

The effect of the issuance of Hrl is to superpose Instruc-
tion 53 on Instruction 60, and the operations of both
instructions will be executed. The sequence of the Halt
operation which is superposed on Instruction 60, is de-
scribed in the preceding section for Instruction 53. As
in Instruction 53, the presence of a tape reading or writ-
ing or a B-subroutine takes precedence over the halting
process. If DI is on, XNA is inhibited, and the halt
occurs with the branch instruction address in the I-reg-
ister,
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Instruction 62: Branch if D2 (BD2)

This instruction (FIG. 209) is a Jump, conditioned
on the state of the D2 decision flip-flop.

The location of the branch address specified in the
instruction is: 0000-3999 Memory.

The description of Imstruction 60, coupled with the
description to follow, is a complete description of Instruc-
tion 62.

The Initial Routine is unaltered.

This instruction tests the condition of D2, D2 will
be set before this instruction commences if (a) an over-
flow on the addition to the B-register had occurred in
a preceding Instruction 27, or (b) during the preceding
instruction, the numeric contents of the word read from
Memory was incremented by 2 by the signal Am and
a carry to the 100 digit did not occur (the signal Atm
issues whenever the designator bit or the augmentor bit
of an instruction is equal to 1).

The actual Jump is accomplished by inhibiting the N
to A transfer, thereby leaving the A-register contents un-
changed at the time when the Memory is addressed to ob-
tain the next-instruction. If D2 has been on, this N to
A transfer is inhibited by the setting of Jna at 14, which
in turn inhibits the issuance of the signal XNA. Inhibit-
ing XNA prevents the execution of the instruction in
the next sequential location in Memory; instead, the next-
instruction is obtained from the address in the address
portion of this Instruction 62, and subsequent instruc-
tions will be taken sequentially from this new address.
If D2 has not been on, XNA occurs, and the normal
instruction sequence continues.

The same signal which caused Jra to set also causes
D2 to reset, if it has been on at the beginning of this
instruction; as follows:

*jna=*D2=(62) Ta3 D2

The flip-flop Ti sets unconditionally at ¢4 and enables
the conditional issnance of XNA.

Ina is reset at 18 if Jr Jw Jm20.

The signal End occurs unconditionally at r8. Time:
8 clock periods.

Instruction 64: Branch if D3 (BD3)

This instruction (FIG. 211) is a Jump, conditioned
on the state of the D3 decision flip-flop.

The location of the branch address specified in the in-
struction is: 0000-3999 Memory.

The description of Instruction 60, coupled with the
description to follow, is a complete description of In-
struction 64.

The Initial Routine is altered by the deletion of the
signal XZJ at 7 and XMTJ at r8. Since XZJ does not
occur at £7, ST is not then inhibited, and, therefore, con-
tinues through 7.

This instruction tests the condition of D3, D3 will
be set before this instruction commences if an affirma-
tive response has been received to the interrogation in a
preceding Instruction 54.

The actual Jump is accomplished by inhibiting the N
to A transfer, thereby leaving the A-register contents
unchanged at the time when the Memory is addressed
to obtain the next-instruction. If D3 has been onm, this
N to A transfer is inhibited by the setting of Jna at 14,
which in turn inhibits the issuance of XNA. Inhibit-
ing XNA prevents the execution of the instruction in the
next sequential location in Memory; instead, the next in-
struction is obtained from the address in the address
portion of this Instruction 64, and subsequent instruc-
tions will be taken sequentially from this new address.
If D3 has not been on, XNA occurs, and the normal
instruction sequence continues.

The same signal which causes Jna to set also causes
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D3 to reset, if it had been on at the beginning of this
instruction; as follows:

*Ina="*D3=(64) Ta3 D3

The flip-flop Ti sets unconditionally at r4, and enables
the conditional issuance of XNA.

Tna is reset at 18 if Jr Jiz Tm20.

The signal End occurs unconditionally at ¢8. Time:
8 clock periods.

Instruction 54: Does Condition X Exist? (DSW)

This instruction (FIG. 203) functions to interrogate
the system to determine whether a particular situation
exists. If the situation exists, the D3 flip-flop will be
set and remain set at the end of this instruction. A suc-
ceeding Instruction 64 may then be used to determine
the course of the Central Processor as a result of this
interrogation.

The A-register contents are: X. The contents X con-
stitute a control function to designate the particular in-
terrogation, or interrogations, to be performed by this
instruction.

The description of Inmstruction 21, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 54.

The Initial Routine is altered by the deletion of the
signal XZJ at (7 and XMJ at 8. Since XZJ does not
occur at 17, ST is not then inhibited, and, therefore, con-
tinues through 7.

The presence of a particular additional signal in the
system, when a given control function X is present, causes
the signal D3g to issue continuously. (Thus, whenever
the proper combination of flip-flops in A are set, and the
particular additional signal is present in the system, D3g
issues.) If D3g is present at ¢3, *D3 issues and sets D3
at 14. D3 remains set at the end of this instruction to in-
dicate an affirmative result to the interrogation.

The table below illustrates the various combinations of
logic which will produce the signal D3g for a particular
contro] function.

Logie X Interrogation
OpAB3A21 .. 0410 | Has there heen an overflow?
Ere A4l AZ1. 1014 | Is there a “‘read-tape” subalarm?
Ews A4l A24. 1051 | Is there a “write-tape” subalarm?
Kds1 A42 All 2001 | Is DECISION switch 1 on?
Kds2 A42 A12._ 2002 | Is DECISION switeh 2 on?
Kds3 Ad42 A14_ 2005 | 1s DECISION switeh 3 on?
Kded A42 A21______ 2010 | Is DECISION switch 4 on?
Kdss A4l A34______ 1500 | Is DECISION switch b on?
Kds6 A4l A22_ ... 1020 | Is DECISION switch & on?
Key A33 ANl ____ 0401 | Is Control Conscle KEY switch un-
locked?
Rs A34 A2L 0510 | Is sign of R negative?
Rd A34 A2 _| 0520 | Is designator bit of R=1?
Ld A34 A24__ _1 0550 | Is designator bit of L=17
Ls A34 Al4.. -1 0845 | Is sign of L nepative?
A23_ ... _] 0040 | Are the last two digits of B#=0?
Rml Rm2 Ad4___ -{ 8000 | Is R alphanumeric?
Reb Ad41 AlL.___. _| 1601 | Isa tape reading?
Web A41 A12__. .} 1002 | Is a tape writing?
Ruwd A4l Al -| 1005 | Is a tape rewinding?
Reb Web Al A 1200 | Isatape reading and a tape writing?
D¢ A33 A22 __.. cmmmeeee 0420 | Has an instruction Leen rejected?
R63(R624R61} A4l ALS o004 | Is the MSD of R non-numeric?
A Is the 1>-Buffer busy?
Is the Sorter on and feeding?
Has there been no poeket decision?

For example, if X is 0410, and the flip-flop Ov has been
set at the beginning of this instruction, D3g will be present
during this instruction, so long as Ov remains in the 1-
state.

During five of these interrogations, an interrogated flip-
flop is reset, if it has been set at the beginning of this in-
struction. Thus, Ov, Dt and Anpd are unconditionally
reset at 14, if they are interrogated by this instruction, and
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if they have been on. The flip-flops Ers and Ews are
reset in a slightly different manner. If Ers is interrogated,
the signal Ersd issues conditionally (if the Read Buffer
is not busy). This is indicated by:

Ersd=(54) A41 A21 A13 Ers Rcb Ta3

The signal Ersd resets Ers.

If Ews is interrogated, the signal Ewsd issues condition-
ally (if the Write Buffer is not busy). This is indicated
by:

Ewsd=(54) A41 A24 412 Ews Web Ta3

The signal Ewsd resets Ews,

More than one interrogation may be performed during
this instruction. This is accomplished by combining con-
trol functions. For example, to combine the interroga-
tions, “Has there been an overflow?”, or, “Is there a ‘read-
tape’ subalarm?”, the digital elements of the correspond-
ing control functions are combined. The resulting con-
trol function X for this joint interrogation is 1414. The
joint control function, therefore, must have a bit equal
to 1 for each bit which must be equal to 1 in each indi-
vidual interrogation. Other examples of joint interroga-
tions are “Is a tape-reading, writing or rewinding?”, for
which the control function is 1008; and “Is a tape reading,
or is there a read-tape subalarm?” for which the control
function is 1018,

One exception to the general method of interrogation
by this instruction is the interragation “Are the last two
digits of B+£07". The control function for this instruc-
tion sets D3 at ¢4, unconditionally. However, the logic
for D3 provides that it will be reset for this particular in-
terrogation if the Iast two digits of B are equal to 0, ie.,

*D3=(54) A23 (B2=0) (B1==0) Ti

Thus, if the last two digits of B are equal to 0, D3 will be
reset at 15, but if either of these last two digits is not equal
to 0, D3 will be on at the end of this instruction.

Ti issues unconditionally at 4 and causes the issuance
of XNA. XNA transmits the next-instruction address to
the A-register, in order that the next memory cycle-A will
make this next-instruction available in the M-register
at 18,

The signal End issues unconditionally at /8. Time:
8 clock periods.

Instruction 50: Change State of Sign or Designator of R,
or Change Jc (CHR)

This instruction (FIG. 200) sets a particular flip-flop
to a predetermined state, or changes the state of the flip~
flop. The instruction also causes the issuance of a sig-
nal to reset the Reb flip-flop.

The A-register contents are: XXXX. Any non-zero
digits of these contents constitute a control function to
alter the state of a designated fiip-flop.

The description of Instruction 21, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 50.

The Initial Routine is altered by the deletion of the
signal XZJI at /7 and XMJ at ¢8. Since XZJ does not
occur at £7, SJ is not then inhibited and, therefore, con-
tinues through ¢7.

Each digit in the control function affects the setting of
a particular flip-flop by controlling a set or reset signal
at Ta3. For example, if A12=1, the sign bit of the R-
register is changed to the l-state, if it is not already in
that state, by the issuance of *Rs at Ta3; i.e., *Rs=(50)
Ta3 Bb Tls A12. The following list illustrates the flip-
flops which are altered by the presence of the denoted
bit in the A-register:

All: *Fs A31: *c
Al2: *Rs A32: *T¢
A21: *Rd A41: Cfsd

A22: *Rd
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If both set and reset control functions are present for a
particular flip-flop, the flip-flop will be changed from the
state which it occupies to its other state. For example,
if A2=3, Rd will be transferred to its other state at Ta4.
Any one, or all, of the control function bits may be pres-
ent in a particular instruction word bearing the 50 com-
mand.

The presence of the digit A4l causes the issuance of
the signal Cfsd, which, in turn, causes the resetting of
the Read Busy flip-flop Reb. Cfsd is designated as the
“Reset, Read Busy” signal. The equation for the is-
suance of this signal is:

Cfsd=(50) Ta3 BD A41

The signal End occurs unconditionally at /8.
clock periods.

Instruction 76: Is R Greater Than M? (RGM)

This instruction (FIG. 222) effects a comparison be-
tween the contents of the R-register and a word in Mem-
ory to determine whether the contents of R are greater
than the word in Memory.

The operand address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 76.

The Initial Routine is unaltered.

At 19, the word in the specified memory lacation is in the
J-register, for comparison with the word in the R-register.

From #9-¢15, the shift signals SR, SR76 and SRRm
issue to effect a complete ring shift-down of the con-
tents of R. Simultaneously, the signal SJ issves from
19-114, and the signal XZJ issues at ¢15, to effect a shift-
down of all seven digits of J to the least significant digit

Time: 8

5 position J1.

The signal Cpg also issues unconditionally during
19-£15 to enable various logic inputs to D1 in order that
D1 may reflect the result of a “greater than” comparison.

If R is:

Greater than J—D1 turned on.
Equal to /—D1 unchanged.
Less than J—D1 turned off.

From 9-:15, the contents of R1 and J1 are fed into
the Rgm and IRem logic chain. Generally, the Rgm sig-
nal will equal 1 if the R1 digit is greater than the Ji
digit. The IRem signal will equal 1 if the R1 digit is
equal to the J1 digit, or if either R1 or J1 contains an
asterisk (*). From r9—14, the corresponding digits of
the numeric contents of R and J are compared by Rgm
and IRem, and the Rgm and TRem signals are employed
to control the state of the D1 flip-flop. During these six
clock periods, D1 sets or resets as follows:

(1) If R1>J1, *D1 issues.

(2) If R1</1, *D1 issues.

(3) If R1=J1, there is no change in D1I.

(4) If there is an asterisk in either R1 or J1, the equality
is indicated, and there is no change in D1. In this in-
stance, Iem=0 and inhibits any signal provided by
Rgm.

If, during the comparison of the contents of R1 and J1,
one or both of the digits is non-numeric, the numeric
equivalent of the non-numeric digit is employed in deter-
mining whether the digit content of R1 is greater than
that of J1.

In the comparison of non-numerics, a period compares
greater than any other digit, except the asterisk, to which
it is equal,

Thus, by ¢15, the numeric contents of R and J have
been compared, and if D1=1, |R{>|J|. If D1=0, after
comparing these numeric contents of R and J, either
[R|=|/| or |RI<|J]. At 15, the condition digits of R and
¥ are in R1 and J1 respectively, and several alternative
courses are available,
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When this instruction was initiated, the flip-flop Je
could have been in either one of its two states. Jc can
only be set, or reset, by Instruction 50. The state of Je¢
will influence the course of the comparison at 15,

‘I'ie resuli of the comparison at 15 is also determined
by the stale of the two flip-flops W1 and W2, During 9~
114, *W1{ issues so that W1 is set to 1 and stays set, if
iTtent occurred during this time.  Thus, at ¢15, if Wi=1,
the numeric contents of R and J were not alike, whereas
if W1=0, the numeric contents of R and J are equal.
During 9-£14, *W?2 issues, so that W2 is set to 1 and
stays set, if at any time R1 or J1 contained an asterisk.

At 15, if W2=1, the condition digits of R and J have
no influence on the final state of D1, and it remains in
the state that it was in at t15. Thus, if an asterisk were
present in the numeric portion of either R or J; if D1=1
at the end of this instruction, the absolute value of the
numeric portion of R is greater than the absolute value
of the numeric portion of J, whereas if D1=0, the ab-
solute value of the numeric portion of R is less than or
equal to that of J.

If W2=0 at r15, the state of Jc determines the influ-
ence of the condition digits of R and J on the compari-
son. If Je=1, the absolute values of the 4 position bit
and the 5 position bit of the condition digits of R and J
are compared at 15, and if the absolute value of the com-
bination of the 4 position bit and the 5 position bit of
the condition digit of R is greater than the corresponding
value of J, ¥*D1 will issue. Thus, with Je=1 and W2=0,
if DI=1 at the end of this instruction, |R!>]J|; where
the digits compared included the numeric portions and
the 4 position bit and 5 position bit of the condition
digits.

If Jc=0, and W2=0, the algebraic values of R and J
are compared. In this instance, at ¢15, only the sign bits
of the condition digits are sampled to determine the in-
puts to the D1 flip-flops. The following Table A illus-
trates the influence of the sign bits on changing the state
of D1 at t15. The body of the table illustrates the state
of D1 at 16, provided it had the indicated state at 715.
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have minus signs, the state of D1 at #15 may have to be
inverted to correctly represent the relationship between
R and J. If the signs are unlike, the state of D1 has to
reflect that R is greater than J, only if R has the positive
sign.

Had D1 been on at the beginning of the instruction,
and the portions of J and R compared equal, D1 would
have remained on.

W1 and W2 are reset to 0 in the clock period next fol-
lowing 16.

The asterisk is a programming tool. Whenever an
asterisk is present as a digit in the numeric portion of
either R or J, when R and J are compared, the compari-
son for that digit will always be equality. Furthermore,
the presence of an asterisk will always prevent the com-
parison of the two condition digits. This effect of the
asterisk is employed in all comparison instructions.

The signal End occurs unconditionally at r16. Time:
16 clock periods.

Instruction 86: Is L—R Greater Than M, and
My+1? (FGM)

This instruction (FIG. 228) effects a comparison be-
tween the entire contents of the L and R registers (FULL)
and a double-precision word in Memory to determine
whether the contents of FULL are greater than the dou-
ble-precision word in Memory.

The operand address, M, is: 0000-3998.

The description of Instruction 76, coupled with the
description to follow, is a complete description of Instruc-
tion 86.

The Initial Routine is unaltered.

From 79-f15, the shift signals SL76, SL, SLR7, SR76,
SR, and SRL7 issue to effect a half ring shift-down of the
contents of L—R. Simultaneously, the signal SJ issues
from 19-¢14, and the signal XZJ issues at 115 to effect a
shift-down of all seven digits of J to the least significant
digit position J1. Thus, from r9-r15, the least significant
half words (LSH) of the two double-precision words are
compared. In a similar manner from ¢17-123, the MSH
portions of the two double-precision words are compared.

The LSH in Memory at memory location Ma+1 is ob-
tained by increasing the instruction word address portion

TABLE A: STATE OF D1 at t18

\J\Ef;nn State of D1 at ¢!5
Sign of— - 51 7 57 w1 Comments
R J (IRI>T) (IR{=\) (IRI<{TY
+ + D1 D1 5] 1f both signs ()}, never change D1.
+ = D1 |1} D1 If Ris (+) and J is (—), R i3 always larger than J {even if magnitudes are equal).
— + DI DI D1 If R is (—) and J is (4), R always less than J (even 1f magnitudes are equal).
- - D1 D1 D1 If both signs (—), must reverse results of magnitude comparison, unless |[R|=|J[.
Wo=1 D1 D1 D Asterisk in RorJ. No comparison at {15,
W2=0
i{;\” D1 D1 Di If R7>J7, R>J.
W2=0 — —_ p—
.{{c_’:_;l” D1 D1 D1 ITRI<IT, I>R.
W2=0 — —
.{{c7==l” D1 D1 D1 If R7=J7, no change from ¢15.

Generally, the table indicates that if the signs of R
and J are both positive, the state of D1 at ¢15 correctly
represents the relationship of R to J.

by 1 at 14, so that the LSH is in J at 9. At ¢10, the in-
struction word address portion is decreased by 1. Thus,

If both R and J 75 atz17, the MSH is in J from M,.
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The signal Cpg also issues unconditionally during
9-115 and during r17-£23 to enable various logical in-
puts to D1 in order that D1 may reflect the result of a
“greater than” comparison.

If FULL is:

Greater than Ms, Ma+1, —D1 turned on.
Equal to M,, Ma+1, —D1 unchanged .
Less than My, M,-+1, —D1 turned off.

The conditions on the comparison according to whether
Je=1, whether an asterisk is present in the word com-
pored, and whether D1=1 at the commencement of this
instruction are identical for each half word comparison
and are jdentical to the comparison described in detail
in Instruction 76. Thus, in effect, this instruction is
two successive Instructions 76 performed in sequence on
the LSH and MSH portions of the two double-precision
words compared. The state of DI at the start of the
MSH comparison is its state at the conclusion of the LSH
comparison. The W1 and W2 flip-flops are reset be-
tween the two comparisons, ie., at 717,

The signal End occurs unconditionally at 124. Time:
24 clock periods.

Instruction 71: Is R Unequal to M? (RUM)

This instruction (FIG. 217) effects a comparison be-
tween the contents of the R-register and a word in
Memory to determine whether the contents of R are
unequal to the word in Memory.

The operand address is: ¢000-3999 Memory.

The description of Instruction 76, coupled with the
description to follow, is a complete description of In-
struction 71.

The Initial Routine is unaltered.

At 19, the word in the specified memory location is in
the J-register, for comparison with the word in the R-
register,

From ¢9-115, the shift signals SR, SR76, and SRRm
issue to effect a complete ring shift-down of the contents
of R. Simultaneously, the signal S¥ issues from 19-114,
and the signal XZJ issues at t15 to effect a shift-down
of all seven digits of I to the least significant digit J1.

If R is:

Unequal to J—D1 turncd on.
Equal to J—D1 unchanged.

Frem 19-115, the contents of R1 and J1 are fed into
the IRem logic chain. From #9-114, the IRem signal
will equal 1 if the R1 digit is equal to the J1 digit, or
if either R1 or J1 contains an asterisk. If at any time
during this period TRem=0, *D1 issues. At any time
the asterisk appears in R1 or J1, *W2 issues. At t15,
the comparison ends if W2 has been set. However, if
W2 is still equal to 0, indicating that no asterisks have
appeared in the numeric portions of R and J, the 4
position bit and 5 position bit of the condition digits are
compared by IRem for inequality, and if inequality is
indicated, *D1 issues.

Therefore, if DI is set before beginning the instruc-
tion, or is set at any time during the instruction, it re-
mains set at the end of the instruction. D1 is set in the
event of any inequality during 19—714 and an inequality
during 15, if W2 had not been previously set.

The signal End occurs unconditionally at 716. Time:
16 clock periods.

Instruction 81: Is L—R Unequal to
My and My+-1? (FUM)

This instruction (FIG. 224) effects a comparison be-
tween the entire contents of the L and R registers (FULL)
and a double-precision word in Memory to determine
whether the contents of FULL are unequal to the double-
precision word in Memory,

The operand address, M,, is: 0000-3998 Memory.

The descriptions of Instructions 71 and 76, coupled
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with the description to follow, is a complete description
of Instruction §1.

The Initial Routine is unaltered.

From #9115, the shift signals SL76, SL, SLR7, SR76,
SR and SRL7 issue to effect a half ring shift-down of
the contents of L—R. Simultaneously, the signal SJ
issues from (9-f14, and the signal XZJ issues at 15
to effect a shift-down of all seven digits of J to the
least significant digit position JI. Thus, from 9—¢15,
the least significant half words (LSH) of the two double-
precision words are compared. In a similar manner,
from t17-123, the MSH portions of the two double-
precision words are compared. )

The LSH in Memory at memory location Myi+1 is
obtained by increasing the instruction word address por-
tion by 1 at ¢4, so that LSH is in J at /9. At r10, the
instruction word address portion is decreased by 1. Thus,
at 717, the MSH is in J from M,. During {9—15 and
117123, the contents of R1 and J1 are fed into the IRem
logic chain to enable various logical inputs to D! in
order that D1 may reflect the result of an “inequality”
comparison.

If FULL is:

Unequal to M,, M,+1, —D1 turned on.
Equal to M4, Ms+1, —D1 unchanged.

If D1 is set before the beginning of the instruction,
or is set at any time during the instruction, it remains
set at the end of the instruction. The presence of an
asterisk in the numeric portion of either half word of
L—R or My, M,+1 prevents comparison of the condi-
tion digits of the respective half word.

In effect, this instruction is two successive Instructions
71 performed in sequence on the LSH and MSH por-
tions of the two double-precision words compared. The
W2 flip-flop is reset betwzen these comparisons, i.e., at
7.

The signal End occurs unconditionally at 124. Time:
24 clock periods.

Instruction 31: Find Word in Memory Equal to L—R
(FND)

This instruction (FIG. 195) effects a search of the
Memory to locate a double-precision word that is equal
to the contents of FULL. When the word is found, an
indication of its location is stored in the B-register.

The operand address is: 0000-3998 Memory.

. 'The descriptions of Instructions 71 and 81, coupled
with the description to follow, is a complete description
of Instruction 31,

The Initial Routine is unaltered.

Following the first T-cycle, a series of comparisons is
performed between a double-precision word from Mem-
ory and the contents of FULL. FEach comparison re-
quires two T-cycles. During the first T-cycle of each
comparison, Ty is off and the LSH’s are compared. Dur-
ing the second T-cycle, Ty is on and the MSH’s are com-
pared. The first and second T-cycles of each comparison
occur during 19-124 of the timing sequence. At 124, a
decision is made: if the double-precision word in Memory
is unequal to the contents of FULL, the timing circuit is
reset to 9, and another comparison is made; but, if
equality was found, Tz is set and the Central Processor
enters an instruction-closing T-cycle (125-132).

The original operand address, M,, is increased by 1
at 74, and at 19 the LSH from M,-1isin J. From 9~
115, the shift signals SL76, SL, SLR7, SR76, SR and
SRL7 issue to effect a half ring shift-down of the contents
of L—R (FULL). Simultaneously, the signal SJ issues
from 19-¢14 and the signal XZJ issues at 15 to effect a
sequential shift of all seven digits of J to J1. Thus, from
19115, the LSH portions of the two double-precision
words are compared. The contents of R1 and J1 are fed
into the 1Rem logic chain to enable various inputs to D1
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in order that D1 may reflect the result of the comparison.
So long as IRem==1, indicating that the digits compared
are alike, the state of D1 is unchanged from 0. If
IRem=0, indicating an inequality in the contents of R1
and J1, *D1 occurs and D1 is set to the 1-state, where it
remains until £24, whereupon a D1 resetting signal auto-
matically occurs. During this comparison an asterisk
(*) in either R1 or J1 compares as an equality, and im-
mediately sets W2 to the 1-state, where it remains until
£16, at which time *W2Z issues. At 15, if W2==0, the
4 position bit and 5 position bit of the condition digits of
the LSH’s are compared for equality. However, if an
asterisk was in the numeric portion of either LSH,
W2=1 at ¢15, and the condition digits of the LSH’s are
ignored in the comparison. This procedure is similar
to that of Instructions 71 and 81.

At 19, Cad issues, so that the original operand address
M, is restored to the A-register. At ¢17, the MSH from
M, is in J. *Ty issues at f16, so that the next clock
period is £17 of the timing sequence; i.e. (Tb Ty). From
117123, a comparison similar to that described above is
performed on the MSH's. Since W2 was reset to 0 at
£17, an asterisk in the numeric portions of the MSH’s
will prevent comparing the condition digits thereof at
£23. Thus, by 124, two double-precision words have been
compared for equality. If any two corresponding digits
compared were unequal, D1 was set to the 1-state and
is in that state at £24, If either half of either double-
precision word contained an asterisk, the corresponding
condition digits were not compared. From ¢1-123 this
instruction is similar to Instruction 81, except for the is-
suance of three Cau signals during #17-¢19.

At 124, the succeeding course of action will depend on
the state of D1. If D1=1, indicating that the two double-
precision words compared were unequal, the search
criterion of this instruction has not been satisfied, so
that the search must be continued. The timing sequence
is thereupon returned to /9 by issuing *Ty. Simultane-
ously, D1 and W2 are restored to the O-state, and the 9-
24 sequence is tepeated on the next sequential double-
precision word in Memory. Since the A contents had
been counted up by 3 during 11719, the word at M,+-3
is in the M-register at 124 and is then compared with the
LSH of FULL starting at the new 79. The address M4+3
locates the LSH of the double-precision word in Memory
next following the one originally addressed. When 124
is again reached, the state of D1 again influences the suc-
ceeding course of the Central Processor. So long as
D1==1 at 24, the word sought has not been found, the
timing sequence is again returned to 9, and the next
double-precision word in Memory is compared with
FULL.

If, however, D1=0 at 124, a word equal to FULL has
been found, Tz is set to 1, and the instruction-closing T-
cycle is entered; i.e., the Tb Tz-subsequence.

Whether the timing sequence is returned to ¢9, or con-
tinued to 725, depends on whether *Tz issues or not at
124; as follows:

*Tz=(31) Ty D1 T8 TEnd

Since *Ty occurs at 724, the Tcycle starting with (9 is
denoted as the Ty Tz subsequence and that at £25 as the
Ty Tz subsequence. The T-cycle starting at ¢17 is de-
noted as the Ty Tz subsequence. Thus, during the re-
petitive searching process, Ty goes on and off during alter-
nate T-cycles.

During the instruction-closing T-cycle, the next LSH
enters J, but is never employed. At 125, Cad issues for
the last time and reduces the address in the A-register to
a number which is greater by 2 than the address of the
“equal” word found; ie., M.+2. The following table
illustrates the sequential addresses in A, assuming that
the search starts at M,=1000, and that the MSH of the
“equal” word is 1004.
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Timing circuit{ A in Ist Ain 4th Dlat
state clock period|clock period 124
of T-eycle | of Tcycle

Ta —- 1001
Ts Ty Tz 1001 1000
T Ty Tz 1000 1003 1
T Ty Tz 1003 1002
6 Ty Tz 1002 1005 1
5 Ty Tz 1005 1004
T Ty Tz 1004 1007 0
Tb Ty Tz 1007 1006

NoT1E.—1006 transferred to B, but 1004 is the location (M) of “found””
word.

The signal *Ina issues at 25. JIna enables the issuance
of XAN and XNA at r27. Thus, at 28, the address of
the next instruction is in A, and Me+2 is in N. XNA
does not issue when Ti issues at £28, because Ti does not
control XNA for this instruction. Jna also enables the
issuance of the shift signals SN, SNB, and SB from
£28-131:

SN, SNB, SB=(31) Jna Tp

Thus, from r28-£31, the contents of N, which are M.+2,
are transferred to B. At £32 this address is in B. *Jna
issues at 131 and *Tz at 132,

Note.—Although SJ does not occur in the Ty Tz sub-
sequence, so that Jmg2, 1 stays at 0, 0 throughout the
subsequence, the mod alert does not occur since *Amm
is inhibited by Tz; i.e.,

*Amm=dJdmgl Th8 Tz

The signal End occurs unconditionally at 32; as fol-
lows:
End=(31) Th8 Tz

Time: 32 clock periods, plus 16 clock periods for each
unsuccessful search.

HALT SEARCH OR TUMBLE VARIATION

The above analysis was based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68)
is not incomplete when this instruction is started. If
such an instruction was incomplete, the Central Processor
must be prepared to accept or transmit data at intervals
not exceeding 64 clock periods. Therefore, means is
provided for interrupting Imstruction 31.

The primary flip-flop in initiating the variation is Hst,
where *Hst=(31) Tz T1 W3 (Jr-+Iw). Jris a flip-flop
which is set whenever the Central Processor must inter-
rupt its program to accept data from the Read Buffer.
Similarly, Jw orders the Central Processor to interrupt
its program to fill the Write Buffer, *Jr and *Jw can only
occur at Ti, if the respective “Unload, Read,” Ur, or
“Load, Write,” Lw, signals are present. Thus,

*Ir—Ti Ur Jm20 and *Jw=Ti Lw Ur

For Instruction 31, Ti can only occur at the 4th clock
period of a Ty or Tz cycle. Therefore, this instruction
can only be interrupted at the end of a FULL compari-
son, i.e., at £24, since except for the instruction-closing
T-cycle, Ti only occurs at each £20. With the issuance
of Ti, *Jr or *Jw can occur, at £20, if the corresponding
Read or Write Buffers are ready. Then, in accordance
with the above logic, *Hst occurs at 721, It should be
noted that Hs is inhibited during the instruction-closing
T-cycle by Tz.

If Hst is on at #24, the C-register is set to 51, with
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timing returning to 71; ie., *T1=Th8, Hst, and a Read-
Interrupt or Write-Interrupt subsequence occurs. (See
section on Multiplex Buffer Operations.) However, Hst
does not effect the setting of Tz at £24, so that if D1=0,
*Tz occurs. Neither the setting of Tz nor the address in
the A-register at 124 are altered by the Interrupt-sub-
sequence. Consequently, following the Interrupt-sub-
sequence, the sequence of Instruction 31 continues from
the precise point where it was interrupted; i.e., the Cen-
tral Processor returns to 19, if Tz has not been set at 124,
and to £25 if Tz has been set, and C is reset to 31. *I5F
occurs at Th1, which is the first clock period following
the Interrupt-subsequence. Thus, if an Interrupt-subse-
quence occurs, *Hst occurs either at 19 or 125, depending
on whether the search had been completed.

If Jr=1, XZJ and XMJ are inhibited during 23 and
124, respectively.

Instruction 36: Find Word in Memory Equal to or Greater
Than FULL (FGR)

This instruction (FIG. 197) effects a search of the
Memory to locate a double-precision word that is equal
to or greater than the contents of FULL. When the
word is found, an indication of its location is stored in
the B-register.

The operand address is: 0000-3998 Memory.

The descriptions of Instructions 31, 76 and 86, coupled
with the description to follow, is a complete description
of Instruction 36.

The Initial Routine is unaltered.

Following the first T-cycle, a series of comparisons is
performed between a double-precision word from Mem-
ory and the contents of FULL. FEach comparison re-
quires two T-cycles. During the first T-cycle of each
comparison, Ty is off and the LSH’s are compared, Dur-
ing the second T-cycle, Ty is on and the MSH’s are com-
pared. The first and second T-cycles of each comparison
occur during 19-124 of the timing sequence. At 124 a
decision is made: if the double-precision word in Memory
is less than the contents of FULL, the timing circuit is
reset to 19, and another comparison is made; but if the
double-precision word in Memory is equal to or greater
than the contents of FULL, Tz is set and the Central
Processor enters an instruction-closing T-cycle (£25-132).

The sequence for obtaining words from Memory and
for executing successive comparisons is similar to that
of Instruction 31. The comparison to determine if FULL
is greater than the double-precision word in Memory is
similar to that of Instruction 86. The comparison in-
cludes the conditions that an asterisk in R or J sets W2
and precludes a comparison of the corresponding condi-
tion digits; but if no asterisk is present, Jc=0 causes an
algebraic comparison of the contents of R and J, and
Je=1 causes an absolute comparison of the numeric por-
tions and the 4 position bits and 5 position bits of the con-
dition digits of the words in R and J. As in Instruction
86, the state of D1 continues from the LSH comparison
to the MSH comparison. Unlike Instruction 86, how-
ever, DI is reset to 0 at 124 to prepare for the next
comparison,

If D1isequalto 1 at £24, FULL is greater than the dou-
ble-precision word from Memory, or conversely, the Mem-
ory double-precision word is less than FULL, so that the
search criterion has not been satisfied, and the timing se-
Quence returns to (9. If DI is equal to 0 at 124, FULL
is equal to or less than the word in Memory, or con-
versely, the word in Memory is equal to or greater than
FULL, whereby the search criterion is satisfied and the
timing sequence continues to 125, the beginning of the
instruction-closing T-cycle.

At the end of this instruction, the address M.+2, where
M, is the address of the Memory double-precision word
equal to or greater than the contents of FULL, is stored
in B,
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The signal Erd occurs unconditionally at 32; as fol-
lows:
End=(36) Tb8 Tz

Time: 32 clock periods, plus 16 clock periods for each
unsuccessful search,

NoOTE—When this instruction is used for sorting, it is
followed by an Instruction 35 (Tumble), with an operand
address of 3998.

HALT SEARCH OR TUMBLE VARIATION

The preceding analysis is based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68) not
incomplete when this instruction is started. If such an
instruction was incomplete, the Central Processor must
be prepared to accept or transmit data at intervals not
exceeding 64 clock periods. Therefore, means is provided
for interrupting Instruction 36, The Halt Search or
Tumble Variation is similar to that described for Instruc-
tion 31, except that the C-register is set to 56. The inter-
ruption can only occur at 724, and at its conclusion, the
sequence of Instruction 36 is continued from the precise
point where it was interrupted, C being restored to 36.

Instruction 35: Tumble (TUM)

This instruction (FIG. 196) effects the insertion of a
double-precision word into a predetermined position with-
in a sequential set of double-precision words in Memory.
When this instruction is used for sorting by insertion, it
is preceded by Instruction 36. Instruction 36 determines
the address of the double-precision word in the sequential
set that is equal to or greater than the contents of FULL,
which contents remain unchanged as this instruction is
entered, Thereupon, this instruction inserts these contents
of FULL at the memory location found in the preceding
Instruction 36 and translates, or “tumbles” each of the
remaining double-precision words in the set to the next
successive double word location. When a double-precision
word is reached that has a period (.) in the least significant
digit position, it is tumbled and the instruction terminated.

The operand address is: 0000-3998, or 9998 Memory.

The descriptions of Instructions 31, 36, 80 and 85,
coupled with the description to follow, is a complete de-
scription of Instruction 35.

The Initial Routine is unaltered, except that in the
sorting mode a B-subroutine is usually performed during
the Initial Routine.

During the sorting mede, the instruction word bears
the address 9998 and has its sign bit equal to 1. With
this instruction word, a B-subroutine is performed before
the instruction is executed. The address stored in the B-
register during the preceding Instruction 36 is added to
9998 and placed in the A-register, Since the 9998 ad-
dress in A, when increased by the contents of B, provides
a number 2 less than the contents of B, the new address
in A, following the B-subroutine, is the address of the
previously located double-precision word “equal to or
greater than” the contents of FULL,

During the first T-cycle, the operand address, M,, is
increased by 1 to the address of the LSH of the double-
precision word in Memory originally addressed. At 19,
the LSH from Ma+1 is in J. Simultaneously, Mw¢
issues and initiates the storing of the contents of R in
My-1.

The instruction then proceeds through a series of 19—
£24 sequences, the second half of each sequence being
distinguished from the first by the presence of the Ty
signal. When Ty is turned off at 124, the timing sequence
returns to ¢9, if W3=0. From 19-116, the LSH from the
Memory double word location addressed is placed in L,
the MSH of FULL that is in L is shifted to R, and the
LSH of FULL in R is transferred to the location in
Memory to replace the LSH brought into L. From r17-
£24, the MSH from the addressed Memory double word
location is placed in L, the LSH of the addressed Memory
double word is shifted from L to R, and the MSH of
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FULL in R is transferred to the location in Memory to
replace the MSH brought into L. Thus, during each
period £9—£24, the contents of FULL are exchanged with
the contents of a double word location in Memory. The
address of this double word location is increased by 2
each 19-124 sequence, since during #17-r19 Cau issues
three times.

Therefore, each double-precision word read from
Memory is transferred to the next sequential double word
location in Memory. The instruction enters its last 19—
24 cycle when a double-precision word containing a
period (.) in the LSD position is in FULL at 9. The
presence of a period in R1 at 19 causes the issuance of
*W3, thereby setting W3 to 1, where it remains until reset
by the signal End. Whenever W3 is set at #10, End will
occur at 124. If End does not occur at 124 (W3=0),
the timing sequence is reset to 9.

The shifting of data in FULL is accomplished by the
signals SL76, SL, SLR7, SR76 and SR. The signal SJLs
transfers data from J13 and J14 to 173 and L74. The sig-
nal SJLm issues from 19-¢14 and from #17—£22 to transfer
the contents of J11 and J12 to the corresponding mod
positions of L7. At f15 and #23, the contents of the
J-Mod generators are transferred by the signal SImgL
to the mod-bit positions of L7, if the contents of J are
numeric. If the contents of J are alphanumeric, SJLm
issues again at 715 and 122.

The following example will illustrate the operation of
this instruction. Assume that the contents of FULL are
234567 890123 from the preceding Instruction 36. The
double word memory location at which a double-precision
word was found that is equal to or greater than the
contents of FULL is 2002; therefore, the B-register now
contains the address 2004. The following data is stored
in the corresponding memory locations prior to execution
of this Instruction 35,

L—R: 234567 890123
B-register contents: £004 {2002 was >L—R)

Memory loca- Data
tions
2000, 2001 123456 789012
2002, 2003 345678 001234
2004, 2005 456789 012345
2008, 2007 000000 00000,
2008, 2009 135790 246801

The instruction word placed in the I-register in the
instant operation is 359998. Following a B-subroutine,
this instruction word is changed to 352002, Thus, the
initial memory location addressed is 2002. The original
contents of FULL are now stored in 2002, 2003, and
the tumble process proceeds until the double-precision
word originally stored in 2006, 2007 is placed in FULL.
This word has a period in the LSD position and causes
the instruction to conclude. The following data is stored
in the corresponding memory locations at the termina-
tion of this instruction.

Memory loca- Data
tions
2000, 2001 123456 789012
2002, 2003 234587 860123
2004, 2005 345678 901234
2006, 2007 456789 012345
2008, 2008 000000 00000,
2010, 2011 Uuchanged

Norz.—L—R: 135790 246801
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At the end of this instruction, FULL contains the
double-precision word originally stored in the memory
location where the double-precision word containing the
period is now stored.

The signal Ti issues at each £20, but XNA does not
occur unless W3=1.

The signal End occurs at 124, provided W3=1; as
follows:

End=(35) Th8 Ty W3

Time: 24 clock periods, plus 16 clock periods for each
double-precision word tumbled.

HALT SEARCH OR TUMBLE VARIATION

The above analysis is based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68)
is not incomplete when this instruction started. If such
an instruction was incomplete, the Central Processor musi
be prepared to accept or transmit data at intervals not
exceeding 64 clock periods. Therefore, a means is pro-
vided for interrupting Instruction 35. The Halt Search
or Tumble Variation is similar to that described for In-
siruction 31, except that the C-register is set to 55. The
interruption can only occur at r24, and at its conclusion,
the sequence of Instruction 35 continues at 19, C being
restored to 35, However, *Hst cannot issue if In-
struction 35 is beginning to halt; ie., if W3=1. Thus,
*Hst=(35){Jr+Jw)Tz W3 T1.

Instruction 72: Add M to R (AMR)

This instruction (FIG. 218) effects the algebraic add-
ing of a word in Memory to the word in R. The sum
appears in R at the conclusion of the instruction. If
the sum excesds 6 digits, the overflow is lost, but the
overflow flip-flop is turned on.

The operand address is 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 72.

The Initial Routine is unaltered.
One of three courses is taken during this instruction:

A. If the signs of the R and M contents are alike, {R]
is added to |M| and the sign of R is affixed to the
result.

B. If the signs of the R and M contents are unlike and
IRI>|M], M| is deducted from |R| and the sign of R
is affixed to the result,

C. If the signs of the R and M contents are unlike and
IM|>|R], [R| is deducted from |M| and a sign opposite
to that of R is affixed to the result.

The course taken during this instruction is determined
by several criteria. During the Initial Routine, the
signs of the contents of R and M are examined. If they
are alike, course A is entered at 19. If they are unlike,
simultaneous courses B and C are entered at 19 by setting
Us and Ve. Us dictates a subtractive operation starting
at 19, and Vc provides for a 10's complement type of
subtraction., Both courses B and C are alike from 9~
t16. At t16, courses A and B terminate, with the proper
answer in R. However, if common courses B and C were
taken, the carry flip-flop Ve is sampled at r16, and if
Vc is off the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues in 133-¢40.

Consider, now, the operation in detail. At 8, if the
signs of R and M are unlike, *Us and *Ve occur. The
signal SJ occurs from 19-114 and shifts the numeric con-
tents of J to the Va input AND-gates of the Arithmetic
Unit. From 19-t16, the signals SR76 and SR occur and
shift-down the entire contents of R. As the contents of
R shift-down, they are applied to the Vb input AND-
gates of the Arithmetic Unit. Therefore, from 19114,
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the corresponding six numeric digits of R and J are ap-
plied sequentially to the Arithmetic Unit. Since a ons
clock period delay is present in the Arithmetic Unit, the
sum digital outputs appear at the V output AND-gates
one clock period later. Therefore, from ¢10-115 the
six digits of the sum of the two numbers applied to the
Va and Vb input AND-gates appear from the V output
AND-gates. From 19-¢14, the signal Ver issues to en-
able the numeric inputs to the carry flip-lop Vc. Dur-
ing 110115, the Ve flip-flop is set for each pair of digits
combined whose total, with the carry value represented
by Ve, is 10 or greater.

If s, the true contents of R and J are applied to the
Arithmetic Unit from 19-¢14, so that the output of the
Arithmetic Unit reflects the addition of these numeric con-
tents. However, if Us=1, the 9’s complement of J is ap-
plied to the Va input AND-gates. This complementary
input, combined with the initial setting of Ve, effects the
adding of the 10’s complement of the contents of J to
the contents of R. The signal SVR7 occurs from 10—
15 and transfers the contents of the V output AND-
gates to the MSD position of R. Thus, at r11, the LSD
of the Arithmetic Unit output appears in R7. By r16,
the last numeric digit of the Arithmetic Unit output is
inR7.

However, the Arithmetic Unit has completed the sum
of the numeric contents at r15. Therefore, at t15, the
contents of Ve are sampled. If Vc is on at this time, and
the operation was one of addition, the overflow flip-flop,
Ov, is set; as follows:

*Ov=(72) T3 Ve Tb7 Ty

Thus, during an addition, the carry digit is lost, but the
overflow flip-flop is turned on if a carry occurred during
the MSD summation. The setting of Ov does not affect
the operation of this instruction. It is the function of
the program to test the state of Ov. (See Instruc-
tion 54.)

At 116, the signal SVmgR occurs and transfers the con-
tents of the V-Mod-generator to the mod-bit positions
of R7 and transfers the sign and designator bits in R1
to R7. Thus, at £33, or at ¢1, depending on the course,
the proper sign and mod-bits are in R7 and the numeric
portion of the result is in R6-R1.

*Zva issues at f15, so that Zva is set to 1 at £16. At
#16, End occurs if Us or if Us Vc; ie., if an additive
operation had occurred, or if a subtractive operation had
occurred and |R{>|J|. If the J|>IR|, Vc=0 at 116 for
the subtractive operation and End does not occur. Addi-
tionally, at 116, the Us flip-fiop is reset unconditionally.
If End does not occur at ¢16, Zva continues in its set con-
dition and *Ty and *Tz occur. The issuance of *Ty
and *Tz causes the timing sequence to jump to 133 in
course C,

At 133, Ve is set to 1 to provide for a 10’s complement
of the contents of R. *Ve=(72)Th8. From 133138,
Vet issues to enable the numeric inputs to the carry fiip-
ilop. SR76 and SR issue from 73340 to shift-down the
contents of R. SVRT7 issues from #34-139 and transfers
the output of the Arithmetic Unit to the R-register. The
signal Zya causes the entry of (s into the Va input AND-
gates. The signal Tz causes the application of the 9’s
complement of the contents of R to the Vb input AND-
gates. Thus, a 10’s complement of the contents of R is
effected from 733—40. At 140, SVmgR occurs and trans-
fers the contents of the V-Mod-generator to the mod-bit
positions of R7 and transfers the designator bit in R1
to R7. SVmgR does not affect the contents of R73 dur-
ing a Ty-cycle. Instead, at £40, the sign of R is inverted
from its value at 717; as follows:

*Rs=(72) Th8 Ty R13 and *Rs=(72) Th8 Ty R13

The following table illustrates the transfer of data in
the R-register during the two Tbh-cycles of this instruction.
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R7 R6 R5 R4 R3 R2 R1
9 8-7 8-8 8-5 8-4 -3 8-2 8-1
110 S-7 8-7 S5-6 8-5 8-4 8-3 S-2
111 V-1 8-7 B-7 5-6 S-5 8-4 8-3
112 V-2 V-1 5-7 S-7 8-6 8-5 S-4
113 V-3 V-2 V-1 S-7 8-7 8-5 8-5
t14 V-4 V-3 V-2 V-1 8-7 8-7 8-6
{15 V-5 V-4 V-3 V-2 V-1 5-7 87
116 V-6 -5 V-4 V-3 V-2 V-1 s-7
1 §-M V-6 V-5 V-4 V-3 V-2 V-1
133 8-M V-6 V-5 V-4 V-3 V-2 V-1
34 S-AI 8-M V-6 V-5 V-4 V-3 V-2
35 V-1 8-M 8-M V-6 V-5 V-4 V-3
156 V-2 V-1 5-M S-M V-6 V-5 V-4
37 V-3 V-2 V-1 8-M 8-M V-6 V-5
148 V-4 V-3 V-2 V-1 S-M S-M V-6
29 V'-b V-4 V-3 V-2 V-1 5-M S-M
140 V- V-5 Vi-4 V-3 V-2 V-1 8~-M
[33 8-M’ ] V-5 V-4 V-3 V-2 V-1

The signal End occurs unconditionally at r40. Time:
16 clock periods if the signs of R and M are alike, or if
these signs are unlike |R|>|M]. 24 clock periods if
the signs of R and M are unlike and IR|<|M].

MATHEMATICAL ANALYSIS OF RESULTS OPF
COMPLEMENTATION

The following analysis is employed to illustrate courses
B and C of this instruction, which are taken when the
signs of M and R are unlike. To arrive at a correct an-
swer, a subtraction must be effected of the magnitudes of
J and R, and the correct sign attached to the result.

The first (19-£16) step is to deduct [J| from |R| by
adding the 10’s complement of [J] to |R|. Actually, 1
is first inserted in the Arithmetic Unit and the 9’s com-
plement of [J} is added to |[R|. 10 is subtracted from
the result, provided [R/>|J{. (In the following exemplary
equations it will be assumed that |A| and |B| are both less

than 10.)
If the |RI>|J], it is desired to provide:
A=|R]—|J] (n
This is accomplished by:
A=[R|+(9—[))+1-10 )

Ve is set to 1 before the complementing operation starts

5 in order to add the 1 of Equation 10. The quantity 10

is deducied from the result by ignoring the 10’s carry,
Ve. However, the answer can only truly reflect IR|—|M|
if Ve is present at the end of the additive process. Ve
is present under the following conditions: i.e., if

[RI4- (9~ +1=10 3

or
|R|—[7=0 (4)

or
[R[>|7) )

Therefore, if |R|[>|J|, the addition of the 9’s comple-
ment of J] to [R}, after first setting Ve, gives the magni-
tude of the correct answer. The sign which is then affixed
to this magnitude is the original sign of R, and the answer
is complete,

If, however, |R{<lJ|, it is desired to obtain [J|—|R|.
After performing the left-hand side of inequality (3), the
result is the 10’s complement of the desired answer, since
10 has not been deducted from the result because Ve did
not occur; i.e.,

A=10—(J|—IR]) (6)

Consequently, if V¢ does not occur following the per-

formance of the left-hand side of inequality (3), (J1>|R|,

and the preceding answer is complemented by 10; ie.,

by first sctting Ve and then by adding the 9%s comple-
ment of the new contents of R to 0.

R"=9—[|RI+(9—)+11+1

R”=|J|—|R]

€))
(8)
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To these new contents, R’ is affixed a sign opposite that
originally in R, and the answer is complete,

The following table illustrates the courses taken by
this instruction for all four possible combinations of the
contents of R and M with unlike signs.

I I III v
(Course B} {Course B) (Course C) (Course C)
R 200000 — 200000 —100000 -+100000
J — 100000 -+ 100000 200000 =—200000
At#9, Usand Ve are set. The 9's complement of J {s added to R. The
original sign of R is affixed to the new sum in R.
R -4-200000 — 200000 ~100000 -} 100000
J {comp.) 809099 896909 789909 799999
Ve 1 1 1 1

R’ 4100000+ Ve —100000+ Ve —900000+W 4400000+ Ve

Since Ve=1, End oceurs, and  Sinee Ve=0, continue to 33,
Ve dropped. Set V¢ to 1, and add 0's to
the §’s complement of R,
The sign of R is changed on

the final answer in R.

R’ {comp.) — 009999 -+-000960
Zra 000000

000000
Ve 1 1
-+100000 = 100000

End oceurs

MODULO-3 COMPARISON

In addition to the normal mod-checking of the contents
of J, and the mod-generation for the numeric contents
of the sum output of the Arithmetic Unit by Vmg2, 1,
the mod-bits are employed to make a check on the re-
sults of the additive process employed in this instruc-
tion. The mod-check is based on the fact that the modulo-
3 of the sum of two numbers (Mod Z) is equal the sum
of the mod-bits of the numbers (X Mod). Therefore, fol-
lowing an addition, the modulo-3 of the sum is checked
against the sum of the mod-bits of the addend and augend.

In supplying the mod-bits of the addend or augend for
the mod-check, care must be taken to insure that the
mod-bits of the corresponding contents of R or J are
correctly altered if the complement has been employed in
the addition. Thus, the following inputs are supplied to
the Arithmetic Unit in this instruction:

Va Vb
Addition (U3 T2) cemmmemacecccccmnnacannas h S R.
Bubtraction (U8 T2)ememe o cccceeaccemmaaen J (comp.)...| R.
Tz-cyele following subtraction (T T2 eeee] Oeceercmen R (comp.).

The modulo-3 of a complemented number is the com-
plement of the original modulo-3. For example, if the
modulo-3 of J is Jmgl=1, the modulo-3 of the comple-
ment of J is Jmg2=1; if the modulo-3 of J is Jmg2=1,
the modulo-3 of the complement of J is Jmgl=1. How-
ever, if the modulo-3 of J is Jmg2 Jmygl, this is also
the modulo-3 of the complement of J.

Referring once again to Instruction 21, it is seen that
the mod-bits of the numeric contents of J are in Jmg2, 1,
at 715, Referring to the preceding table illustrating the
contents of R, it is seen that the mod-bits of R are in
R1 at #15. Therefore, at 715, the sum of the mod-bits of
R and J may be generated. The AND-gates Ra2, 1 sam-
ple the contents of R12 and R1! at r15 and apply these
contents directly to the mod-adder flip-flops Ma2, 1.
The AND-gates Ja2, 1, at 115, apply the contents of
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Img2, 1 directly to the mod-adder flip-flops, if Ts; and
the complement of the contents of Img2, 1 to the mod-
adder flip-flops, if Us (since, when Us==1, the comple-
ment of T is applied to the Arithmetic Unit). However,
if Us=1 from 19-t16, V¢ had been set at 19 and an addi-
tional 1 had been inserted in the Arithmetic Unit, a 1
which does not appear in either input number applied to
the Arithmetic Unit. Therefore, this 1 must be added
to the contents of Ma2, 1 before the mod-bits are ap-
plied thereto at ¢15 for addition. This is accomplished
by setting Mal to 1 at 19. Thus, at {16, the contents of
Ma2, 1, the mod-adder, represents the sum of the mod-
bits (= Mod) of the two numbers applied to the Arith-
metic Unit.

Since the output of the Arithmetic Unit is only first
available at 10, the Arithmetic Unit mod-generator
Vmg?2, 1 first reflects the modulo-3 of the least significant
digit of the output of the Arithmetic Unit at ¢11. There-
fore, at 116, Vmg2, 1 reflects the modulo-3 of the 6-digit
sum delivered by the Arithmetic Unit. Consequently, at
t16, the mod-comparator AND-gate, Mc, samples the
contents of Ma2, 1 and Vmg2, 1. If Vc is on at 116,
an additional 1 not reflected in Vmg2, 1 must be sam-
pled with the contents of Vmg2, 1 to determine if the
modulo-3 of the sum equals the sum of the mod-bits.
A table illustrating the inputs to the mod-comparator,
Me, follows.

Mc==1 if:
Mel Ma2 Ve ¥ Mod=0; Mod ==1, 2
(Vmgl+Vmg2)
Mal Ve Vgl = Mod=1; Mod 2=0,2
Ma2 Vo Ving2 S Mod=2; Mod =0, 1
Mal Ma2 Ve Ving2 = Mod=0; Mod ==1, 2
Mal Ve (Vmgl4+Vmg2) =2 Mod=1; Mod 2=0, 2

Ma2 Vc Vmygl = Mod=2; Mod Z=0, 1

If the output of the mod-comparator equals 1, a com-
parison was not obtained and the signal *Aac issues at
t16 to set the “Alert, Arithmetic” flip-flop, Aac, which
stops the Central Processor.

In a similar manner, a mod-check is made at #40.
Although, during this period the next-instruction is in
the J-register, the signal Zva inhibits all inputs to Jmg2,
1 so that Jmg2, 1 reflect 0, 0 at Tb7, which is the mod
of the O's applied to the Va input AND-gates of the
Arithmetic Unit. At Th7, Jmgl is set to 1 whenever
Zva=1 to prevent the issnance of *Amm,

All of Ma2, 1, IJmg2, 1 and Vmg2, 1 are set to 0, 0 at
the first clock period of each T-cycle.

Instruction 73: Subtract M From R (SMR)

This instruction (FIG. 219) effects the algebraic sub-
tracting of 2 word in Memory from the word in R. The
difference appears in R at the conclusion of the instruc-
tion. If the difference exceeds 6 digits, the overflow is
lost, but the overflow flip-flop is furned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 72, coupled with the
description to follow, is a complete description of In-
struction 73.

The Initial Routine is unaltered.

One of three courses is taken during this instruction:

A. 1f the signs of the R and M contents are unlike, [R|
is added to |M| and the sign of R is affixed to the
result.

B. If the signs of the R and M contents are alike and
IR|>|M|, IM] is deducted from |[R| and the sign of R
is affixed to the result.

C. If the signs of the R and M contents are alike and
|M|>{R], |R| is deducted from |[M| and a sign opposite
to that of R is affixed to the result,

This instruction is similar to Instruction 72, except that
Us is turned on if the signs of M and R are alike. That
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is, for subtraction, an additive operation (Us) is em-
ployed if the signs are unlike, and a subtractive operation
(Us) is employed only if the signs are alike. Therefore,
the operative details of this instruction will not be given
since, they are identical, except for the one noted differ-
ence, to those of Instruction 72.

If the signs of R and M are unlike, course A is en-
tered at 9. If the signs of R and M are alike, simul-
taneous courses B and C are entered at #9 by setting
Us and Ve, Us dictates a subtractive operation starting
at 19 and Ve provides for a 10's complement type of sub-
traction. Both courses B and C are alike from 19-t16.
At 116, courses A and B terminate, with the proper
answer in R. However, if common courses B and C
were taken, the carry flip-flop Ve is sampled at 716, and
if Ve is off, the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues in £33-#40. Courses A, B and C
are identical to those of Instruction 72 and only differ
in the criteria by which they are selected.

The signal End occurs unconditionally at r40,

Time: 16 clock periods if the signs of R and M are
unlike, or if the signs are alike and [R|>|M|. 24
clock periods if the signs of R and M are alike and
[R|<|M].

EXAMPLES

The following table illustrates the courses taken by
this instruction for all four possible combinations of the
contents of R and M with like signs,

I II III v
(Course B) (Course B) (Course C) (Course C)
R +-200000 —200000 100000 ~—100000
J 4100000 —10000¢ 4200000 — 200000

At 1?9, Us and Ve are set. 'The 9's complement of J is added to R. The

original sign of R is affixed to the new sum in R,

— 100000

—200000 100000

R 4200000 1
J (comp) 899909 899959 799899 799099
Ve 1 1 1 1
R’ +1000004+Ve —100000+Ve -+8000004+-Ve  —8000004-Ve

e

8ince 17e=1, End occurs, and Since Ve=0, continue to £33,
Ve dropped. 8et Ve=1, and add 0’s to
the 9's complement of R,
T'he sign of R is changed on

the final answer in R.
R’ (comp.) -+ 036909 ~ 098999
%m OUOOO(IJ 00(:00(1)

i

—100000 100000

End occurs

Instruction 82: Add M 1o FULL (AMF)

This instruction (FIG. 225) effects the algebraic adding
of a double-precision word in Memory to the double-
precision word in FULL. The sum appears in FULL at
the conclusion of the instruction. If the sum exceeds 12
digits, the overflow is lost, but the overflow flip-flop is
turned on.

The operand address is: 0000-3998 Memory.

The description of Instruction 72, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 82.

The Initial Routine is unaltered.

One of three courses is taken by this instruction:

A. If the signs of the word initially in R and the word
in My+1 are alike, [FULL| is added to |[M,, Ma+1]
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and the sign of the word initially in R is affixed to
the result.

B. If the signs of the word initially in R and the word
in Ma+1 are unlike and |[FULL[>M,, Mj+1]|,
|Ma, Ma+1| is deducted from |FULL| and the sign
of the word initially in R is affixed to the result.

C. If the signs of the word initially in R and the word
in Ms-+1 are unlike and |M,, Ma+1|>FULL|,
[FULL]| is deducted from |M,, Ma-1] and a sign oppo-
site to that of the word initially in R is affixed to the
result,

The course taken during this instruction is determined
by several criteria. During the Initial Routine, the signs
of the contents of R and M,+1 are examined. If they
are alike, course A is entered at 9. If they are unlike,
simultaneous courses B and C are entered at 9 by setting
Us and Ve. Us dictates a subtractive operation starting
at /9, and Vc provides for a 10’s complement type of sub-
traction, Both courses B and C are alike from 19-r24.
At 124, courses A and B terminate, with the proper
answer in FULL. However, if common courses B and C
were taken, the carry flip-flop Vc is sampled at £24, and if
Ve is off, the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues from r25-240.

Consider, now, the operation in detail. At 8, the con-
tents of the sign bit position in R are sampled and the
sign bit in L is set to the same value; as follows:

*Ls=(82) Ta8 Rs and *L3=(82) Ta8§ K3

Thus, both words in FULL are given the same sign, this
sign being that of the word initially in R, At 28, if the
signs of R and M,+1 are unlike, *Us and *Ve¢ oceur.
Thus, the algebraic addition is controlled by only the
sign of the word initially in R and the sign of M,-1.

The signal Cau issues at 73 to increase the original
operand address, My, by 1, so that the LSH of the double-
precision word in Memory may be transferred to J at #9.
The signal ST occurs from 9—s14 and shifts the numeric
contents of J to the Va input AND-gates of the Arithmetic
Unit. From r9-116, the signals SL76 and SL occur and
shift-down the entire contents of L. As the contents of L
shift-down, they are applied to the MSD position of R
by the signal SLR7, which issues from r9-r15. Also
issuing from 79-115, are the signals SR76 and SR, which
enable the transfer of the contents of L to R from #9—¢] 6,
and which apply the contents of R to the Vb input AND-
gates of the Arithmetic Unit. Therefore, from 19—z14,
the six corresponding numeric digits of R and J are
applied sequentially to the Arithmetic Unit. Since a one
clock period delay is present in the Arithmetic Unit, the
sum digital outputs appear at the V output AND-gates
one clock period later.

Therefore, from 710-115, the six digits of the sum of
the two numbers applied to the Va and Vb input AND-
gates appear from the V output AND-gates. From
19114, the signal Vct issues to enable the numeric inputs
to the carry flipflop Ve. During 110115, the Ve flip-
flop is set for each pair of digits combined whose total,
with the carry value represented by Ve, is 10 or greater.

1f TUs, the true contents of R and T are applied to the
Arithmetic Unit from 19-t14, so that the output of the
Arithmetic Unit reflects the addition of these numeric
contents. However, if Us=1, the 9’s complement of J
is applied to the Va input AND-gates, This comple-
mentary input, combined with the initia] setting of Ve,
effects the adding of the 10’s complement of the contents
of I to the contents of R. The signal SVL7 occurs from
£10-r15, and transfers the contents of the V output
AND-gates to the MSD position of L. Thus, at 11, the
LSD of the Arithmetic Unit output appears in L7. By
116, the last numeric digit of the Arithmetic Unit output
is in L7. (This shifting and adding process is shown
graphically in the following table.)
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L1 L6 L5 L4 L3 L2 L1 R RE RS R4 RI R2 Rl b v
(addition}
8 | sa a6 G G4 G3 G2 G1 SF F§ Fs F4 F3 F2 F1 |0
MG MF
m|SE G G5 G4 G3 G2 G1 §F T8 F5 T4 F3 F2 F1 [0
t10 | 8F SF a6 G5 G4 G3 G2 G-1 8F TF Fs F4 F3 P2 |02 |ViA=(O-DHF-D
MG MG MF
ar| v SF SF G0 G5 G4 @3 G2 G1 8P F6 F F4 F3 |08 | V-2=(0-2+H(F-D
azlvie Y9 SF SF G6 G5 4 G383 G2 G SF P8 F5 F4 |04 | V3=(0-3+(F)
MG MG MFP
uslv-s ve V-1 SF SF G6 G5 G4 G3 G2 G1 SF  F6 F5 |05 |VA=(0-0)F+(F-4)
MG MG MF
t14 | V-4 V-3 V-2 V-1 i{'(] ?\‘FG G-8 G-5 a4 G-3 G-2 G-1 §/[FI‘ F-6 O-8 V-5u=(0-5)4(F-5)
] [
as|vs v4 va3 ve Vi SF SF G-6 G5 G4 G3 G2 G1 S8F O-M | V-6=(0-6)+(F-6)
MG MG MP
a6|ve vs V4 V3 V2 Vi SF SF G6 G5 G4 G3 G2 G1 |O-M
MG MG
ar|sF V=S Vs V4 V3 V2 Vi1 8F  Gb G5 G4 G3 G2 G1 |Q1
s | SF F V8 V5 V4 V3 V2 V-1 SF  G6 G5 G4 G3I G2 | Q2 | VI=(QDHEGD
MVA MVA MG
69§ V-7 F v V-5 V4 V-3 V-2 V-1 8F G6 G5 G4 G3 Q-3 V-8=(Q-2)+(G-2)
MVA MVA MG
wolvse Vi SPCSGF V-6 V5 V-4 V3 V2 Vi1 BF G5 G5 G4 Q4 | VI=(QHNHGEI
MVA MVA MG
o1lvee ve V7 SE . SF V-6 V-5 V-4 V3 V2 V-l 8F  G6 G5 | Q5 | V-0=(QHHGH
MVA MVA MG
v v V8 V-7 SF F V-6 V-5 V-4 V3 V-2 V- SF G- | Q6 |V-1=(QHHGD
MVA MVA MG
o3lvey V10 V-8 V-8 V-1 SF SF Ve V-5 V4 V3 V-2 Vi 8F | Q-M |} V-12=(Q-0+(G-H
MVA MVA MG
wi|vaae vai v-io v-e V-8 V-7 8F  SF V- V5 V4 V3 V-2 VI [ Q-M
MVA MVA
a | sF Va2 V-l V-0 V-9 V8 V7 SF V6 V- V-4 V-3 V2 V-
MVB MVA
5 | SF vz Vi V-0 Ve V8 V1 8F V-6 V-5 V4 V-3 V2 V-l
MVB MVA
126 | 8F §F V12 V-1 V-0 V8 V-8 Vo 8F V-6 V5 V4 V3 V-2
MVB MVB MVA
| V. 8P SF V-2 V-1l V-8 V9 V8 V-7 SF V-6 V5 V4 V3
MVB MVB MVA
t8| vi2 V-l SF F V12 Va1 V-I0 V-8 V-8 V7 S8F V6 V5 V4
MVB MVB MVA
ol via w2 Va1 8P SF V-2 V-1 V-0 V-9 V8 V-7 8F V8 V5
MVB MVB MVA
@olva V-3 Vv-2 V-1 S8F T ova2 V-1 V-0 V-8 V-8 V-1 SF V-8
MVB MVB MVA
@ |v-s v+ v-3 v-2 V- SF V-2 V-1 V-I0 V9 V8 V7 SF
MVB MVB MVA
2] v ve-5 V4 V-3 V-2 V-1 SF_ SF Va2 V- V-0 V- V-8 VA
MVB MVB
w5 Ve V-5 V-4 V-3 V-2 V-1 SF V-2 V-1 V-0 V-8 V8 VT
MVC MVB
selse” s Ve V-5 V-4 V3 V-2 V-1 8F V-2 V-1 V-0 V-5 VB
MVC  MVO AVB
a5l v SP S Vs V5 V-4 V'3 V-2 V-1 SF  V-z V- V-0 V-9
MVC MVC MVB
el vis V1 BFP SF V-8 V-5 V4 V3 V=2 V-l SF V-2 V-1 VA1
MVC MVC MVB
w7l ve V-8 V7 SF SF Ve V-5 V- V-3 V-2 Vel 8F VA2 V-l
MVC MVC MVB
ol vie v-e V-8 Vi 8P SF V6 V5 VA4 V3 V2o Vel BE L VL2
MVC MVC MVB
gl v-1 v Ve V-8 V-7 SFY S g V-5 V4 V-3 V-2 V- S8F
MVC MVC MVB
wo| vz venn v ves ves Ver SEOSEL Ve V- VA4 VB V2 VL
MVC MVC
n 5% vz v vl v V-8 V7 SEY V-8 Vs V4 VB V2 VL
MVD MVC
wherein double-precision word in FULL, to Ls and Ld respec-
A . o cood)
SF represents the original sign of the R contents, ':wreelg N t’ghe :;%n?l ckT{. !SS;CS at 116, so that 717 is en
SG represents the original sign of the L contents, 60 ered 1n the next clock period.

SF’ represents the inverted sign,

MF represents the mod-bits of the R contents,

MG represents the mod-bits of the L contents,

MVA represents the mod-bits of the original LSD of the

sum, (1%

MVB represents the mod-bits of the original MSD of the
sum,

MVC represents the mod-bits of the complemented R
contents,

MVD represents the mod-bits of the complemented L 70

contents.

At 116, the signals SVmgL and SLLs issue. SVmgL
transfers the contents of the V-Mod-generator to Lm2, 1.
SLLs transfers the contents of L13 and L14, which con-

tain respectively the sign and designator bits of the 75

The numeric digits in both halves of FULL are treated
as a single twelve digit word in this instruction. In a
similar manner, the numeric contents of M, and M,+-1
are treated as a single twelve digit word. Therefore, if
a carry is present at f15, this carry must be transmitted
to 117 when the addition of the MSH words takes place.
This transmission of the carry from times #15—£17 is ac-
complished by the following signals:

*Ve=(87) Tb7 Ve-+(87) TH8 Ve

The signal Cad issues at 9, to decrease the operand
address by 1 to My, so that the MSH of the double-pre-
cision word in Memory may be transferred to J at 717.
By t17, the MSH of FULL has been transferred into R.
Therefore, from r17-£22, the numeric contents of R and
J are combined in the Arithmetic Unit by an operation
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similar to that executed during 9-¢14. The continuing
state of Us determines whether another additive or sub-
tractive operation is to be performed. By 724, the last
numeric digit of the Arithmetic Unit output appears
inL7.

The Arithmetic Unit has completed the sum of the nu-
meric portions at 715. Therefore, at ¢15, the contents
of Ve are sampled. If Vc is on at this time, and the
operation was one of addition, the overflow flip-flop Ov
is set; as follows:

*Ov=(82) Us Vc Tb7 Ty Tz

Thus, during an addition, the carry digit is lost, but
the overflow flip-flop is turned on if a carry occurred dur-
ing the MSD summation.

At 124, the signals SVmgL and SLLs again issue to
transfer the contents of the V-Mod-generator and the
sign and designator bits of the double-precision words in
FULL to L7. Thus, at 125, or at ¢1, depending on the
course, the proper sign, designator, and mod-bits are in
L7 and R7, and the twelve digit sum is in L6-L1 and
R6-R1.

*Zva issues at 123, so that Zva is set to 1 at 124, At
124, End occurs, if Us or if Us Ve; e, if an additive
operation had occurred, or if a subtractive operation had
occurred and

[FULL|>|Ma, Ma+1|

If |Ms, Ma+1|>|FULL|, Vc=0 at 124 for the sub-
tractive operation and End does not occur. Addition-
ally, at r24, the Us flip-flop is reset unconditionally. If
End does not occur at 124, Zva continues in its set con-
dition and *Tz occurs. The issuance of *Tz causes the
timing sequence to proceed to 25 in course C.

At 125, Ve is set to 1, to provide for a 10’s complement
of the contents of R. From £25-139, Vct issues to enable
the numeric inputs to the carry flip-lop Ve. SL76, SL,
SLR7, SR76 and SR issue from £25-¢31 to shift-down the
contents of FULL. SL76 and SL also issue at 732 to
allow for the insertion of the sign, designator, and mod-
bits in L7. SVL7 issues from #26—¢31 and transfers the
output of the Arithmetic Unit to the L-register. The
signal Zva causes the entry of 0’s into the Va input AND-
gates. The signal Tz causes the application of the 9%
complement of the contents of R to the Vb input AND-
gates. Thus, a 10°s complement of the contents of R is
effected from 725-¢32 and the result is stored in L. At
124, SVmgL and SLLs issue to transfer the contents of
the V-Mod-generator and the designator bit to L7. SLLs
does not affect the contents of L73 during a Ty Tz-cycle.
Instead, at £32, the sign of L is inverted from its value at
£25; as follows:

*Ls=(82) Th8 Ty Tz T13
and

*Ts=(82) Tb8 Ty Tz L13

In a similar manner, the complement of the contents
of the MSH of FULL is effected from £33-r40. The only
basic difference between the operation from r33-£40 as
contrasted to that occurring from 225-£32, is that Ty is
also on, so that SLLs is now effective to transfer the
sign bit of L1 to L7 at #40.

The mathematical analysis of this instruction is sub-
stantially identical to that of Instruction 72 and will not
be repeated here. The only difference is the substitution
of a 12 digit for a 6 digit number.

A mod-comparison is made during each of the four
Th-cycles and *Aac issues if the mod-check fails, except
for the conditions noted in the Hash-Add description fol-
lowing. Again, as in Instruction 72, the signal Zva in-
hibits all inputs to Jmg2, 1 so that Img2, 1 reflect 0, 0 at
each Tb7 in the Tz-cycles.

It will be noted that Ti is suppressed at /12, since it is
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necessary to have the address of the MSH word of My
in the A-register at t16.

The signal End occurs unconditionally at #40. Time:
24 clock periods if the signs of the word initially in R
and the word in M, 1 are alike, or if these signs are
unlike and [FULL{>IM,, Ms+1|. 40 clock periods if
the signs of the word initially in R and the word in
Ma+1 are unlike and [FULL|<{M,, Ma+1].

HASH-ADD

The Hash-Add instruction is a variation of Instruction
82, and permits a non-numeric or alphanumeric double-
precision word in My, Ms-1 to be “added” to a numeric
word in FULL. To perform such an addition, both the
D1 and D3 flip-flops must be on. The effect of executing
this instruction is to place a numeric word in FULL,

It is essential that FULL be numeric at the start of
this instruction. Normally, in an add or subtract in-
struction, the alarm *Aac issues if there is a non-numeric
digit from either the Va or Vb input AND-gates to the
Arithmetic Unit at Tb T07, or if there is a non-numeric
sum digit from the Arithmetic Unit at any time. How-
ever, if D1 and D3 both equal 1, *Aac is inhibited for
Instruction 82 if a non-numeric digit issues from the Va
input AND-pates. Since the contents of J pass through
these Va input AND-gates, it is only the double-precision
word in Memory that may be non-numeric during this
instruction. The logic for the output digits supplied by
the Arithmetic Unit provides that only numeric digits
can issue therefrom. Therefore, the result of this in-
struction is a numeric quantity in FULL,

By analyzing the specific logic equations, it may be
noted that the digit ($) adds as a 5, the digit (,) as a 6,
the digit (&) as a 7, the digit (.) as a 10 and the digit
(*)asanll,

Inasmuch as the J-Mod-gencrator does not accumulate
the modulo-3 of an alphanumeric word, but instead is
immediately set to 11 when an alphanumeric word enters
J, no mod-comparison can be made during Hash-Add.
(See Instruction 21.) Therefore, if D1 and D3 are both
set to 1, *Aac is inhibited for Instruction 82, even though
the mod-check fails.

Therefore, by setting D1 and D3 for Instruction 82,
the instruction may be executed as the Memory supplies
non-numeric or alphanumeric words, without triggering
the alarm Aac due to a non-numeric input to the Arith-
metic Unit or due to the failure of the mod-check.

Hash-Add is employed for the purpose of verifying
blocks of information by taking a block sum, even though
all of the data in the block is not numeric.

Normally, D1 and D3 are set to 1 prior to this in-
struction by programming techniques. For example, a
compare instruction, such as Instruction 71, may be per-
formed where it is known that the result will set DI.
Similarly, an interrogation Instruction 54 may be em-
ployed wherein a flip-flop is interrogated that is known
to be in a predetermined condition so that D3 wiil be set.

Instruction 83: Subtract M From FULL (SMF )

This instruction (FIG. 226) effects the algebraic sub-
tracting of a double-precision word in Memory from the
double-precision word in FULL, The difference appears
in FULL at the conclusion of the instruction. If the dif-
ference exceeds 12 digits, the overflow is lost, but the
overflow flip-flop is turned on.

The operand address is: 0000-3998 Memory.

The descriptions of Instructions 72, 73 and 82, cou-
pled with the description to follow, is a complete descrip-
tion of Instruction 83,

The Initial Routine is unaltered.

One of three courses is taken by this instruction:

A. If the signs of the word initially in R and the word in
M+1 are unlike, [FULL| is added to [AM,, M,+4-1| and
the sign of the word initially in R is affixed to the re-
sult,
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B. If the signs of the word initially in R and the word in
Ma+1 are alike, and [FULL|>|Ma, Ma+1], My,
My+1] is deducted from |[FULL| and the sign of the
word inijtially in R is affixed to the result.

C. If the signs of the word initially in R and the word in
M,-+1 are alike and [Ma, Ma+1|>|FULL], |[FULL] is
deducted from |M,, M,--1] and a sign opposite to that
of the word initially in R is affixed to the result.

The course taken during this instruction is determined
by several criteria. During the Initial Routine, the signs
of the contents of R and M,+1 are examined. If they
are unlike, course A is entered at 9. If they are alike,
simultaneous courses B and C are entered at /9 by setting
Us and Ve. Us dictates a subtractive operation starting
at 19, and Ve provides for a 10’s complement type of sub-
traction. Both courses B and C are alike from r9-24.
At 124, courses A and B terminate, with the proper answer
in FULL. However, if common courses B and C were
taken, the carry flip-flop Vc is sampled at 124, and if Ve
is off, the signal End does not occur, but instead, course
C is found to be the one necessary, so that this instruc-
tion continues from #25-#40.

Thus. this instruction is similar to Instruction 82, ex-
cept that Us is turned on if the signs of the word initially
in R and the word in M4+1 are alike. That is, for sub-
traction, an additive operation (Us) is employed if the
signs are unlike, and a subtractive operation (Us) is em-
ployed only if the signs are alike. Therefore, the opera-
tive details of this instruction will not be given, since they
are identical, except for the one noted difference, to those
of Instruction 82.

The examples of the courses taken by Instruction 73
are equally applicable to this instruction, except that 12
digit numbers are employed rather than 6 digit numbers.

The signal End occurs unconditionally at #40. Time:
24 clock periods if the signs of the word initially in R and
the word in M,+1 are unlike, or if these signs are alike
and |[FULL|>[M,, Ma+1]. 40 clock periods if the signs
of the word initially in R and the word in M, -1 are alike
and |[FULL|<|Ms, Ma+1|.

Instruction 87: Add M to R and Carry (ARC)

This instruction (FIG. 229) effects the algebraic add-
ing of a single word in Memory to the double-precision
word in FULL. The sum appears in FULL at the con-
clusion of the instruction. If the sum exceeds 12 digits,
the overflow is lost, but the overflow flip-flop is turned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 82, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 87.

The Initial Routine is unaltered.

This instruction is similar to Instruction 82, except
that only a single word in M is added to FULL. Any
carry from the most significant digit of R goes to L. As
in Instruction 82, the sign of R determines the sign of
FULL. However, since only a single word is to be
added to the word in FULL, during 717-23 0’s are sup-
plied to the Arithmetic Unit by the action of Zva if Us=0
(additive operation), and 9's are supplied to the Arith-
metic Unit by the action of Zva if Us=1 (subtractive
complementation). Thus, the MSH of FULL is affected
only by any carry which may occur by the addition to its
LSH. The selection between courses of action B and C
in this instruction is determined by the relationship be-
tween [FULL| and |M|. Only if the MSH of FULL com-
prises all 0’s can course C take place.

The signal End occurs unconditionally at £40. Time:
24 clock periods if the signs of the word initially in R and
the word in M are alike, or if these signs are unlike and
|[FULL|>|M]|. 40 clock periods if the signs of the word
initially in R and the word in M are unlike and
JFULL< M.
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Instruction 88: Subtract M From R and Carry (SRC)

This instruction (FIG. 230) effects the algebraic sub-
tracting of a single word in Memory from the double-
precision word in FULL. The difference appears in
FULL at the conclusion of the instruction. If the differ-
ence exceeds 12 digits, the overflow is lost, but the over-
flow flip-flop is turned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 83, coupled with the
description to follow, is a complete description of Instruc-
tion 88.

The Initia! Routine is unaltered.

This instruction is similar to Instruction 83, except that
only a single word in M is subtracted from FULL. Any
borrow from the most significant digit of R goes to L.
As in Instruction 83, the sign of R determines the sign
of FULL. However, since only a single word is to be
added to the word in FULL, during r17-#23, 0's are sup-
plied to the Arithmetic Unit by the action of Zva if Us=0
(additive operation), and 9’s are supplied to the Arithme-
tic Unit by the action of Zva if Us=1 (subtractive com-
plementation). Thus, the MSH of FULL is affected only
by any borrow which may occur by the subtraction from
its LSH. The selection between courses of action B and
C in this instruction is determined by the relationship be-
tween |[FULL| and [M|. Only if the MSH of FULL
comprises all 0's can course C take place.

The signal End occurs unconditionally at #40. Time:
24 clock periods if the signs of the word initially in R and
the word in M are unlike, or if these signs are alike and
IFULL!>|M|. 40 clock periods if the signs of the word
initiaily in R and the word in M are alike and

|[FULL|<|M|
Instruction 27: Add M to B (AMB)

This instruction (FIG. 192) effects the adding of the
four least significant digits of a word in Memory to the
word in B. The sum appears in B at the conclusion of
the instruction. If the sum exceeds four digits, the over-
flow is lost, but the D2 flip-flop is turned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 72, coupled with the
description to follow, is a complete description of In-
struction 27,

The initial routine is unaltered.

The four digits from Memory are transferred from the
J-register through the Va input AND-gates to the Arithme-
tic Unit. The four digits from B are transferred through
the Vb input AND-gates to the Arithmetic Unit. Be-
cause of the one clock period delay in the Arithmetic
Unit, five clock periods are necessary to perform the
addition.

At 19, the operand is in the J-register. At this time
the shift signals SJ, SVB and SB issue. SVB and SB issue
unconditionally from 19-r13. SJ transfers the digits in ¥
sequentially to the Va input AND-gates, and SVB trans-
fers the B digits sequentially to the Vb input AND-gates.
The Arithmetic Unit output signals, which are available
from the V-output AND-gates, are delivered one clock
period after the entry of the corresponding digits at Va
and Vb. The signal Vcz enables the numeric inputs to
the carry flip-flop Ve.

The signal SVB gates the signals provided by the V-
output AND-gates to B4. Therefore, in this instruction,
the former contents of the B-register are destroyed as the
new number is transferred thereto. The least significant
sum digit of J and B is in the Vs flip-flops at ¢10, and in B4
at t11. At 113, the V-output AND-gates reflect the last
sum digit to be transferred to B4. At this time, Vc is
sampled, and if an overflow has occurred, *D2 issues and
D2 is set at £14; as follows:

*D2=(27) Th Tp Tq Ts Vc
D2 may be later interrogated by an Instruction 62. At
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114, the new number is completely in the B-register, and
the shifting thereof terminates.
The table below illustrates the operation and the trans-
fer of the resulting sum to the B-register,

166
Instruction 29: Extract M Into R by L (EXT)

This instruction (FIG. 194) effects the replacement of
digits of a word in R with the corresponding digits of a
word in Memory, under control of a word in L.

J4 J3 )2 N \'2 B4 B3 B2 Bl
9 104 03 02 01 8-3 -2 S-1
10 | 0-5 0-4 0-3 0O-2 5-4 8-3 8-2
it | 06 0-5 0-4 0-3 ———- S-4 8-3
0121 0-7 06 O-5 0O-4 0-1+48-1 R 54
i3 { 0-1 O0-7 0-6 0-5 0-2+8-2 0O-14-8-1 i
4 | 0-2 0O-1 O-7 06 0-3+8-3 0-248-2 0O-148-1
t15 |1 0-3 0-2 0-1 0-7 0-34+8-8 0-2+8-2 0-148-1
{16 0 0-1 0-3+8-3 0-2+8-2 O-1+8-1

Although no Arithmetic Unit mod-check is made, *Aac
issues if the Va or Vb inputs are non-numeric during
#9-¢12, or if the Arithmetic Unit output is non-numeric
at any time,

The signal End occurs unconditionally at £16. Time:
16 clock periods.

Instruction 28: Transfer M to B (TMB)

This instruction (FIG. 193) effects the transfer of the
four least significant digits of 2 word in Memory to the
B-register.

The operand address is: 0000-3999 Memory,

The description of Instruction 27, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 28.

The Initial Routine is unaltered.

This instruction is similar to Instruction 27, except that
0’s, instead of the contents of B, are added to the four
digits from Memory. No overflow can occur.

The four digits frem Memory are transferred from the
J-register through the Arithmetic Unit to the B-register.
Because of the one clock period delay in the Arithmetic
Unit, five clock periods are necessary to transfer these
four digits.

At 19, the operand is in the J-register. At this time the
shift signals 8J, SVB and SB issue. SVB and SB issue
unconditionally from 9 through 713. SJ transfers the
digits in J sequentially to the Va input AND-gates of the
Arithmetic Unit. Simultaneously 0's are transferred to
the Vb input AND-gates. Therefore, the Arithmetic Unit
adds 0’s to the four digits of J transferred thereto. The
Arithmetic Unit output signals, which are available from
the V output AND-gates, are delivered one clock period
after their entry at Va.

The signal SVB gates the signals provided by the V
output AND-gates to B4. The signal SB shifts-down the
contents of the B-register. Therefore, in this instruction,
the former contents of the B-register are destroyed as the
new number is transferred thereto. The least significant
digit of the operand enters the Vs flip-flops at 10 and B4
at 711. At 714, the new number is in the B-register, and
the shifting thereof terminates. The table below illus-
trates the transfer of the data to the B-register.

J4 J3 J2 J1 v B4 B3 B2 B1

9 | 0-4 0-3 0-2 0O-1 |.._. 8-4 83 82 81
{10 | 0-5 04 0-3 0-2 |01 R 5-4 53 82
L  0-6 0-5 04 0-3 |0-2 0-1 ---- S84 83
t12 | O-7 0-6 05 0-4 | 0-3 0-2 0-1 ___. 4
13 | O0-1 0-7 06 05 |04 0-3 0-2 0-1 ___.
14 | 0-2 O0-1 0-7 0-8 |05 0-4 03 0-2 0-1
s | 0-3 0-2 0-1 07 |0 01 0-3 0-2 0O-1
116 0 0 0 0-1 | o7 0-4 0-3 0-2 0-1

Although no adder mod-check is made, *Aac issues if the
Va or Vb inputs are non-numeric during 19-112, or if an
Arithmetic Unit output is non-numeric at any time.

The signal End occurs unconditionally at £16. Time:
16 clock periods.
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The operand address is: 00003999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 29,

The Initial Routine is unaltered.

From 19-115, the contents of J shift-down, the contents
of L completely ring shift-down, and certain digits of R
completely ring shift-down. The signals SL76, SL and
SLL7, effect a complete ring shift-down of the L-register
contents as the signals SJ and XZJ shift-down the entire
contents of the J-register. The signals SR76 and SR
shift-down the entire contents of R, and the signal SRRm,
which is conditional, effects a complete ring shift-down of
specified digits of R, as directed by corresponding digits
of L. For each digit of R which is not ring shifted, a
corresponding digit of J is inserted in R. If the bit in
L14 is equal to 0, the digit in R1 is transferred to R7,
but if the L14 bit is equal to 1, the digit in J1 is trans-
ferred to R7. The logic directing this extract opera-
tion is:

SRRm=(29) Tb T14 and SJRm=(29) Tbh L14

The condition digit in R is transferred in the same manner
as the six numeric digits during 19—16.

The following table illustrates the operation of this
instruction. In this table, the terms Cj, Cgr and Gy,
represent respectively the condition digits in J, R and L.

Initial Final
J=Cy121212 J =000000C g
R=CRr989898 R=C,920292
L=CL050505 L=C1050505

where the designator bit of Cy, is 1.

Since the numeric contents of the word in R are nor-
mally changed by this operation, new mod-bits for the
numeric portion must be generated. Therefore, M3g set
at 116, the contents of the C-register are changed to 25
in the next clock period, and for the next 8 clock periods,
the Central Processor executes the “Mod-3 generation on
R” instruction.  (See Instruction 25 )

The final condition digit of the word in R is affected as
follows:

(1) If the designator bit in L is equal to 0, the sign and
designator bits and the alphabetic nature of R remain
unchanged.

5 (2) If the designator bit of the word in L is equal to 1;

a. the sign and designator bits of R become those
of the word in J, and

b. if the word in J is alphanumeric, the mod-bits in
R indicate an alphanumeric; whereas if the word
in J is numeric, the mod-bits in R indjcate a
numeric.

The signal End occurs unconditionally at 16, The
signals XZI and *Ti are inhibited by M3g, so that the
next T-cycle is a Th-cycle. Time: 24 clock periods.
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Instruction 42: Multiply M by R (MPY)

This instruction (FIG, 198) effects the algebraic multi-
plication of a word in Memory by the word in R. The
product appears in FULL at the termination of the in-
struction, with the MSH word in R and the LSH word
inL.

The operand address is: 00003999 Memory.

The descriptions of Instructions 21, 72 and 73, coupled
with the description to follow, is a complete description
of Instruction 42.

The Initial Routine is unaltered.

From r1-116, the instruction and the multiplicand are
mod-checked, and at #16 the multiplicand from Memory
isin J. During 19-115, the signals SR76, SR, SRL7, SL76,
SL and SZR7 issue to cause all 7 digits of the multiplier
in R to transfer to L, and to clear the contents of R.
The original contents of L are destroyed. The multiplier
remains in L for the remainder of this instruction, grad-
ually shifting to the right and being destroyed as it is
replaced by the LSH word of the product. At ¢16, *Ty
issues, and Ty remains on for the remainder of this in-
struction.

During the remainder of this instruction, the multi-
plication is accomplished by operating in but two differ-
ent subsequences. One of these subsequences is identi-
fied as the Tz subsequence. The Tz subsequence is en-
tered when the T-counter is set to 111, Tz is on, and Td
is off, this state of the timing circuit being identified as
139, The other of the two subsequences is identified as
the Td subsequence. The Td subsequence is entered
when the T-counter is set to 001, Td is on, and Tz off,
the state of the timing circuit being identified as 241, The
Tz subsequence terminates at 740, being only 2 clock
periods in duration. The Td subsequence terminates at
148, being 8 clock periods in duration. At the end of
each of the Tz and Td subsequences, namely at #40 and
t48, the contents of L1 are tested to determine whether
the existing subsequence should be repeated, or whether
the other of these two subsequences should be entered.

Generally, it is the function of the Tz subsequence to
shift-down by one digit position the accumulated product
in L and R, following each multiplication by a digit of
the multiplier, in order that the next multiplier digit may
add to the accumulated product in the next higher order
group of digits. The Tz subsequence is also employed if
the next multiplier digit is 0, when only a digit shift of
the accumulated product is necessary.

Generally, it is the function of the Td subsequence to
multiply the multiplicand by the digit of the multiplier
then in L1, and to add the resulting partial product to
the accumulated product porticn in R, After each multi-
plication by a digit of the multiplier is completed, the
LSD in R is transferred to L6 and the remaining five
digits in R are shifted-down one digit position. There-
fore, the accumulated product is stored in R and a portion
of L until the product is complete, whereupon the product
occupies the entire contents of FULL.

At 116, the first test of the contents of L1 is made. At
#16, the digit in L1 is the sole factor determining whether
a Tz or Td subsequence will be next entered. 1f L1=0,
indicating that the multiplicand should be multiplied by 0,
the Tz subsequence is entered. If L1540, the Td subse-
quence is entered. If L14=0, the Td subsequence will
be additive. If L14=1, *Us issues, and the Td subse-
quence will be subtractive.

The number of multiplier digits which have multiplied
the multiplicand determines when the instruction is com-
pleted. After each multiplier partial product has been
added to the accumulated product, the W-counter is
counted up by 1 in the next occurring Tz subsequence.
The instruction terminates when W=6, although the
termination test is made immediately following multi-
plication by the last digit of the multiplier, when W is
still equal to S.
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Tz SUBSEQUENCH

At 116, at 140 of a Tz subsequence, and at #48 of a Td
subsequence, L1 is sampled and, generally, if L1=0,
Zm and *Tz issue. Zm forces the T-counter to 111 and
sets Th and Th7. Therefore, the next clock period is
139. At 139, the signal Cwu issues to count up the W-
counter. The signals SR, SR76, SRL7 and SL issue to
shift-down the accumulated product one digit position,
and, therefore, transfer the LSD in R to L6. If Us,
SZR7 also issues at £39 to transfer a 0 to the MSD posi-
tion of R. If Us=1, indicating a complementing process
has just been completed, S9R7 issues to transfer a 9 to
the MSD position of R. If Us and W=35, *M3g issues at
£39 to terminate the instruction in the next clock period.
Since W=3, it is being changed to 6 in this next clock
period, indicating the completion of multiplication by all
6 digits of the multiplier. However, if Us=1 at ¢39, the
preceding subtractive process is not complete, so that even
though W=35 at 39, a single Td subsequence must follow
this Tz subsequence before the instruction can terminate,
If, at 140, Us=1 the previous subtractive process still re-
mains to be complemented by the addition of (10X multi-
plicand) to the accumulated product. Therefore, at
140, the LSD of L is increased by 1 by the signal Clu,
indicating that one additional multiplicand must be added
to the accumulated product in the next Td subsequence.
The reason for this precedure will be described later. If
L1=0, Us=0, and the instruction is not terminating, *Zm,
at 140, issues to provide another Tz subsequence in order
to shift the accumulated product one digit to the right,
which gives the effect of multiplying by a 0 multiplier.
If L1=9 and Us=1, provided W=£6, *Zm also issues,
since the effect of Clu is to increase the contents of L1
to 10, requiring an immediate shift of the accumulated
product, followed by counting the mext multiplier digit
up 1. If Zm does not issue at r40 and the instruction is
not terminating, *Td issues, and the next subsequence is
a Td subsequence. *Us also issues at 140 if L14=1 and
W46, ¥T3 occurs if Zm does not issue,

If *M3g had issued at 39, indicating the instruction
was to terminate, End occurs at 40 and Instruction 26 is
initiated for 8 additional clock periods to generate new
mod-bits for L and R. (See Instruction 26 for details.)
At the time End issues, the designator bits and proper
signs for L and R are generated. If the signs of the
multiplier and multiplicand, which are stored respectively
in L7 and J7, are alike, the new signs inserted in L7 and
R7 are positive. If the signs of the multiplier and multi-
plicand are unlike, the new signs arc negative. This gen-
eration of the new signs s given by:

*Rs=(42) End (Js Ts+Ts Ls)
*[ts=(42) End (Js T.s+Js Ls)
*Is=(42) End Js T.8
*Ts=(42) End Js Ls

The designator bits of L and R are set to zero when End
occurs; i.e.,

*T.d=(42) End and *Rd=(42) End
Td SUBSEQUENCE

At 116, at 140 of a Tz subsequence, and at r48 of a Td
subsequence, L1 is sampled and, generally, if L1-£0, *Td
issues. Therefore, the next clock period is #41.

A time saving feature is employed in this instruciion.
The number of additions required for multiplication is
dependent upon the magnitudes of the multiplier digits.
The maximum number of additions for any digit is nor-
mally equal to the largest possible multiplier digit. How-
ever, the maximum number of additions for any digit and
the average number of additions per digit is reduced one-
half by counting the multiplier digit down and adding
the multiplicand when a multiplier digit is 4 or less, and
by counting the multiplier up and subtracting the mulii-
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plicand when a multiplier digit is § or greater. The de-
cision of whether addition or subtraction is to be per-
formed during the Td-cycle occurs at ¢16 for the LSD
of the multiplier and at 140 for each of the remaining
multiplier digits. Generally, if L14=0, a series of addi-
tive processes take place during a succession of Td sub-
sequences until L1 is reduced to 0. On the other hand,
if L14=1, a series of subtractive processes take place dur-
ing a succession of Td subsequences until L1 is increased
to 0. Thus, if Us=0 at r41, the multiplicand is added to
the accumulated product and the contents of L1 are re-
duced by 1 during each Td subsequence. At the end of
each Td subsequence, L1 is sampled, and if L1540, a suc-
ceeding Td subsequence is entered. The Td subsequences
continue until L1 is reduced to 0, at which time the mul-
tiplicand has been added to the accumulated product a
number of times equal to the original value of L1. If
Us=1 at 141, the multiplicand is subtracted from the ac-
cumulated product and the contents of L1 are increased
by 1 during each Td subsequence. The Td subsequences
continue until L1 is increased to 0, at which time the mul-
tiplicand has been subtracted from the accumulated prod-
uct a number of times equal to (10—original value of
L1).

The signals SVR7, SR76 and SR transfer the contents
of the Arithmetic Unit to the R-register and apply the
contents of the R-register to the Vb input AND-gates of
the Arithmetic Ubnit during the Td subsequence. The
signal SJ functions to apply the multiplicand, if Us=0,
or the complement of the multiplicand, if Us=1, to the
Va input AND-gates of the Arithmetic Unit during 141~
246. The signal Zva issues during 747 and 48 and ap-
plies 0’s to the Va input AND-gates of the Arithmetic
Unit, if Ts. If Us=1, Zva transfers 9s to the Va input
AND-gates of the Arithmetic Unit during 747 and 48.

At 747, the signal Cld issues to count down L1, if T&.
If Us=1, Clu issues to count ip L1.

At 148, the contents of L1 is sampled. If the instruc-
tion is not ending and L1=0, Zm issues and a Tz subse-
quence is entered in the next succeeding clock period.
If L1540, another similar Td subsequence immediately
follows,

If W=6 during the Td subsequence, *M3g issues at 47
and the instruction terminates at 148, SVR7 is inhibited
if End occurs at r48, in order to allow for the generation
of the sign bits of the product, as previously described.

MISCELLANEOUS LOGIC RELATIONSHIPS

Extracts from the logical relationships provided in the
drawings, which are applicable here, will be given. The
Tz subsequence is entered when the Zm signal occurs:

*Tz=Zm=(42)[(W2+W3)Tb8 Tz Us L13 L14]
+(42) (M35 Th8 (L1=0)TZ4+M35 Tb8(L1=0)T73]

The first term in the expression for Zm indicates that
during a Tz subsequence, another Tz subsequence is en-
tered if Us=1 and L1=9, provided the instruction is not
ending. The second term in the expression for Zm indi-
cates that a Tz subsequence will be entered following 116,
or following 748 of a Td subsequence, if L1=0. The
third term for Zm indicates that another Tz subsequence
will be entered if Us and L1=0 at 40 of a Tz subse-
quence,
The subtraction flip-flop is set to 1; as follows:

*Us=(42)Th8 Td L14 (W2+-W3)

i, if the instruction is not ending, Us is set to 1 at 116,
or at 140 of a Tz subsequence, if L14=1. Us is reset to
0; as follows:

“T3=(42)T8 Td (W2 W3-+T13)

or Us is reset to 0 at 40 if W=, or T.14.
The signal Clu is described by:

Clu=Tb7 Td Us+Tb8 Tz Us

20

25

30

40

50

60

65

70

76

170

or L1 is counted up during a Td-cycle if Us=1, or during
a Tz-cycle if Us=1. The latter function is necessary to
provide the complementing action following a subtractive
Td subsequence. The signal Cld issues; as follows:

Cld=Tb7 Td Us

or L1 is counted down during a Td subsequence if Us=0.
The W-counter is counted up; as follows:

Cwu=Tb7 Ty Tz

or the W-counter contents are increased by 1 during each
Tz subsequence.

The carry flip-flop is set to 1 under the following spe-
cial conditions;

*Ve=*Us+Td Th8 Us

Each of these terms is necessary because a complemen-
tary operation will be performed if the next succeeding
subsequence is a Td subsequence, and because Vet does
not enable Ve at Th8 Td. The carry flipflop also re-
sponds in normal operation to the numerical inputs to the
Arithmetic Unit, when enabled by Vet during r41-£47.

The signal End immediately follows the setting of
M3g; ie.,

End=M3g Tb8

Therefore, the issuance of M3g determines when the in-
struction terminates, M3g occurs; as follows:

*M3g=(42) [(W=35) Tz4(W=6)1 Ts Tb7

Thus, the instruction terminates during a Tz subsequence
if W=5 and Us. Since Cwu issues at the same time as
M3g, W is set to 6 in the next succeeding clock period
and the instruction terminates. At this time, all 6 digits
of the multiplier have added their corresponding partial
products to the accumulated product. If, however,
Us=1 when W=35, M3g will not issue, but, instead,
W=6 will inhibit Zm, and another Td subsequence will
be entered. This is an additive subsequence since *Ts,
as indicated previously, issues when W reaches 6. There-
fore, at t48 of the first Td subsequence following W=6,
M3g issues and the instruction terminates.

TAPE INTERRUPT VARIATION NOT NECESSARY

Since the Memory is not used following 78, except to
obtain the next instruction, data may be exchanged be-

tween the Memory and the Multiplex Buffer without in-
terrupting this instruction.
MOD-CHECK

No mod-check is performed on the results of the addi-
tions or subtractions executed during this instruction.
However, *Aac sets at all times in the Td subsequence if
the Vb output signals are non-numeric; at all times in the
Td subsequence, except at TH7, if the Va output signals
are non-numeric; and at any time, if M3y, if the Arith-
metic Unit output signals are non-numeric.

MATHEMATICAL ANALYSIS OF THE SUBTRACTIVE

Td SUBSEQUENCE

If Us=0, the multiplicand is added to the portion of
the accumulated product in R L1 times. When L1 has
been reduced to 0, the new accumulated product is shifted-
down 1 digit during the Tz subsequence. An equation

expressing this is,
A'=A+LIXT 1)

where A represents the accumulated product and J repre-
sents the multiplicand. If Us=1, the multiplicand is sub-
tracted from the portion of the accumulated product in
R (10—L1) times;i.e.,

A'=A—(10—-L1)J (2)
Equation 2 will be the equivalent to Equation 1, provided
10XJ is added thereto. Therefore, after L1 has been

counted up to 0, and a Tz subsequence is entered, Clu
issues in order that the multiplicand may be added to the
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By r16, the multiplier has been shifted to L,

Memory.

EXAMFLE
To illustrate the various alternative courses taken by 75 R has been cleared, and the multiplicand is stored in J.
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During each Td subsequence, the contents of J are
ring shifted in order to present each digit therein to the
Va input AND-gates of the Arithmetic Unit, During
each Td subsequence the contents of R are shifted to the
right in order to present each digit therein to the Vb
input AND-gates of the Arithmetic Unit. During each
Tz subsequence, the combined contents of R and L1-L6
are shifted-down one digit position. The sign of the
multiplier remains in L7 from r16 to the conclusion of
the instruction, at which time it is changed, if necessary,
to provide the product with a proper sign.

At t16, L1 is sampled. Since L1=2, *Td occurs,
but Us is not set. Additive Td subsequence I is en-
tered. From #41-148, the contents of J are added to
the contents of R and the sum is placed in R. it is
seen that by shifting R for 8 clock periods, the digit
position which contains no significant data is destroyed.
At 147, CId issues to decrease the contents of L1 to
1. During 147 and 148, Zva issues and inserts O’s
into the Va input AND-gates of the Arithmetic Unit. At
148, L1 is again sampled. Since L1 is not 0, another ad-
ditive Td subsequence II is entered. Again in subse-
quence II, Us=0, In subsequence II, the contents of J
are again added to the accumulated product in R, At
#47 of subsequence II, Cld issues again, so that by 148
L1 has been reduced to 0. Therefore, when L1 is sampled
at 148 of subsequence II, Zm issues to cause entry into
Tz subsequence III.

In subsequence ITI, the LSD in R1 is transferred to L6
and the remaining numeric contents of L. and R are
shifted-down one digit position. At #40, the W-register
is counted up to 1, and a 0 is inserted into the MSD posi-
tion of R. At 140 of subsequence ITI, L1 is sampled.
Since the next multiplier digit is found to be 0, Zm issues
once again and subsequence IV is entered.

In subsequence 1V, the numeric contents of L and R
are again shifted-down one digit position, which has the
eflect of multiplying the multiplicand by 0. W is now
counted up to 2, indicating that the accumulated product
reflects the multiplication by the two least significant
digits of the multiplier; namely, 2 and 0.

At 40 of subsequence IV, L1 is again sampled. Since
L1=8, *Us, *Vc and *Td issue and subtractive Td sub-
sequence V is entered. During subsequence V, the 9’s
complement of the contents of J are added to the accu-
mulated product in R, and the sum is placed in R. At
148 of subsequence V, the digit in L1 is increased to 9.
Inasmuch as L340 at 148 of subsequence V, another sub-
tractive Td subsequence is entered. At #47 of this new
subtractive subsequence VI, Clu again issues to increase
the contents of L1 to 0. At 748 of subsequence VI, L1
is equal to 0 and, therefore, Zm issues.

Tz subsequence VII is entered and the numeric contents
of L. and R are shifted-down one digit position. At 140,
Us is still equal to 1, so that Clu issues to complete the
previous subtractive process by causing 10 J to be added
to the accumulated product. Inasmuch as Us=1 at 140
of subsequence VII, Zm is inhibited, and *Td issues.
However, at 40 *Us occurs, so that the next subsequence
is additive. A single additive Td subsequence VIII fol-
lows, in which L1 is again reduced to 0. Tz subsequence
IX follows.

Since L1=9 at #40 of subsequence IX, a single sub-
tractive Td subsequence X follows, and is immediately
followed by Tz subsequence XI.

At 140 of subsequence XI, Us is still equal to 1 so that
Clu issues. Inasmuch as L1==9, Zm issues and, in effect,
L1 is changed to 10. Therefore, another Tz subsequence
XII occurs. At 139 of subsequence XII, W=S5, but M3g
is inhibited since Us=1. The digit in L1 is increased by
1 to account for the fact that the last multiplier digit be-
came 10 and a single completion Td subsequence XIII
is entered. *TUs issues at 140 of subsequence XII since
W:=6. During subsequence XIII, the multiplicand is
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once more added to the accumulated product. At 47 of
subsequence XIII, L1 is reduced to the value it had at
140 of subsequence XII, which value was that of the LSD
of the product, *M3g issues unconditionally at 147, since
W=6. The instruction ends at t48 of subsequence XIII.
In the next clock cycle the sign and designator bits in L7
and R7 are altered to their correct values for the product.

Instruction 43: Divide FULL by M (DIV)

This instruction (FIG. 199) effects the algebraic divi-
sion of a 12 digit word in FULL by a 6 digit word in
Memory. The 6 digit quotient appears in L and the 6
digit remainder appears in R at the termination of the
instruction,

The operand address is: 0000-3999 Memory.

The descriptions of Instructions 21, 72 and 73, coupled
with the description to follow, is a complete description of
Instruction 43.

The Initial Routine is unaltered,

From t1-116, the instruction and the divisor are mod-
checked, and at r16 the divisor from Memory is in J.
During 19-¢15, the signals SL76, SL, SLR7, SR76, SR
and SRL7 issue to effect an exchange between the contents
of L and R. By r16, the MSH of the dividend is in R,
and the LSH of the dividend is in L.

The purpose of this exchange of the contents of L and
R is to prepare for a comparison of the MSH of the divi-
dend with the divisor. Whenever a 12 digit number is
divided by a 6 digit number, a quotient of more than 6
digits is possible. However, since a limit of 6 quotient
digits is imposed by the capacity of the L-register, an over-
flow is possible. Therefore, this instruction will not per-
form a division where such an overflow would otherwise
occur. The test for this overflow is accomplished from
t17-124, by comparing the divisor in J with the MSH
of the dividend in R. If |[R|<|J|, the quotient will be
expressable in 6 digits and the instruction continues.
However, if |[R|>|/], the quotient will be too large to be
expressed in 6 digits, and the instruction terminates. As
a preparation for the comparison of R and J, the over-
flow flip-flop Ov is set at 8, and continues set through
#116. From 117-122, Rgm and IRem compare correspond-
ing digits of R and J as they are ring shifted in their re-
spective registers. Rgm occurs whenever R1>J1. IRem
occurs whenever R1=J1. From t17-122, *Ov issues if
Rgm occurs and *Qv issues if neither Rgm nor IRem
occurs, Therefore, if Ov=0 at 124, |R|<}J|, and the in-
struction will continue. Otherwise, the instruction termi-
nates at r24. The expressions for the response of Ov
during this comparison are:

*Ov=(43) Tb Ty Tz Td Rgm Tb7
*Ov=(43) Th Ty Tz Td TIRgm TRem To7

If the instruction is to continue, at 124 *Tz issues, and
SZR7 issues to replace the condition digit in R7 by a 0.

From £25-t40, the Tz flip-flop is on, and this period will
be identified as the Tz subsequence. During the Tz subse-
quence, the contents of L1-L6 and R are effectively ring
shifted-up one digit position. Generally, this action serves
to transfer the partial quotient to the left in L and to
place a 0 in L1 for generation of the next quotient digit.
This ring shift-up of L1-L6 and R is accomplished by ring
shifting-down the contents of R and L1-L6 twelve digit
positions, During 126-r31 and #34-139, the signals SL,
SLR7, SR76, SR and SRL6 effect this 12 digit ring shift-
down.

The general procedure employed for accomplishing
division is to successively subtract the divisor from the
proper dividend digits until a borrow is produced; where-
upon the divisor is added once to the dividend, the dividend
is shifted-up one digit position with respect to the divisor
and the procedure is repeated. The number of times that
the divisor is subtracted is counted in L1, and this digit
becomes a digit of the quotient. The W-counter counts
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up 1 before each subtractive subsequence, so that when
W =6, the last subtractive subsequence is entered.

Before entering each subtractive subsequence the Us
and Vc flip-flops must be set, the latter because a comple-
mentary process is employed. These two flip-flops are
set at 126 of the Tz subsequence. At £39 of the Tz subse-
quence, W is counted up ! to anticipate the next series of
subtractions for generating a particular digit of the
quotienit. At (40, Td is set to 1, and Tz is reset, so that
the next clock period is 141. Td=1 from t41-148, this
interval being identified as a Td subsequence. During the
successive Td subsequences following a Tz subsequence,
the divisor in J is subtracted from the dividend portion in
R until a borrow bit is produced. Td then issues for eight
more clock periods, during which the divisor is added to
the dividend portion in R. Following this additive Td
subsequence, another Tz subsequence is entered.

If Us=1, subtraction is performed in the Td subse-
quence by supplying the complement of J to the Va input
AND-gates of the Arithmetic Unit, and by supplying the
contents of R to the Vb input AND-gates of the Arithmetic
Unit. The signal SVR7 issues from 741-147, to transfer
the sum from the Arithmetic Unit to the R-register. The
signals Vet also issue during this interval to enable the
carry flip-flop.

At 148 of each Td subsequence, Ve is sampled. If the
divisor was greater than the dividend portion in R at 41
of the subsequence, Vc=0 at 48, and the next Td subse-
quence must be additive; i.e., by resetting Us to 0. If
Ve=1 at 48, the dividend portion in R was greater than
the divisor at t41, and another subtractive Td subsequence
must be entered. Instruction 72 illustrated that if V¢ was
not set following complementary subtraction, then [J|>|R|;
i.e., the subtractive process went one step too far, and the
divisor must be added back to the dividend portion in R,

Immediately following the additive Td subsequence,
during which Us=0, the Tz subsequence is entered, pro-
vided the instruction is not concluding.

The signal Zva is present during t47-148, and serves to
transfer 9’s to the Va input AND-gates, if Us, and 0’s to
the Va input AND-gates if Us. At 147, Clu issues to
count L1 up if a subtractive process is being performed,
and Cld issues to count L1 down if an additive process
is being performed.

If W==6 when the last series of Td subsequences is
entered, the 6th digit of the quotient is present in the L-
register following the additive Td subsequence, so that
the instruction may be concluded. Therefore, if TUs and
W=6, *M3g issues at 147. If M3g=1 at 48, End
occurs and the instruction is concluded. At this time,
new sign and designator bits are generated for L and R,
If the signs of the divisor and dividend are alike, the
new sign inserted in L7, which contains the quotient, is

positive. If the signs of the dividend and divisor are
unlike, the new sign inserted in L7 is negative. This
generation of the new sign for L is given by:
*Ls=(43) End Js Ls
*T.s=(43) End Js Ls

The sign of the division remainder is the sign of the
original dividend. Therefore, the sign of the remainder
which is inserted in R7, is given by:

*Rs=(43) End Ls
*Ts=(43) End Ls

The designator bits of L and R are set to 0 when End
occurs; i.e.,

*Td=(43) End
*Rd=(43) End
MISCELLANEOUS LOGIC RELATIONSHIPS
Extracts from the logical relationships, provided in
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the drawings, which are applicable here, will be given.
The subtraction flip-flop is set to 1 as follows:

*Us=(43) Tz

or Us is set to 1 at the beginning of each Tz subse-
quence, since each Tz subsequence is followed by at
least one subtractive Td subsequence. Us is reset to 0
as follows:

*Ts=(43) Tb8 Td V¢

or Us is reset to O at 748 of a subtractive Td subses
quence, if no carry bit occurred.
The signal Clu is given by:

Clu=Tb7 Td Us
and the signal Cld is given by:

Cld=Tb7 Td Us

or L1 is counted up during a subtractive Td subsequence
and counted down during an additive Td subsequence.
The W-counter is counted up as follows:

Cwu=Tb7 Ty Tz

or W is counted up at 139 of the Tz subsequence.
The carry flip-flop is set to 0 under the following
special conditions:

*Ve=*Us+Tb8 Td Us Vc

The second of these expressions is necessary because a
subtractive Td subsequence will follow a subtractive Td
subsequence, if Ve=1 at 148 thereof.

The signal End immédiately follows the setting of
M3g in a Td subsequence, or the setting of Ov in the
comparison subsequence, as follows:

End=M?3g Tbh8-+0Ov Ty Th8
The issuance of M3g occurs as follows:
*M3g=(43)(W=6) TUs Tb7

or M3g is set to 1 during the first additive Td subse-
quence following the Tz subsequence in which W is
set to 6.

TAPE INTERRUPT VARIATION NOT NECESSARY

Since the Memory is not used following 8, except to
obtain the next instruction, data may be exchanged be-
tween the Memory and the Multiplex Buffer without
interrupting this instruction.

MOD-CHECK

No mod-check is performed on the results of the addi-
tions or subtractions performed during this instruction.
However, *Aagc sets at all times in the Td subsequence if
the Vb output signals are non-numeric; at all times in the
Td subsequence except at Th7, if the Va output signals
are non-numeric; and at any time, if M3g, if the Arith-
metic Unit output signals are non-numeric.

ExaMPLE

To illustrate the various alternative coufses taken by
the Central Processor during this instruction, a numeri-
cal example is illustrated in detail in the table following.
The entry N, in the table, illustrates that the contents
of the particular digit position has no significance at
that time, and does not affect the final result. In this
example, the number +000080460030 in FULL is di-
vided by the number —000400 in Memory. The quo-
tient —201000 appears in L and the remainder 000030
appears in R at the conclusion of the instruction.

At 11, the dividend is in FULL and the divisor is in
Memory. By ¢16, the MSH and LSH words of the
dividend have been exchanged and the divisor is stored
in J.
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DIVISION EXAMPLE—-Continued
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Bubsequence
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XIX

N
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74

Zova, Clu
Zva

looonael

XXI

botbtebttt | A |

Zra, Cld, *M3yg
Zva, End
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From t17-24, the contents of R and J are respec-
tively ring shifted in order to compare the MSH of the
dividend with the divisor to determine whether the quo-
tient can be expressed in six digits or less. Since such
is the case here, the division proceeds, and a 0 is in-
serted in R7 at £25. From r25-140, Tz subsequence I,
the contents of R and L1-L6 are ring shifted-down
twelve digits, which, in effect, ring shifts-up these con-
tents one digit position. At 740 of subsequence I, a O
is in L1, so that the contents of L1 may serve as the
first digit of the quotient during the first set of succeed-
ing Td subsequences. At 140 of subsequence I, W is
counted up to 1. At 26 of subsequence I, Us and Ve
are set to 1 to prepare for the first Td subsequence to
follow 140,

Td subsequence II is subtractive. The divisor in J is
subtracted from the dividend portion in R. At 47, Clu
issues to insert a 1 in the most significant quotient posi-
tion in L1. At #48, Vc is sampled. Since Vc is on,
Us stays on, and another subtractive Td subsequence is
entered.

At 148 of subsequence III, L1 is counted up to 2. At
this time, Vc is still on, so that the divisor must be once
more subtracted from the dividend portion remaining
in R1, by entering Td subsequence IV. At 148 of sub-
sequence 1V, L3 is counted up to 3, indicating that the
divisor has been subtracted three times from the divi-
dend portion in R. At r48 of subsequence IV, Ve=0,
so that *Us occurs, and Td subsequence V becomes ad-
ditive. During subsequence V, the divisor is added to
the dividend portion in R, and L1 counted back down to 2.

Tz subsequence VI is automatically entered following
148 of subsequence V, since U/s=0 at that time. Thus,
at 125 of subsequence VI, the MSD (namely, 2) of the
quotient is in L1. During Tz subsequence VI, the con-
tents of L1-L6 and R are ring shifted-up one digit posi-
tion and W is counted up to 2.

A subtractive Td subsequence VII automatically fol-
lows Tz subsequence VI, Since Ve=0 at the end of
subsequence VII, the dividend portion in R was less than
the divisor in J at t41 thereof. Therefore, Us is reset
in the clock period next following 748 of subsequence
VII, and Td subsequence VIII is additive to restore the
divisor quantity to the dividend portion in R. There-
fore, the next quotient digit, which is completed at #48
of subsequence VIIL, is a 0.

The processes thus far outlined, will continue through
subsequences IX-XIX.

In subsequence XIX, W is counted up to 6, indicating
that during the next set of Td subsequences, the LSD
of the quotient will be formed. At the end of subtrac-
tive Td subsequence XX, Vc=0, thereby effecting the re-
setting of Us and entry into additive Td subsequence
XXI. Since Us and W=6 at 147 of subsequence XXI,
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*M3g issues and causes the setting of End at 148. There-
fore, the instruction concludes at t48 of subsequence
XXI. In the next clock period, the sign and designator
bits of the quotient in L and the remainder in R are al-
tered to their correct values.

Instruction 65: Read Magnetic Tape or Character Reader
(RMT)

This instruction (FIG. 212) initiates the reading of
one block of 100 words of data from magnetic tape and
its transfer into Memory, or the reading of one line of
data from a document by the Character Reader and its
transfer into Memory.

The A-register contents are: 00MX-39MX, where M
should be 0, or a digit divisible by 2. The LSD of the
A-register contents is a control function which identifies
the particular Tape Handler that is to read data into
Memory or identifies the Character Reader. The other
three digits of the A-register contents represent the three
MSD's of the starting memory address. The LSD of
the starting memory address will always be translated
as a 0. Therefore, all starting memory addresses will
be multiples of 20. The LSD of the A-register contents

5 may be any numeric digit, which identifies a correspond-

ing Tape Handler, or the non-numeric dollar sign (3),
which identifies the Character Reader.

The descriptions of Inmstructions 21 and 58, coupled
with the description to follow, is a complete description
of Instruction 65.

The Initial Routine is unaltered; however, additional
signals are added from f1-s8 to accomplish this instruc-
tion.

MAGNETIC TAPE READING

At 13, the “Read” signal Rebd in the Central Proces-
sor issues to prepare the Read Buffer and Tape Control
Unit for a read operation. This signal issues; as follows:

Rebd=(65) Ta3 Reb Ers

The signal Rebd causes the “Read Buffer Busy” flip-flop,
Reb, in the Multiplex Buffer to set; as follows:

*Reb=Rebd
The signal XArA also issues at 13; as follows:
XArA=(65) Ta3 Reb

This signal effects the transfer of the contents of the A-
register to the Ar-register, after which Ar will retain the
starting memory address. At r4, signals issue to clear
the LSD of the Ar-register to-0; as follows:

*Ti—=(65) Tp DI T

The signal Nrb in the Tape Control Unit also issues
at 13 to control the transfer of the Tape Handler ad-
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dress from the LSD position of the A-register to the
R#-Read Address register in the Tape Control Unit; as
follows:

Nrb=Rebd Rb

Therefore, at 74, the Re-register is set from the following
signals:
*Rii=Nrb Ali

*Rii=Nrb AT

The signal Nrb also causes the “Tape Handler Busy
Reading” flip-flop, Rb, in the Tape Control Unit to set;
as follows;

*Rb=Nrb

The signal R controls the gating of the selected Tape
Handler read preamplifier output signals to the Ftr read
amplifiers.

Thus, at ¢5, the selected Tape Handler has been ad-
dressed, the starting memory address is in the Ar-register,
the Read Buffer is prepared to receive the first word from
tape, and the Tape Control Unit has been prepared for
the read operation. Since approximately 10 to 25 milli-
seconds are required from the time the Tape Handler
is referenced until the first word is available in the Read
Buffer for storage in Memory, the Central Processor
continues with its program until this first word is avail-
able in the Read Buffer. The succeeding program will
be continually interrupted to store the 100 words in
Memory, as described in the Read Buffer Operations
section. The interruptions will continue until the 4 block
marker on the tape indicates that one block of data
has been read therefrom and stored in Memory, at which
time the read operation will cease by the resetting of
Rb and Reb, and the program will continue uninter-
rupted; i.e.,

*Rb=Red+Rt3 (R114+-Re2)
*Reb=Red Reb Tha+Cha Csf Eoc

The first term in the equation for *Reb controls the
resetting of Reb when tape is being read. The signal Red
of the Tape Control Unit issues in response to the ¥
block marker.

Therefore, this instruction merely prepares the system
to read one block of data into the Memory. Following
the conclusion of this instruction, the Read Buffer con-
trols and the Tape Control Unit take over reading of data
from tape, signaling the Central Processor when a word
is available for Joading, and terminating the reading
process.

If this instruction is given when any one of the Tape
Handlers is already reading, the Reb flip-flop is already
on. The presence of the Reb signal inhibits the Rebd
and XArA signals. Thus, the starting memory address
specified in this instruction is not transferred to the Ar-
repister, thereby preventing destruction of the memory
address already present therein; and the selected Tape
Handler address is not transferred to the Rr-register,
thereby preventing destruction of the Tape Handler ad-
dress already present therein. Instead, the signal *Dy
issues at £3 to set the Dr flip-flop, thereby indicating that
this instruction was ineffective,

*Dt==(65) Ta3 Reb

The D¢ flip-flop, when on, inhibits the clearance of the
LSD contents of the Arregister. Since the setting of D¢
does not stop the Central Processor, a function of the
program is to interrogate D¢ with a DSW interrogation
(Instruction 54).

During a preceding read instruction, the Ers read sub-
alarm of the Multiplex Buffer may have been set. This
sub-alarm does not stop the Central Processor. How-
ever, if a new read Instruction 65 is given with the read
sub-alarm set, a major alarm signal will issue and stop
the Central Processor. Thus, as indicated above, the Ers
signal inhibits Rebd, thereby preventing the preparation of
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the Read Buffer and Tape Control Unit for a read opera-
tion, and sets the “Alert Tape Error” flip-flop, Ate, of
the Central Processor, which is a major alarm and stops
the Central Processor; as follows:

*Ate—=(65) Ta3 Ers

It is to be noted that the signal XArA need not be ip-
hibited at this time since there is no significant data in
the Ar-register.

CHARACTER READING

If the LSD in A contains the dollar sign (0101), the
Central Processor signal Chad issues, in addition to Rebd,
to prepare the Read Buffer and Character Reader for a
read operation; as follows:

Chad=(65) Ta3 Feb Ers (A41=0101)

The signal Chad causes the setting of the “Character
Reader Select” flip-flop, Cha in the Multiplex Buffer; as
follows:

*Cha=Chad

As before, the Rebd signal transfers the Al digit to
the Rt-register, transfers the starting memory address to
the Ar-register, and prepares the Read Buffer for the
read operaticn. Additionally, the Rebd signal sets the
Csu flip-flop; as follows:

*Csu=Rebd

Since tape is not read, the Rb signal is unnecessary,
and the Rb flip-flop is reset following storage of the non-
numeric dollar sign digit in the Re-register.

Data does not enter the Read Buffer until the docu-
ment field is being read by the Character Reader, which
is indicated by the “Check Field Synchronizer” flip-flop,
Cfs, of the Multiplex Buffer, and which is set; as follows:

*Cfs=Cha Ckp

The Ckp signal in the above equation is the Check Pres-
ence signal from the Sorter Control Unit, and issues when
a document is being read by the Character Reader. The
complete contents of the line of data on the document
being scanned are transferred to the memory before this
read operation terminates. The Cha signal gates the digit
representing each symbol read by the Character Reader to
the Read Buffer register element Ra4 and inhibits entry
of tape data input thereto. However, unlike the tape read
variation of this instruction, the character reading opera-
tion does not conclude at the end of a block, but only
when one line of data has been read from a document.
Therefore, only one check or one line of data from a
document will be read by this instruction. Since the
speed of reading data by the Character Reader is slow
compared to the speed of the Central Processor, the Cen-
tral Processor continues with its program, subject to con-
tinual interruptions to receive data for the Memory from
the Read Buffer, as described in the Read Buffer Opera-
tions section.

The interruptions will continue until the “End of
Check” signal, Eoc, occurs. Eoc issues when the Eoc flip-
flop of the Multiplex Buffer is set to 1 at the termination
of the Check Presence signal; as follows:

*Eoc=Ckp Cfs Eoc

The signal Eoc, in turn, terminates the signal Reb, as

indicated in the preceding equation for *Reb, and the
signals Cha and Cfs; as follows:

*Cha=Cha Cfs Eoc
*TTs=Eoc Cfs

The Eoc flip-flop is reset in the clock period next follow-
ing that in which it sets; i.e.,

*Foc=FEoc Cfs

If a tape was already reading when this instruction was
given, so that the Reb flip-flop was on, this instruction is
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ineffective, and Dt is set as described previously. If the
read sub-alarm Ers is on when this instruction is entered,
the instruction is ineffective, and the major alarm Ate
issues, as described previously.

If the Anpd sub-alarm is on when this signal is entered,
a major alarm will issue at 13; as follows:

*Ate==Chad Anpd

This sub-alarm is present in the event that a required
pocket decision failed to occur, Therefore, where the
present document is one of a series of documents being
read, the Central Processor will immediately halt follow-
ing the end of this instruction if Anpd is present.

The halting of the Central Processor, when the Ate
major alarm occurs, is described in the Alarm Halt
section,

It is to be noted that the major alarm Ai does not
set and stop the Central Processor, even though a non-
numeric LSD is present in the A-register. This is be-
cause the signal *A4i=A13(4A124-A11)Mca is effective
only at 5. However, by 5, the Tape Handler selector
digit has been transferred to the Rs read address register,
and a numeric digit is in Al due to the occurrence of
XNA at 4,

The signal End occurs unconditionally at 8.
8 clock periods.

Time:

Instruction 66: Write Magnetic Tape or
Load Printer (WMT)

This instruction (FIG. 213) initiates the writing of
one block of 100 words of data from consecutive memory
locations onto magnetic tape or 100 words by the Printer.

The A-register contents are: 00MX-39MX, where M
must be 0, or a digit divisible by 2. The LSD of the
A-register contents is a control function which identifies
the particular Tape Handler that is to receive data from
the Memory or which identifies the Printer. The other
three digits of the A-register contents represent the three
MSD’s of the starting memory address. The LSD of
the starting memory address will always be translated
as a 0. Therefore, all starting memory addresses will
be multiples of 20. The LSD of the A-register contents
may be any numeric digit, which identifies a correspond-
ing Tape Handler, or the non-numeric comma (,), which
identifies the Printer,

The description of Instruction 65, coupled with the
description to follow, is a complete description of Instruc-
tion 66.

The Initial Routine is unaltered; however, additional
signals are added from r1-18 to accomplish this in-
struction.

MAGNETIC TAPE WRITING

At 13, the “Write” signal Webd in the Central Processor
issues to prepare the Write Buffer and Tape Control
Unit for a write operation. This signal issues; as follows:

Webd={(66) Ta3 Web Fws

The signal Webd causes the “Write Buffer Busy” flip-

flop, Web, in the Multiplex Buffer to set; as follows:
*Web=Webd

The signal Web controls writing of the one block of
data.
The signal XAAw also issues at (3; as follows:

XAAw=(66) Ta3 Web

This signal effects the transfer of the contents of the
A-register to the Aw-register, after which Aw will retain
the starting memory address. At #4, signals issye to clear
the LSD of the Aw-register to 0; as follows:

*Awli=(66) Tp Di BL
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The logic causes the issuance of the signal *Lw (Load

Write); as follows:

*Lw=(66) Tp Dt Bb
The Load Write signal prepares the write buffer to accept
the first word of the block from Memory. When Ti
occurs in the next-following instruction, a Write Buffer
Operation will be entered and this first word transferred
to the Write Buffer,

The logic also causes the issuance of the signal XAwA,
which causes the transfer of the contents of Aw to the
A-register. However, this signal plays no part in this
instruction, inasmuch as these new contents of A are
immediately destroyed at 5.

There are two modes of delivering data to magnetic
tape. In the block mode, the contents of 100 consecu-
tive memory locations are delivered for writing. In
the blockette mode, 5 random groups of 20 words each
in memory are delivered for writing. Therefore, in this
instruction the controlling flip-flop, Blk, in the Central
Processor which determines the one of these two modes
to be employed, is reset at ¢3 in order to allow the writing
of the contents of 100 consecutive memory locations;
as follows:

*Blk=(66) Ta3 Web

The signal Nwb i the Tape Contrel Unit also issues
at 13 to control the transfer of the Tape Handler address
from the LSD position of the A-register to the We-alter
address register in the Tape Control Unit; as follows:

Nwb=Webd Wb

Therefore, at 14, the We-register is set from the following
signals:

*Wiei=Nwb Ali
*Wii=Nwb All
The signal Nwb also causes the “Tape Handler Busy
Writing” flip-flop, Wb, in the Tape Control Unit to set;
as follows:
*Wb=Nwb

The signal W& controls the application of the write
driver output signals to the wrile heads of the selected
Tape Handler,

Thus, at 15, the selected Tape Handler has been ad-
dressed, the starting memory address is in the Aw-register,
the Write Buffer is prepared to receive the first word
from Memory, and the Tape Control Unit has been pre-
pared for the write operation. The succeeding program
will be continually interrupted to obtain the 100 words
from Memory, as described in the Write Buffer Opera-
tions section. These interruptions will continue until the
v block marker on the tape indicates that one block of
data has been written thereon, at which time the write
operation will cease by the resetting of Wb and Web,
and the program will continue uninterrupted; i.e.,

W= Wed+ W3 (Wil 4+ We2)
*Wel=Wed Web Pri
+Twé TwS Twd Twd WhHk3 TWHEZ Wbkl Bbf Web

The first term in the equation for Web controls the re-
setting of Web when tape is being written. The signal
Wed of the Tape Control Unit issues in response to the
block marker.

Therefore, this instruction merely prepares the system
to write one block of data from the Memory. Following
the conclusion of this instruction, the Write Buffer con-
trols and the Tape Control Unit take over writing of data
on tape, signaling the Central Processor when another
word is required for storage, and terminating the writing
process.

If this instruction is given when any one of the Tape
Handlers is already writing, the Web flip-flop is already
on. The presence of the Web signal inhibits the Webd



27,157

185

and XAAw signals, Thus, the starting memory address
specified in this instruction is not transferred to the Aw-
register, thereby preventing destruction of the memory
address already present therein; and the selected Tape
Handler address is not transferred to the Wit-register,
thereby preventing destruction of the Tape Handler ad-
dress already present therein. Instead, the signal *Dr
issues at 13 to set the Dt flip-flop, thereby indicating that
this instruction was ineffective.

*Dt = (66) Ta3 Web

The D flip-flop, when on, inhibits the clearance of the
LSD contents of the Aw-register. Since the setting of D¢
does not stop the Central Processor, a function of the
program is to interrogate Dt with a DSW interrogation
(Instruction 54).

During a preceding write instruction, the Ews write
sub-alarm of the Multiplex Buffer may have been set.
This sub-alarm does not stop the Central Processor.
However, if a new write Instruction 66 is given with the
write sub-alarm set, a major alarm signal will issue and
stop the Central Processor. Thus, as indicated above, the
Ews signal inhibits Webd, thereby preventing the prepa-
ration of the Write Buffer and Tape Contro]l Unit for a
write operation, and sets the “Alert Tape Error” flip-flop,
Ate, of the Central Processor, which is a major alarm
and stops the Central Processor; as follows:

*Ate = (66) Ta3 Ews
PRINTER WRITING

If the LSD in A contains the comma (0110), the Cen-
tral Processor signal Prtd issues, in addition to Webd, to
prepare the Write Buffer and Printer for a write opera-
tion; as follows:

Prtd=(66) Ta3 Web Fws (A1=0110)

The signal Pred causes the setting of the “Print-on-Line
Select” flip-flop, Pr¢, in the Multiplex Buffer; as follows:

*Prt = Prid

One hundred words of data are then transferred to the
Printer by Write Buffer operations, while the program
continues. After 100 words have been written by the
Printer, the write operation will cease by resetting Prt
and Web. Web is reset as shown by the second term in
the previous equation for *Web. In this second term,
the Twi and Wbki terms refer respectively to the Tw-
counter and Wbk-counter, both in the Multiplex Buffer,
which serve to time the write operation and to control
the number of words written. The Multiplex Buffer sig-
nal Bbf has been set when the first word is loaded into
the Write Buffer from Memory.
The Prt flip-flop is reset; as follows:

*Pri=Tw6 Tw5 Twd Tw3 Wbk3 WIE2 Whkl

If a tape was already writing when this instruction was
given, so that the Web flip-flop was on, this instruction is
ineffective, and Dt is set as described previously. If the
write sub-alarm Ews is on when this instruction is en-
tered, the instruction is ineffective and the major alarm
Ate issues, as described previously.

The signal End occurs unconditionally at £8. Time:
8 clock periods.

Instruction 68: Write Blockettes on Magnetic Tape or
Load Printer (WMB)

This instruction (FIG. 215) initiates the writing of
100 words of data from five groups of memory locations
disposed at random in Memory, wherein each group
comprises 20 consecutive memory locations. The words
stored in each group of 20 consecutive memory locations
are termed a blockette. These five blockettes may be
written on magnetic tape or by the Printer.

The A-register contents are O0MX-39MX, where M
must be 0, or a digit divisible by 2. The LSD of the A-
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register contents is a control function which identifies
the particular Tape Handler that is to receive data from
the Memory or which identifies the Printer. The other
three digits of the A-register contents represent the three
MSD’s of the starting memory address of the first block-
ette. The LSD of the starting memory address will al-
ways be translated as a 0. Therefore, al] starting mem-
ory addresses will be multiples of 20. The starting mem-
ory addresses for the remaining four blockettes, which
must also be divisible by 20, must be stored sequentially
in memory locations (000, 0001, 0002, and 0003.

The LSD of the A-register contents may be any nu-
meric digit, which identifies a corresponding Tape Han-
dler, or the non-numeric comma (,), which identifies the
Printer.

The description of Imstruction 66, coupled with the
description to follow, is a complete description of In-
struction 68. This instruction is substantially identical
to Instruction 66, except that the B/k flip-flop in the
Central Processor is set to 1 at ¢4; as follows:

*Blk=(68) Ta3 Web

The flip-flop Blk controls the receipt of a new blockette
starting memory address for every 20 words that are
delivered by the Memory.

As indicated in Instruction 66, this instruction merely
prepares the tape controls to write five blockettes of
data from the Memory. Following the conclusion of
this instruction, the Write Buffer controls and the Tape
Control Unit take over the subsequent writing of data,
signaling the Central Processor in the manner described
in the Write Buffer Operations section, During these
subsequences, the signal *Jm20 of the Central Processor
issues whenever the memory address reaches a quantity
divisible by 20. The signal *Jm20 controls the shift sig-
nal XArA, which effects the transfer of the next re-
quired one of memory addresses 0000, 0001, 0002 or
0003 to the A-register.

The signal End occurs unconditionally at 8. Time:
8 clock periods.

Instruction 67: Alter Magnetic Tape (AMT)

This instruction (FIG. 214) initiates the backing, eras-
ing, or rewinding of magnetic tape.

The A-register contents are: 00YX. The LSD, X, of
the A-register contents is a control function which identi-
fies the particular Tape Handler. The next higher order
digit, Y, of the A-register contents identifies the one of
three courses which this instruction may take.

If:
Y=1, the Tape Handler will back one block.
Y'==3, the Tape Handler will back one block and erase

one set of block markers.
Y =4, the Tape Handler will rewind completely.

The description of Instruction 66, coupled with the
description to follow, is a complete description of In-
struction 67.

The Initial Routine is unaltered. However, additional
signals are added from #1-¢8 to accomplish this instruc-
tion.

The “Back Tape” signal Bkt of the Central Processor
initiates the one block backing of the identified Tape
Handler and issues; as follows;

Bkt=(67) Ta3 Web A21

The “Erase Tape” signal Ert of the Central Processor
initiates the erasing of the block markers when the tape
of the identified Tape Handler is backed one block and
issues; as follows:

Ert==(67) Ta3 Web A22 A21
The “Rewind Magnetic Tape” signal Rmz of the Central
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Processor initiates the rewinding of the identified Tape
Handler and issues; as follows:

Rmt=(67) Ta3 A23

The Web flip-flop is set by the signals Bkz and Ert, as
well as by the Write signal Webd of Instructions 66 and
68; as follows:

*Web=Webd+Bkt+Ert

Following the issuance of any one of the signals Bks,
Ert and R, this instruction concludes, but the Tape
Control Unit continues control of the initiated course
until it is completed.

As indicated in the equations above, each of the Bkt
and Ert signals is inhibited from issuing if the Web
signal of the Multiplex Buffer is present; i.e., if a previous
write tape, back tape, or erase tape operation is not yet
completed. One reason for this inhibiting action, is
because the We-register can only store the identification
of one Tape Handler at a time.

As in Instruction 66, the Nwb signal of the Tape Con-
trol Unit gates the identification of the Tape Handler
into the Tape Control Unit Wi-register for both the back
and erase commands; as follows:

Nwb=(Webd+Ert--Bkt) Wb
*Wti=Nwb Ali
*Wii=Nwb AT

Therefore, the Wi-register is employed to storc the identi-
fication of the Tape Handler for the write, erase and
back operations.

It is noted in the equations above that the Rmut signal
is not inhibited by the signal Web. Thus, a rewind op-
cration can be initiated at any time. One reason for
the independence of this operation is that a separately
settable flip-flop in the rewind register S, of the Tape
Contro! Unit, controls the rewinding of a corresponding
Tape Handler. Thus, the Si flip-flop, when set, causes
the rewinding of the ith Tape Handler. The Si flip-fiop
in the rewind register is set; as follows:

¥Si=Rmt (A1=i)
The back and erase instructions are terminated when
a v block marker causes the issuance of the signal Wed

of the Tape Control Unit, at which time Web is reset;
as follows:

¥TWeb=Web Pri Wed

The rewind operations are terminated by the resetting
of the corresponding Si flip-flop by the corresponding sig-
nal NBrd(i) issuing from the respective Tape Handler
when the ith tape is completely rewound.

If the back or erase instructions are given when the
Wed signal is already on, the instruction is ineffective.
Instead, the signal *D¢ issues at 73 to set the D¢ flip-flops,
thereby indicating that this instruction was ineffective.

*Di={(67) Ta3 Web A21

Since the setting of D does not stop the Central Processor,
a function of the program is to interrogate D¢ with a
DSW interrogation (Instruction 54).

The signal End occurs unconditionally at 8. Time:
8 clock periods.

Instruction 58: Start or Stop Check Feeding (CHF)

This instruction (FIG. 205) commands the Sorter to
start or stop feeding documents,

The A-register contents are: 000X, The LSD of the
A-register conlents is a control function which identifies
the one of two courses which this instruction may take.

If:

All=1 the Sorter will commence the continuous feed-
ing of documents.
Al1=0 the Sorter will stop the feeding of documents.
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The description of Imstruction 21, coupled with the
description to follow, is a complete description of In-
struction 58.

The Initial Routine js unaltered. However, additional
signals are added from 11—8 to accomplish this instruc-
tion.

At Ta3, the signals *Cfd or *Crd issue from the Cen-
tral Processor to control the “Check Feed” flip-flop, Cfd.
in the Central Processor; as follows:

*Cfd==(58) Ta3 Rsr All
*Tfd=(58) Ta3 ATL

The output of the Cfd flip-flop controls the “Continu-~
ous Feed” flip-flop, Cof, in the Sorter Control Unit; as
follows:

*Cof=Cfd
*Cof=C7d

Thus, after Cfd is set, or reset, the Cof flip-flop will cor-
respondingly set or reset.

The Cof signal actuates the vacuum feed solenoid in the
Sorter, causing the Sorter to start feeding checks. In the
absence of the Cof signal, no checks are fed.

It is a condition for the issuance of the signal *Cfd,
and, consequently, to the starting of the check feeding,
that the Sorter Ready signal Rsr be equal to 1. The Rsr
signal is equal to 1 if the START SORTER switch is
closed, so that the Sorter is running.

The signal End occurs unconditionally at 8. Time:
8 clock periods.

Instruction 57: Select Sorter Pocket (N) (POC)

This instruction (FIG. 204) effects the selection of
one of the 12 Sorter pockets to receive a document,

The A-register contents are 000X. The LSD of the
A-register contents is a digit which identifies the par-
ticular pocket selected.

The descriptions of Instructions 21, 58 and 65, coupled
with the description to follow, is a complete description
of Instruction 57.

The Initial Routine is unaltered. However, additional
signals are added from /1-t8 to accomplish this instruc-
tion.

During £3 and #4 the signals Psi issue from the Central
Processor in response to the corresponding bits in Ali; as
follows:

Psi=(57) (Ti+4Ta3) AL

The four signals Psl-Ps4 represent four bits, which are
respectively the inverse of the corresponding bits in Al.
This inversion is necessary because the Sou output regis-
ter of the Sorter Control Unit is adapted to respond to
this inverted type of digit representation,

The signals Psi are applied directly to the reset termi-
nals of the Sou-register; as follows:

*Sou(i)=Psi
The Sou-regis_ter has been previously set to the 1111-
state, Following receipt of the Psi signals, the Sowu-regis-
ter contents control the selection of the proper Sorter

pocket when enabled by the read-out signal Yro of the
Sorter Control Unit.

The digits 0-9 in A1 control the respective 0-9 pockets
of the Sorter. For example, if pocket #1 is to be
selected, the contents of Al are 0001. Therefore, the
signals Psi, which are consequently transmitted to the
Sorter Control Unit, are 1110. These Psi signals, in
turn, set the Sou-register to the 0001-state. With the
Sou-register in the 0001-state, a significant output signal
is available on only the Decl line from the Sorter Con-
trol Unit. When the read-out signal occurs, the signal
on the Decl line controls the opening of the deflector to
Sorter pocket #1, for receipt of the document.

The asterisk {*), which is stored in Al as 1110, ulti-
mately provides an output on the Dec-ss line from the
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Sorter Control Unit, which, in turn, directly opens the
Sorter special-sort pocket. The reject signal is stored as
a period (.) in Al and provides no output from any
Sorter decision line, thereby causing the document to en-
ter the Reject pocket.

If the forbidden digit 1111 is stored in Al, the docu-
ment also enters the Sorter reject pocket. With the for-
bidden digit in Al, no flip-flop in the Sou-register is
reset, and therefore the Sou-register remains in its cleared
state. When the read-out signal subsequently occurs,
no pocket command line is actuated, but instead, the
Npd signal is transmitted to the Central Processor to
set the flip-flop Anpd. Thus, if either a forbidden digit
or no pocket decision is transmitted from the Central
Processor, Anpd is set when the read-out signal occurs.
Since the setting of Anpd does not stop the Central
Processor, a function of the program is to interrogate
Anpd with a DSW interrogation (Instruction 54).

Inasmuch as the Sorter Control Unit and the Central
Processor operate asynchronously, the Psi signals are
applied to the Sou-register reset logic terminals for two
clock periods of Central Processor time in order to
insure that at least one clock pulse of the Sorter Control
Unit occurs while the Psi signals are applied.

The signal End occurs unconditionally at 18, Time:
8 clock periods,

Instruction 24: Transfer P to M (TPM)

This instruction (FIG. 189) effects the transfer of the
entire contents of the P-register to a specified Memory
location,

The location address is: 0000-3999 Memory.

The descriptions of Instructions 21 and 70, coupled with
the description to follow, is a complete description of In-
struction 24.

The Initial Routine is altered, as was that of Instruc-
tion 70, to eliminate XZJ at /7 and XMIJ at 8, inasmuch
as no operand is received from Memory. Instead, the
instruction is circulated twice in the J-register and is mod-
checked twice. At 18, the signal Em24 issues uncondi-
tionally; and the signal *Dt issues conditionally,

Em24, a Central Processor signal, initiates the delivery
of Mwt from the Central Processor, which allows data to
shift in parallel from the P-register to the M-register.
Either of two conditions may exist at 18, which would
result in the setting of Dz, and which, in turn, would pre-
vent the issuance of Mwi¢:

*Di=(54) Ta8 (Ic3--Pbz)

(1) If the P-register is empty, the P-Buffer flip-flop
Mc3=0.

(2) If the P-register is receiving data from the Control
Typewriter or the Photoreader, or is sending data to the
Control Typewriter; the Pbz signal of the P-Buffer is
present, indicating that the P-register is busy.

The Dt flip-flop is set at 19 if Mc3 or Pbz is present
at 8. The setting of Dt indicates that this instruction
“didn’t take,” Since the setting of D¢ does not stop the
Central Processor; a function of the program is to inter-
rogate Dr with a DSW interrogation (Instruction 54).

If the P-register is full and ready to transfer data to M,
Mc3 is on during the Ta-cycle, :

At 19, Mwr occurs if Dt is off; ie., if P was full
(Mc3=1) and P was not busy.

Mwt=(24) Tb1 Dt

Upon the issuance of Mwt, the word in P is transferred
to M. The presence of C53 gates the entire contents of
the P-register by parallel shift to the M-register input
gates, and the signal Mw? enters these entire contents into
the M-register (if T#). There is no Memory mod-genera-
tion, as in Instructions 21 and 70, when the word is trans-
ferred to the Memory.
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If the P-register was not busy, Em24 resets Mc3 at 19,
so that when this instruction is completed Mc3 indicates
that the P-register is empty; i.e.,

*[7¢3=Em24 Pnbz

Had the P-register been full (Mc3=1), but busy, Mw?
would not have issued, and Mc3 would not have been
reset, but would continue to indicate that the P-register
was full,

The signal End occurs unconditionally at 716, Time:
16 clock periods.

Instruction 74: Transfer M to P (TMP)

This instruction (FIG. 220) effects the transfer of the
entire contents of a Memory location to the P-register.
The address of the operand in Memory is specified in the
address portion of the instruction. The transfer is made
through the medium of the J-register.

The operand address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the de-
scription to follow, is a complete description of Instruction
74.

The Initial Routine is unaltered. However, at 78 the
additional signal, Em74, issues unconditionally; and the
signal *D¢ issues conditionally.

Em74 is a Central Processor signal for preparing the
P-Buffer controls to accept a word from the J-register.
Either of two conditions may exist at /8 which would re-
sult in the setting of Dy, and which would also prevent
Em74 from preparing the P-register controls for the word
transfer:

(1) If the P-register already contains data, the P-Buffer
flip-flop Mc3=1.

(2) If the P-register is receiving data from the Control
Typewriter or the Photoreader, or is sending data to the
Control Typewriter, the Pbz signal of the P-Buffer is
present, indicating that the P-register is busy.

The Dt flip-flop is set at 19, if Mc3 or Pbz is present at 8.
The setting of D¢ indicates that this instruction “didn’t
take.” Since the setting of Dz does not stop the Central
Processor, a function of the program is to interrogate D¢
with a DSW interrogation (Instruction 54).

If the P-register was not busy, Em74 sets Mc3, so that
when this instruction is completed Mc3=1 indicates that
the P-register is filled.

*Mc3=Em74 Pnbz

Mc3 is therefore set at 19 and so remains when the in-
struction has concluded.

If the P-register is not busy, so that Pnbz=1 and
Pbz=0, and if Mc3=0, the Tsc flip-flop of the Ts-counter
of the P-Buffer will be set to 1 by Em74, at 19.

*Tsc=Em74 Pnbz JI¢3

A summary of these effects is given in Table A.
TABLE A

‘When Em74 issues, if: |These flip-flops will be set:

Me3 Pbz Tac Mec3
0 (1} 1 1
0 1 0 0
1 0 0 1
1 1 0 1

Only in the first situation of Table A is the P-register
loaded from the R-register. In the remaining situations
*Dt occurs, and the instruction is not effective. In the
last two situations, P remains filled with the data therein
when this instruction commenced.

When the Ts-counter is set to 1 it will count from 2 to
7, to 0, whereupon it ceases to count. The Ts-counter in
turn, causes the Tsp signal of the P-Buffer to issuc for
seven clock periods from #9-¢15. Clock pulse drivers Sp
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and Cap of the P-Buffer direct a serial shift of the con-
tents of P, and of the contents of J1 to P7, for seven
clock periods under the control of Tsp. At 9 the operand
is in the J-register in sequential order and at this time the
signals SJ, Sp and Cap commence. At ¢10 the first digit
of the operand appears in P7. Six clock periods later,
at r16, this operand has completed a ring shift-down in
the J-register and has been entirely shifted to the P-
register. This transfer of the operand from the J-register
to the P-register is illustrated in Table B,

TABLE B

10

192

ineffective, and the D flip-flop sets to indicate that this
instruction “didn’t take.” The conditions under which the
D¢ flip-flop is set, for this instruction, are given by:

*Dt=(59) Ta3 (Pbz+Mc3 A22+3c3 A232)

where Pbz is a P-Buffer signal indicating that the P-
register is busy, and Mc3 is a P-Buffer signal, which when
1 at this time, indicates that the P-register is full, Since
the setting of D¢ does not stop the Central Processor, a
function of the program is to interrogate D¢ with a DSW

J2 J1 P7 P8 P5 P4 P3

P2

Pl

0-1
0-2
0-3

01
0-2 01

The signal Sjp of the P-Buffer is normally present and
gates the transfer of J1 to P7. The actual transfer of data
into P7 is controlled by Cap clock signals applied to P7.

The normal mod-check of the instruction and operand
take place.

The signal End occurs unconditionally at ¢116. Time:
16 clock periods.

Instruction 59: Photoreader of Conirol Typewriter In or
Qut (PIO)

This instruction (FIG. 206) effects the transfer of one
data word between the P-register and either the Photo-
reader or the Control Typewriter.

The A-register contents are: 0ZYX., The three least
significant digits of the A-register contents constitute a
control function, which determines the mode of operation
to be executed by the P-Buffer.

The descriptions of Instructions 21 and 74, coupled
with the description to follow, is a complete description of
Instruction 59.

The Initial Routine is unaltered. However, at {3 one
additional signal, EmS59, issues unconditionally; and the
signal Dz issues conditionally.

The signal Em59 of the Central Processor sets the P-
Buffer mode control flip-flops to execute the selected op-
eration, in accordance with the control function. The con-
trol function directs the type of data transfer to take place,
and indicates the nature of the word to be transferred; as
follows:

Control Mode

function

Transfer word in P-register to Control T'ypewriter.
Transfer word from Control Typewriter to P-register.

.| Transfer word from Photoreader to P-register.

Word concerned is single numeric.

Word concerned is first half of double-precision word.
Word concerned is second half of dougle-precision word,
‘Word concerned is alphanumeric.

.| Generate Tab putaway character.

Generate Car Ret restoring character,

The P-Buffer mode control flip-flops are set in accord-
ance with the control function and direct the succeeding
operation of the P-Buffer and its associated Photoreader
and Control Typewriter independently of the Central
Processor. Therefore, although this instruction requires
but eight clock periods of the time of the Central Processor,
the P-Buffer controls require considerably more time to
execute the directed operation. The functioning of the
P-register, in the event that the instruction is effective, is
described in detail in the section entitled “P-Buffer Op-
eration.”

If the P-register is busy at 3, if it is full and the control
function dictates that data be transferred to the P-register,
or if it is empty and the control function dictates that
data be transferred from the P-register, the instruction is
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interrogation (Instruction 54).
The signal End occurs unconditionally at 8. Time:
8 clock periods.

Instruction 52: Ring Bell or Gong (RNG)

This instruction (FIG. 201) initiates one of two audible
indications. One audible indication is the sound of a bell
for approximately one second. The other audible indica-
tion is the sound of a gong, which continues until man-
ually terminated.

The A-register contents are 000X. The LSD of the
A-register contents is a control function which identifies
the particular audible indication desired.

The description of Instruction 21, coupled with the
description to follow, is a complete description of Instruc-
tion 52.

The Initial Routine is unaltered. However, additional
signals are added from 71-s8 to accomplish this instruc-
tion.

If A11=1, a monostable multivibrator, Yb1, in the
Central Processor, is triggered at Ta3; as follows:

*Yb1=(52) Ta3 All

TY D1, which issues in response to Yb1, locks the contacts
of a relay in the Control Console, which thereby causes
a gong to sound repeatedly until it is manually terminated
by the “Release Gong” button on the Control Console.
If A12=1, the monostable multivibrator, Y52, in the
Central Processor, is triggered at Ta3; as follows:

*Yb2=(52) Ta3 A12

TY02, which issues in response to Y52, actuates a bell in
the Control Console, which continues to ring for approx-
imately one second.

If both A1l and A12 are equal to 1, both the gong and
the bell will sound.

The signal End occurs unconditionally at #8.
8 clock periods.

AUTOMATIC SUBROUTINES

In addition to the automatic routines which are exe-
cuted as complete instructions; i.e., 25, 26, 51, 55 and 56,
automatic subroutines occur if an instruction word con-
tains certain data. These data are contained in the 4
and 5-bit positions of the condition digit and in the 4 and
5-bit positions of the 4th digit. (Since the largest ad-
dressable memory location is 3999, the 4 and 5-bit posi-
tions of the 4th digit position of an instruction are not
employed for the memory address.)

These subroutines are initiated by the following data in
an instruction:

(1) Sign bit—If the 4-bit position of the condition digit
contains a 1, a B-subroutine is entered following 72 of an
instruction. In the B-subroutine, the contents of B are
added to the address in A. The 4-bit position of the con-
dition digit is termed the sign bit.

Time:
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(2) Designator bit.—If the 5-bit position of the condi-
tion digit contains a 1, the address of the instruction is
increased by 2 each time the instruction is executed, The
5-bit position of the condition digit is termed the desig-
nator bit.

(3) Augmentor bit—If the 5-bit position of the 4th
digit contains 1, the numeric contents of the word in
Memory whose location is specified by the address of the
instruction is increased by 2. The 5-bit position of the
4th digit of an instruction is termed the augmentor bit.

(4) Breakpoint bit—If the 4-bit position of the 4th
digit is equal to 1, the Central Processor will be forced to
halt if the SELECTIVE HALT switch is on. The 4-bit
position of the 4th digit of an instruction is termed the
breakpoint bit.

B-Subroutine

This subroutine (FIG. 238) causes the address portion
of the instruction currently being executed to be added
to the contents of the B-register, and the resulting sum
to be shifted to the I-register to become the effective ad-
dress. The contents of B are left unchanged.

The description of Instructions 27 and 72, coupled
with the description to follow, is a complete description
of the B-subroutine.

This subroutine takes place during the Initial Routine.

At 12 of the instruction being executed, the sign bit of
the contents of the J-register is sampled in Js and if this
bit is equal to 1, the B-subroutine interrupts the Initial
Routine, The B-subroutine is initiated when the signal
*Bb issues, and a special five clock period timing sequence
is entered by resetting Ta. At the end of these five clock
periods, Ta is again set, 3 of the Initial Routine is en-
tered, and the instruction continues, The resetting of Ta
and the setting of Bb is given by:

*Bb=*Ta=Ta2 Kim2 Is (Jr Jw Jm20)

The presence of Js inhibits the setting of Ta3. The pres-
ence of Bb enables the issuance of the signals SBB and
SB for four clock periods. The signals SB and SBB
cause a complete ring shiftdown of the contents of B.
Bb also enables the issuance of SA, SVA, and Vez. SA
shifts the original address of the present instruction from
the A-register to the Va input AND-gates of the Arith-
metic Unit. The four digits of B are transferred to the
Vb input AND-gates of the Arithmetic Unit. One clock
period after the first digits of A and B enter the Arith-
metic Unit, the Arithmetic Unit output signal issues, rep-
resenting the sum of the two input signals. In the third
period of the B-cycle, the first digit of the new address is
gated into the A-register by SVA. The MSD of the new
address is in the A-register at £3, following the B-subrou-
tine, The signal V¢t enables the numeric inputs to the
carry flip-flop Vet.

The presence of Bb alters the sequence of the T-counter,
so that following its state of 111, it changes to 011, which
is the required state for Ta3. When the T-counter reaches
the 111 state, Bb is reset, and Ta and Ta3 are set, so that
the next clock period is £3 of the Initial Routine.

Any overflow that occurs during the addition is ignored.

The table below illustrates the summation and the
transfer of the sum to the B-register.

A4 A3 A2 Al B4/ B3 B2 Bl V.
2 A4 A3 A2 A-1 B4 B-3 B2 B-1 ......
Tp Tq Ts A4 A-3 A-2 A-1 B4 B3 B2 B-1 ......
TpTATE  |oceemen A-4 A3 A-2 B-1 B-4 B3 B-2 &1
Tp Tq Ts 81 ... A4 A3 B-2 B-1 B-4 B3 82
Tp Tq Ts 82 81 ooeee A-4 B-3 B2 B-1 B4 8-3
Tp Tq Ts S-3 S-2 S8-1 _._._ B4 B-3 B-2 B-1 S+
%3 84 S$-3 82 81
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where

S—1=(A—1)+4(B-1)
§—2=(A—2)+(B—2)
§—3=(A—3)4(B—3)
S—4=(A—4)+(B—4)
(“+", here, indicates addition)

No Arithmetic Unit Mod-check is made. However, *Aac
issues if the Va or Vb inputs are non-numeric during the
presence of Bb, or if the Arithmetic Unit output is non-
numeric at any time.

Designator Bit Subroutine

If the designator bit of an instruction word is equal to
1, the address portion of that instruction is increased by
2 each time the instruction is executed. This increase
by 2 occurs just before the instruction is restored to the
Core Memory, and is effected in the Memory. This
change is directed by the signal *Asm, which is initiated
if the designator bit is on when the signal End occurs,
immediately before the instant instruction is executed.
The logic for the issuance of *Azm is:

*Atm=Kim2 Md End T3g Tl (Jr Jw Tm20)

The flip-flop Arm sets at t1, whereupon the Memory
receives the signal to increase the contents of the M-reg-
ister by 2. Since this instruction word, however, is al-
ready in the J-register, the operand which the instant in-
struction obtains from Memory is that located at the
original address.

For example, if the designator bit is equal to 1 in In-
struction 85, “Transfer M to FULL,” and the address
portion represents 1000, the contents of memory ad-
dresses 1000 and 1001 will be placed in the L and R-reg-
isters the first time the instruction is executed. The sec-
ond time the instruction is executed the contents of mem-
ory addresses 1002 and 1003 will be placed in the L
and R-registers, etc.

Each time this address modification takes place, the
signal Arm sets the D2 flip-flop, which remains set at the
end of the instruction being executed, if there is no carry
to the 100’s position in the M-register. Therefore, if the
two least significant digits of the instruction address are
98, the issuance of Am restores them to 00 and resets
D2. Thus, in the preceding example, the memory address
will be successively increased to 1098, after which it will
return to 1000.

The signal Mof issues from Memory when the addition
of 2 to the words stored in the M-register causes a carry
from the 10’s digit. This signal serves to reset the flip-
flop D2. The logic by which Atm sets D2 and an over-
flow resets D2 is:

*D2=Tg Ts Atm; *D23=Mof Ammn

Thus, by means of the designator bit, an instruction
may automatically have its address stepped through a
sequence of 100 words in the Memory. These 100 words
constitute a block of information.

At the same time as the count of 2 is added to the two
least significant digits, a count of 2 is subtracted from
the mod-bits in the M-register to correct the total modulo-
3. However, only a count of 1 is subtracted from the
mod-bits if an overflow occurs.

Augmentor Bit Subroutine

If the augmentor bit of an instruction word is equal
to 1, the numeric contents of the word located in Memory
at the address specified in the address portion of the in-
struction is increased by 2 each time the instruction is
executed. This increase by 2 is directed by the signal
*Arm, which is controlled by the augmentor bit. How-
ever, the augmentor bit is only effective for instructions
in the 20, 30, 70, and 80 decades. The logic for issuance
of *Arm js:

*Atm==C62 TaB A44 Hsi
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The signal *Arm issues at Ta8, if the augmentor bit is
1, and the Asm flip-flop sets at 9. When the Arm flip-
flop is on at 19, the numeric value of the operand is in-
creased by 2 before it is restored to the Core Memory.
However, inasmuch as the operand is already present in
the J-register at 9, the current instruction is executed on
the original value of the operand.

For example, if the augmentor bit is equal to 1 in In-
struction 75, “Transfer M to R,” and the address portion
is 1000, the operand at address 1000 is transferred to R
in its original form the first time the instruction is ex-
ecuted. If this operand has the original numeric value
853000, the first time this Instruction 75 is executed, the
number 853000 will be placed in the R-register. The
second time the instruction is executed 853002 will be
placed in the R-register, etc.

As in the subroutine for the designator bit, the D2
flip-flop is turned on, and stays on, each time the instruc-
tion is executed, until the addition of 2 causes a carry
from the 10’s digit position of the M-register contents;
whereupon, the addition is made to the least significant
digits of the word in M, but the D2 flip-flop is turned off
before the end of the instruction.

Mod-bit correction is the same as described for the
designator bit subroutine.

Breakpoint Bit Subroutine

If the breakpoint bit of an instruction word is equal
to 1, the Central Processor halts if the Control Console
SELECTIVE HALT switch is on. The logic for initiat-
ing the halt is given by *Hrl=Ta3 A43 Ksh.

One use for this subroutine is to provide periodic
stops in the program to facilitate checking prior to op-
erational use of the program. The breakpoint bit is
equal to 1 if it is provided in an instruction word in
the program, if an addition occurs using the instruction
in the Arithmetic Unit, or if a B-subroutine increases
the address portion of an instruction to 4000-4999.

The “Selective Halt” section provides details of the
halt operation.

HALTS

There are six types of operations which will cause the
Central Processor to halt. These are:

(1) Manual Halt

(2) Programmed Halt (Instruction 53)
(3) Branch Halt (Instruction 60)

(4) Selective Halt

(5) Address Halt

(6) Alarm Halt

In each halt operation the present instruction is com-
pleted, the next instruction word is placed in the instruc-
tion register, and the Central Processor halts at {3 fol-
lowing the termination of the instruction during which
the halt operation was initiated. The address portion
of the instruction in the I-register is also in the Aw-
register and the address of the instruction next follow-
ing that in the I-register is in the N-register when the
Central Processor halts,

The Central Processor is halted by the suppression of
the output signals of the clock pulse drivers CDAIL, 13,
14 and SJ. This prevents the functioning of the timing
circuit, the J-register shifting, and the mod-checking cir-
cuitry. Only CDA12 remains active, to allow resetting
of the Hrl and Hr2 flip-flops, and the setting of the
Ta3 flip-flop.

All halts yield precedence to a B-subroutine, or to
the presence of a tape reading or tape writing. Each
of these priority operations must be completed before
Hr2 can set to commence completion of the halt se-
quence. For details of the halt operation, reference
should be made to Instruction 53.

Manual Halt
This halt operation is initiated by depression of the
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HALT button on the Control Console, which yields the
signal Kab, or by depression of the H key on the Con-
trol Typewriter, which yields the signal Ki. The issu-
ance of Khd or K# initiates a typical halt operation,
such as is described briefly in the preceding section en-
titled “Halts,” and in more detail in the description of
Instruction 53. The manual halt operation commences
with the first issuance of *Hrl; as follows:

*Ht1=(Kh4-Khb) Tp Ts T2

The sequence of the operation then proceeds as de-
scribed for Instruction 53, The purpose of the inhibit-
ing signal H72 in the above equation is to prevent the
second issuance of *H:1 during the remainder of the
instruction in which it first issued. *Hr1 can only then
issue at the next Ta2.

Selective Halt

This halt operation takes place if the Control Con-
sole SELECTIVE HALT switch is on (yielding the sig-
nal Ksh), when an instruction bearing the breakpoint
bit is executed (see the section entitled “Breakpoint
Bit”). The halt sequence commences with the first issu-
ance of *Hrl; as follows:

*Ht1=Ta3 A43 Ksh

Following the first issuance of *Hr1, the normal halt
operation occurs, as is described for Imstruction 53 and
in the section entitled “Halts.” Since Ta3 is required
for *Hrl, the signal *Hs1 cannot again issue during the
instruction in which it first issued.

Address Halt

This halt operation takes place if the Control Console
ADDRESS HALT switch is on (yielding the signal Ah),
when an instruction bearing the address to which the
Address Halt selector switches (FIG. 19) are set is in
the A-register. At this time, the signal Kah issues. The
halt sequence is initiated by the signal *Ht1; as follows:

*Hil=Kah Ah Mca HT2

Following the issuance of *Hrl, the normal halt opera-
tion occurs, as is described for Instruction 53 and in
the section entitled “Halts.”

Alarm Halt

This halt operation takes place by the setting of one
of the alarm flip-flops. The halt sequence commences
with the first issuance of the signal *Hrl; as follows:

*Htl=(Aac+Ai+-Amm--Ate
+Efp+Atd) Tp Kho2 Hi2

The sequence of the halt operation, once *Hr1 first issues,
is similar to that described for Instruction 53 and in the
section entitled “Halts.”

The conditions under which the alarm signals Aac, A,
Amm, Ate, Efp and Atd issue, are described in the sec-
tion entitled “Alarms.”

The signal Kho?2 is normally present, except when the
ALARM HALT OVERRIDE switch on the Control
Console is on. With Kho2=1, the Central Processor
halts upon the occurrence of any one of the alarm
signals. Turning on the ALARM HALT OVERRIDE
switch suppresses, Kho2 and the Central Processor con-
tinues its normal instruction sequence without interrup-
tion, despite the issuance of an alarm signal. The
ALARM HALT OVERRIDE switch is only effective,
however, when the KEY switch is unlocked, so that the
signal Key2 is in the O-state.

ALARMS

Many monitoring facilities are built into the system
to detect the presence of certain malfunctions, or to
detect the absence of certain necessary functions. When
these malfunctions or non-functions occur, an alarm
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flip-flop or sub-alarm flip-flop sets to indicate that the
malfunction or non-function has occurred. When an
alarm flip-flop (which may also be termed a full-alarm
flip-flop) sets it initiates a normal system halt sequence,
as designated in the preceding section “Alarm Halt”
When a sub-alarm flip-flop sets, the system does not halt,
but instead it is intended that the operation of the sub-
alarm flip-flop in its 1-state will be normally detected
by executing an appropriate Instruction 54. These inter-
rogations cause the resetting, or clearing, of the corre-
sponding sub-alarm flip-flops. However, if certain oper-
ations are attempted before a sub-alarm flip-flop is
cleared, a full-alarm flip-flop will be set and thereby halt
the system, Each alarm and sub-alarm flip-flop, when
on, causes the illumination of a corresponding indicator
(not shown) on the Control Console.

Sub-Alarms

The flip-flops Anpd, Ers, and Ews are the sub-alarm
flipflops. It is a function of the program to interrogate
each of these flip-flops with an appropriate Instruction 54
to determine if they are set, and in accordance with such
tests to determine the proper action to be taken. How-
ever, if certain instructions are executed with any one of
these three flip-flops on, the full-alarm flip-flop Ate will
be set and the system will halt. The conditions under
which the sub-alarm flip-flops are set are as follows:

Anpd: No Pocket Decision Sub-Alarm—This flip-flop
sets if:

(a) No pocket designation is transmitted from the
Central Processor to the Sorter Control Unit by
the time the Sorter Control Unit read-out signal
occurs, following the reading of data from a
document, and

(b) The Central Processor transmits a forbidden
digit to the Sorter Control Unit.

Ers: Read Sub-Alarm—This flip-flop sets if:

(a) A row or parity column error exists in a data
word received by the Read Buffer from magnetic
tape,

(b) The Read Buffer has not beecn unloaded when
the next word received from magnetic tape or the
Character Reader is ready to be inserted therein;
i.e., the Central Processor is late in executing a
Read Buffer operation, and

(c) No data is transmitted into the Read Buffer
from a tape block.

Ews: Write Sub-Alarm—This flip-flop sets if:

(a) The Write Buffer has not been loaded before
another word is to be transmitted to the Tape
Handler; i.e., the Central Processor is late in
executing a Write Buffer operation, and

(b) The Write Buffer has not been unloaded when
the Central Processor is ready to enter another
word therein (during a Write Buffer operation);
i.e., the Central Processor is attempting to execute
a double load into the Write Buffer.

Full Alarms

The flip-flops Aac, Al, Amm, Atd, Ate, and Efp are
the full-alarm flip-flops. When any one of these flip-flops
sets, the system halts after completion of the instruction
in which the flip-flop is set, unless the ALARM HALT
OVERRIDE switch on the Control Console is actuated.
However, the Ai flip-flop, which, when set, indicates an
improper instruction word, terminates the current instruc-
tion by causing issuance of the Ead signal in the last
clock period of the T-cycle in which the A¢ flip-flop is
set; as follows:

After the system halts, the flip-flop which is on js reset
by depressing the appropriate clearing button on the
Control Console. The system may then be restarted
after correction of the malfunction or non-function. The
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conditions under which the full-alarm flip-flops are set
are as follows:

Aagc: Arithmetic Alarm—This flip-flop sets if:

(a) The Arithmetic Unit output digits (from V-out-
put gates) are non-numeric; except if M3g=1,
during which time mod-bits are generated for the
R contents and the Arithmetic Unit output digits
are not employed,

(b) Any input digit is non-numeric during execu-
tion of an operation when the Arithmetic Unit is
actually performing an arithmetic operation and
its output signals are being used; except that non-
numeric digits to the Va input gates do not set this
alarm flip-flop during the “Hash-Add” variation
of Instruction 82. This flip-flop also sets if there
is a non-numeric digit input to the Va input gates
during execution of Instruction 28, wherein the
contents of a designated memory location are
transmitted through the Arithmetic Unit to the
B-register, and

(¢) The mod-comparator signal, Mc, issues during
an arithmetic operation to indicate that the mod-
comparison has failed.

5 Ai: Improper Instruction Word Alarm—This flip-flop

sets if:

(@) There is an attempt to count down from 0 the
contents of the Al flip-flops of the A-register; ex-
cept during the 90 group of instructions, wherein
both the Al and A2 flip-flops are counted down
together,

(&) The word inserted in the instruction register is
alphanumeric,

(c) The command portion number in the C-regis-
ter has no significance and thereby is incapable
of directing any intelligent system operation,

(d) The A-register contains non-numeric digits, ex-
cept in the least significant digit position, which
is often employed to store a control function;
i.e., during an Instruction 54, 57, 65, 66, 68, etc.,
and

(e) There are non-numeric digits in the C-register.

Amm: Memory Alarm—This flip-flop sets if:

(a) The total modulo-3 of an instruction word or
numeric operand transferred from Memory to the
J-register is not 4-1, and

(b) If any digit in the numeric portion of an in-
struction word or operand word entering the J-
register is the forbidden digit.

Ard: Tape Transport Disabled Alarm—This flip-flop
sets if the Tape Handler addressed during an Instruc-
tion 65-68 is disabled. This flip-flop is in the Tape
Control Unit and is not illustrated in the drawings.
It is sufficient for the description of this invention
that the Atd output signal of this flip-flop be shown
as effecting the setting of the halt flip-flop, Hrl.

Ate: Peripheral Error Alarm—This flip-flop sets if:

(a) The Amm flip-flop is set during a program-in-
terrupt or instruction-interrupt type of Write Buf-
fer operation, thereby denoting that the memory
error which has occurred was not related to the
program being processed, but was in the data
transferred to the magnetic tape or Printer dur-
ing the interrupt operation. (During the inter-
rupt type of Write Buffer operation, the word
going to the Write Buffer also goes to the J-reg-
ister where it is mod-checked, if it is not alpha-
numeric),

(5) The Ers sub-alarm flip-flop is on when a new
“Read Magnetic Tape or Character Reader” (In-
struction 65) command is given,

(¢) The Ews sub-alarm flip-flop is on when a new
“Write Magnetic Tape or Load Printer” (Instruc-
tion 66 or 68) command is given,
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(d) The Anpd sub-alarm flip-flop is on when a new
“Read Character Reader” (Instruction 65) com-
mand js given, and

(¢) The read demand flipflop Ur is set, but the
Reb flip-flop is off; or if the write demand flip-
flop Lw is set, but the Web flip-flop is off.

Efp: Error, P-Buffer Parity Alarm—This flip-flop sets
if an error is detected in the parity configuration of
the 7-bit character received by the P-Buffer from the
Control Typewriter or the Photoreader.

OPERATIONS FROM HALT MODE

Original Insertion of Instructions and Operands in
Memory

To commence data processing after power is applied to
the system, the Contro] Console TOTAL CLEAR button
is depressed. Depressing this button causes the signal
Ksce to issue (FIG. 19). The signal Ktee clears the en-
tire system and provides initial conditions in the Central
Processor.

One of these initial conditions is the halt mode, wherein
the Ht1 and Hr2 flip-flops are in their I-states, and the
timing circuit is in the #3-state. Another initial condition
provided by the TOTAL CLEAR button is that of setting
the instruction word for Instruction 635, with an address
portion of 0000, into the I-register.

Instruction 65, when executed, prepares the system to
read one block of data from magnetic tape into Memory.
This block of data comprises the first sequential instruc-
tions in the program to be followed and the corresponding
operands. (See Instruction 65 description.) When the
Control Console COMPUTE button is subsequently de-
pressed, a tape Read operation commences and accom-
panies the normal program sequence with Read-Parallel
and Read-Interrupt operations.

Since the address portion of the instruction word in
the I-register is 0000, following clearing, the first word in
the block of data received from magnetic tape is inserted
in Memory at the 0000 location. Since the address in
N is 0000, following clearing, the normal program se-
quence will be initiated from memory location 0000.
Therefore, memory location 0000 will contain the first in-
struction of the program transferred from magnetic tape
to Memory.

The effect of depressing the COMPUTE button is de-
scribed in the next subsection.

The original insertion of instructions and operands may
also be effected by the P-Buffer and the Control Type-
writer or Photoreader executing a corresponding “Con-
trol Typewriter load Memory operation” or “Photoreader
load Memory operation,” as described in the subsections
to follow.

Starting System From Halt Mode

With the system in the halt mode, this operation is
executed to place the system in the normal data process-
ing mode, wherein instructions are executed in normal
sequence. In the halt mode, the Central Processor is in
the 3 timing mode, both of the halt flip-flops Hf1 and
Hs2 are in the 1-state, and the clock drivers CDA11, 13,
14 and SJT are gated off (see Instruction 53). This opera-
tion is initiated by resetting both halt flip-flops, which
occurs by depressing the COMPUTE button on the Con-
trol Console, or by depressing the Enable key, followed
by the A-key on the Control Typewriter. Depressing the
COMPUTE button will cause the Control Console signal
Kcb, which is normally in the 1-state, to enter the 0-state.
Following enabling, depressing the A-key will cause the
Control Typewriter signal Ka, which is normally in the
1-state, to enter the O-state. Depressing the COMPUTE
button also causes the Console Common signal Kbe to
enter the 1-state, provided the signal Key=1 (i.e., the
KEY switch is unlocked). Depressing the enabled A-key
also causes the Common Control Typewriter signal Kcf
to enter the 1-state.
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The occurrence of either onc of the signals Kbc or Kcf
when the system is in the halt mode causes the setting of
the Manual Single-Cycle flip-flop Mscl; as follows:

*Mscl=Mscl Msc2 Hil H2 (Kcf+Kbc)

When either one of the signals Kcb or Ka is in the
O-state, the setting of Mscl to the 1-state causes the signal
Icom to enter the O-state; as follows:

Icom=Ka Kcb+Mscl

When the signal Icom enters the 0-state, both halt flip-
flops are reset and the timing circuit flip-flop Ta3 is set;
as follows:

*Hil=*H{2=*Ta3=ITcom

With Hr1 and Hr2 off, the clock drivers CDA11, 13,
14 and SJ resume delivering clock signals, and the in-
struction then present in the I-register is executed. This
execution starts at £3, the timing mode in which the Cen-
tral Processor was halted. The address of the next-
instruction is in the N-register, so that the normal in-
struction sequence commences when this address is placed
in the A-register.

Since Kbc will not issue if the signal Key is not equal
to 1, this operation cannot be directed from the Control
Console, unless the KEY switch is unlocked. The Con-
trol Typewriter is not so inhibited.

It is the function of the Manual Single-Cycle flip-flops
Mscl and Msc2 to permit only a single specified operating
mode to take place when the corresponding Control
Console button or Control Typewriter key is depressed.
Thus, when the COMPUTE button is depressed, only one
starting operation may be executed until the button is
released. During the time the button is depressed, if the
Central Processor once again halts, it will not restart.
This is because the Msc1 flip-flop is only in the 1-state,
to enable Icom to go to O, for one clock period. Mscl
is reset and Msc2 is set in the clock period next following
that in which Msc1 was set; as follows:

*Ascl=*Msc2=»Mscl

As shown in the above equation for *Mscl, Mscl can-
not again be set until Msc2 is restored to 0. This occurs
only when the button or key which initiated the operation
is released, so that the corresponding signal returns to its
1-state; as follows:

*Msc2=Ka Ks Kz Kcb Ksb

Therefore, as seen by the equations immediately above,
when one of a specified group of buttons on the Control
Console or keys on the Control Typewriter is depressed,
Mscl enables the selected operation to occur only once
while the button or key is depressed.

Single-Cycle

With the system in the halt mode, this operation causes
the Central Processor to execute the instruction then in
the I-register, and to halt immediately thereafter with the
next sequential instruction in the I-register. The descrip-
tion of the preceding section “Starting from Halt Mode,”
coupled with the description to follow, is a complete de-
scription of the Single-Cycle operation. Unlike the Start-
ing from Halt Mode, this operation is initiated by reset-
ting only the H#2 flip-flop.

The Hr2 flip-flop is reset by depressing the SINGLE-
CYCLE button on the Control Console, or by depressing
the Control Typewriter Enable key, followed by the S-
key on the Control Typewriter. Depressing of the SIN-
GLE-CYCLE button will cause the Control Console sig-
nal Ksb, which is normally in the 1-state, to enter the
O-state. Following enabling, depressing the S-key will
cause the Control Typewriter signal Ks, which is nor-
mally in the 1-state, to enter the O-state. Depressing the
SINGLE-CYCLE button also causes the Console Com-
mon signal Kbc to enter the 1-state, provided the signal
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Key=1. Depressing the enabled S-key also causes the
Common Control Typewriter signal Kcf to enter the 1-
state. As before, the occurrence of either one of the
signals Kbc or Kcf when the system is in the halt mode
causes the setting of the flip-flop Mscl.

When either one of the signals Ksb or Ks is in the 0-
state, the setting of Mscl to the 1-state causes the signal
Isin to enter the Q-state; as follows:

Isin=Ks Ksb (Kz--Atm)+Izecl

When the signal Isin enters the O-state, the halt flip-
flop Hr2 is reset and the timing flip-flop Ta3 is sef; as
follows:

*Hi2=*Ta3=Tsin

With either Ht1 or Hr2 off, the clock drivers CDA11,
13, 14 and SJ resume delivering clock signals, and the
instruction then present in the I-register is executed.
This execution starts at ¢3, the timing mode in which the
Central Processor was halted.

Hil is reset and Hr2 is set in the clock period next
following that in which Hs2 was first reset; as follows:

*H2=*Hi{1=Tp Ht1 Teb Web Bb

Thus, as the instruction in the I-register is executed,
the halt flip-flops Ht1 and Hf2 are in the state described
in the preceding section “Manual Halt.” Htl can only
issue again at the next Ta2, whereupon the Central Proc-
essor again halts. However, during the execution of the
instruction, the address of the next-instruction is trans-
ferred to A, and the Central Processor halts with the
next-instruction in the normal sequence in the I-register.

Therefore, a series of Single-Cycle operations will exe-
cute, one instruction at a time, the normal instruction
sequence,

The Mscl and Msc2 flip-flops function as described in
the preceding section to prevent more than one Single-
Cycle operation from occurring while the SINGLE-
CYCLE button or S-key is depressed,

The operation cannot be directed from the Control
Console unless the KEY switch is unlocked. The Con-
trol Typewriter is not so inhibited.

Zingle-Cycle

With the system in the halt mode, this operation causes
the Central Processor to execute the instruction then in
the I-register, and to halt immediately thereafter with
the I-register holding the instruction whose address is in
the Aw-register. The description of the preceding sec-
tion “Single Cycle,” coupled with the description to fol-
low, is a complete description of the Zingle-Cycle oper-
ation. This operation is similar to the Single-Cycle
operation, except that the instruction present in the I-
register when the Central Processor previously halted,
is again present in the I-register at the termination of
this operation.

The operation is initiated by depressing the Enable-
key and then the Z-key, both on the Control Typewriter.
Following enabling, depressing the Z-key will cause the
Control Typewriter signal Kz, which is normally in the
1-state, to enter the O-state. Depressing the enabled Z-
key also causes the Common Control Typewriter signal
Kcf to enter the l-state, and the signal Kef causes the
setting of the flip-flop Mscl.

The signal Kz causes the signal Isin to enter the 0-state;
as follows:

Isin=Ks Ksb (Kz+Atm)-$+Mscl

provided the Arm flip-flop is not set,

When the signal Isin enters the 0O-state, a modified
Single-Cycle operation is initiated. When the signal Kz
goes to 0, the signal IZ¢ goes to 0, as follows:

[Zc=Kz-+ M sc2
This actiop causes the issuance of the clock driver signal

10

15

20

30

40

45

50

55

60

65

70

75

202

XAwA at Ti as the instruction in the I-register is exe-
cuted, as follows:

At Ti time, the signal XNA is inhibited; as follows:

XNA=Ti Ur Lw Jm20 Jno 1Zc
Kim2 Hst (C64+T614+W3)

Therefore, the address of the instruction present in the
Instruction-register when the Central Processor previously
halted (see Instruction 53), is transferred to the A-regis-
ter, rather than the address of the next sequential in-
struction. Consequently, when the Central Processor
again halts, the instruction in the I-register wil] be the
instruction that was present when the Central Processor
previously halted.

One use for this operation is to permit halting the
Central Processor, to insert any instruction or group of
instructions in the I-register, to execute each instruction,
after insertion with a Zingle-Cycle, and then to start the
system once again and continue to execute instructions
sequentially from the point in the normal instruction
sequence where it halted.

Thus, this operation differs from the Single-Cycle op-
eration, wherein an instruction in the normal sequence
is skipped each time the Single-Cycle is executed.

As indicated above, the Zingle-Cycle is rendered in-
effective if the Asm flip-flop is on when the Z-key is de-
pressed. This is because the instruction present in the I-
register when the Central Processor halts with the Atm
flip-flop on may not be the same as the instruction present
at the address location indicated in the Aw-register, since
the address portion of an instruction is increased by 2
when it is restored to Memory if the Amm flip-flop is
on due to the designator bit of the instruction being equal
to 1. Consequently, the instruction then present in the
I-register would be lost if the Zingle-Cycle were executed.

Recycle

This operation is executed to cause the system to re-
peatedly execute an instruction in the I-register. The
operation is effected by preventing the next-instruction
address from being transferred to the N-register after it
has been counted up by 1 (see Initial Routine). The
operation is initiated by setting the RECYCLE switch
on the Control Console to the ON position. When the
RECYCLE switch is in the ON position, the signal Kry2,
which is normally in the I-state, will enter the O-state,
provided the signal Key2=0 (i.e.,, the KEY switch is
unlocked). The signal XAN, which functions to trans-
fer the next-instruction address to the N-register, is there-
by inhibited; as follows:

XAN=Ta2 (Jr Jw Jm20) &i Kry2

Thus, once the RECYCLE switch is placed in the ON
position, the instruction at the memory location then
designated in the N-register will be continuously trans«
ferred to the I-register and repeatedly executed. If the
RECYCLE switch is in the ON position and the COM-
PUTE button is depressed (see section “Starting from
Halt Mode™), the instruction then present in the I-register
will be executed but once, and the next normal sequential
instruction will be executed repeatedly until the RE-
CYCLE switch is returned to the NORMAL position.

An example of the employment of this operation fol-
lows: An instruction which is to be executed repetitively
is placed in Memory at the 0000 address, the system is
cleared, and the RECYCLE switch is placed in the ON
position. Since the address in N at this time is 0000, the
desired instruction will be executed repeatedly.

Manually-Controlled Operations Involving Sequential
Memory Locations

With the system in the halt mode four different opera-
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tions, which are directed by setting Control Console
switches, involve sequential memory locations. Each of
these operations is initiated by setting to the ON position
one of the following switches (FIG. 19): CONTROL
TYPEWRITER LOAD switch 350, PHOTOREADER
LOAD switch 351, MEMORY DUMP switch 352, or
RECYCLE MANUAL switch 353. These operations
may be performed only if the KEY switch 325, is un-
locked, so that the Key signal is in the 1-state and the
Key2 signal is in the O-state.

COUNT-UP OF INSTRUCTION ADDRESS PORTION

The function of repeatedly executing an instruction and
counting-up the address portion thereof is common to
all four of the operations involving sequential memory
locations.

For data processing from sequential programmed in-
structions the K!m2 signal is normally in the 1-state and
the Kim1 signal is normally in the O-state (FIG. 19).
Even after the KEY switch is unlocked these two signals
will continue unchanged until one of the four switches
350, 351, 352, or 353 is set to its ON position. With all
of switches 350, 351, 352, and 353 in the OFF position,
the AND-gate 354 delivers a 1 output signal, since each
switch in the OFF position delivers a 1 signal to AND-
gate 354. The OR-gate 355 receives the 1 signal from
AND-gate 354, so that the K/m2 output signal of OR-
gate 355 is in the 1-state. At this time, AND-gate 356
is disabled by the 0 signal received on its input lead 357.
Therefore, the KIml output signal of AND-gate 356 is 0.

When any one of switches 350, 351, 352, or 353 is set
to its ON position, the corresponding signal delivered
thereby to AND-gate 354 is a 0, so that the output sig-
nal of AND-gate 354 is also a 0. Therefore, the Kim2
signal is transferred to the O-state. Simultaneously, the
actuated switch delivers a 1 signal on lead 357 to enable
AND-gate 356, and the K/m1 signal is transferred to the
1-state.

When Klml=1 and Kim2=0, the instruction in the
L-register is retained therein, and the address portion of
this instruction word is counted-up by 1 each time the
instruction is executed. This function is applicable to
any instruction word in the I-register when Kim1 trans-
fers to the 1-state. When an instruction is executed un-
der these conditions, the next-instruction location in the
N-register is not transferred to the I-register, because the
signal XNA is inhibited when T/ occurs as the instruction
is ready to terminate; as follows:

XNA=KIm2 Ti Ur Tw Jm20 Jna
1Zc st (C64+THI+W3)

Therefore, the instruction word in 1 remains unchanged
when the signal End occurs. At 71, immediately follow-
ing End, execution of this same instruction commences
once again. This time, however, the instruction addresses
the next sequential location in Memory, because the sig-
nal Cau occurs at 1 and counts-up the address portion
by 1. At 12, the transfer of the word in the J-register to
the I-register is prevented by inhibiting XIJ1I; as follows:

XJI=KIm2 Ta2 T (Jr Jw Jm20)

The word in J was obtained from the memory location
specified by the instruction address portion existing when
the preceding signal End occurred.

In order to insure that this instruction is not affected
by the words which are received in J during the Initial
Routine, but are not employed, the signals *Arm, *Ai,
and *Ta and *Bb are inhibited (see the respective sec-
tions entitled “Designator Bit Subroutine,” “Alarms” and
“B-Subroutine”). The signal Ta3 will not be disabled
by any instruction word in J having Js=1. The signal
$Imgl issues at 11 to simulate an alphanumeric word in
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3, and, therefore, to prevent the setting of the Amm alarm
flip-flop.

Therefore, when any one of the switches 350, 351, 352,
or 353 is placed in the ON position, the instruction then
in I is executed repeatedly and the address of this
instruction is increased by 1 following each execution,
The two instructions most useful under these conditions
are Instruction 24, “Transfer P to M" and Instruction 74,
“Transfer M to P.” Instruction 24, in this type of oper-
ation, will place input words in sequential memory loca-
tions. Inmstruction 74, in this type of operation, enables
reading out words from sequential memory locations.

CONTROL TYPEWRITER LOAD MEMORY OPERATION

In this operation, which is initiated with the system
in the halt mode, the Memory receives words from the
Control Typewriter and places them in sequential memory
locations. The operation commences when the Control
Console CONTROL TYPEWRITER LOAD switch 350
is turned on. The Control Typewriter single numeric in-
put operation and Instruction 24, “Transfer P to M” are
executed alternately. The single numeric input operation,
described in the preceding “P-Buffer Operations” section,
functions to transfer a word from the Control Typewriter
tape or keyboard to the P-register. When this input
operation is completed, Instruction 24 is automatically
executed once to transfer the word from the P-register to
Memory. Since the CONTROL TYPEWRITER LOAD
switch is on, Instruction 24 remains in the I-register after
it has been executed and the system again halts after the
address portion of the instruction has been increased by
I. Therefore, upon the next execution of Instruction 24,
the input word is transferred to the next sequential mem-
ory location. Each time Instruction 24 ends another
Control Typewriter single numeric input operation auto-
matically starts. Thus, this operation continues with in-
put words from the Control Typewriter being stored in
sequential memory locations.

The description of Instruction 24 and subsections en-
titled “Control Typewriter Input to P-register; Single
Numeric Word"™ and “Register Type-In” from the section
“P-Buffer Operations,” coupled with the description to
follow, is a complete description of this operation.

The two logical relationships which effect the auto-
matic alternating between the Control Typewriter single
numeric input operation and Instruction 24 are:

Pss=KImlg Eod
*Mil=Kimlg Htl H2 Ml

Thus, Pss=1 when the Eod signal occurs at the conclusion
of the Control Typewriter input operation, whereupon
Pss initiates a single execution of Instruction 24. The
signal *Mil exists when the Central Processor again halts
after executing Instruction 24, whereupon *Mil initiates
another P-Buffer input operation.

With the Central Processor in the halt mode, Instruc-
tion 24 in the I-register and the Control Typewriter ready
to transmit data to the P-Buffer, this operation commences
when the CONTROL TYPEWRITER LOAD switch 350
(FIG. 19) is placed in its ON position. The signal Kim1
is transferred to its 1-state and the signal Klm?2 is trans-
ferred to its O-state, whereby each Instruction 24, when
executed, remains in I, and has its address portion in-
creased by 1, as described in the preceding subsection.
With the RECYCLE MANUAL switch 353 in the OFF
position, the output signal Kimlg of AND-gate 358 trans-
fers to the 1-state when the CONTROL TYPEWRITER
LOAD switch is turned on. The signal Kimlg sets the
P-Buffer flipflop Mil to the 1-state, in accordance with
the preceding equation for *Mil. As described in the
“Register Type-In” subsection, Mc1l and Mc2 are both
transferred to the 1-state when Mil becomes 1. (With
the CONTROL TYPEWRITER LOAD switch on, both
of the signals K/mp and Kimd are in their normal 1-
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state.) The setting of Mcl and Mc2 to the 1-state trig-
gers the P-Buffer into the Control Typewriter single
numeric input operation described in the corresponding
subsection.

Following insertion of a complete word into the P-
register, the Control Typewriter input operation is ter-
minated by a putaway character. Because this operation
is conducted in the Mi1 MiZ mode, the P-Buffer halts
with the input word in the P-register. When the end
order flip-flop Eod is set to 1 during the operation-closing
sequence, the signal Pss issues in accordance with the
above equation. At this time, the Mcl, Mc2, and Mil
flip-flops are reset.

The signal Pss initiates a single execution of Instruction
24 by resetting the Hz2 flip-flop; as follows:

*H72—Pss

The direct resetting of Hz2 with the Pss signal has an effect
similar to the issuance of Isin, as described in the “Single-
Cycle” subsection. The system executes Instruction 24
once and then halts again. However, unlike the Single-
Cycle operation, the Central Processor halts with In-
struction 24 still in the I-register, but with the instruction
address portion increased by 1.

The operation of transferring a word to the Control
Typewriter from Memory has now been completed.

When the Central Processor halts, both Hr1 and He2
are again in the l-state, the required logical combina-
tions for the issuance of *Mil again occurs, Mil again
sets, and the next Control Typewriter input operation
occurs,

One deviation from the normal Control Typewriter
input operation takes place. The Yeo one-shot is pre-
vented from firing with Kim2=0; as follows:

*Yeo=FEos Mcl Kim2

Thus, the Eod flip-flop remains in the 1-state for only one
clock period and, therefore, Pss issues for only one clock
period, whereby Instruction 24 is executed but once fol-
lowing completion of the Control Typewriter input opera-
tion.

PHOTOREADER LOAD MEMORY OPERATION

In this operation the Memory receives words from the
Photoreader and places them in sequential memory loca-
tions. This operation is similar to the preceding sub-
section, “Control Typewriter Load Memory Operation,”
The only major functional difference between the two
operations is the source of input data to the P-register.

With the Central Processor in the halt mode, Instruc-
tion 24 in the I-register, and the Photoreader ready to
transmit data to the P-Buffer, this operation commences
when the PHOTOREADER LOAD switch 351 (FIG.
19) is turned on. In a manner similar to that described
in the preceding subsection, the signal Kimlg issues and
sets the Mil flip-flop, which, in turn, sets Mc2. The
PHOTOREADER LOAD switch also transfers the signal
Kimp, which is normally in the l-state, to the O-state.
The K!mp signal prevents the setting of the mode con-
trol flip-flop Mcl; as follows:

*Mcl=Klmp el (Mil+Mi2) Tod

The setting of the Mc2 flip-flop, but not the Mcl flip-
flop, triggers the P-Buffer into the Photoreader single
numeric input operation described in the corresponding
subsection.

Following insertion into the P-register of a complete
word from the Photoreader, the input operation is ter-
minated by a putaway character. The resulting Pss sig-
nal triggers an Instruction 24, which transfers the word
in P to the Memory. The operation then continues with
the alternate execution of the Photoreader single numeric
input operation and Instruction 24.
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DUMP MEMORY OPERATION

In this operation, which is initiated with the system
in the halt mode, the Memory transmits words from
sequential memory locations to the Control Typewriter.
The operation commences when the MEMORY DUMP
switch 352 (FIG. 19) is turned on. Instruction 74,
“Transfer M to P,” and the Control Typewriter single
numeric output operation are executed alternately. In-
struction 74 transfers a word in Memory to the P-register.
Following the single execution of Instruction 74, the
instruction remains in the I-register when the system halts,
but its address portion has been increased by 1. When
Instruction 74 terminates, the Control Typewriter output
operation automatically starts, and transfers the word
in the P-register to the Control Typewriter. When this
output operation is completed, Instruction 74 occurs
again automatically. Thus, words from sequential loca-
tions in Memory are transferred to the Control Type-
writer.

The description of Instruction 74 and the subsections
entitled “Control Typewriter Output from P-register;
Single Numeric Word” and “Register Type-In” from the
section “P-Buffer Operations,” coupled with the descrip-
tion to follow, is a complete description of this operation.

As in the Load Memory operations described in the
immediately preceding subsections, the two logical rela-
tionships which effect the automatic alternating of In-
struction 74 and the Control Typewriter output opera-
tion are:

Pss=KImlg Eod
*Mil=Kimlg H1l Ht2 M1

With the Central Processor in the halt mode, Instruc-
tion 74 in the I-register, and the Control Typewriter
ready to receive data from the P-Buffer, the operation
commences when the MEMORY DUMP switch 352 is
placed in its ON position, In the manner described
previously, the signal Kim1l is transferred to its 1-state,
the signal K/m2 is transferred to its O-state, and the signal
Kimlg issues to set the Mil flip-flop, in accordance with
the preceding equation. The MEMORY DUMP switch
also transfers the signal K/md, which is normally in the
1-state, to the O-state. The Mil signal sets the Mcl flip-
flop. The Kimd signal prevents the setting of the mode
control flip-flop Mc2; as follows:

*Mc2=Kimd Mc2 (Mi1+Mi2) Fod

The setting of the Mc1 flip-flop, but not the Mc2 flip-flop,
triggers the P-Buffer into the Control Typewriter single
numeric output operation described in the corresponding
subsection.

Following transmittal of the contents of the P-register
to the Control Typewriter, these contents having no
significance during this first sequence, the Control Type-
writer output operation is terminated by the automatic
generation of a putaway character by the P-Buffer, When
the end order flip-flop Eod is set to 1 during the opera-
tion-closing sequence, the signal Pss issues in accordance
with the above equation. At this time, Mcl and Mil
are reset.

The signal Pss initiates a single execution of Instruc.
tion 74, by resetting H¢2; as follows:

*Hi2—=Pss

The direct resetting of Hs2 by the Pss signal has an effect
similar to the issuance of Isin, as described in the “Single-
Cycle” subsection. The system executes Instruction 74
once to transfer the pext sequential word in Memory to
the P-register, and then halts again. The Central Proces-
sor halts with Instruction 74 still in the I-register, but
with the instruction address portion increased by 1.
When the Central Processor halts, both Hs1 and Hr2
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are again in the l-state, the required logical combination
for the issuance of *Mil again occurs, Mil again sets,
and the next single numeric output operation occurs.

As described in the preceding subsection, the Yeo
flip-flop is inhibited from firing, so that the Eod flip-flop
remains in the 1-state for but one clock period.

The Kimd signal is also employed to inhibit the Ics6
signal when Tc=0; as follows:

lcs6=Cinr (Tc=0) Mc3 Gm2 Kimd

When Tc=0, the automatic generation of the putaway
character takes place. As was described in the subsec-
tion, “Control Typewriter Output From P-Register; Sec-
ond Half Double-Precision Word,” the signal Gm2 is set
by the A-register flip-flop A31 being in the 1-state. This
would cause the P-Buffer to generate a Car Ret putaway
character, rather than the normal Tab putaway character.
In the instant operation, the instruction address portion
might require setting the A31 flip-flop. Therefore,
Kimd inhibits the generation of the Car Ret putaway
character,

COUNT-UP RECYCLE OPERATION

In this operation, which is initiated with the system
in the halt mode, the instruction in the I-register is re-
peatedly executed and the address portion thereof is in-
creased by 1 following each execution. The operation
commences when the Control Console RECYCLE
MANUAL switch 353 is turned on. The signal Kim2 is
transferred to its O-state and the signal Kim1 is trans-
ferred to its 1-state. The signal Kimlg is inhibited, since
the RECYCLE MANUAL switch in the ON position de-
livers a 0 signal to AND-gate 358 on lead 359. There-
fore, in this operation, the function described in the pre-
ceding subsection, “Count-Up of Instruction Address
Portion,” is performed.

This operation is to be distinguished from the opera-
tion described in a preceding section entitled “Recycle,”
wherein an instruction is executed repeatedly, but does
not have its address portion increased following each
execution.

P-BUFFER OPERATIONS

The P-Buffer (FIG. 29), which has been described
previously, provides an intermediate storage function for
data being transferred to the Memory from the Control
Typewriter or Photoreader and for data words being
transferred from the Memory to the Control Typewriter.
The P-Buffer temporarily stores data during these trans-
fers to accommodate the relatively slow rate of Control
Typewriter and Photoreader action to the relatively fast
rate of the Central Processor action.

This transfer of data is directed by either programmed
instructions (24, 74, and 59) executed in the Central
Processor or by manually actuated signals derived from
the Control Typewriter keyboard. When the data trans-
fer is directed by a programmed instruction and requires
coordination and synchronization with the Control
Typewriter or Photoreader (Instruction 59), the opera-
tion sequence is only initiated by the instruction, but is
executed and carried to completion under the control
of the P-Buffer and the Control Typewriter or Photo-
reader,

When the operation requires that data be transferred
between the P-register and the Control Typewriter or
Photoreader (Instruction 59 and the manual keyboard-
directed operations) the Mode-Control flip-flops Mc(7)
are set for controlling the course of the operation. The
execution of Instruction 59 has as its primary function
the setting of these Mode-Control flip-flops to initiate
the designated operation. The following table illus-
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trates the initial state of the Mode-Control flip-flops, the
operation to be executed, the nature of the data to be
transferred, and the required control function of Instruc-
tion 59.

Operation Data Control | Mel [Mc2 | Mc3 | Mec4
function
Input:
Control type- Single Numeric. . 0_21 1 1 0 0
writer.
D 1st Half, D-P_.__ 0_22 1 1 1 [1]
Do... 2nd Half, D-P____ 023 1 1 1 1
Do..... Alphanumeric.... 0_24 1 1 [1} 1
Photoreader Single Numeric__ 0_31 0 1 0 0
D ist Half, D-P_._. 0_32 0 1 1 0
2nd Half, D-P.___ 0.33 0 1 1 1
o Alphanumeric. ... 0_34 0 1 0 1
Output:
Single Numeric. . 0_11 1 0 0 0
1st Half, D-P___. 0_12 1 0 1 0
2nd Half, D-P.... 013 1 0 1 1
Alphanumeric.... 0_14 1 0 0 1

When set at the beginning of a P-Buffer operation: Mcl
directs the operation to involve the Control Typewriter;
Mc2 directs the operation to transfer data from the Con-
trol Typewriter or Photoreader to the P-register; Mc3
directs that the data to be transferred be handled as one-
half of a double-precision word; and Mc4, if Mc3=1,
directs that the data to be transferred be handled as the
second half of a double-precision word, and Mc4, if
M3 =0, directs that the data to be transferred be handled
as an alphanumeric word.

Most of the operations involving the P-Buffer are de-
scribed in the sections immediately following. The de-
scriptions of Instructions 24, 74, and 59, where appro-
priate, complement the descriptions to follow. An ad-
ditional employment of the P-Buffer for loading and for
reading-out groups of memory words is described in a
later section.

Transfer of P-Register Contents to M-Register

All 28 bits stored in the P-register are transferred to
the M-register during Instruction 24. This parallel shift
of data occurs under full control of the Central Proc-
essor and takes place during the execution of Instruction
24 by the Central Processor. If the P-register is not
busy when Instruction 24 commences (Pnbz=1), the
contents of the P-register are gated to the M-register,
and the Mc3 flip-flop is reset to indicate that the P-regis-
ter is empty when Instruction 24 is completed.

Actually, the P-register continues to retain the data it
had stored at the beginning of Instruction 74, but since
the same data has been “copied” elsewhere, the P-register
is considered as empty.

Details of the P to M data transfer are provided in
the description of Instruction 24.

Transfer of M-Register Contents to P:Register

All 28 bits of the addressed location in Memory are
transferred to the P-register during Instruction 74. This
transfer of data takes place under the joint control of the
Central Processor and P-Buffer during the execution of
Instruction 74 of the Central Processor. The word in
the addressed Memory location is first transferred to the
M-register. 1If the P-register is not busy when Instruc-
tion 74 commences, the contents of the M-register are
transferred to the P-register, and the Mc3 flip-flop is set
to indicate that the P-register is full when Instruction 74
is completed. Details of the M to P data transfer sup-
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plementary to the description of this section are provided
in the description of Instruction 74.

At 19 the contents of the M-register are transferred to
the J-register. From t10-¢16, the contents of the
I-register are ring shifted-down, the contents of J1 are
shifted to P7, and the contents of P are shifted-down.
Thus, as J ring shifts, its digits are present in sequential
order in JI for transfer to P7, where they are, in turn,
serially shifted across the P-register.

The clock pulse drivers Sp and Cap provide the signals
by which the data from J is gated into and through the
P-register. Those clock drivers are gated, in turn, by
the signal Tsp to provide 7 successive clock pulses from
19-215. The signal Tsp exists for the clock periods
19115, while the Ts-counter is counting from 1-7 during
#9115, the counter having been started by the signal:

*Tsc=Em74 Pnbz ITc3
The signal Tsp issues as follows:

Tsp=Tsc ¥cl Tc2-+4-Tsb Mc3+Tsa

The individual bits of the digit in J1 are gated into
the respective condition digit inverters of P1 (Ipd, Ips,
Ipm2, Ipml1) by the signal Sjp, which is normally 1;
for example:

Ipd=Sjp 114

The output terminals of these condition digit inverters
are connected directly to the respective logic input ter-
minals of P7; for example:

*Pd=Ipd; *Pd=Tpd

The signal Cap is the clock pulse input to P7 and gates
the entry of the J1 digits therein.

The serial shift of the contents of the P-register for
the digits being transferred from P7 to P6, PS5 to P4,
P4 to P3, P3 to P2, P2 to PI is controlled by register
transfer circuits, which are gated by the signal Sp. The
contents of P6 are gated to the logic input terminals of
P5 by the signal Pig2, which is on since Mc2=0 for
Instruction 74; for example:

*PS4=P64 Pig2

The signal Sp is the clock pulse input to P6.

Thus on the 7th count of the Ts-counter, the 7th
Cap signal gates the condition digit of the operand into
P7. Following this last data shift, the Ts-counter is
reset to 0 and halts, thereby discontinuing the clock pulse
driver signals Cap and Sp.

Control Typewriter Input to P-Register; Single Numeric
or First Half Double-Precision Word

In this operation the Control Typewriter transfers a
numeric word to the P-register after a previous Instruc-
tion 59 has been executed by the Central Processor to
prepare the P-Buffer for this operation. The transfer
of data takes place under control of only the P-Buffer
and the Control Typewriter.

The previous Instruction 59 sets the Mode Control
flip-flops to Mcl Mc2 Mc3 Mcd, if the input is to be
single numeric, or to Mcl Mc2 Mc3 ¥ed, if the input
is to be the first half of a double-precision word. The
Mcl flip-flop, being on, indicates that the operation re-
lates to the Control Typewriter. The Mc2 flip-flop, being
on, indicates that the operation provides input data for
the P-register.

This operation is substantially identical for both types
of input words, except that at the termination of the single
numeric input operation, Mc3 must be set to 1 to indicate
that P-register is full,

10

15

20

25

30

40

45

55

60

685

70

75

The timing of this operation is illustrated in the follow-
ing timing diagram:
BINGLE NUMERIC OR FIFD?[’)I‘UEII‘ALF DOUBLE-PRECISION

Tea Teh Tee Execution P-Register
contents
001 Em591ssues. oo aecceeee XXXXXXX
P-contents ring shift-down six
digit positions. No parity check.
010 XXXXXXX
Gate-in condition digit.
010 CXXXXXX
P-contents ring shift-down six
digit positions. Check parity
of condition digit in Cs.
010 XXXXXXC
QGate-in MSD,
010 6XXXXXC
P-contents ring shift-down six
digit positiony, Check parity of
MSD in Cs.
010 XXXXXCs
Repeat gating-in of each of next
five digits, each gating followed
by stx-digit ring shift and parity
check.
010 C654321
Recognize putaway digit in Cs.
000
P-contents completely ring shift-
down. Accumulate Mod-3 of
P-contents. Check parity of
putaway digit in Cs.
Clear Mc2, 1 and set Me3, I off,
Insert mod-bits in P7.
001 Ca54321

At the beginning of this operation, the Tc-counter is
in the 001, or rest state, and the Ts-counter is in the 000,
or rest state. At the clock period next following that in
which Mc2 is set to 1 (Instruction 59), the Ts-counter
is started by the setting of the Tsc flip-flop; as follows:

*Tse=Mc2 Tsc (Tcc=1)
The Tsc-counter then counts through its complete cycle
from 1-7 and back to 0, where it rests once again. When
the Ts-counter reaches the count of 7 the Tc-counter is
set to the 010 state. During this initial Ts-cycle, the
P-register shift signals Sp and Cap issue six times in re-
sponse to the signal Tsp, which occurs when the Ts-
counter is in the state 2-7; as follows:
Tsp=Tsa+Tsb Mcd
In addition, the shift signal Spp occurs when the Ts-
counter is in the states 1-7; as follows:
Spp=(Tsa-+Tsb+Tsc) Mc2
Spp gates the contents of P1 to P7. Thus, the contents of
the P-register ring shift-down six digit positions.

The signal Pigl issues and gates non-significant digits

into P35; as follows:
Pigl=(Tc=1) Mc2

However, there is no significance at this time to any of
the contents of the P-register. At the end of this initial
Ts-cycle, the Te-counter is no longer 01, so that the
signal Pig2 now issues. This signal is controlled by the
inverse logic of the signal Pigl. Therefore, the signal
Pig2 is normally on, except when the Tc-counter is in
the 001 state. The signal Pig2 enables the normal shift
of the contents of P6 to P5, when PS5 is gated by the clock
signal Sp. ’

The P-Buffer is now ready to accept the first input or
condition digit from the Control Typewriter. Since the
information from the Control Typewriter is asynchronous
with respect to the P-Buffer clock rate, certain signals
are employed to perform a synchronizing function.

The path of data from the Control Typewriter to the
P-Buffer will now be described, and is shown on FIGS.
138, 130, 131, and 122. Data is received from the
Control Typewriter on the Kf1-6, p lines. Lines Kf1-6
carry the 6 bits of an input character enceded in the previ-
ously described 6-bit code. Line Kfp carries the parity
bit for this character. The data on lines Kfl-6, p is
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gated into the Cs input inverters by the signal Cinf; as
follows:
Ics(iy=Cinf Kf(i)

The Cs flip-flops are applied with continuous clock pulses,
and therefore, the input character is gated into the Cs
flip-flops when Cinf issues. The signal Cinf issues only
when the Mode Control flip-flops denote a Control Type-
writer input and only when the Ts-counter is in the 0 or 1-
state; as follows:

Cinf=Mcl Mc2 Tsa Tsd

Thus, no character is gated into the Cs flip-flops when
the P-register is being ring shifted; i.e., during Ts=2-7.
The output signals of the Cs flip-flops are encoded into
Central Processor code and gated to the P7 input in-
verters by the signal Rip. The signal Rip occurs only
when the Ts-counter is in a O-state; as follows:

Rip=Tsa Tsh Tsc Mc2

It is the primary function of the Rip signal to gate
numeric input data to the P-register. The P7 flip-flops
accept the input data from the Cs flip-flops only when
the signal Rdy occurs, which, in turn, causes the issuance
of the Cap signal. The Cap signal is a clock pulse which
gates P7 to accept data. The Cap signal issues in this in-
stance; as follows:

Gate-Cap=Rdy (T35--Cs3) Mc2

The Rdy signal is provided when a character is supplied
from the Control Typewriter.

The generation of the signal Rdy will now be described.
The waveforms, shown in FIG. 30, illustrate the timing
and generation of Rdy. The sprocket (timing) signal
Kfc is provided by the Control Typewriter when a char-
acter signal is to be supplied. The signal on the Kfc lead
is normally in the 1-state, except during the interval when
data is being supplied. The inverter Ifc follows Kfc dur-
ing the input mode of operation; as follows:

Ife=Kfc Mc2

When the signal Ifc changes to the O-state, the one-shot
Y{r transfers to its unstable state, wherein it remains for
approximately 15 milliseconds; as follows:

*Yfr=Ij¢ Rdl Rd2 Mcl Kfi Ken2

Yfr is enabled by Ifc if the Control Typewriter is ready
(Kfi=1), if an enable signal is not delivered by the Con-
trol Typewriter (Ken2=1), if a Control Typewriter mode
is denoted (Mcl=1), and if the Rdl and Rd2 flip-flops
are both in the O-state. The inverter Iyrd follows the
Yfr one-shot; as follows:

Iyrd=Yfr Ypr
The Rd1 flip-flop sets when Iyrd enters the 0O-state, as
follows:
*Rd1=Tyrd Rd2

Thus, the sprocket signal Kfc from the Control Type-
writer causes the flip-flop Rdl to be set to the l-state.
The signal Rd1 enables the flip-flop Rd2, which thereupon
transfers to the 1-state when the one-shot Yfr returns to
its stable state; as follows:

*Rd2=Rdl Mcl Yjr

The coincidence of the flip-flops Rdl and Rd2 in their
1-state is the condition for the generation for the Ready
signal Rdy; as follows:

Rdy=Rd1 Rd2 Tf¢ Mcl Cs(i) Ts(7)

The signal Rdy occurs approximately midway during the
existence of Kfc in the O-state, and enables the clock
signal Cap. which, in turn, gates a digit into P7.

Rdy issues if a character is present in Cs; i.e., at least
one Cs flip-flop is in the 1-state and at least one is in the
O-state.
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The signal Rd1 is reset to O after Rd2 is set to 1 and
thereby provides a signal Rdy with a duration of one
clock period; as follows:

*Rdi=Rd2

Only one of four characters are entered into P7 as a
condition digit. These four characters are P, M, (+4),
and (—). The character P enters the designator bit, in
addition to the (+) sign. The character M enters the
designator bit, in addition to the (—) sign. In the en-
coding of these characters to the Central Processor code,
all four characters will yield mod-bits having a modulo-3
of 4+1. Certain characters, such as putaway characters,
are not gated into P7, since Cap does not issue. This is
shown on the above expression for Cap which is de-
pendent on (T35-4-Us3).

The signal Rdy, in addition to gating the condition
digit into P7, initiates another cycle of the Ts-counter by
setting Tsc; as follows:

*Tsc=Rdy

Thus, the condition digit is gated into P7 when the Ts-
counter is in its 1-state.

As described above, the shift signals Sp, Cap, and Spp
now ring shift-down the contents of the P-register by six
digit positions. During this Ts-cycle the condition digit is
shifted from P7 to P1; as follows:

Tsc P7 P6 P5 P4 P3 P2 Pl
1 o] x X x X X X
2 C X x x X x X
3 X C X X x I x
4 x x o] x x x x
5 x x x C X X X
] b x X x C X X
7 x x x X b 4 C X
] x X x x X x C

The Ts-counter again halts when it reaches the 000 state,
wherein it remains until the next Rdy signal is received.
The signal *Tcc cannot occur until the end of this oper-
ation, and, therefore, until that time the Tc-counter re-
mains in the 010 state.

With Tsc now in the O-state, the MSD of the input
word is gated into P7 by the next signal Rdy. Rdy
again initiates a Ts-cycle and the MSD is transferred to
Pl, as shown in the preceding timing diagram. This
process is repeated five times, whereupon the input word
is in the P-register in sequential order. :

After the entire input word is in the P-register, an
operation-closing sequence is initiated when the Control
Typewriter supplies a putaway character. A putaway
character is one in which the signals on lines Kf3 and
Kf5 are both in the l-state. The following characters
may be employed as putaway characters: Tab, Car Ret,
Stop, and EOI (End of Information). The putaway
character sets the Cs3 and Cs5 flip-flops. With these
two flip-flops set, the Rdy signal cannot enable the Cap
clock pulse, so that a putaway character is not inserted
in the P-register. Instead, the resetting of Tcb is enabled
as follows:

*Teb=Rdy Mc2 Cs5 Cs3 Mcd

Therefore, the signal Rdy from a putaway character sets
the Tc-counter to 000 and initiates a Ts-cycle. In this
next Ts-cycle, the signal Tsp issues for 7 clock periods; as
follows:

Tsp=Tsa+Tsb Mci+Tsc Hod (Tc=0)
Therefore, the shift signals Sp, Cap, and Spp occur seven
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times and cause a complete ring shift-down of the P-
register contents. During this ring shift, the modulo-3
of the contents of the P-register are accumulated in the
Gm1, 2 flip-flops.
When Ts reaches 7, the end-order signal Eos issues;
as follows:
Eos=(Tc=0)(Ts=7)

The signal Eos immediately resets the mode control flip-
flops Mcl and Mc2 and sets Mc3, if it is not already set,
to indicate that the P-register is full.

The resetting of Mcl and Mc2 allows Tcc to return to
its rest state of 001; as follows:

*Tee=Mcl T2

Thus, when this operation terminates, the Tc-counter is
in its 1-state and the Ts-counter is in its O-state.

The signal Eos sets the Eod flip-flop to its 1-state and
transfers the Yeo one-shot to its unstable state; as fol-
lows:

*Eod=Eos
*Yeo=Eos Mcl Klm?2

Yeo remains in its unstable state for approximately 200
milliseconds in order that the flip-flop Eod may remain
in its 1-state for an equal duration to isolate the P-Buffer
from further control from the Central Processor. This
200 millisecond delay in freeing the P-Buffer from Central
Processor control is dictated by the time necessary for
the mechanism of the Control Typewriter to return to its
idle state. The signal Eod causes the busy signal Pbz to
issue; as follows:

Pbz=Mcl+4+Mc24-Eod

The Pbz signal prevents the Central Processor from initi-
ating another P-Buffer operation.

When the Yeo one-shot returns to its stable state, the
Eod flip-flop is restored to its O-state; as follows:

*Fod=Yeo Bri Eod

The operation is now terminated.

The accumulation of the modulo-3 of the P-register
contents, and the encoding and gating of the mod-bits to
P7 are subsequently described in the modulo-3 generation
section. In addition to the functions described above, a
parity check is made on each incoming character from
the Control Typewriter. The details of this parity check
will also be described in a subsequent section,

Modulo-3 Generation for Numeric Inputs to P-Register

Following the insertion of a numeric word into the P-
register, a putaway character initiates the final Ts-cycle.
During this cycle the P-register ring shifts-down complete-
ly. The digit contents of P1 are sampled to provide
the signals Gm3 and Gm4 for altering the contents of
Gm2, 1 in accordance with the modulo-3 of the digit
sampled. The signal Gm: gates the signals Gm3 and
Gmd to the Gm2, 1 flip-flops, which accumulate the
modulo-3 of the word in P. The signal Gmt issues from
the count of Ts=1 to 7; as follows:

Gmt=(Tsa+-Tsb+Tsc) (Tsa-+T36-+ Too+H3) Mc2

If the modulo-3 of the digit in P1 is 41, Gm3 issues.
When Gm3 is gated to Gm2 and Gm1 by Gmt, the new
state of Gm2, 1 will depend on its previous state. If the
previous state of Gm2, 1 reflects an accumulated modulo-3
of 41, the new state will be —1; if the previous state
is 0, the new state will be 4-1; and if the previous state
is —1, the new state will be 0. If the modulo-3 of
the digit in P1 is —1, Gm4 issues and changes the state
of Gm2, 1 accordingly. If the modulo-3 of the digit
in P1 is 0, Gm3 and Gm4 do not issue, and the state
of Gm2, | remains unchanged. In this manner, Gm2, 1
accumulates the modulo-3 as the word in P ring shifts,

The signal Rip issues whenever Ts=0 and clears Gm2,
1. Therefore, when the Ts-couiiter is in the l:state the
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contents of Gm2, 1 remain at 0. When the Ts-counter
is in the 2-state Gm2, 1 reflects the modulo-3 of the
LSD in P. Therefore, when the Ts-counter has again
completed its cycle and reached 0, Gm2, 1 has accumu-
lated the modulo-3 of the entire contents of the P-reg-
ister. The signal Eod controls the encoding of the con-
tents of Gm2, 1 into the proper mod-bits for the word
in P and gates these mod-bits into the P7 input inverters
IPm2, 1. The bits to be placed in Pm2 and Pm1 must
make the total modulo-3 of the word in P equal to 1.
The logic for encoding the contents of Gm2, 1 into the
correct mod-bits must not only account for the require-
ment that the total modulo-3 of P be 41, but must take
into account that Pm2, 1 were preset to 01 on receipt
of the condition digit. The following table illustrates
the mod-bits generated for various combinations of Gm2,
1 in order to take into account these two factors:

Gm2, 1 after | Actual mod- | Mod-bits in-
modulo-3 ulo-3 of serted into
accumulation | P1-P6, Ps, Pd Pm2, Pm1
0,0 -1 1,0
0,1 Q 0,1
1,0 +1 0,0

The signal Cap issues in response to the signal Eod and
gates the mod-bits into P7; as follows:

Gate-Cap=Eod Ric

The presetting of the mod-bits in P7 when the condi-
tion digit is entered is arbitrary. It is only necessary
that the mod-bits be preset to a known value, in order
that the subsequent mod-bit generation may be accom-
plished.

Parity Checking

In the input mode (Mc2) the contents of Csl-6 are
ring shifted during each Ts-cycle while Csp checks the
parity configuration of these contents for correctness.
This parity check determines if there is an even number
of I's in the complete character received by the Cs flip-
flops.

The complete ring shift of the Cs1-6 contents is di-
rected by the six states of the Ts-counter from 2 to 7;
as follows:

Ics(i)y=(Tsa+Tsb) Cs(i41)

During this ring shift, the contents of Cs are serially
shifted toward Cs1. The bit in Csl is sampled by the
Csp input inverter.

Csp is first set to the state of the parity bit of the
received character. When the Ts-counter commences its
cycle, Csp responds to the original bit in Csl and to each
bit shifted into Csl. Csp changes its state whenever the
bitin Cs1 is a 1; as follows:

ICsp=(Tsa+Tsb)(Csp Ts1-+Tsp Csl)

When Ts=2, the original contents of Cs1 are sampled
and when Ts=3, Csp reflects the state of this sample,
When Ts=7 the bit originally in Cs6 is in Cs1, and the
state of Csp reflects the original contents of Csl-5. If
the parity configuration of the input character is correct,
the following situation should exist at this time:

(a) If the bit presently in Csl is a 1, Csp must reflect
the receipt of an odd number of 1%, and is in the
1-state,

(&) If the bit presently in Csl is a 0, Csp must reflect
the receipt of an even number of 1's, and is in the
O-state.
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At Ts=7 the contents of Cs1 and Csp are sampled
by the “Error, P-Buffer, Parity” flip-flop Efp; as follows:

*Efp=Mc2 (Ts=7)(Tc1)(Csp Ts1+Tsp Csl)

If Csp and Csl are not in the same state, Efp sets and
halts the Central Processor. Efp will not set when the
Tc-counter is in the 1-state, since no significant input
character is delivered to the P-register at this time.

Photoreader Input to P-Register; Single Numeric or First
Half Double-Precision Word

In this operation, the Photoreader transfers a numeric
word to the P-register after a previous Instruction 59 has
been executed by the Central Processor to prepare the
P-Buffer for this operation. The transfer of data takes
place under control of only the P-Buffer and the Photo-
reader.

The previous Instruction 59 sets the Mode-Control
flip-flops to Mecl Mc2 Mc3 Mcd, if the input is to be
single numeric, or to Mcl Mc2 Mc3 Méd, if the input
is to be the first half of a double-precision word. The
Mcl flip-flop, being off, indicates that the operation re-
lates to the Photoreader, The Mc2 flip-flop, being on,
indicates that the operation provides input data for the
P-register.

Both of these operations are substantially identical to
the corresponding operations previously described in de-
tail for the Control Typewriter input operation. There-
fore, this description merely points out the major differ-
ences between a Photoreader input operation and a Con-
trol Typewriter input operation.

At the beginning of this operation, the Ts-counter
counts through its initial cycle, as before. At the end
of this cycle, the Tc-counter is in the 010-state, where
it remains until the end of the operation.

An additional initial step takes place in this operation
to eliminate a premature read-in from the Photoreader.
Normally the Photoreader stops on the punched holes
containing the Stop code. This causes the sprocket signal
Kpc to issue at the start of this operation. Such a
sprocket signal would trigger Ypr and result in the is-
suance of the Rdy signal, which, in turn, would cause an
acceptance by the P-register of the Stop digit, unless the
triggering of Ypr is inhibited. The triggering of Ypr is
prevented by having the signal EmS59 set Rd2; as follows:

*Rd2=Em59 Pnbz A22 A21 c3

With Rd2 on, *Ypr is inhibited until Rd2 is subsequently
reset when the paper tape starts feeding and terminates
the sprocket signal; as follows:

*Rd2=Tpc Mcl Rd2

Following the initial Ts-cycle the input condition digit
is transmitted from the Photoreader to the P-Buffer on
lines Kpl-6, p. A method similar to that employed for
the Control Typewriter input is used to perform a syn-
chronizing function in this operation.

The character on lines Kpl-6, p is gated into the Cs
input inverters by the signal Cinp; as follows:

Ies(i)=Cinp Kp(i)

The signal Cinp issues only when the mode control flip-
flops denote a Photoreader input and only when the Ts-
counter is in the 0 or 1-state; as follows:

Cinp=Me¢1 Mc2 Tsa Tsb

As before, the signal Rip gates the output signals of the
Cs flip-flops, in Central Processor code, to the P7 input
inverters. The P7 flip-flops accept the input data from
the Cs flip-flops only when the signal Rdy occurs which
causes the issuance of a Cap signal.

The method of generation of the Rdy signal, also illus-
trated with the waveforms of FIG, 30, is the major dif-
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ference between the Photoreader input operation and the
Control Typewriter input operation.

The sprocket signal Kpc is provided by the Photoreader
when a character signal is to be supplied. The signal on
the Kpc lead is in the l-state only during the interval
when data is being supplied. The inverter Ipc follows
Kpc during the input mode of operation; as follows:

Ipc=Kpc

The one-shot Ypr transfers to its unstable state, wherein
it remains for approximately 320 microseconds, upon
receipt of the sprocket signal; as follows:

*Ypr=Kpc Rdl Rd2 Mc1 Mc2 Kpi

Ypr is enabled by Kpc if the Photoreader is ready
(Kpi=1 ).

The inverter Iyrd follows the Ypr one-shot, as indicated
in the Photoreader input section.

The Rd1 flip-flop sets when Iyrd enters the O-state, as
described previously.

The Rd2 flip-flop is enabled by Rdl, and transfers to
the 1-state when the one-shot Ypr returns to its stable
state; as follows:

*Rd2=Rdl Hcl Ypr

The coincidence of the flip-flops Rd1 and Rd2 in their 1-
state is the condition for the generation of the Ready
signal Rdy; as follows:

Rdy=Rdl Rd2 Kpc Mcl Mc2 Cs(i) Cs(j)

The signal Rdy then enables the clock signal Cap, which,
in turn, gates a digit into P7, and also starts the Ts-
counter.

The technique by which the seven digits are gated into
and shifted through the P-register is substantially the
same as that described in the Control Typewriter input
section, the only difference being in the manner of gen-
eration of the signal Rdy, as described above.

The operation-closing sequence is substantially the same
as that employed for the Control Typewriter input opera-
tion, except that the one-shot Yeo is not triggered. The
modulo-3 generation and the parity checking are substan-
tially identical to that described in the Control Typewriter
input section. Since Yeo is not triggered, the flip-flop
Eod remains in its 1-state for but one clock period, and
functions only to gate the encoded contents of Gm2, 1
to the P7 input inverters Ipm2, 1 during the modulo-3
generation.

Control Typewriter or Photoreader Input to P-Register;
Second Half Double-Precision Word

In this operation the Control Typewriter or the Photo-
reader transfers the second half of a double-precision
word to the P-register after the first half of the double-
precision word has been transferred to the P-register and
after a new Instruction 59 has been executed by the Cen-
tral Processor to prepare the P-Buffer for this operation.
The transfer of data takes place under control of only
the P-Buffer and the Control Typewriter or Photoreader.

The new Instruction 59 sets the Mode-Control flip-
flops to Mcl Mc2 Mc3 Mc4, if the input is to be from the
Control Typewriter, or to Mci Mc2 Mc3 Mc4, if the
input is to be from the Photoreader. The Mc3 flip-flop,
being on, indicates that a double-precision word is in-
volved in the data transfer. The Mc4 flip-fiop, being on,
indicates that the second half of a double-precision word
is involved, provided that Mc3 is on.

These operations are substantially alike for inputs from
either the Control Typewriter or the Photoreader, except
for the minor differences between these two sources of in-
put data described in the previous sections for single
numeric input. Furthermore, except during the initial Ts-
cycle, the operations for the Control Typewriter and the
Photoreader second half double-precision inputs are sub-
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stantially identical to the corresponding single numeric
input operations previously described.

Since both halves of a double-precision word must have
the same sign bit, the sign bit of the preceding first half
double-precision word is retained in this operation. At
the completion of the previous first half double-precision
input operation the condition digit will be in P7, where it
remains until the beginning of this operation. Therefore,
during the initial Ts-cycle, the condition digit is shifted
left from P7 to P1. In passing from P6 to PS5, the sign
and designator bits are retained, but the mod-bits are
changed to those necessary for correct mod-bit genera-
tion; as follows:

*P54=—=P64 Mc3
*P53=P63 Mc3
*P52=T3% Pigl
*P51=Pigl

*P5i=DP63

*P53=P063 Mc3
*P52=Tse Pigl
*P51=PC1 Pig2

Since Tsp issues for Ts=2-7, the condition digit is still in
P7 during the initial Ts-cycle, when Ts=2. Therefore,
when Ts=3 (Tsc=1), the condition digit is in P6 and
prepares the transfer into PS5, in accordance with the above
equations. Thus, the sign and designator bits of the con-
dition digit transfer into P5, and subsequently into PI,
but the mod-bits are altered to the required 01 values.

Following the initial Ts-cycle, the MSD of the numeric
portion is transferred from the Control Typewriter or
Photoreader to P7, No condition digit is entered during
this operation. Following the receipt of the six numeric
digits, the operation-closing sequence takes place, during
which the correct mod-bits are generated.

The insertion of each of the numeric digits into P7, the
parity checking of each of these digits, and the final mod-
bit generation is identical to that described heretofore in
the sections describing the Control Typewriter and Photo-
reader input operations.

There is one deviation from the equations for the gen-
eration of Tsp and for the resetting of Tch. These signals
are now enabled by Mc3; as follows:

Tsp=Tsa+Tsb Mc3+4Tsc Mc3 (Tc=0)
*Teb=Rdy Mc2 Mc3 Cs5 Cs3

Control Typewriter or Photoreader Input to P-Register;
Alphanumeric Word

In this operation the Control Typewriter or the Photo-
reader transfers an alphanumeric word to the P-register
after a previous Instruction 59 has been executed by the
Central Processor to prepare the P-Buffer for this opsra-
tion. The transfer of data takes place under control of
only the P-Buffer and the Control Typewriter or Photo-
reader.

The previous Instruction 59 sets the Mode-Control flip-
flops to Mc1 Mc2 M¢3 Mc4, if the input is to be from the
Control Typewriter, or to Mcl Mc2 Mc3 Mcd4, if the
input is to be from the Photoreader. The Mc3 Mc4
combination indicates that an alphanumeric word is in-
volved,

These operations are substantially alike for inputs from
either the Control Typewriter or the Photoreader, except
for the minor differences which occur between these two
sources of input data as described in the previous sections
for single numeric input. Either one, two, or three alpha-
numeric characters may be transferred. The operation-
closing sequence may be initiated by a putaway character,
which is also inserted in the P-register. If three alpha-
numeric characters are provided, the operation-closing
sequence is initiated by the third character and no putaway
character need be provided.
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The timing of this operation is illustrated in the follow-
ing timing diagrams:
ALPHANUMERIC INPUT—3 CHARACTERS

Tea Tcb Tee Execution P-Register
contents
001 AT TR Y XXXXAXX
P contents ring shift-down five
digit positions. *Ignore’” charac-
oo ters inserted. No parity check,
xxIglgx
Gate-in first character.
010 5xIgIg6
P contents ring shift-down five
digit positions. Check parity of
character in Cs,
011 IgXg65x
QGate-In second character.
011 3gIg654
P contents ring shift-down five
digit positions. Check parlty of
character in Ca.
a0 Tp65439
Qate-in third character.
000 Tg65432
P contents ring shift-down six digit
positions, Check parity of char-
acter in Cs. Clear Mc4 and Mc2,
and Mel, if on, and set Mc3, In-
sert mod-bits in P7,
001 654321

ALPHANUMERIC INPUT—1 CHARACTER

Tca Teb Tee Eixecution P-Reglster
contents
001 Emb591ssues. .o cooiooiiiii XXXXIXX
P contents ring shift-down five
digit positions, '*Ignore” charac-
010 ters inserted, No parity check.
1
xxIgIgx
Gate-in first character.
010 bxIgIg6
P contents ring shift-down five
digit positlons. Check parity of
character in Cs.
011 IgIg6bx
QGate-in putaway character.
000 Pylg6sP
P contents ring shift-down six digit
positions. Check parity of char-
acter in Cs, Clear Me4 and Mc2,
and Mcl, if on, and set Mc3. In-
sert mod-bits in P7.
001 CIg65PP

At the beginning of this operation, the Tc-counter is in
the 001-state and the Ts-counter is in the 000-state. At
the clock period next following that in which Mc2 is set
to 1 (Instruction 59), the Ts-counter is started, and counts
through its complete cycle. When the Ts-counter reaches
the count of 7 the Te-counter is set to the 010-state. Dur-
ing this initial Ts-cycle, the shift signals Sp and Cap issue
five times in response to the signal Tsp, which occurs
when the Ts-counter is in the states 3-7; as follows:

Tsp=Tsa+Tsa Tsb-+Tsb (Tc=0)

In addition, the shift signal Spp occurs when the Ts-
counter is in the states 1-7. Thus, the contents of the P-
register ring shift-down five digit positions,

The signal Pigl issues and gates Ignore characters into
P35; as follows:

*pP53=Tsc Pigl Mc3
*P52=T%¢ Pigl
*p51=Pigl
*P54=Pig1 Mc3
*P53=Tsc Pigl I3
*P52=Tsc Pigl

The first digit is gated from P6 to P5 by the clock pulse
following Ts=3 (Tsc=1). Therefore, this digit, which
comes to rest in P1 at the end of the first Ts-cycle and the
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digits which come to rest in P3 and PS5 are 1’s, in accord-
ance with the above equation group. The digits which
come to rest in P2 and P4 are &'s. Therefore, the digit
pair in PS5, P4 and the digit pair in P3, P2 will be Ignore
alphanumeric characters, These Ignore characters re-
main in the final P contents in any of the three character
positions not filled with input data. Ignore characters are
ignored by all system output devices,

The configuration of the P-register contents at the con-

clusion of the initial Ts-cycle is; as follows:
Bit P7 P6 P5 P4 P3 P2 Pl
5 x x 0 0 0 0 0
4 x X 0 1 (1} 1 0
2 x X 0 1 Q 1 0
1 x x 1 1 1 1 1
Ignore  Ignore

The P-buffer is now ready to accept the first character
from the Control Typewriter or Photoreader. No con-
dition digit is supplied in this operation. Therefore, the
first character supplied is the most significant alphanumeric
character.

The gating of data from the Control Typewriter or the
Photoreader to the Cs flip-flops, and the generation of the
signal Rdy to store this data in the P-register and to start
the Ts-cycle is similar to that described in the preceding
sections for single numeric input. However, the path of
data transfer from the Cs flip-flops to the P-register is dif-
ferent in the operations of this section.

In addition to the signal Rip, the signal Ripa issues; as
follows:

Ripa=(Ts=0) Mc2 Mc3 Mc4

Ripa functions to encode the character in Cs into the two
required digits in Central Processor alphanumeric code.
The most significant of these two digits is gated into P1
and the least significant into P7. The contents of Cs1—4
are directed to the corresponding flip-flops of P7, through
the P7 input inverters; as follows:

Ipd=Ripa Cs4

Ips=Ripa Cs3

Ipm2=Ripa Cs2

Ipm1=Rip Csl
The contents of Cs5 and Cs6 are encoded by Ripa into a
digit for P1; as follows:

*P13=Ripa (putaway)

*P12=Ripa Tsb6

*P11=Ripa Cs5

*P14=Ripa

*P13=Ripa (non-putaway)

*P12=Ripa Cs6

*PI1=Ripa Tsb
For a normal alphanumeric character, the contents of
both P13 and P14 are 0.

The Rdy signal occurs and starts the Ts-counter and
causes the issuance of Cap, which is the clock pulse which
gates the two digits derived from the input character into
P7 and P1; as follows:

Gate-Cap=Rdy Mc2 Mc3 Mc4

The Ts-counter now completes another cycle, Tc is
counted to 011 and the P contents ring shift-down five digit
positions. At the end of this shifting, the first alphanu-
meric character is in P3, P2.

THREE ALPHANUMERIC CHARACTERS ENTERED

The second alphanumeric character is gated into P7 and
P1, the P contents ring shift-down five digit positions, and
the Tc-counter is transferred to the 000-state.

The third alphanumeric character is then gated into P7
and P1. With the Tc-counter is the 000-state, Tsp issues
six times, so that the P contents ring shift-down six digit
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positions. When Ts reaches the count of 7, the signal
Fos issues and terminates this operation in the manner
described in the preceding sections for single numeric in-
put. When the P contents have completed this last ring
5 shift, the three alphanumeric characters occupy the six
numeric positions of the P-register.
The mod-generation flip-flops Gm?2, 1 are continuously
set to the 011-state to indicate an alphanumeric word; as
follows:

10 *Gm2=Mc3 Mc4

*Gml=Mc2 X¥c3 Mcé

Therefore, when the Eod flip-flop is set by the Eos signal
the contents of Gm2, 1 are inserted into P7. At this
time the contents of both Ps and Pd are changed to 0 for
the alphanumeric word in the P-register.

Parity checking is as described for the previous opera-
tions. All three input characters are checked for cor-
rectness of parity configuration,

LESS THAN THREE ALPHANUMERIC CHARACTERS

ENTERED

If it is desired to have only one or two alphanumeric
characters in the input word, a putaway character is sup-
plied from the Control Typewriter or Photoreader im-
mediately following the entry of the first or second alpha-
numeric character. The Stop or EOI normally function
as putaway characters for alphanumeric input.

However, if the ALPHANUMERIC STORE switch is
in the Tab-Car Ret position, the Tab or Car Ret signals
will also function as putaway signals. With the ALPHA-
NUMERIC Switch in the Tab-Car Ret position, the sig-
nal Kam is transmitted by the Control Console to enable
the resetting of the Tc-counter to the O-state, if it is not
already in that state; as follows:

*Tec=*Tcb=Rdy (Mc2 Cs5 Cs3)
T34 (Cs2+Csl Kam)

This action enables the operation-closing sequence to
occur. This operation-closing sequence is identical to
that described above for the three-alphanumeric-character
input operation.

In this operation, unlike the numeric input operations,
the putaway character is entered into the P-register in the
same manner as an alphanumeric character is entered.
This is effected by the signal Cap, described above, which
is not inhibited by the presence of Cs5 Cs3.

Control Typewriter Qutput From P-Register; Single
Numeric or First Half Double-Precision Word
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50 In this operation the Control Typewriter receives a nu-

meric word from the P-register after a previous Instrue-
tion 59 has been executed by the Central Processor to
prepare the P-Buffer for this operation. The transfer of
data takes place under control of only the P-Buffer and
the Control Typewriter.

The previous Instruction 59 sets the Mode-Control
flip-flops to Mcl Mc2 Mc3 Med, if the output is to be
single numeric, or to Mcl McZ Mc3 Med, if the out
g0 put is to be the first half of a double-precision word.
The Mcl flip-flop, being on, indicates that the operation
relates to the Control Typewriter, The Mc2 Aflip-flop,
being off, indicates that the operation delivers output data
from the P-register,

The flip-flop Mc1 is set; as follows:

*Mcl=EmS9 Pnbz A22 Mc3 Knrl

wherein A22 denotes an output operation, Mc3 denotes
that the P-register is full, and Kns1=1 denotes that the
70 INHIBIT-TYPEOUT switch on the Control Console is
in the NORMAL position. If the INHIBIT-TYPEOUT
switch is ON, the P-register is not emptied by this In-
struction 59.
The flip-flop Mc3 is reset; as follows:

sMc3=EmS9 Pnbz A22 (A12+Knt2)

55
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The signal A12, for single numeric output, resets Mc3
to indicate that the P-register has been emptied at the
end of this operation. If the INHIBIT-TYPEOUT
switch is ON, Knr2=1 and the operation is not per-
formed by this Instruction 59, but the contents of the
P-register are treated as non-existent, or P as empty, so
that P can subsequently be filled.

This operation is substantially identical for both types
of words, except that at the termination of the double-
precision output operation Mc3 is reset and a different
putaway character is supplied for each type of output
word.

This operation starts as soon as Mcl is set.
time Ifc=0; as follows:

Ife=(Ktf+Tycrt) Xc2

The above equation includes all possible conditions occur-
ring during this operation. The signal K¢f is a Control
Typewriter feedback signal which only issues in response
to Yic=0, a condition which occurs when Cs is loaded
with a character for transfer to the Control Typewriter,
Thus, Ktf=0 at the start of this operation. Similarly,
Iycrt=0 because this signal can only equal 1 when
Yert is fired, a condition which occurs whenever the Car-
riage Return signal Kacr is received from the Control
Typewriter. The signal Kacr does not issue unless ths
Control Typewriter is printing a character.

Therefore, the one-shot Yfr fires immediately after
Mcl sets; as follows:

*Yfr=Tfc Rdl Rd2 Mcl Kfi Ken2

Yfr remains in its unstable state for approximately 15 mil-

liseconds. Waveforms of the Y77 signal and other sig-
nals employed in synchronizing the Control Typewriter
with the P-Buffer are shown in FIG. 31,

The signal Iyrd follows the signal Y7r; as follows:
Iyrd="j7 Ypr
The Rd1 flip-flop sets on the clock pulse next follow-
ing the firing of Yfr; as follows:
*Rdl=Tyrd Rd2
The Rd2 flip-flop then sets when Yfr returns to its
stable state; as follows:
*Rd2=Rd1 Mc1 Yjr

The signal Rdy issues upon the coincidence of the flip-
flops Rdl and Rd2 in their 1-state; as follows:

Rdy=Rd1 Rd2 Tfé¢ Mcl Mc2

The signal Rdl resets immediately after Rd2 is set,
to limit the signal Rdy to one clock period; as follows:

*Rdi=Rd2

The Rdy signal initiates a Ts-cycle by setting Tsc to

1, the Ts-counter having been in the 0-state; as follows:
*Tsc=Rdy

There is no preliminary Ts-cycle in this operation as'
occurred in the numeric input operations,

In the waveform for Tsc, the pulses are numbered
to identify the corresponding states of the Ts-counter.

During the Ts-cycle the Sp and Cap clock signals is-
sue when Tsp occurs. The signal Tsp occurs from
Ts=2-7 for all Ts-cycles of this operation, except when
Tc=0; as follows: -

Tsp=Tsa+Tsb+Tsc Mcd (Te=0)

The gating signal Spp issues for Ts=1-7, for all Ts-
cycles of this operation; as follows:

Spp=(Tsa+Tsb+Tsc) Mcl

Therefore, the contents of the P-register ring shift-down
through six digit positions during every Ts-cycle, except

At this
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when T¢=0, at which time the contents of P completely
ring shift-down.
When Ts=1, the signal Cinr issues; as follows:

Cinr=Mc2 (Ts=1)

The signal Cinr functions to gate an encoded digit from
P7 to Cs through the Cs input inverters; as follows:

Iesd=Cinr (Tc=1) (Ps+Pd) (Ps-|-Pd)
Ies3=Cinr P5s+Cinr (Tc=1) Pd
Ics2=Cinr (Tc=1) (Ps+Pd)

The above equations are applicable only for the con-
dition digit output, which occurs when Tc=1. There are
no inputs to Ics 6, 5, 1 when Tc=1. Only one of four
combinations of bits in Pd and Ps are encoded into
Control Typewriter code at this time. These four com-
binations are encoded by the logic of the above equations
into one of the Control Typewriter characters P, M,
(+)1 (_)'

Since continuous clock pulses are applied to Cs at
this time, when Ts=2, Cs stores the character to be
gated-out to the Control Typewriter.

Starting at Ts=3 the contents of P ring shift-down six
digit positions to place the MSD in P7 when Ts again
reaches the rest state. This shift of the contents of P
and a description of the timing of this operation is shown
in the following timing diagram:

SINGLE NUMERIC OR FIRST HALF DOUBLE-FRECISION
QUTPUT

P-Register
Contents

Tea Tech Tee Execution

001 Em59 issues C654321

Conditlon digit gated to Cs and then
transferred  to Control Type-
writer, P contents ring _shift-
down six diglt positions. Parity
bit generated for condition charac-
ter in Cs.

MSBD gated to Cs and then trans.
ferred to Control Typewriter. P
contents ring shift-down six digit
positions. Parity bit generated
for MSD in Cs.

Repeat above procedure five times
{for transfer of remaining five digits
to Control Typewriter,

010 664321C

o1 54321C8

C654321

Automatic putaway character gated
to Cs and then transferred to Con-
trol Typewriter. P contentscom-
pletely ring shift down.

Clear Mcl and Mc3, if on.

001 C654321

Each time that Ts reaches the count of 7 the Tc-counter
has its contents increased by 1. This is due to the fact

that *Tcc is enabled by Mc2; as follows:
*Tee=Tee (Ts=7) Mc2

Therefore, at the end of the condition digit output
sequence, Tcis in the 010 state.

Also, when Ts=7 the one-shot Yic fires for approxi-
mately 35 milliseconds; as follows:

*Ytc=(Ts=7) Mcl M2

Ytc gates the Cs character into the Control Typewriter.
In response to the Ytc signal, the Control Typewriter issues
the feedback signal Krf for approximately 100 millisec-
onds. The signal K¢f inhibits the readout of any further
signals to the Control Typewriter until the type-out or
punch-out of the character is completed by forcing Ife
to the 1-state. (See preceding equation for Ifc, this sec«
tion.)
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The flip-flop Rd2 is reset by Kzf; as follows:

*Fd2=(Ktf+Tycrt) Mc2

The signal Ifc goes to 1 with K¢f and prevents further
firing of Yfr and the transfer of further data to Cs until
the Control Typewriter is ready. In the event that a car-
riage return or Tab action is required in the Control
Typewriter, following insertion of the character from
Cs, the signal Kacr delivered by the Control Typewriter
fires the one-shot Ycrt. Ycrt remains in its unstable
state for approximately 150 milliseconds to allow the
carriage to return, The signal Iycrt results; as follows:

Iycrt=Ycrl

and inhibits the return to 0 of the Ifc signal until the car-
riage return is completed.

During the interval from Ts=3-7, 0, the contents of
Cs completely ring shift for generation of the parity bit
in Csp; as follows:

Ies(i)=(Tsa+Ts) Cs(i+1)

When Ts again reaches 0, the contents of Cs have re-
turned to their original positions and the parity bit is
present in Csp. '

When the one-shot Yrc is fired, the Cysc clock signals
to Cs cease; as follows:

Gate-Cytc=YTc

This action enables Cs to hold the character until it is
transferred to the Control Typewriter. When the one-
shot Yie returns to its stable state Cs is cleared; as fol-
lows:

*T(N=Tcs(?) Yie

The signal Can is now present from Tc=2 to Tc=T:
as follows:
Can=Tca+Tcbh

to enable the encoded data to enter Cs from P7.

When both K¢f and Tycrf have dropped to 0, the one-
shot Yfr fires again, Rdy occurs, and the Ts-cycle com-
mences again. The contents of P again shift six times.
The signal Cinr issues when Ts=1 and gates the encoded
MSD in P7 to Cs through the Cs input inverters; as fol-
lows:

Ics6=Cinr (Tca+Tch) Wed
IesS=Cinr (Tca+Tcb) Mcd Gml
Ics4=Cinr Can Pd

Ics3=Cinr Ps

Ics2=Cinr Can Pm2

les1=Cinr Can Pml

The Ics(i) inputs above occur each time Ts=1 from
Tc=2-7 and gate into Cs, in Control Typewriter code,
all numeric data in P. The numeric digits are gated di-
rectly to Csl—4. Cs6 is automatically set to 1 for all
numerics. Cs5 is set to 0 for all numerics if Gml1=0,
and isset to 1 if Gm1=1.

This control of the configuration of the character in
Cs in accordance with the state of Gm is a zero suppres-
sion feature. When Gml=1, a 0-digit in P7 is con-
verted to the Control Typewriter code for a space:
Cs6—1=110000. When Gm1=0, a 0-digit in P7 remains
a 0 in Control Typewriter code: Cs6~1=100000. When
the Mode-Control flip-flops are set at the beginning of
this operation, Gm1 is set to 1 to suppress the most
significant (’s in the numeric portion of the P-contents;
as follows:

sTmi=(Tc=1) Mcl M2 Hcd

*Gm1 then samples the contents of P7 during Te=2-7
(when Ts=0) and resets Gml when the first non-zero
digit enters P7; as follows:

$Gmi=(Pd-+Ps+Pm2-+-Pm1)
{Mcl Mc2)(Tca+Tch)(Ts=0)
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Thus, Gm1 does not sample the condition digit. Gml
is automatically reset after the fourth zero has been sup-
pressed during single numeric output; as follows:

*Gml=Tca Tcb Mcl Mc2Z Mc3 (Ts=0)

This results in printing two 0's where a completely zerc
number has been typed out. If only the LSD is non-
zero, it is preceded by a 0, to provide a form particular-
ly useful if this value indicates cents, as in a monetary
balance. However, if this operation involves the first
half of a double-precision number, the entire numeric
portion will be suppressed, if it is a completely zero
number.

Again, when the Ts-counter reaches 7, Yrc is triggered
and the MSD is transferred to the Control Typewriter.

The above sequence for the most significant digit oc-
curs five additional times, after which Tce=0, Ts=0,
the contents’ of P are again in sequential order, and the
complete word in P has been typed or punched out.

With Tc in the O-state, when Yzc returns to its stable
state, the Ts-counter starts its last cycle. When Ts=1
the signal Cinr automatically gates a character into Cs
in accordance with the following logic:

Ics6=Automatic Reset
IcsS=Cinr (Tc=0) Xci
Ics4=Automatic Reset
Ics3=Cinr (Tc=0) Xcd
Ies2=Cinr (Tc=0) Mc3 Xcd
Ies1=Cinr (Tc=0) Tc3 Xéd

For the single numeric output this data inserted in Cs
has the configuration of the Tab character:

Cs6-1=010101

For the first half double-precision numeric output, the
configuration of this data inserted in Cs is not recogniza-
ble by the Control Typewriter: Cs=010110. This im-
proper code results in no further action by the Control
Typewriter.

When Ts reaches 7 the signal Eos issues, which resets
Mcl and resets Mc3, if it is on. The operation terminates
following the setting of the Eod flip-flop and the firing of
the Yeo one-shot, as described in the preceding section for
single numeric Control Typewriter input.

Parity Bit Generation

In the output mode (Mc2) the contents of Csl1-6 are
completely ring shifted during each Ts-cycle while Csp
generates the parity bit for these contents. This parity
bit is generated to provide an even number of 1’s in the
complete character to be transmitted from the seven Cs
flip-flops.

The complete ring shift of the Cs1-6 contents is di-
rected by the six states of the Ts-counter from 2-7; as
follows:

Ics(i)=(Tsa-+Tsb) Cs(i41)

During this ring shift, the contents of Cs are serially
shifted toward Csl. The bit in Csl is sampled by the
Csp input inverter.

Csp is initially in the O-state, When the Ts-counter
commences its cycle, Csp responds to the original bit in
Cs1 and to each additiona]l bit shifted into Csl. Csp
changes its state whenever the bit in Cs1 is a 1; as follows:

Icsp=(Tsa+Tsb)(Csp Cs1+Csp Csl)

When Ts==2, the original contents of Csl are sampled
and when Ts=3, Csp reflects the state of this sample.
When Ts=7, the bit originally in Cs6 is in Csl, so that
when Ts returns to 0, the state of Csp reflects the entire
contents of Cs1-6. At this time, if Cs1-6 contans an
even number of 1'’s, Csp=0, whereas if Cs1-6 contains
an odd number of 1’s, Csp=1.
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Control Typewriter Output From P-Register Second Half
Double-Precision Word

In this operation, the Control Typewriter receives tha
second half of a double-precision word from the P-reg-
ister after the first half of the double-precision word has
been transferred to the Contro} Typewriter and after a
new Instruction 59 has been executed by the Central
Processor to prepare the P-Buffer for this operation. The
transfer of data takes place under control of only the
P-Buffer and the Control Typewriter.

The new Instruction 59 sets the Mode-Control flip-flops
to Mcl Mc2 Mc3 Mcd. The Me3 and Mc4 flip-flops,
being on together, indicate that the second half of a
double-precision word is involved.

This operation is similar to the single numeric output
operation previously described.

Since the first half of a double-precision word con-
tains the condition digit for the entire double-precision
word, the condition digit of the second half is suppressed
during this operation; whereby the numeric portion of
the second half may be typed adjacent the numeric por-
tion of the first half, if desired. This is accomplished
by encoding the condition digit, during the first Ts-cycle,
into a character that is not recognizable by the Control
Typewriter. During this first Ts-cycle the inputs to Cs6
are continuous 1’s; as follows:

Ics6=(Tc=1) Mcl Mc4

Following insertion of the encoded condition digit into
Cs, the contents of Cs ring shift-down. During this ring
shift action continuous 1's enter into Cs6, filling Cs6-1
with 1's. a configuration which is not recognizable by the
Control Typewriter and, therefore, the read-out of such
character results in no action by the Control Typewriter.

Following the first Ts-cycle, the numeric contents of
P are transferred to the Control Typewriter, in the manner
described in the preceding section on P-Buffer output
operation. One difference between the instant operation
and the previously described output operation is the tech-
nique 1uT Zero suppression. Zeros are not normally sup-
pressed i this half word operation. The flip-fllop Gm1
is not transferred to the l-state when the Mode-Control
flip-flops are set. However, if this operation follows an
output operation for a first half double-precision word
having all 0's in the numeric portion, Gm1 is still on when
the instant operation starts. In such instance, 0’s will
continue to be suppressed for the more significant numeric
digits of the word ;n P, However, if the fourth zero has
been suppressed, Gm1 will automatically be reset and
the last two digits of the numeric word will type-out; as
follows:

*Tmi=Tca Tch Mcl Tc2 Mc4 (Ts=0)

The remaining features whereby this operation differs
from the previously described output operation lies in the
type of putaway character employed, and in the ability
of the operator to select the putaway character used. The
logic for automatically generating a putaway character
when Tc reaches the O-state is:

Ies6=Cinr (Tc=0) Mc3 Gm2 Klmd

IcsS=Cinr (Tc=0) Mc3

Ies4=Automatic reset

Ics3=Cinr (Tc=0) Mc3

Ics2=Automatic reset

Ics1=Clinr (Tc=0) Mc3 Mc4
The character generated is controlled by the Gm?2 signal,
which enables Ics6. If the Al3 flip-flop is turned on by
this Instruction 59, Gm2 is correspondingly turned on;
whereas, if AI13 remains off, Gm2 remains off. If
Gm2==1, Cs6~1=110101, the configuration for the Car
Ret character. 1f Gm2=0, Cs6-1=010101, the configura-
tion for the Tab character.

At the conclusion of this operation, the signal Eos re-

sets tie Mc3 and Mcl flip-flops.
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Control Typewriter Output From P-Register;
Alphanumeric Word

In this operation the Control Typewriter receives an
alphanumeric word from the P-register after a previous
Instruction 59 has been executed by the Central Processor
to prepare the P-Buffer for this operation. The transfer
of data takes place under control of only the P-Buffer
and the Control Typewriter.

The previous Instruction 59 sets the Mode-Control
flip-flop to Mcl McZ Me3 Mc4. The Mc3 Mc4 combi
nation indicates that an alphanumeric word is involved.

This operation is similar to the second half double
precision output operation previously described, except
that no putaway character is generated by the P-Buffer

When Mc1 goes on, the one-shot Yjr fires and the first
Rdy is generated, as previously described. The manner
of generation of the first and succeeding Rdy signals is
the same as for the single numeric output operation
Therefore, the waveforms of FIG, 31 for the single nu.
meric output operation are equally applicable to this
operation, with the exception that Can=1 for the entire
operation; as follows:

Can=3¢c3 Mc4

When Rdy occurs the first time, the Ts-counter starts
through its first cycle. When the Ts-counter is in the
1-state the signal Cinr occurs and gates the encoded
condition digit from P7 to Cs. However, since both Mct

and Mc4 are on, 1’s are continuously gated into Cs6 dur-
ing this first Ts-cycle; as follows:

lcs6=(Tc=1) Mcl Mc4
After the parity bit is generated for the output character,

5 Cs is filled with 1’s, a character not recognizable by the

Control Typewriter. Therefore, the condition digit in the
P-register has no effect on the Control Typewriter.
The signal Tsp occurs; as follows:

Tsp=Tsa+Tsb Tsc+Tsb (Tc=0)

The clock signals Sp and Cap issue only five times for
each Ts-cycle, except for the last Ts-cycle when Te=0.
Thus, during the first Ts-cycle the contents of P ring shift-
down five digit positions and Tc is counted up to 010,
Therefore, at the end of the first Ts-cycle the MSD of
the most significant of the alphanumeric characters is
in P1 and its LSD is in P7.

The timing of this operation is illustrated by the fol-
lowing timing diagram:

ALPHANUMERIC OUTPUT

Tea Teh Tee Executlon P-Register

contents

001 Emb9 8868 - o emiaaes
Condition digit gated to Cs, but
has no effect on Control Type-
writer. P contents ring shift-
down five digit positions. Parity
bit generated for character in Cs.

C654321

10 54321Co
Most significant alphanumeric char-
acter gated to Cs and transferred
to Control Typewriter. P con-
tents ring shift-down five digit
ositions. Parity bit generated
or character in Cs,
011 321C654
Next alphanumerle character gated
to Cs and transferred to Control
Typewriter. P contents ring
shift-down five digit positions.
Parity Lit generated for character
in Cs.
000 1065432
Lea stsignificant alphanumerie char-
acter gated to Cs and transferred
to Control Typewriter. P con-
tents ring shift-down six digit
positions, Parity bit generated
for c¢haracter in Cs.

Clear Mcl.

001 C654321
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Once again, Rdy occurs, and the Ts-counter starts.
When Ts=1, the digit in P7 is copied into Cs1-4 and the
contents of P11, P12 are encoded respectively into Cs5, 6;
as follows:

Ies6=Cinr Mc3 Mc4 P12
IcsS=Cinr ¥¢3 Mc4 P11
Ics4=Cinr Can Pd
Ies3=Cinr Ps

lcs2=Cinr Can Pm2
Iesl=Cinr Can Pm1

The Ics(i) inputs above occur each time Ts=1 for all
Ts-cycles following that when Te=1; i.e., until the three
alphanumeric characters are transferred to the Control
Typewriter.

A parity bit is generated for the character in Cs, as de-
scribed before, and Yic fires to transfer the alphanumeric
character to the Control Typewriter. During this second
Ts-cycle, the P-register again ring shifts-down through
five digit positions. At the end of the second Ts-cycle, the
second alphanumeric character is in P1 and P7, and
Tc=011.

The signal Rdy occurs again, and the Ts-cycle recurs
again, the second alphanumeric character is transferred
to the Control Typewriter, and the P-register ring shifts-
down through five digit positions to place the least sig-
nificant alphanumeric character in P1 and P7. During
this third Ts-cycle, the Tc-counter is inhibited from count-
ing to the 4-state, and returns, instead, to the I-state.
Tca is inhibited from setting; as follows:

*Tea=(Tc=3)(Ts=T) (Mc3+Hc4)

When the Te-counter is in the 0-state, the next Rdy sig-
nal initiates the operation-closing sequence, wherein the
least significant alphanumeric character is encoded into
Cs, and is subsequently transferred to the Control Type-
writer. At Ts=7, Eos occurs, to terminate the operation.
When the operation terminates, the P contents have been
restored to their initial order.

Register Type-Out, Register Type-In; General

When the Central Processor is halted, the contents of
the R, L, I, B, N, or P registers may be transferred to the
Control Typewriter, or the R, I, or P-registers may be
filled from the Control Typewriter. These actions are
initiated from the Control Typewriter keyboard by first
depressing the Enable key and then a key designating the
type-out or type-in operation selected.

REGISTER TYPE-OUT

In this operation, the Control Typewriter receives the
contents of the R, L, I, B, N, or P-registers.

The operation is initiated by the successive striking of
two Control Typewriter keys. First, the Enable key is
depressed, which causes the signal Kenl to enter the 1-
state, One of the keys R, L, I, B, N, or T is then de-
pressed, which causes the issuance of a respective one of
the signals Kr, K/, Ki, Kb, Kn, or K¢, according to whether
the contents of the R, L, I, B, N, or P-registers are to be
typed-out.

The depression of the two successive keys causes the
five Central Processor registers R, L, I, B, and N to ring
shift-down once. The Control Typewriter signal Kirc is
normally equal to 1. However, depression of any one of
the keys R, L, I, B, N, or T causes K¢c to drop to the
0-state. The Irt inverter follows Kzc; as follows:

Irt=K1c
The Brt flip-flop is then set; as follows:

*Bri=Trt Kenl Kfi Hrl H2 (He84-Ko)
wherein the signal Kfi issues from the Control Typewriter
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when it is prepared. Brt is thus set to 1 when Mc3=0,
indicating that the P-register may accept data from a
Central Processor register, or when Kr=1, indicating that
the P-register contents are to be typed-out, The flip-flop
Ric is immediately set; as follows:

*Rtc=Brt

With Rec in the 1-state, the ring shift-down of the five
Central Processor registers commences with the simul-
taneous issuance of the signals Prl, Pi, and Pbn; as follows:

Prl=(Tsa-+Tsb+4Tsc)Rtc
Pi=(Tsa+Tsb+Tsc) (Tsa+Tsb+4+Tsc)Rec
Pbn=(Tsa+Tsb+Tsc)Tsa Ric4+Tsa Tsb Tec Rtc

The signal Pr! gates the clock drivers SR76, SR and
SRRm, which ring shift R, and the clock drivers SL, SL76,
and SLL7 which ring shift L. The signal Pi gates the
clock drivers SC, SA, and SAC, which ring shift I. The
signal Pbn gates the clock drivers SB and SBB, which
ring shift B, and SN which ring shifts N.

At the same time that the Rec flip-flop is set, the Mc3
and Mc4 flip-flops are set if the I, B, or N keys are de-
pressed; as follows:

*Mc3=*Mc4=Brt Ric(Kb+Kn+Ki)

Thus, during the subsequent transfer to the Control Type-
writer the P contents will be treated as the second half of
a double-precision word and the condition digit will be
suppressed.

The setting of Brr also initiates a full cycle of the Ts-
counter; as follows:

*Tsc=Brt Ric

Thus, as shown by the preceding equations for Prl, Pi,
and Pbn, the R and L contents are ring shifted-down com-
pletely by clock signals occurring during Ts=1-7, the I
contents are ring shifted-down completely by clock sig-
nals occurring during Ts=1-6 and the B and N contents
are ring shifted-down completely by clock signals occur-
ring during Ts=1-4,

The signal Tsp occurs continuously from Ts=1-7 to
control the issuance of Cap and Sp, which cause the P-
register to shift-down; as follows:

Tsp=Tsa+Tsb(Mc3+XMcd) +Tsc(Mel HMe2)

For the P-register type-out, the depressed key T causes
the issuance of the signal Spp, which enables a complete
ring shift-down of the P-contents; as follows:

Spp=(Tsa+Tsb+Tsc) Rtc Kt

Thus, during the first Ts-cycle, the P-register shifts-
down through seven digit positions to receive inputs from
a Central Processor register and ring shifts-down if the
P-register is to be typed-out.

As the five Central Processor registers ring shift-down,
during this first Ts-cycle, the contents of one are trans-
ferred into the P-register by gating data from the LSD
position of the Central Processor register to P7. The
designated data is gated into P in accordance with the
Control Typewriter key depressed; as follows:

Ip(i)=Ritc Kr RI(I)+Ric Kl LI(})
+Rtc Ki Al()+Retc Kn(Tsa+Tsb Tee) NI(i)
+Retc Kb(T3a+4Teb Tsc)BI(i)

In accordance with the above equation, data is continu-
ously transferred from the R, L, and I-registers to the P-
register during the first Ts-cycle. Therefore, at the end
of the first Ts-cycle, the P-register contains the entire con-
tents of the R-register or the L-register. If the I-key had
been depressed, P6-1 will contain the contents of I, but
since the contents of the I-register had shifted completely
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around by clock signals occurring during Ts=1-6, P7 will
also contain the LSD of I. For the I-register type-out,
however, the condition digit is not transferred to the Con-
trol Typewriter, since the transfer is treated as the second
half of a double-precision word. The contents of N or B
are gated to P7 only during Ts=2-5 and during the next
three clock periods no data is transferred to P7. There-
fore upon depressing the B or N-key the first four digit
positions of P will receive the contents of the respective
B or N-registers and the 3 most significant positions of
P will receive 0’s.

Therefore, when the Ts-counter returns to 000, the
P-register contains the data from the selected Central
Processor register or retains the word it originally had,
according to the Control Typewriter key that was de-
pressed.

About 30 milliseconds after the Ts-counter returns to
its O-state, the Control Typewriter keys return to their
rest position. Thus, Ken2 returns to its l-state. The
end order flip-flop Eod thereupon sets; as follows:

*Eod=Ken?2 Brt

In the clock period next following the setting of Eod, the
Br¢ flip-flop is reset and the Yeo one-shot fires; as follows:

*Bri=FEod
*Yeo==Eod Brt

The Yeo one-shot controls the time during which the Eod
flip-flop is in its 1-state, in order that it may communicate
the busy signal Pbz. When Yeo returns to its stable
state the Eod flip-flop resets and, in turn, resets Ric; as
follows:

*Ric=Brt Eod

At the same time that Ryc is reset, the Mode-Control flip-
flop Mcl is set to indicate that the Control Typewriter
is to receive a word from the P-register; as follows:

*Mcl=Eod Ric Brt

At this time one of two previously described P-register
output operations is initiated:

(a) If the Mode-Control flip-flops are in the state
Mcl Mc2 3Mc3 Med the “Control Typewriter Output
From P-Register; Single Numeric” operation is executed
to empty the P-register.

(b) If the Mode-Control flip-flops are in the state
Mcl Mé2 Mc3 Mc4 the “Control Typewriter Output
From P-Register; Second Half Double-Precision Word™”
operation is executed to empty the P-register,

The second of these two operations is executed when the
I, B, or N-registers are to be typed-out, and suppresses
the condition digit contents of P.

Immediately upon the setting of the Mc! flip-flop, the
one-shot Yfr fires and the indicated P-register output op-
eration is executed to empty P and complete the type-out
operation.

REGISTER TYPE-IN

In this operation, the Control Typewriter transfers a
word to the P-register, where it may be retained or trans-
ferred to the I-register or the R-register in the Central
Processor.

The operation is initiated by the successive striking of
two Control Typewriter keys. First, the Enable key is de-
pressed, which causes the signal Kenl to enter the 1-state.
One of the keys Q, E, or W, is then depressed, according
to whether the P-register is to retain the input word,
whether the P-register is to transfer the input word to
the I-register, or whether the P-register is to transfer the
input word to the R-register, Depression of the Q-key
causes the issuance of the signal Kgw, depression of the
E-key causes the issuance of the signal Kew and depres-
sion of the W-key causes the issuance of the signal Kgw
and Kew. Either one or both of the Manual Control
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flip-flops Mil and Mi2 are set by the signals Kqw and
Kew; as follows:

*Mil=Kqw (Kenl Kfi Htl Hr2) Mc3
*Mi2=Kew (Kenl Kfi Htl Ht2) Mc3

The Mode-Contro] flip-flops Mcl and Mc2 are set by
either Mil or Mi2 and, in turn, trigger the P-buffer into
the normal single numeric input operation previously
described:

*Mcl=Mc1 (Mil+Mi2) Tod Kimp
*Mc2=T2 (Mil+Mi2) Fod Klmd

Following the insertion of the complete input word into
the P-register, a putaway character is inserted to start the
operation-closing sequence. The Tc-counter is immedi-
ately set to the 000-state and one of three different courses
will be followed during this last Ts-cycle, according to
the state of the Manual Control flip-flops.

(I) Mil BMi2: Neither Ppi nor Ppr issue, so that the
input word is retained in the P-register when the opera-
tion concludes.

(II) Mi1 Mi2: The Ppi signals commence as follows:

Ppi=(Tsa+Tsb-+Tsc)(Tsa+Tsh
+Tsc) il Mi2 (Te=0)

The Ppl signals occur during Ts=1-6 and gate the
contents of P! to C6 as the contents of P ring shift-down
during the final Ts-cycle. A Ppi signal causes the issuance
of the clock driver signals SPC, SC, and SA. Thus, the
numeric contents of the P-register are transferred to the
I-register.

The P-register is treated as empty at the end of this
operation, so that Mc3 is inhibited from setting as the
operation-closing sequence terminates; as follows:

*Mc3=Eos Mc2 M2
(II) Mil Mi2: The Ppr signals commence; as follows:

Ppr=(Tsa+Tsb+Tsc) Mil Mi2 (Tc=0)

The Ppr signals occur during Ts=1-7 and gate the con-
tents of P1 to R7, as the contents of P ring shift-down
during the final Ts-cycle. A Ppr signal causes the issuance
of the clock driver signals SPR7, SR76, and SR. Thus,
the entire contents of the P-register are transferred to
the R-register.

The condition digit in P enter R7 as Ts returns to the
O-state. The mod-bits now in R7 are those which were
first inserted in P7 when the condition digit was entered
from the Control Typewriter (i.e., 01). However, when
Ts=17, the modulo-3 of the numeric portion of the P con-
tents has been accumulated in Gm2, 1. The condition
digit modulo-3 is not accumulated in Gm2, 1 for this op-
eration, because Gmt is inhibited by Mi2 at Ts=7 (see
section “Modulo-3 Generation for Numeric Inputs to
P-register”). Therefore, when Ts enters the O-state,
Gm2, 1 continues to retain the modulo-3 of the numeric
portion of the word in R.

At this time the signal Eod occurs and causes the
issuance of Pmr; as follows:

Pmr=Eod Mil Mi2

As Pmr issues, if the bit in either Gm2 or Gm1 differs
from the respective bit in Rm2 or Rm!1, the bit in Gm2 or
Gm1 is transferred to the corresponding Rm2 or Rm1 by
Pmr; as follows:

*Rm2=Gm2 Pmr
*Tml=Gml1 Pmr

The mod-bits now in R7 represent the modulo-3 of the
numeric portion of the word therein. Thus, this action



27,157

231
differs from that of encoding the contents of Gm2, 1 to
make the total modulo-3 of the word in P equal to +1,
as is done for the condition digit in P in the normal single
numeric input operation.

The P-register is treated as empty at the end of this
operation, so that Mc3 is inhibited from setting as the
operation terminates,

At the conclusion of all of the three courses described
above the Mil and Mi2 flip-flops are reset, if they are on;
as follows:

*Hil=

MULTIPLEX BUFFER OPERATIONS

The Multiplex Buffer comprising the Write Buffer
(FIG. 32) and the Read Buffer (FIG. 40), which has
been described previously, provides an intermediate stor-
age function for data words being transferred from
Memory to a Tape Handler for storage on magnetic tape
or to the Printer and for data being transferred from a
Tape Handler or the Character Reader to Memory. The
Multiplex Buffer temporarily stores data during these
transfers to accommodate the relatively slow rate of the
Tape Handler, Printer, and Character Reader action to the
relatively fast rate of the Memory and its controlling
Central Processor.

This transfer of data is initiated by an appropriate
programmed instruction (65, 66 or 68), which is executed
in the Central Processor, but is continued and carried to
completion under control of the Multiplex Buffer. The
programmed instruction is intended primarily to set cer-
tain controls in the Multiplex Buffer, so that when the
instruction is completed, the Multiplex Buffer can con-
tinue the operation,

The succeeding sections provide details of the operation
of the system in effecting the following six types of data
transfer:

(a) The writing of one block of 100 data words on
magnetic tape from consecutive memory locations, initi-
ated by Instruction 66;

(&) The printing of one block of 100 data words by
the Printer from consecutive memory locations, initiated
by Instruction 66;

(¢) The writing of one block of 100 data words on
magnetic tape from five groups (blockettes) of memory
locations, wherein each group comprises 20 consecutive
memory locations, initiated by Instruction 68;

(d) The printing of one block of 100 data words by
the Printer from five groups (blockettes) of memory loca-
tions, wherein each group comprises 20 consecutive
memory locations, initiated by Instruction 68;

(e) The storing in consecutive memory locations of
one block of 100 data words from magnetic tape, initiated
by Instruction 65; and

() The storing in consecutive memory locations of
one line of data read from a document by the Character
Reader, initiated by Instruction 65.

The descriptions of Instructions 65, 66 and 68, where
appropriate, complement the descriptions to follow.

The speed of a Tape Handler is adjusted so that a com-
plete data word may be written on the magnetic tape
thereof every 64 clock periods of the Central Processor
or so that a complete data word may be read from the
magnetic tape thereof every 64 clock periods of the Cen-
tral Processor. It is desirable that the Central Processor
not be idle during the entire 64 clock periods between
Memory communications with the Multiplex Buffer, but
instead, that the Central Processor continue to execute
a program while the Memory is being loaded or unloaded
by a Multiplex Buffer operation. However, when the
Write Buffer has been unloaded and is ready to receive
another word from Memory, or when the Read Buffer is
full and is ready to transmit this word to Memory, the

2=Fod
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Central Processor must temporarily cease its data word
exchanges with the Memory until the Multiplex Buffer
exchange is completed. One of three types of operations
will occur at this time; i.e., when the Memory is employed
to receive data from or to transmit data to the Multiplex
Buffer. These operations may be classified as program-
interrupt operations, instruction-parallel operations, and
instruction-interrupt operations.

The program-interrupt operation interrupts the sequen-
tial execution of instructions of the current program to
effect the transfer of a data word between Memory and
Multiplex Buffer. This operation is entered when the
Multiplex Buffer is ready for the data word communica-
tion with Memory, provided that the instruction then be-
ing executed is nearing completion. When the instruc-
tion thereupon concludes, the program-interrupt opera-
tion, rather than the next-instruction, occurs immediately
following the signal End. During the program-intersupt
operaticn a word is transferred between the Multiplex
Buffer and Memory, and following the operation the Cen-
tral Processor continues executing the program from the
peint of interruption.

The insiruction-parallel operation effects the data word
transfer between Memory and Multiplex Buffer without
interrupting the program. This operation is executed
during certain instructions at a time when the Memory
is not being employed by the Central Processor. Thus,
for example, during Instruction 72 the Central Processor
obtains the operand from Memory by 19 and does not
again employ the Memory until the next-instruction is
obtained. If the addition cperation of Instruction 72
requires the additional complementing subsequence from
13340, no access to the Memory is required from 710~
136. Therefore, if the Multiplex Buffer is ready to ex-
change a word with Memory in this latter interval, such
an exchange is effected while the Central Processor con-
currently executes the corresponding portion of Instruc-
tion 72.

The instruction-interrupt operation interrupts the execu
tion of an instruction. This operation is employed dur-
ing the lengthy search and sorting instructions (i.e., In-
structions 31, 35 and 36). During one of these instruc-
tions the Memory is in continuous use, so that an instruc-
tion-parallel operation cannot be employed, and the Mul-
tiplex Buffer cannot wait for the instruction to conclude
in order to execute a program-interrupt operation. There-
fore, the execution of the instruction is interrupted, a data
word is exchanged between Multiplex Buffer and Memory,
and the instruction proceeds.

Operations wherein a data word is transferred from
Memory to Multiplex Buffer, for writing on magnetic
tape or for printing, employ the Write Buffer and will be
termed Write Buffer operations. Operations wherein data
is transferred from the Multiplex Buffer to Memory, after
data is read from tape or the Character Reader, involve
the Read Buffer, and are termed Read Buffer operations.

Inasmuch as one Tape Handler can be writing data on
magnetic tape at the same time as another Tape Handler
is reading data from magnetic tape, both Write Buffer
and Read Buffer may demand access to the Memory at
the same time. Access priority to the Memory must be
established between the Write Buffer and the Read Buf-
fer. If the Write and Read Buffers both demand access
to the Memory at the same time, the Read Buffer is given
first priority, and the Read Buffer is first unloaded into
Memery by one of the three types of Multiplex Buffer
operations described above. After the Read Buffer op-
eration is completed, the Write Buffer operation takes
place. However, if the blockette variation of the Write
Buffer operation is being executed when the Read Buffer
demands access to the Memory, the Read Buffer must wait
until this variation operation is completed.

Write Buffer Operations

The Write Buffer receives 100 data words from Memory
to be written on magnetic tape or to be printed by the
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Printer. These 100 data words are received during 100
Write Buffer operations which follow execution of an
Insiruction 66 or 68 by the Central Processor. Any one
of three types of Write Buffer operations may be em-
ployed to transfer a data word from Memory to Write
Buffer. The operation employed depends on the partic-
ular instruction being executed when the Write Buffer
demands a word from Memory and depends on the degree
of completion of the instruction when the demand occurs.
The three types of operations are: write program-inter-
rupt operation, write instruction-paralle]l operation and
write instruction-interrupt operation. Additionally, when
blockettes are being written (initiated by Instruction 68),
each of the three types of Write Buffer operations is modi-
fied when the 20th, 40th, 60th and 80th words are trans-
ferred from Memory to the Write Buffer. This modifica-
tion is termed the blockette variation of the particular
type of Write operation.

The Write Timer, Tw, of the Multiplex Buffer, causes
the setting of the write demand flip-flop, Lw, once during
each 64 clock periods of the Central Processor. The
Multiplex Buffer Lw flip-flop, when on, indicates that the
Write Buffer is empty and that the Memory must supply
the Write Buffer with another data word. The Lw signal
causes the Central Processor to cooperate in the execu-
tion of a Write Buffer operation to fill the Write Buffer.
The Whk-counter insures that exactly 100 data word
demands are made for a word from Memory, following
execution of an Instruction 66 or 68.

The Write Buffer is prepared to write a block of 100
words on magnetic tape by an Instruction 66 or 68. Ex-
ecution of Instruction 66 sets the Web flip-flop in the
Multiplex Buffer and transfers the first write-memory
location address to the Aw-register, this address being
divisible by 20. The Web flip-flop controls the writing
of the 100 words of data. Also, during Instruction 66,
the Load, Write flip-flop, L, is set in order that the first
data word may be transferred from Memory to Write
Buffer during, or immediately following, execution of the
next sequential instruction of the program. Instruction 66
also sets the Tape Handler Busy Writing flip-flop, Wb,
in the Tape Control Unit, and stores the Tape Handler
identification in the Wir-register of the Tape Control Unit,
(For details, see the description of Instruction 66,) Ex-
ecution of Instruction 68 presets the same Multiplex Buf-
fer and Tape Control Unit flip-flops that are set during
Instruction 66, and, in addition, sets the Bik flip-flop so
that the 100 words of data are received from five blockette
positions in Memory,

The Write Buffer may also be prepared by Instruction
66 or 68 to transfer a block of 100 words to the Printer,
rather than to magnetic tape. This preparation is similar
to that for transfer of data to tape, except that the Print-
On-Line Select flip-flop Prt is also set during the corre-
sponding Instruction 66 or 68.

Following execution of Instruction 66 or 68, 100 write
operations, comprising any combination of the three types
of Write Buffer operations, occur to transfer 100 data
words from Memory to Write Buffer.

WRITE PROGRAM-INTERRUPT OPERATION

This operation (FIC. 239) interrupts the sequential
execution of instructions of the current program to effect
the transfer of a data word from Memory to Write
Buffer. The operation is initiated if the demand flip-flop,
Lw, is set before the issuance of the Ti signal of the last
T-cycle of an instruction, but following any earlier Ti
signal which may issue during the instruction. If the
Lw flip-flop is set before any earlier Ti signal of the in-
struction, either an instruction-parallel or an instruction-
interrupt operation will be executed. Furthermore, even
though Lw is set before the Ti signal of the last T-cycle,
if the instruction is followed by an automatic Instruction
25 or 26, an instruction-paraliel operation occurs. A
table illustrating the clock period when the Lw signal
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initiates the write program-interrupt operations for the
various programmable instructions follows:

TABLE OF MULTIPLEX BUFFER _ OPERATIONS EM-
PLOYED WHEN DEMAND SIGNALS (Ur or Lw) ARE
PRESENT AT T

Clock period when

Clock periods

Type of multiplex

Instt Ti occurs duration of buffer oper.
{nstruction
Prog-Int.2
Prog-Int.
Prog-Int.
Prog-Int.
Prog-Int,
Parallel,
20 Prog-Int.
20 of each comparison Inst-Int.3
subsequence.
28 of inst.-closing 32 (closing elock Prog-Int.
subseguence. period). —
35_...| 20 of each tumbling 24 (closing clock Inst-Int. it W3;
subsequence. period). agog-Int. if
W3=1.
36_...]| 20 of each comparison |..o..ooooooooo_.o. Inst-Int.
subsequence.
28 nf inst.-closing 32 (closing clock Prog-Int.
subsequence. period).
42..__| 12 of initial sub- 18 (end of initial Parallel.
sequence. subsequence).
44 of T'd subsequence. .| 48 {closing clock Do.
period).
12th mod-bit genera- | 16 oo iecaeaas Prog-Int.
on,
43._._| 20 of initial sub- 24 (end of initial Parallel.
sequence. subsequence).
28, 36 of Tz subs |oeroooomcemmemeeee Do.
sequence,
44 of T'd subsequence. .} 48 (closing clock Do.
period).
12 of mod-bit genera- i} Prog-Int.
tion.
...................... Prog-Int.
- Prog-Int.
Prog-Int.
Prog-Int.
Prog-Int.
Prog-Int.
Prog-Int.
-{ Prog-Int,
Prog-Int.
_____ | Prog-Int.
AAAAA Prog-Int.
_____ Prog-Int.
_____ Prog-Int.
..... Prog-lit.
..... Prog-Int.
e mm—m e Prog-Int,
12 . Prog-Int.
1'?_ _______ Prog-Int.

83....

24 (if comp.y...._.
16 (if no comp.). ..

28 (ff comp.)ocnccaaan
36 (if comp.)._...
20 e

28 (ifcomp.y. ...
gg (if comp.)._...

Parallel if comp.;
Prog-Int. if no
comp.

Prog-Int.

Parallel if comp.;
Prog-Int. if no
comp.

Prog-Int,

Prog-Int.

Prog-Int.

Prog-Int.

Prog-Int.

.| Prog-Int.

Parallel if comp.;
Prog-Int. if no
comp.

Parallel.

Prog-Int.

Parallel if comp.;
Prog-Int. if no
comp.

Parallel.

Prog-Int.

Prog-Int.

Prog-Int.

Parallel if comp.;
Prog-Int. if no
comp.

Parallel.

Prog-Int.

Parallel if eomp.;
Prog-Int, if no

. comp.
2 (if comp.)-oucueeoon Parailel.
36 (if comp.)... Prog-Int.
90 | 12 e Parallel.
20 Prog-Int.
o1 ___12.. Prog-Int.
92.... }2_ ______ Purallel.
20. Prog-Int.
83_... 12, Parallel.
20.. Prog-Int.
4. .. ,1,2" garalllel.
20.. -] Prog-Int.
7 RN B Prog-Int.
L Inst. =Instruction.
3 Prog-Int.= Program-Interrupt.
3 Inst-Int. =Instruction-Interrupt.
4 Comp.=Complement.
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The above table illustrates that a write program-
interrupt operation takes place if the Lw flip-flop is turned
on prior to 112 of Instruction 21. If Lw is turned on
prior to ¢12 of Instruction 29, a write instruction-parallel
operation occurs, but if Lw is turned on following #12,
but before 720, a write program-interrupt operation occurs.

The write program-interrupt operation is initiated by
the setting of the Jw flip-flop, if the Lw flip-flop is on when
the proper Ti signal occurs, according to the preceding
table; as follows:

*Jw=Ti Lw Tr

The above expression for *Jw illustrates the precedence
accorded the Read Buffer operations. The Lw signal
will not be recognized if the Read Buffer demand signal,
Ur, is present. The *Jw signal will not issue until the
Read Buffer demand is satisfied and the Ur flip-flop has
been turned off.

During a Ti signal when *Jw occurs, the XINA signal is
inhibited by Lw. Therefore, the next-instruction address
is not transferred to the A-register, but, instead, the clock
signal XAwA issues to transfer the write-memory loca-
tion address to the A-register, The write-memory loca-
tion is the address in Memory from which the next data
word is to be transferred to the Write Buffer. The clock
signal XAAw also issues to transfer the contents of the
A-register to Aw, but this address is not normally em-
ployed during this operation. The clock signals XAwA
and XAAw issue as follows:

Gate-XAwA=Gate-XAAw=Ti Lw Tr

During the following memory cycle-A, the data word
in the addressed memory location is transferred to the
M-register.

Following the issuance of the *Jw signal, the current
instruction is executed to completion, and the End signal
thereof issues. The timing sequence then reverts to 71,

At 71 several signals normally issue for this operation.

(a) The Multiplex Buffer clock signal XMWb issues;
as follows:

Gate-XMWb=Web Tp Tq Ts Jw

and gates the data word in the M-register to the Wb-
register of the Multiplex Buffer, Only the 1-output sig-
nals of the M-register flip-flops are transferred to the Wa-
register, since the Wh-register has been previously cleared,

(b) The Lw flip-flop is cleared,

(¢) The Cau signal issues to count the A-register con-
tents up by 1 to the address of the next sequential write-
memory location, and

(d) The *Wbf signal issues to turn on the “Write
Buffer Full” flip-flop, Wbf, to indicate that the Write
Buffer is loaded. (The Whf flip-flop is subsequently reset
when the Write Buffer has been emptied.)

Certain signals also issue under special conditions
atrl:

(¢) The *Bbf signal issues if the state of the Whk-
counter is 6,

*Bpf—=Web (Tp Tq Ts) Jw (Whk=6)

to denote that the beginning-of-the-block data word has
been transferred to the Wbh-register. The signal Bbf
enables the setting of the Whk-counter to the 7-state and
thereby enables the counting of the Whk-counter and the
Tw-counter to commence. The signal *Bbf, therefore,
occurs during a write program-interrupt operation only
when the first word of the block is transferred to the
Write Buffer, and

(f) The *Ews signal issues to set the write sub-alarm,
Ews, if the Whf flip-flop is on at this time, indicating that
the Write Buffer has not been cleared when this new data
word is to be transferred thereto.

At 12 the clock signals XAAw and XAwA issue to effect
an exchange of the contents of the A-register and the
Aw-register, Thus, the address of the next write-memory
location is transferred to the Aw-register for storage until
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the next Write Buffer operation occurs.
signals issue as follows:

Gate-XAwA=Gate-XAAw=Jw Tp Tq Ts

At 12, the contents of the C-register are set to 51, 55, or
56, according to the command number of the preceding
instruction, by the action of (T1 Jw) at 11,

Also issuing at 2 is the Central Processor signal Bls,
provided the new write-memory location address in the
A-register is divisible by 20, or has the last two digits
thereof equal to 00. The Bls signal issues after each
group of 20 words has been transferred from Memory to
the Write Buffer. The 20th, 40th, 60th, 80th, or 100th
word is transferred to the Write Buffer when the write-
memory location address has as the respcctive last two
digits 19, 39, 59, 79, or 99 at the start of the Write Buffer
operation, However, these A-register contents are
counted up by 1 at ¢1 and are divisible by 20, or have the
last two digits 00, at 2. The Bls signal counts the Whk-
counter up by 1 each time it issues. Therefore, the Wbk-
counter is counted up five times by the Bls signal while
100 data words are transferred from Memory to Write
Buffer.

At t4 the signal XNA occurs and transfers the next-
instruction address to the A-register. This is the address
of the next sequential instruction in the program being
executed by the Central Processor.

At 8 the signal End issues to terminate the write pro-
gram-interrupt operation. In the following clock period
the timing sequence returns to 71 and the next programmed
instruction is executed.

A precaution is taken during this operation to prevent
the setting of the mod-alert flip-flop Amm and the halting
of the system. The signal XMIJ always occurs at ¢1 and
transfers the contents of M to J. If the word transferred
is alphanumeric, ¥mg2, 1 is set to 1, 1 at 71 by sampling
the Mm2, 1 contents. Setting ¥mg2, 1 to 1, 1 prevents
accumulation of the modulo-3 of the word in J and, there-
fore, prevents setting the Amm flip-flop. (See Instruc-
tion 21.)

WRITB INSTRUCTION-PARALLEL OPERATION

This operation (FIG. 240) effects the transfer of a
data word from Memory to Write Buffer at the same
time that an instruction is being executed. The opera-
tion is initiated if the demand flip-flop, Lw, has been set
before the issuance of a T/ signal in an instruction that
is followed by eight clock periods when the Memory is
not needed. Thus, generally, this instruction takes place
prior to the last T-cycle of those instructions wherein it
occurs. The single exception to this rule is for those in-
structions that are followed by an automatic mod-bit
generation Instruction 25 or 26. For such exceptions,
although the signal End occurs, the automatic mod-bit
generation continues for eight additional clock periods.

The preceding table “Multiplex Buffer Operations™ il-
lustrates those instructions wherein a write instruction-
parallel operation takes place, by the designation “Paral-
lel.” The table illustrates, for example, that if Lw is
turned on prior to 12 of Instruction 29, a write instruc-
tion-parallel operation occurs, since the Memory is not
again employed until 21, Again, if Lw is turned on
prior to t12 of Instruction 90, a write instruction-paral-
lel operation occurs even though the signal End occurs
at ¢16. Following t16 of Instruction 90 the mod-bit
generation Instruction 25 is automatically executed for
the next eight clock periods, so that the Memory is not
again needed until the equivalent £21.

The write instruction-parallel operation is initiated by
the setting of the Jw flip-flop, if the Lw flip-flop is on
when the proper Ti signal occurs. The signal XNA is
inhibited when Ti occurs. As in the write program-in-
terrupt operation, the write-memory location is trans-
ferred from Aw to A and the word in the addressed
write-memory location is transferred to the M-register,

These clock
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The instruction being executed then continues into its
next Th-cycle, unless it is an instruction which is about
to end and to be followed by the Th-cycle of a mod-bit
generation instruction. In this instance the signal End
occurs four clock periods after the Jw flip-flop sets.

At the first Th1 after Jw sets, the write instruction-
parallel operation takes place. This operation is similar
to that previously described for the write program-inter-
rupt operation with but two minor differences. The first
difference is that the C-register contents are not changed,
since the command number of the instruction currently
being executed is retained. At the following Tb8 the
signal End may occur, or not, according whether the in-
struction being executed has been completed, or is to
conclude with a mod-bit generation instruction. If the
instruction terminates at this Th8 the next clock period
will normally be ¢1, but if the instruction is not com-
pleted, this next clock period will be ThH1.

FIGURE 240 illustrates that if the Jw flip-flop is set
during a Td subsequence of Instruction 42, or during the
initial subsequence thereof, one or more Tz subsequences
may occur before the next Thl signal issues, Similar-
1y, following Th8 of the write instruction-parallel opera-
tion, one or more Tz subsequences may occur before the
next Th1 signal issues.

The precaution to prevent the setting of the mod-alert
fiip-flop Amm, which was taken during the write pro-
gram-interrupt operation, need not be taken during this
operation, because if the data word is transferred into
the J-register, the transfer occurs at Thl. At Tbl, the
J-mod-generator is responsive to an alphanumeric word
in the J-register and will prevent the Amm flip-flop from
setting.

WRITE INSTRUCTION-INTERRUPT OPERATION

This operation interrupts the execution of an instruc-
tion to effect the transfer of a data word from Memory
to Write Buffer. The operation is initiated if the demand
flip-flop, Lw, is set before the issuance of any Ti signal,
except the last Ti signal, of Instructions 31, 35 and 36.
if the Lw flip-flop is set before only the last Ti signal
of these three insiructions, a write program-interrupt op-
eration will occur., The preceding table “Multiplex
Buffer Operations” illustrates those instructions wherein
a write instruction-interrupt operation occurs. (For ad-
ditional details of the effect of the write instruction-in-
terrupt operation on the execution of Instructions 31, 35
and 36, sce the subsections entitled “Halt, Search or
Tumble Variations” in the instruction descriptions.)

The write insiruction-interrupt operation is initiated by
the setting of the Jw flip-flop, if the Lw flip-flop is on
when the proper Ti signal occurs; as follows:

*Jw=Ti Lw TUr

As in the write program-interrupt operation, the clock
signal XAwA issues to transfer the write-memory loca-
tion address to the A-register. Following the setting of
the Jw flip-flop, and the transfer of the write-memory ad-
dress to the A-register, the data word in the addressed
memory location is transferred to the M-register.

Additionally, the signal *Hst issues in the clock period
following Ti; as follows:

*Hst=(31, 35, 36) Jw Tz W3 T1

The Hst flip-flop is employed to “remember” that an In-
struction 31, 35, or 36 was interrupted to allow the
execution of a Write Buffer operation. When the Write
Buffer operation has been completed, the Hst flip-flop di-
rects the Central Processor to commence executing the in-
struction, that was interrupted, from the point of
interruption.

Immediately after the T48 clock period which follows
the setting of the Jw flip-flop, the timing sequence reverts
to t1 by the setting of the T1 flip-flop; as follows:

*T1=Hst Th8
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The Th1 and Tbh flip-flops are inhibited from setting at
Th8 by the issuance of the Hst signal. Starting at this
new t1, an operation is executed which is similar to the
previously described write program-interrupt operation,
but with the following differences:

(a} The C-register contents are changed to 51, 55, or
56 according to whether the instruction being executed
was respectively 31, 35, or 36;

(b) The signal XNA is inhibited at 4, so that the
address originally in the A-register when the instruction-
interrupt operation was initiated remains therein when the
interrupt operation is completed;

(¢) The signal End is inhibited by the Hst flip-flop at
t8; and

(d) Signals to restore to the C-register its original 31,
35, or 36 contents issue at 8.

Therefore, in the clock period next following /8 of the
write instruction-interrupt operation, the original Instruc-
tion 31, 35, or 36 continues from the precise point at
which it was interrupted.

A signal to reset the Hst flip-flop issues in the first
clock period of the continuation of the original instruc-
tion; as follows:

*Wsi=Th1

BLOCKETTE VARIATION OF WRITE BUFFER
OPERATIONS

These operations (F1G. 241) are variations of the three
previously described Write Buffer operations, and occur
during the transfer of the 100 data words from Memory
to Write Buffer following execution of an Instruction 68.
These variations, however, occur only for those Write
Buffer operations which transfer the 20th, 40th, 60th,
80th and 100th words of the block to the Write Buffer,
and provide the starting memory address of the next
blockette. The variation is directed by the Blk flip-flop,
which is in the l-state during the transfer of the entire
100 words from Memory to Write Buffer following an
Instruction 68. (For additional details, refer to the
description of Instruction 68.)

The Write Buffer operation to transfer the 20th, 40th,
60th, 80th, or 100th word from Memory to Write Buffer
commences at Ti signal when the Lw flip-flop is in the
1-state, and is either a program-interrupt, instruction-
parallel, or an instruction-interrupt operation, according
to the conditions prescribed in the three preceding sub-
sections. At the following T_2, the write-memory loca-
tion address in the A-register is counted up by 1 and be-
comes divisible by 20, or its last two digits become 00.
Therefore, the signal *Jm20 issues; as follows:

*Im20=Tp Tq Ts A1d A13 A12 AT11
(A24+4+35T) (4244-421) Jw Bik

At T_3, the clock signals XAwA and XAAw issue to
exchange the contents of the A and Aw-registers, and to
thereby restore the original address in A to Aw. These
two signals issue as follows:

Gate-XAwA=Gate-XAAw=Jm20 (Tp Tq Ts)

This action makes available this original address for the
write-instruction-interrupt operation.

At T_4 the signal Jm20 inhibits the issuance of the
clock signal XNA and enables the issuance of the clock
signal XAtA; as follows:

Gate-XAtA=Jm20 Jw Ti

The clock signal XAtA effects the transfer of the contents
of the Whk-counter to the three least significant digit posi-
tions of Al and sets the remaining eleven address bits
in the A-register to 0. Thus, Jm20 places the contents
of the Whk-counter in the A-register to form the location
of the next word to be obtained from Memory. The re-
sulting memory addresses 0000, 0001, 0002, and 0003
store the respective starting write-memory location ad-
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dresses for the second, third, fourth, and fifth blockettes
of twenty words to be transferred to the Write Buffer.

The Wbk-counter is counted to the 0, 1, 2, and 3-states
following transfer of the last word of the respective first,
second, third, and fourth blockettes to the Write Buffer.
As was described in the “Write Program-Interrupt Opera-
tion” subsection, the Bls signal issues immediately after
the write-memory location is counted up to a multiple of
20, or has its two least significant digits set to 00, and
counts the Whk-counter up by 1. The following table
illustrates how the Whk-counter has its state changed by
the signal Bls immediately following transfer of the last
word of a blockette.

Following: Whk-counter changed to:

Ist word transfer oo e 7
20th word transfer .. . 0
40th word transfer « e 1
60th word transfer . 2
80th word transfer ___ . _ o ____ 3
100th word transfer ..o oo o ___ 4

For example, the 40th word is the last word of the
second blockette. Immediately after this 40th word is
transferred from Memory to Write Buffer, the Whk-
counter is changed to the 1-state. With the Whk-counter
in the 1-state, the address 0001 is placed in the A-register
by the XArA signal. The instruction word in the 0001
address contains as an address portion the write-memory
location address of the first word of the third blockette.

Following T_5, the word in one of memory locations
0000, 0001, 0002, 0003, 0004 is transferred to the M-regis-
ter. At T_8, the signal End will occur if a write instruc-
tion-parallel operation was being executed and the current
instruction has ended; otherwise, the signal End does not
occur at T_8 for the parallel operation. If, however, a
write program-interrupt or a write instruction-interrupt
operation was being executed, the C-register has the num-
ber 51, 55, or 56 in it, and the signal End occurs; as
follows:

End=(51, 55, 56) Ta8 (Hsi--Ir4-Jw+JIm20)

Thus, the second T-cycle of a blockette variation opera-
tion is always a Ta-cycle, unless a write instruction-parallel
operation was being executed and the current instruction
did not terminate. At T_2 of the second T-cycle of the
blockette variation, the C-register contents are changed to
51, 55, or 56 if they are not already in that configuration,
and if a write instruction-parallel operation is not being
continued. At this time the clock signal XMA also issues;
as follows:

Gate-XMA=Im20 (Tp Tq Ts)

The signal XMA functions to transfer the contents of
the three least significant digits and the two least significant
bits of the fourth digit (i.e., the address portion) of the
word in the M-register directly to the A-register. This is
the write-memory location address of the first word of
the next blockette. This address may be any memory
location; except that it should be divisible by 20.

In the clock period following the issuance of XMA, the
Jm20 flip-flop is reset and the signals XAwA and XAAw
issue to exchange the new write-memory location in the
A-register with the address in the Aw-register, These two
signals issue for the same logic as for the preceding T 3,
above.

In the next clock period the signal XNA issues, if a
write program-interrupt or write instruction-parallel op-
eration was being executed, and places the next-instruc-
tion address in the A-register. However, if a write in-
struction-interrupt operation was being executed XNA is
inhibited by His:.

Thus, in the blockette variation of the Write Buffer
operation an additional T-cycle is provided in order to
obtain the starting memory address of the next blockette
from a predetermined location in Memory and to store
this starting memory address in the Aw-register. When
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the next word is demanded by the Write Buffer, this new
address in Aw causes data words to be transferred from
a new blockette location in Memory.

WRITE BUFFER DATA TRANSFER FOR MAGXNETIC
TAPE WRITING

The timing of the Write Buffer (FIG. 32) is under
control of the Tw-counter (FIGS. 152 and 153). The
Tw-counter is a binary counter, adapted to count to 64
and then to recycle. The Tw-counter halts in the 62-state
if the Wbk-counter (FIG. 154) is in the 6-state, and re-
mains in the 62-state until the Whk-counter is set to the
7-state, After the Whk-counter is set to the 7-state, the
Tw-counter counts through 100 complete cycles as the
Whk-counter is counting through one cycle. When the
Whbk-counter again reaches the 6-state, the Tw-counter
has completed 100 cycles and again halts in the 62-state.

Each time that the Tw-counter is in the 22-state, except
during its 100th cycle (Wbk=35), the demand flip-flop,
Lw, is set and causes a data word to be transferred from
Memory to the Wh-register. This word is then trans-
ferred to magnetic tape during the next Tw-cycle and the
Lw demand flip-flop is set once again. The relationships
between the Write Buffer signals and the states of the
Tw-counter are shown in FIG. 242,

Following execution of an Instruction 66 or 68, the
first data word is transferred to the Wh-register, this trans-
fer usually taking place before the Tw-counter and the
Wbk-counter commence counting. The Bbf flip-flop,
which is set during Instructions 66 and 68, enables the
setting of the Wbkl flip-flop and, consequently, the trans-
fer of the Whk-counter to the 7-state. The Tape Handler
addressed by the We-register starts feeding tape past the
write heads thereof and when the «-block marker jis de-
tected, the Block Marker Analyzer (FIG. 35), delivers
the Wsy signal. The Wsy signal sets the Whk-counter to
the 7-state; as follows:

*Wbk1=Wsy Bbf Prt WOK1

The Whk-counter will then be counted up by 1, after
transfer of the 20th, 40th, 60th, 80th, and 100th data
words to the Write Buffer, by the Central Processor signal
Bls. After the 100th word bas been transferred to the
Write Buffer, the Whk-counter is set to the 4-state and the
Tw-counter is in its 99th cycle. When the Tw-counter
reaches the 1-state in the 100th cycle, the Whbk-counter
is counted to 5; as follows:

*Whkl=(Wbk=4)(Tw=1)

When the Tw-counter next reaches the 60-state, the Whk-
counter is set to the 6-state; as follows:

*Whk2=(Wbk=5)(Tw=60)Pri

and the counting of Wbk halts.
halts in the 62-state.

When the Whk-counter is first transferred to the 7-state,
the Tw-counter is set to the 63-state; as follows:

*Twi=Twl (Whk+6)

and continues counting for 100 complete cycles.

Consider the operation of the Write Buffer during the
first 99 Tw-cycles. The data word is in the Wh-register
when the Tw-counter reaches the O-state. When Tw=1
the sub-alarm flip-flop, Ews, sets if the Lw flip-flop is still
on, indicating that a word has not been loaded into the
Write Buffer. From Tw=1 to Tw=23, the shift signals
SWb1/4, SWh5/7, and SWal issue to shift-up the com-
bined contents of the Wa and Wb-registers through 3 digit
positions. Thus, by Tw=4, the data word has its 3 most
significant digits in the Wa-register and its 4 least sig-
nificant digits in Wb7 to Wb4. At Tw=1, Wh1 is cleared;
as follows:

The Tw-counter then

*Whi(i)=1

since the SWh1/4 signal is applied to the clock pulse input
terminals of the Wb1 flip-flop. During Tw=2 and Tw=3
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this 0 digit in Wh1 is shifted into and also clears Wh2
and Wh3,

During Tw=1 to Tw=3, the shift signal SPwr also
issnes to gate the contents of Wh7 to the Pwr flip-flops.
The Pwr flip-flops, at this time, accumulate the row parity
bits for the data word in the Write Buffer. The row
parity bit when added to the number of ’s in the 7 bits
of like bit-order of the data word provides an odd num-
ber. The gencration of the row parity bits in Pwr is
accomplished by first setting all Pwr flip-flops to 1; as
follows:

*Pwr(i)=1

The Pwr flip-flops are set to 1 each time the SWot clock
signal issues, since the SWot signal is applied to the clock
pulse input terminals of the Pwr flip-flops. The SWor
signal issues each time a digit is transferred to magnetic
tape. The state of the Pwr flip-flops is then changed for
every binary 1 applied thereto. Therefore, a Pwr flip-flop
is in the O-state after receiving an odd number of 1I's, and
in the 1-state after receiving an even number of 1’s, This
change of state of the Pwr flip-flops occurs as follows:

#Pwr(i)=8Pwr WbI(i) Pwr(i)
#wr(h)y=SPwr WbT(i) Pwr(i)

Consequently, after each Pwr flip-flop has sampled all 7
bits of the corresponding bit-order of the data word in
the Write Buffer, it will be in the 1-state if there are an
even number of 1-bits (odd number of 0-bits), and in
the O-state if there are an odd number of 1-biis (even
number of 0-bits). Therefore, each bit-order stored on
tape always contains an odd number of 0's therein.

During Tw=4 to Tw=7, the shift signals SWb5/7 and
SWb7/4 ring shift-up the contents of Wb7 to Wh4 while
the shift signal SPwr gates the contents of Wb7 to the Pwr
flip-flops. Therefore, at Tw=8, Pwr contains the row
parity bits for the entire data word in the Write Buffer.

At Tw=28, the SWot signal issues to gate the most sig-
nificant digit, which is in Wa3, and the row parity bits,
which are in Pwr, to the input logic gates (Write Zeros,
FIG. 32} of the respective Wo06-9 and Wol—4 flip-flops.
The signal SWot issues; as follows:

Gate-SWot=Tw4 Tw3 Tw2 Twl Pri Bbj

Only Zeros are written on magnetic tape. Zeros are repre-
sented by reversals of the magnetic field polarity in the
correspending tape tracks (FIG. 35). The current
through a write head is reversed only when a zero is to
be written by that head.

As shown in FIG. 36, each Wo flip-flop is coupled
through a write driver to the corresponding write head
of the Tape Handler then addressed. Whenever a2 Wo
flip-flop changes state, the direction of the magnetic field
provided by the write driver changes, and thereby writes
a 0 on the tape, Therefore, only the 0-bits of data to be
written on magnetic tape are transferred to the Wo Write
Buffer output flip-flops. The states of the Wol-4 and
Wo6-9 flip-flops are changed when the corresponding bit
to be written is a 0. For example:

*Wol=Wa32 WoT
*Woi=Wu32 Wo7

The above expressions illustrate that the Wo7 flip-flop
changes its state only when the bit to be written thereby,
which is stored in Wa32, is a 0. The Wo7 flip-flop is
only responsive to the contents of Wa32 when the signal
SWot occurs, inasmuch as the SWor signals are applied
to the clock pulse input terminals of the Wo7 flip-flop.
At the same time that the two digits are gated to Wol—4
and Wo6-9 for writing on tape, the column parity-bit for
each of these digits is generated and stored in the respec-
tive Wo5 and Wol0 flip-flops. When Tw=8, the SWot
signal is applied to the clock pulse input terminals of the
Wo5 and Wol0 flip-flops and enables the transfer thereto
of the respective column parity bits, which are generated
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by the corresponding logical input networks thereof (Col-
umn Parity Gen., FIG. 32). The two Column Parity
Generalor logical networks sample the respective bits in
Wa3 and Pwr to determine whether the bits to be inserted
into WoS5 and Wo10 should be 0’s, in order to provide an
odd number of (’s for each half of the magnetic tape
column to be written. Therefore, if an even number of
0’s is stored in Wa3 or Pwr, the corresponding Column

arity Generator issues a signal to generate the storing of
a 0 in the respective one of the Wo5 and Wo10 flip-flops.
For exampie:

Pwel==(Pwrl4Pwr2) (Pwrl
+Pwr2) (Pwr3+Pwrd) (Pwr3 +7fwr4)

Pwc2=(Pwrl4-Pwr2) (Pwrl
+Pwr2) (Pwr3-+Pwrd) (Pwr3+4Pwrd)

If either Pwcl or Pwc2, from the Column Parity Gen-
erator for Wo3, represents a binary 1, there is an even
number of O’s in Pwr, and Wo5 must change state to write
a 0 on tape; as follows:

*WoS=(Pwcl+Pwec2)Wab
*Wob=(Pwcl4-Pwc2)WoS5

In a similar manner, either Pwc3 or Pwc4, from the Col-
umn Parity Generator for Wol0, represents a binary 1
to change the state of Wol0, if an even number of 0's
are in Wa3.

Thus, the row parity digit and the MSD of the data
word are written side-by-side on magnetic tape in tracks
-4 and 6-9 (FIG. 35). At the same time, the column
parity bit of the row parity digit is written in track 5 and
the column parity bit of the MSD is written in track 10.

During Tw==10 and 11 the signals SWb1/4, SWb5/7
and SWal issue to shift-up the combined contents of the
Wa and Wh-registers through 2 digit positions, and the
signal SWa2 gates the contents of Wa3 to the Pwr flip-
flops. Hence, at 112, the 5th to Ist digits of the data
word to be written are in Wa3—Wal and W47, 6 and the
6th digit is in Pwr. The contents of WH5-Wb1 have been
cleared. At Tw=24 the SWor signal again issues to gate
the O's of the 6th and 5th digits and their respective col-
umn parity bits to the respective Wo1-5 and Wo6-10 flip-
flops. The 6th and 5th digits are then written side-by-
side on magnetic tape, the 6th digit being written in the
same tracks, but following, the row parity digit, and the
5th digit being written in the same tracks, but following,
the MSD.

During Tw=26 and 27 the signals SWb1/4, SWb5/7
and SWal issue to shift-up the combined contents of the
Wa and Wh-registers through 2 digit positions, and the
signal SWa2 gates the contents of Wa3 to the Pwr flip-
flops. Hence, at Tw==28, the 3rd to 1st digits of the data
word to be written are in Wa3-Wal, the 4th digit is in
Pwr, and the Wh-register has been cleared. At Tw=27,
the signal *Wb7 issues to reset the Whf flip-flop and indi-
cate that the Wh-register has been emptied and cleared.
At Tw=40, the SWot signal again issues to gate 0s of
the 4th and 3rd digits and their respective column parity
bits to the respective Wol-5 and Wo6-10 flip-flops.

Meanwhile, at Tw=22, the *Lw signal issues to de-
mand another word from Memory. The setting of the
Lw flip-flop initiates a write program-interrupt, write in-
struction-parallel, or write instruction-interrupt operation
in the Central Processor to effect the transfer of another
word from Memory to the Wh-register. Referring to
the corresponding subsection for these operations, it will
be seen that Tw=29 is the earliest time when the new
data word can be transferred into the Wh-register. When
Tw==19, the Wh-register has been cleared. Thus, the
ensuing Write Buffer operation places in the Wh-register
the next data word to be written, although a portion of
the preceding data word is still in the Wa-register. The
writing of this next word can, therefore, commence
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smoothly and without delay as soon as the preceding word
has been completely transferred to magnetic tape.

During Tw=42 and 43, the signal SWal issues to shift-
up the Wa contents through 2 digit positions, and the
signal SWa2 gates the contents of Wa3 to the Pwr flip-
flops. Hence, at Tw=44, the LSD of the data word to be
written is in Wa3, and the 2nd digit is in Pwr. At
Tw=156, the SWot signal again issues to gate the 2nd and
1st digits and their respective column parity bits to the
respective Wol-5 and Wo6-10 flip-flops.

Following the writing of the last two digits of the data
word on magnetic tape, the Tw-counter counts to 63, re-
turns to 0, and the next word, which has already been
stored in the Wh-register, is written on tape,

When the Tw-counter enters its 100th (last) cycle, the
Whk-counter is counted up to 5 when Tw=1. The 100th
word in the Wh-register is then written on tape in accord-
ance with the procedure described above. However, dur-
ing this 100th Tw-cycle, *Lw is suppressed at 122, since
Wbk=>5, and no further data word is received by the
Wh-register.

When the Tw-counter again reaches the 60-state, the
100th word has been written on magnetic tape, so that
the Wbhk-counter is set to the 6-state and halts. With
Whk in the 6-state, the Tw-counter stops in the 62-state.
The ~-block marker on magnetic tape is then sensed and
the Block Marker Analyzer, FIG. 35, issues the Wed
signal, which resets the Web and Wb flip-flops; as follows:

*Web=Web Wed Pri; *Wb=Wed

and the write operation terminates. Data will only again
be written on magnetic tape if another Instruction 66 or
68 is executed.

WRITE BUFFER DATA TRANSFER FOR PRINTER

The operation and timing of the Write Buffer for trans-
fer of 100 data words to the Printer (FIG. 242) is similar
to that previously described for transferring 100 data
words to magnetic tape, differing in but three respects; as
follows:

(a) The required signals for starting the counting of the
Tw-counter and the Whk-counter,

(b) The system for gating the digit contents of the Pwr
and Wa3 flip-flops to the Wo flip-flops, and

(c¢) The signal sequence for terminating the transfer of
data to the Printer during the 100th Tw-cycle.

The points of similarity will not be repeated in this
section, the operation of the Write Buffer for these points
of similarity having been described in the preceding sec-
tion. Only the above-mentioned points of difference will
be described herein.

Since data is not being written on magnetic tape, the
tape block markers are not employed to initiate the count-
ing of the Tw and Wbk-counters and to terminate the
write operation. Instead following an Instruction 66 or
68 which directs that 100 data words be transferred to the
Printer by setting the Pr¢ and Bbf flip-flops, the Lpr signal
issues from the Printer to indicate that the Printer is
ready to receive data. The Lpr signal causes the Wbk-
counter to be set to the 7-state, by setting the Whki
flip-flop; as follows:

*Whkl=Lpr Bbf Prt Wbkl

Thus, the Lpr signal replaces the Wsy signal, which was
generated by detecting the a-block marker in the tape
write operation. With the transfer of the Wbhk-counter
to the 7-state, the Tw-counter commences counting
through its 100 cycles to transfer 100 data words to the
Printer.

When Tw=2, the Bbs signal issues to notify the Printer
that the first word is ready to be transferred thereto; as
follows:

Bbs=Bbf Prt Tw6 Tw2
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From Tw=1 to Tw=8, the row parity digit is gen-
erated, and the row parity digit and the MSD are stored
respectively in the Pwr and Wa3 flip-flops. When Tw=38,
the SWop signal issues; as follows:

Gate-SWop=Tw4 Tw3 Tw2 Twl (Prt+Bbf)

The SWop signal gates the contents of Pwr and Wa3
through register transfers to the respective Wol-Wo4 and
Wo6-Wo9 flip-flops. Column parity-bits are not em-
ployed for this operation, and, therefore, the WoS and
Wel0 flip-flops are not actuated.

Similarly, when Tw=24, Tw=40, and Tw=>56, the
SWop signal gates the digit contents of Pwr and Wa3 to
the respective Wol-4 and Wo6-9 flip-flops. When
Tw=10, 26, 42, and 58, the Read Buffer signal Wos
issues; as follows:

Wos=Tw4 Tw3 Tw2 (Prt--Bbf)

to signal the Printer that two digits are in the Wo flip-flops
for receipt by the Printer.

At the end of the 100th Tw-cycle, after the 100th data
word has been transferred to the Printer from the Wo
flip-flops, a sequence of actions, distinctive to this Printer
operation, takes place. By Tw=60 of the 100th Tw-cycle
the Whk-counter is in the S5-state. At Tw=60 the Prt
flip-flop of the Write Buffer is reset; as follows:

*Pri=(Tw=60) (Wbk=5)
the Baf flip-flop is again set; as follows:
*Bbf=(Tw=60) (Wbk=5) Prt

and the Tw-counter is reset to the 45-state by the resetting
of the Tw5 flip-flop; as follows:

*Tws=Prt (Tw=60) (Wbk=3)

1t is the function of the resulting additional 15 clock
periods to allow generation of an end-of-block character
for transfer to the Printer, in order to signal that the data
transfer operation has terminated.

This end-of-the-block character comprises 1's in each
bit position of the Wo flip-flops, and is generated by the
issuance of each SWop signal, whereby the Pwr flip-flops
are set to the 1-state; as follows:

#Pwr(i)=8Wop (1)
and the Wa flip-flops are set to the 1-state; as follows:
*Wa3(i)=1

since the SWop signal is applied to the clock pulse input
terminals of the Wa3 flip-flops. Therefore, all Pwr and
Wa3 flip-flops are preset to the 1-state at Tw=>56, and
remain in that state when the Tw-counter is reset to 45 and
counts once again to Tw=56. At this second Tw=56 of
the 100th Tw-cycle, the SWop signal which issues gates
the end-of-block character to the Wo flip-flops. SWop
is enabled at this time by the signal Bbf, as shown in the
preceding expression for Gate-SWop. When Tw=38,
the Wos signal issues to notify the Printer that another
pair of digits (end-of-block character) is available in the
Wo flip-flops.

When the Tw-counter again reaches the 60-state, the
write operation terminates by the resetting of the Web
flip-flop; as follows:

*Web=(Tw=060) (Wbk=35) Bbf Web
and by the counting of Wbk to the 6-state; as follows:
#Wbk2=*Wikl=(Tw=60) (Wbk=5) Pri

Therefore, when the Tw-counter reaches the 62-state, it
halts and no more data can be transferred to the Printer
unti] execution of another Instruction 66 or 68, which sets
the Prs flip-flop.

Read Buffer Operations

The Read Buffer transmits 100 data words which have
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been read from magnetic tape, or the data read from one
line of magnetically imprinted documents, to the Memory
for storage therein. These 100 data words are transmitted
during 100 Read Buffer operations, which follow execu-
tion of an Instruction 65 by the Central Processor. Any
one of three types of Read Buffer operations may be em-
ployed to transfer a data word from Read Buffer to
Memory. The operation employed depends upon the
particular instruction being executed when the Read Buf-
fer demands that the word stored therein be transferred
to Memory and depends on the degree of completion of
the instruction when the demand occurs. The three types
of operations are: read program-interrupt operation, read
instruction-parallel operation, and read instruction-inter-
rupt operation. The Read Timer, Tr, of the Multiplex
Buffer, causes the setting of the read demand flip-flop, Ur,
once during each 64 clock periods of the Central Proc-
essor. The Multiplex Buffer Ur flip-flop, when on, indi-
cates that the Read Buffer has a data word therein, and
that the Memory must accept the data word. The Ur
signal causes the Central Processor to cooperate in the
execution of a Read Buffer operation to empty the Read
Buffer.

The Read Buffer is prepared to accept a block of 100
words from magnetic tape and to transfer the 100 words
to the Memory by an Instruction 65. Execution of In-
struction 65 sets the Reb flip-flop in the Multiplex Buffer
and transfers the first read-memory location address to
the Ar-register, this address normally being divisible by
20. The Reb flip-flop controls the transfer of the 100
words of data read from magnetic tape to the Memory.
Instruction 65 also sets the Tape Handler Busy Reading
flip-flop, Rb, in the Tape Control Unit, and stores the Tape
Handler identification in the Re-register of the Tape Con
trol Unit. (For details, see the description of Instruc
tion 65.)

The Read Buffer may also be prepared by Instruction
65 to receive the data read from one line of a document by
the Character Reader and to store this data in consecutive
memory locations, This preparation is similar to that for
reading data from magnetic tape, except that the Char-
acter Reader Select flip-flop, Cha, is also set during the
corresponding Instruction 65.

Following execution of Instruction 65, 100 read op-
erations, comprising any combination of the three types
of Read Buffer operations, occur to transfer 100 data
words from Read Buffer to Memory.

READ PROGRAM-INTERRUPT OPERATION

This operation (FIG. 243) interrupts the sequential
execution of instructions of the current program to ef-
fect the transfer of a data word from Read Buffer to
Memory. The operation is initiated if the demand flip-
flop, Ur, is set before the issuance of the Ti signal of
the last T-cycle of an instruction, but following any
earlier Ti signal which may issue during the instruction.
If the Ur flip-flop is set before any earlier T/ signal of
the instruction, either an instruction-parallel or an in-
struction-interrupt operation will be executed. Further-
more, even though Ur is set before the Ti signal of the
last T-cycle, if the instruction is followed by an auto-
matic Instruction 25 or 26, an instruction-parallel op-
eration occurs. The preceding “Multiplex Buffer Op-
erations™ table illustrates the clock period when the Ur
signal initiates the read program-interrupt operations for
the various programmable instructions,

The read program-interrupt operation is initiated by
the setting of the Jr flip-flop, if the Ur flip-flop is on
when the proper Ti signal occurs, according to the
“Multiplex Buffer Operations™ table; as follows:

*r=Ti Ur Jm20

The above expression for *Jr illustrates the precedence
accorded the blockette variation of Write Buffer opera-
tions, The Ur signal will not be recognized if the Jm20
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signal is present. The *Jr signal will not issue until the
blockette variation operation is completed and the Jm20
flip-flop has been turned off. However, the Read Buffer
demand signal, Ur, is accorded precedence over the
Write Buffer demand signal, Lw, as described in the pre-
ceding subsection “Write Program-Interrupt Operation.”

During a Ti signal when *Jr occurs, the XNA is in-
hibited by Ur. Therefore, the next-instruction address
is not transferred to the A-register, but instead, the clock
signal XArA issues to transfer the read-memory loca-
tion address to the A-register. The read-memory loca-
tion is the address in Memory to which the next data
word is to be transferred from the Read Buffer. The
clock signal XArA issues as follows:

Gate-XArA=Ti Ur Jm20

During the following Memory cycle-A, the addressed
read-memory location is cleared.

Following issuance of the *Jr signal, the current in-
struction is executed to completion, and the End signal
thereof issues, The timing sequence then reverts to 1.
At t1 the *TUr signal issues to clear the Ur flip-flop, and
the Mwr signal issues to gate the contents of the Rb-
register of the Read Buffer to the M-register of the
Memory (Mwt=Jr T1). The signal Jr gates the con-
tents of the Rb flip-flops to the respective M-register in-
put inverters; as follows:

IMij=Rbij Jr
The signal Mw¢, in turn, gates the M-register input in-
verter signals to the corresponding M-register flip-flops;
as follows:
*Mij—=Mwt IMij
*Wij=Mwt T

Additionally, at f1, the Cau signal issues to count the
A-register contents up by 1 to the address of the next
sequential read-memory location.

Following clock period ¢1, the data word in the M-
register is transferred to the addressed memory location
during the following Memory cycle-B,

At 12, the clock signal XArA issues to effect an ex-
change of the contents of the A-register and the Ar-reg-
ister. Thus, the address of the next read-memory location
is transferred to the Ar-register for storage until the next
Read Buffer operation occurs, This clock signal issues
as follows:

Gate-XArd=Jr Tp Tq Ts

At 72 the contents of the C-register are changed to 51,
55, or 56, according to the command number of the pre-
ceding instruction, by the action of (T1 Jw) at £1.

At t4 the signal XNA occurs and transfers the next-
instruction address to the A-register. This is the address
of the next sequential instruction in the program being
executed by the Central Processor.

At 18 the signal End issues to terminate the read pro-
gram-interrupt operation. In the following clock period
the timing sequence returns to f1 and the next pro-
grammed instruction is executed.

A precaution is taken during this operation to prevent
the setting of the mod-alert flip-flop Amm and the halting
of the system. An instruction word is not transferred to
the J-register at f1 and, therefore, the contents thereof
may be an alphanumeric word from the preceding instruc-
tion. At t1, the J-mod-generator is not responsive to an
alphanumeric word in the J-register and the Amm flip-
flop might be set if an alphanumeric word were stored
therein. Therefore, Img2, 1 is set to 1, 1 at 71 whenever
the Jr flip-flop is in the 1-state at that time. Setting Jme2,
1 to 1, 1 prevents accumulation of the modulo-3 of the
word in Jm and, therefore, prevents setting the Amm flip-
flop. (See Instruction 21.)

READ INSTRUCTION-PARALLEL OPERATION
This operation (FIG. 244) effects the transfer of a data
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word from Read Buffer to Memory at the same time that
an instruction is being executed. The operation is ini-
tiated if the demand flip-flop, Ur, has been set before the
issuance of a Ti signal in an instruction that is followed
by eight clock periods when the Memory is not needed.
Thus, generally, this instruction takes place prior to the
last T-cycle of those instructions wherein it occurs. The
single exception to this rule is for those instructions that
are followed by an automatic mod-bit generation Instruc-
tion 25 or 26. For such exceptions, although the signal
End occurs, the automatic mod-bit generation continues
for eight additional clock periods.

The preceding table “Multiplex Buffer Operations”
illustrates those instructions wherein a read instruction-
parallel operation takes place by the designation “Parallel.”

The read instruction-parallel operation is initiated by
the setting of the Jr flip-flop, if the Ur flip-flop is on when
the proper Ti signal occurs, The signal XNA is inhibited
when T7 occurs.

The instruction being executed then continues into its
next Th-cycle, unless it is an instruction which is about to
end and to be followed by the Th-cycle of the mod-bit
generation instruction. In this instance the signal End
occurs four clock periods after the Jr flip-flop sets.

At the first Th1 after Jr sets, the read instruction-parallel
operation takes place. This operation is similar to that
previously described for the read program-interrupt oper-
ation with but two minor differences. The first differ-
ence is that the C-register contents are not changed, since
the command number of the instruction currently being
executed is retained. At the following Th8 the signal
End may occur, or not, according to whether the instruc-
tion being executed has been completed, or is to conclude
with a mod-bit generation instruction. If the instruction
terminates at this T#8 the next clock period will normally
be 1, but if the instruction is not completed, the next clock
period will be Th1.

FIGURE 244 illustrates that if the Jr flip-flop is set dur-
ing a Td subsequence of Instruction 42, or during the ini-
tial subsequence thereof, one or more Tz subsequences
may occur before the next Th1 signal issues. Similarly,
following Th8 of the read instruction-parallel operation,
one or more Tz subsequences may occur before the next
Tb1 signal issues.

The precaution to prevent the setting of the mod-alert
flip-flop, Amm, which was taken during the read program-
interrupt operation, need not be taken during this opera-
tion, because the start of this operation occurs at Th1. At
Th1, the J-mod-generator is responsive to an alphanumeric
word in the J-register and will prevent the Amm flip-flop
from setting.

READ INSTRUCTION-INTERRUPT OPERATION

This operation interrupts the execution of an instruction
to effect the transfer of a data word from Read Buffer to
Memory. The operation is initiated if the demand flip-
flop, Ur, is set before the issuance of any T/ signal, except
the last Ti signal, of Instructions 31, 35 and 36. If the
Ur flip-flop is set before only the last Ti signal of these
three instructions, a read program-interrupt operation will
occur. The preceding table “Multiplex Buffer Opera-
tions” illustrates those instructions wherein a read instruc-
tion-interrupt operation occurs. (For additional details
of the effect of the read instruction-interrupt operation on
the execution of Instructions 31, 35 and 36, see the subsec-
tions entitled “Halt Search or Tumble Variations” in the
instruction descriptions.)

The read instruction-interrupt operation is initiated by
the setting of the Jr flip-flop, if the Ur flip-flop is on when
the proper Ti signal occurs; as follows:

*Ir=Ti Ur Jm20

As in the read program-interrupt operation, the clock
signal XArA issues to transfer the read-memory location
address to the A-register., Following the setting of the
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Jr flip-flop, and the transfer of the read-memory address
to the A-register, the addressed memory location is
cleared.

Additionally, the signal *Hsr issues in the clock period
following Ti; as follows:

*Hst=(31, 35, 36) Jr Tz W3 T1

The Hst flip-flop is employed to “remember” that an
Instruction 31, 35, or 36 was interrupted to allow the
execution of a Read Buffer operation. When the Read
Buffer operation has been completed, the Hst flip-flop
directs the Central Processor to commence executing the
instruction, that was interrupted, from the point of in-
terruption.

Immediately after the Th8 clock period which follows
the setting of the Ir flip-flop, the timing sequence reverts
to 1 by the setting of the T1 fiip-flop; as follows:

*T1=Hst Tb8

The Th1 and Th flip-flops are inhibited from setting at
Th8 by the issuance of the Hst signal. Starting at this
new ¢1, an operation is executed which is similar to the
previously described read program-interrupt operation,
but with the following differences:

(a) The C-register contents are changed to 51, 55, or
56 according to whether the instruction being executed
was respectively 31, 35, or 36;

(b) The signal XNA is inhibited at ¢4, so that the ad-
dress originally in the A-register when the instruction-
interrupt operation was initiated remains therein when
an interrupt operation is completed;

(¢) The signal End is inhibited by the Hst flip-flop at
8; and

(d) Signals to restore the C-register to its original 31,
35, or 36 contents issue at 8.

Therefore, in the clock period next following 78 of the
read instruction-interrupt operation, the original Instruc-
tion 31, 35, or 36 continues from the precise point at
which it was interrupted.

A signal to reset the Hst flip-flop issues in the first clock
period of the continuation of the original instruction;
as follows:

*Wsi=Thl
READ BUFFER DATA TRANSFER FOR MAGNETIC
TAPE READING

The timing of the Read Buffer (FIG. 40) is under
control of the Tr-counter (FIGS. 173 and 174). The
Tr-counter is a register comprising five flip-flops, and is
adapted to operate in 17 discrete states in predetermined
sequence during magnetic tape reading, and then to re-
cycle. The Tr-counter counts in short bursts and then
halts. Each burst is initiated when the two data words
which are stored in each transverse recording position
on the magnetic tape have been read by the tape read
heads and stored in the digit input registers (Rinl1-5 and
Rin6-10) of the Read Buffer. During each burst, the
Tr-counter causes the transfer of the two digits in the
digit input registers to the Ra-register of the Read Buffer,
and directs a column parity check on each of these digits.
When the full data word is in the Read Buffer, the Tr-
counter executes its last burst of the cycle to complete
a row parity check of the data word and to transfer the
entire word to the Read Buffer Rb-register, for subse-
quent transfer to Memory.

Each time that the Tr-counter is in its 12-state, the
demand flip-flop, Ur, is set and causes the word in the
Rb-register to be subsequently transferred to Memory.
The relationship between the Read Buffer signals and the
states of the Tr-counter are shown in FIG. 245.

Following execution of an Instruction 65, the Tape
Handler addressed by the Rt-register starts feeding mag-
netic tape past the read heads thereof, and when a g-block
marker is detected, the Block Marker Analyzer (FIG.
35) delivers an Rsy signal. The Rsy signal enables the
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gates in the two channels of the data retiming circuit
(FIG. 41), so that the data in the tape block immediately
following the g-block marker will be transferred to the
Read Buffer. The Rsy signal continues while the full
block is read and until the v-block marker following this
block is detected. The read preamplifiers (FIGS. 37 and
38) of the addressed ith Tape Handler are enabled by
the corresponding signal Nr(/) (FIG. 183) to receive the
output signals of the corresponding read heads (FIG. 34).
The enabled read preamplifiers provide an output signal
whenever a recorded 0 is detected in the tape track read
by the corresponding read head. The read preamplifier
output signal alternates in polarity as successive 0’s are
read by the corresponding head, inasmuch as 0’s are
stored on the magnetic tape track by successive reversals
of the magnetic field polarity.

The ten Fir read amplifiers (FIGS. 37 and 39) receive
the output signals of the corresponding one of the ten
preamplifiers of the addressed Tape Handler and deliver
a binary 1 output signal at their Fzr(i) output terminals
so long as no binary 0 is read from the corresponding
tape track. However, the read amplifiers deliver a binary
1 output signal at their Fir(?) output terminals whenever
a binary 0 is detected by the corresponding read head.
The Ftr1-5 read amplifiers are preset to the 1-state by
the clock signal Xr1 during each clock period when the
signal Rsy equals 0 (i.e., when the data block is not yet
being read) and whenever a complete digit has been read
from tape tracks 1-5 and stored in the Read Buffer
Rinl1-5 digit input register. Similarly, the Frr6-10 read
amplifiers are preset to the 1-state by the clock signal
Xr2 during each clock period when the signal Rsy equals 0,
and whenever a complete digit has been read from tracks
6-10 and stored in the Read Buffer Rin6-10 digit input
register.

An Fir read amplifier is reset to the 0-state during the
interval between the receipt of two successive presetting
signals, if a binary O is detected by the corresponding
read head during this interval. If no binary 0 is read in
this interval, the read amplifier remains in its preset
1-state, indicating that the corresponding bit of the digit
being read is a binary 1. The data retiming circuit of
FIG. 41 permits all five bits of a digit read from tape
to be stored in the corresponding read amplifiers until
the entire digit has been read, and then directs the simul-
taneous transfer of these five bits to the Read Buffer.
The data retiming circuit also signals the control circuits
of the Read Buffer when both digits have been transferred
thereto, in order that the Read Buffer may commence the
processing of these digits. Thus, if the tape transverse
recording position is skewed with respect to the read
head array, the bits of the digits therein will not be read
simultaneously by the read heads. Each bit, however, is
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temporarily stored in the corresponding read amplifier
until the entire digit has passed the read head array, The
data retiming circuit then transfers the entire digit to the
Read Buffer. Further details of the data retiming circuit
are provided in the following subsection, “Data Retiming
During Magnetic Tape Reading.”

The data retiming circuit, in cooperation with the read
heads, the read preamplifiers, and the read amplifiers,
causes the transfer of the pair of digits from a magnetic
tape transverse recording position to the Rinl-5 and
Rin6-10 digit input registers of the Read Buffer during
an interval approximately 16 clock periods in duration.
A complete data word is delivered to the Read Buffer
during a 64 clock period interval. In addition to causing
these digits to be transferred to the Read Buffer, the data
retining circuit sets the Tr1 flip-flop of the Tr-counter to
the 1-state each time that the pair of digits from a trans-
verse recording position is transferred to the Read Buffer.

The operation of the Read Buffer of FIG. 40 during
transfer of a data word thereto from magnetic tape will
now be described. Before the first digits of the data word
are received by the Read Buffer, the Tr-counter is in its
O-state, as shown in FIG. 245. As the magnetic tape
passes the read heads, the row parity digit (designated
R-P in FIG. 245) and the MSD (7th tape digit) of the
tape data word are stored in the corresponding Fr read
amplifiers.

When the five bits of the row parity digit have been
read from tape and stored in the Ftr1-5 read amplifiers,
the data retiming circuit causes the Sinl signal to issue,
which effects the transfer of the contents of Fzr1-5 to the
Rin1-5 flip-flops of the Read Buffer. When the five bits
of the MSD have been stored in the F#r6-10 read ampli-
fiers, the data retiming circuit causes the Sin2 signal to
issue, which effects the transfer of the contents of Frr6-10
to the Rin6-10 flip-flops of the Read Buffer. When the
second of the Sinl and Sin2 signals issues, the Trl flip-flop
of the Read Buffer is set to the 1-state and the Tr-counter
is thereby set to its 1-state.

The Tr-counter automatically counts through the 2-state
to the 3-state, whereupon it once again halts. When the
Tr-counter is in its 1-state, the shift signal SRa issues to
gate the contents of Rinl-4 to the Ral position of the Ra-
register and the signal SRin issues to gate the contents of
Rin6-10 to Rin1-5. When Tr=2, the signal SRa again
issues to transfer the contents of Ral to Ra2 and to trans-
fer the contents of Rinl—4 to Ral. Therefore, when the
Tr-counter halts in the 3-state, the row parity digit is in
Ra2 and the MSD is in Ral. The transfer of the data
word into the Read Buffer during the Tr-cycle is illustrated
in the following table entitled “Read Buffer Data Trans-
fer.” 1In this table, the symbol D-({) stands for the ith
digit of the data word being entered into the Read Buffer.

READ BUFFER DATA TRANSFER

Rb7 Rbé Rbs5 Rb4 RL3 Rb2 Rbl Ra4 Ra3 Ra2 Ral Rinl-4 Riné-9
Tr
State
0
1 R-P D-7
2 R-P| D-7
3 R-P D-7
1 R-P D-7 1 D-8 D-5
5 R-P D-7 D-§ | D-5
8 BR-P D-7 D6 D-5
7 1 R-P D7 D6 D-5| D4 D-3
8 Par R-P R-P{ D-7 D-6 D-5 D-4| D-3
9 Par-7 R-P D-7I D6 D-5 D-4 D-3
10 Par-7 R-PD7iD6 D-5 D4 D-3| D-2 D-1
11 Par-§ R-P D-7 D6| D-5 D4 D-3 D-2| D-1
12 Par-5 R-P D7 D46 D-5| D4 D3 D-2 D-1
13 Par-4 R-P D7 D6 D-5 D4 D3 D-2 D-
14 Par-3 R-P D-7 D6 D-5 D-4 D-3| D2 D-1
15 Par-2 D-7 D6 D-5 D4 D-3 D-2] D-1
16 Par-1 D-7 D6 D-5 D4 D-3 D2 D-1
0 D-7 D-6 D-5 D-4 D-3 D-2 D-1
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During Tr=1 and 2, the digit in Rin1-5 is sampled for
a column parity check. That is, the states of Rinl-5 are
inspected to determine if an odd number of 0's exist
therein. If an odd number of 0’s does not exist in Rinl-5,
the parity check fails and the read subalarm flip-flop, Ers,
is set. Thus, when Tr=1, the column parity of the row
parity digit is checked and when Tr=2, the column parity
of the MSD is checked. The Column Parity Check logic
circuit samples the digits of Rinl-5 in two groups. The
logical signal Pce issues if an even number of 0’s is present
in Rin1-3; as follows:

Pce—=Rinl Rin2 Rin3+XRinl Rin2 Rin3
+TRinl Rin2 Rin3d-+Rinl Bin2 Rin3

and the logical signal Pco issues if an odd number of 0’s
is present in Rin1-3; as follows:

Pco=TRinl Rin2 Rin3+Rinl Kn?2 Rin3
+Rinl Rin2 Rin3+4-Rinl Rin2 Rin3

The logical signal Pcs issues if the two bits in Rind4, 5 are
both 1’s or both 0’s; as follows:

Pcs=(Rind+Rin5) (Rind-+Rin3)

and the logical signal Pcd issues if these two bits are dif-
ferent; as follows:

Pcd=(Rini+Rin5) (Rind4-RinS)

These four column parity check logical signals are com-
bined for providing a signal for the 1-logic input terminal
of the Ers flip-flop, and if the combination thereof indi-
cates an odd number of O's is not present in Rinl-5, the
Ers flip-flop is set to the 1-state, to indicate a parity error;
as follows:

*Ers—(Pce Pcs+Pco Pcd) Trl (Tr3
+Tr2 Tr3 Tr4+T72 Tr3 Tr5) Tha

For example, if an even number of O’s is present in Rinl-3,
an odd number of 0’s must be present in Rind, 5 for proper
parity. Therefore, if Pcs issues when Pce issues, there
is not an odd number of 0’s in Rin4, 5 and the parity check
fails.

After the Tr-counter halts in the 3-state, the 6th and
5th digits are read from tape and transferred to the re-
spective Rin1-5 and Rin6-10 flip-flops. After both digits
have been transferred to the Read Buffer, the data retiming
circuit again sets the Trl flip-flop, and the Tr-counter
enters the 4-state. The Tr-counter automatically counts
through the S-state to the 6-state, whereupon, it once again
halts. When the Tr-counter is in the 4-state, the shift

signal SRa issues to shift-up the contents of Ra2, Ral, and 3

Rinl-4 by one digit position, and the signal SRin issues
to gate the contents of Rin6-10 to Rinl-5. When Tr=>3,
the signal SRa again issues to shift-up through one digit
position the contents of the Ra-register and Rinl-4.
Therefore, when the Tr-counter halts in the 6-state, the
row parity digit and the three most significant digits of the
input word are in Ra4-Ral.

When Tr=4, the contents of Rin1-5 are sampled to per-
form a column parity check on the 6th digit and when
Tr=5, a column parity check is performed on the 5th
digit.

The 4th and 3rd digits of the data word are next trans-
ferred to the Read Buffer, the Tr-counter counts to the 9-
state, the signals SRez and SRb issue twice, and when
Tr=19, the 6 digits of the data word occupy the digit posi-
tions Rb2, Rb1 and Ra4-Ral. When the two least sig-
nificant digits are read from tape and transferred to the
Read Buffer, the Tr-counter is set to its 10-state, where-
upon it automatically counts through its next six states to
its O-state, where it once again halts. During Tr=10-14
and Tr=16, the shift signals SRa and SRb issue to shift-up
the digit contents of Ra, Rb and Rinl—4 by six digit posi-
tions, so that when the Tr-counter reaches the O-state, the
seven digits of the data word are in the Rb-register and
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ready to be transferred to Memory. (After row parity
has been checked, the row parity digit is destroyed.)
Therefore, when Tr equals 12, the signal *Ur occurs to
initiate a Read Buffer operation for transferring the data
word in the Rb-register to Memory. Thus, the Rb-regis-
ter holds the data word read from magnetic tape until a
Read Buffer operation can transfer it to Memory, thereby
freeing the Ra-register to receive the first portion of the
next word read from magnetic tape. The reading of this
next word can, therefore, commence smoothly and with-
out delay as soon as the preceding word has been com-
pletely read from the tape.

Meanwhile, commencing at Tr=7, a row parity check
is executed on the data word in the Read Buffer. The
row parity digit comprises four row parity bits. The total
number of 0's in the eight bits of like bit order of the data
word received from tape should be odd to provide a row
parity check. The Rb7 flip-flops accumulate the number
of 0's in the eight digits received from tape, and after
parity has been accumulated for all eight digits, the Rb7
flip-flops provide a row parity check for all bit-rows of
the data word. The Rb7 flip-flops are preset to the 0001
state before each data word is read from tape (FIG. 163)
by the signal Rebd, which occurs before the first data
word of a block is read, and by the signal Jr(T=1),
which issues during each Read Buffer operation. There-
fore, if the three most significant bits of Rb7 accumulate
an odd number of 0’s, they should be in the 1-state for
proper row parity check, and conversely, the least sig-
nificant bit of Rb7 should be in the O-state. If any one
of the four bits of Rb7 is not in the proper state after
accumulating all eight bits of the corresponding bit order,
the read subalarm Ers is set.

The Rb7 flip-flops commence accumulating the row
parity of the input data word upon issuance of the Rpt
signal at Tr=7. Therefore, when Tr=8, Rpl has gated
the row parity digit of the input word to the Rb7 flip-flops
from the Ra4 flipflops as follows:

*Rb7(i)=Rpl Ra4(i) RbT(I)
*Rb7(i)=Rpl Ra4(i) RbT(I)

Thus, each Rb7 flip-flop changes its state when a binary 0
is applied thereto from the corresponding Ra4 flip-flop.
The Rpl signal issues during Tr=7, 8, and 10-15; as
follows:

Rpl=Cha Trl Tr3(Tr2+Trd+Tr5)-+Cha Tri Tr2

and thereby pates the eight data word digits from the
Ra4 flip-flops to the Rb7 flip-flops. The preceding “Read
Buffer Data Transfer” table illustrates the accumulation
of row parity in the R47 flip-flops. Thus, when Tr=7,
the Rb7 flipflops are in the preset 0001 state. When
Tr=3, the Rb7 flip-flops have accumulated the row parity
of the row parity digit. When Tr=9, the Rb7 flip-flops
have further accumulated the parity of the 7th, or MSD,
of the input data word., By Tr=16, Rb7 has accumulated
the row parity of all eight digits read from tape and,
therefore, at this time the contents of Rb67 are sampled
by the Ers flip-flop, with the Row Parity check logic cir-
cuit; as follows:

*Ers=Tr2 Tri Tv5 Cha(Rbml
+Rom2+Ebm3-+Ebma)

When Tr=16, the Rb7 flip-flops sample the contents of
the corresponding Rb6 flip-flops in order that the digit
stored in Rb6 may be transferred to Rb7 in the next clock
period; as follows:

*RUT(I)=Rb6(i) (Tr=16) Tha
*Rb7(i)=R06(1) (Tr=16) Tha

The Ers flip-flop is employed to indicate two additional
malfunctions occurring during the operation of reading
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data from tape. When Tr=7, the signal *Ers issues if
the Ur flip-flop is still on; as follows:

*Ers==Ur Trl T72 Tr3 T7H

This setting of Ers indicates that a Read Buffer operation
has not transferred to Memory the previous word that
was stored in the Rb-register. The second additional
malfunction is that of the Read Buffer’s failure to read
any data from tape, as might occur when a Tape Handler
fails to function or some other circuitry defect prevents
data being transferred to the Read Buffer. The flip-flop
Csu is originally set when Instruction 65 is executed; as
follows:

*Csu=Rebd

The Csu flip-flop is then reset whenever the Tr1 flip-flop
is set; as follows:

*Tsu=7Trl

Inasmuch as the Trl flip-flop is only set to the I-state
when the two digits of a transverse recording position
have been transferred to the Read Buffer, the Tr1 signal
does not issue and the Csu flip-flop does not reset if no
data is transferred to the Read Buffer., Therefore, when
the Red signal issues as the y-block marker is read from
tape, denoting the end of the block, the signal *Ers issues
if the Csu flip-flop is still in the 1-state; as follows:

*Ers=Csu Red Reb Tha

When the vy-block marker on magnetic tape is sensed,
indicating that the read operation should be terminated,
the Block Marker Analyzer, FIG. 35, delivers the Red
signal. The Red signal resets the Reb and R flip-flops;
as follows:

*Reb=Red Reb CTha
*Rb=Red

and the read operation terminates. Data will only again
be read from magnetic tape if another Imstruction 65 is
executed.

DATA RETIMING DURING MAGXNETIC TAI'E READING

The data retiming circuit of FIG. 41 comprises two
channels, responsive respectively to the data recorded on
the two halves of the magnetic tape. The retiming circuit
provides output signals to gate the digit received by the
read amplifiers from each tape half to the corresponding
one of the Read Buffer digit input registers Rinl-5 and
Rin6-10. The data retiming circuit also provides an out-
put signal to set the Tr1 flip-flop of the Read Buffer when
both digits in a transverse recording position on magnetic
tape have been stored in the Read Buffer digit input
registers, thereby notifying the Read Buffer that the two
digits are ready for processing thereby.

Consider, now, the operation of the channel of the data
retiming circuit that is responsive to the tape digits stored
on the tape half comprising tracks 1-5 (FIGS. 34 and 35).
An OR-gate 750 is coupled to the O-output terminals of
the Ftr1--5 read amplifiers (FIG. 39) and delivers a binary
1 output signal as soon as the first of these read amplifiers
is transferred to the O-state, upon detection of a binary 0
on the tape by the corresponding read head. Since each
tape digit comprises an odd number of 0-bits, at least onz
read amplifier is set to the O-state during the reading of
each digit from tape. Waveform Fir_ of FIG. 41aq illus-
trates symbolically how any one, or more, of the five read
amplifiers is set to the O-state when a digit is being read.
The staggered setting to 0 of the Frr_ flip-flops illustrated
in this waveform corresponds to a magnetic tape wherein
the data stored thereon is skewed with respect to the read
head array.

Since the Dsyl and Rds1 flip-flops are both in the 0-
state when the reading of a tape digit commences, AND-
gate 751 enabled when the first 0-bit is read from tape.
Thus, the first binary 1 output signal of OR-gate 750
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is transmitted through AND-gate 751 and OR-gate 752
to set the Rds1 flip-flop when the next clock pulse occurs.
Continuous clock pulses from clock driver CD1 are ap-
plied to the clock pulse input terminals of the Rdsl flip-
flop, so that at the first clock pulse immediately after the
first of the read amplifiers Ftr1--5 is set to the O-state, the
Rds1 flip-flop is set to the 1-state. This is illustrated by
the Rds_ waveform of FIG. 41a.

When the Rdsl flip-flop is first set to the 1-state, the
Dsy1 flip-flop and the Yrd1l one-shot are both in the 0-
state and, therefore, enable AND-gate 753. AND-gate
753 also requires the signal Rsy for enmabling. Rsy is
present only during the interval following detection of
the g-block marker, but before detection of the y-block
marker. Therefore, the binary 1 output signal from the
Rdsl output terminal of the Rdsl flip-flop is coupled
through AND-gate 753 to the logic input terminals of the
Dsyl flip-flop and the Y:d1 one-shot. At the clock pulse
next following that which sets Rdsl to the I-state, the
Dsy1 flipflop is set to its 1-state and the Y¢d1 one-shot
is triggered to its unstable state,

The duration of the Ytd1 one-shot in its unstable state
determines the maximum allowable skew angle of the
magnetic tape for which all bits of the digit will be trans-
ferred to the Read Buffer. Thus, the duration of the
Y1d1 flip-flop in its unstable state determines the interval
between the reading of the first 0-bit of a digit from tape
and the time when the contents of the read amplifiers
Fir1-5 are transferred to the Read Buffer. In this em-
bodiment, the Y741 one-shot remains in its unstable state
for approximately 3.5 clock periods. During these 3.5
clock periods the remaining bits of the digit may be read
from tape and stored in the Fer1-5 read amplifiers.

The Rds1 flip-flop resets itself to the O-state in the next
clock period after it is set to the 1-state. AND-gate 751
is disabled while the Dsyl flip-flop is in its 1-state and
prevents further setting of the Rdsl flip-flop during this
time,

When the Y/d1 one-shot returns to its stable state, the
resulting logical signal Dsyl Y#d1 Rds1, which is applied
to OR-gate 752, sets the Rds1 flip-flop to the 1-state, once
again. The concurrence of the Rdsl and Dsy! flip-flops
in the 1-state provides a binary 1 output signal from AND-
gate 754. A binary 1 output signal from AND-gate 754
enables the Sinl clock pulse driver (FIG. 183) and a
single Sinl clock pulse will be delivered thereby (wave-
form Sin_, FIG. 41a). The clock signal Sinl is applied
as a clock pulse input signal to the Rinl—4 flip-flops and
gates thereto the corresponding contents of the Firl-4
read amplifiers; for example:

*Rin2=F1r2
*Rn2=Fir2

as shown in FIG. 170. The contents of the Ftr5 read
amplifier are gated to the Rin5 flip-flop, which has applied
thereto the continuous clock pulses of the CD1 clock
pulse driver; as follows:

*Rin5=Rdsl Dsyl Fur§
*tin5=Rdsl Dsyl Fir5

The Fir1-5 flip-flops are immediately preset to the 1-
state to prepare for the next digit in tracks 1-5, by the
issuance of the clock signal Xr1; as follows:

Gate-Xrl=Rds1 Dsyl

Thus, the data retiming circuit channel comprising OR-
gate 750, AND-gate 751, OR-gate 752, the Rdsl flip-
flop, AND-gate 753, the Dsy1 flip-flop, the Ytd1 one-shot,
and AND-gate 754, responds to the first 0-bit of a digit
recorded in tracks 1-5 of a magnetic tape transverse re-
cording position, and following a predetermined interval
thereafter, provides signals to gate the entire digit to the
Rin1-5 flip-flops.

Similarly, the channel comprising OR-gate 757, AND-
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gate 758, OR-gate 759, the Rds2 flip-flop, AND-gate 760,
the Dsy2 flip-flop, the Yzd2 one-shot, and the AND-gate
761, responds to the first 0-bit of a digit recorded in
tracks 6-10 of a magnetic tape transverse recording posi-
tion, and following a predetermined interval thereafter,
provides signals to gate the entire digit to the Rin6-10
flip-flops.

The Read Buffer is not notified of the receipt of new
data from magnetic tape until both of the digits in a trans-
verse recording position have been stored in the Read
Buffer digit input registers. The sequence by which the
data retimer determines when the two digits in a transverse
recording position have been received and thereupon sig-
nals the Read Buffer will now be described.

If no significant tape skew exists, both digits will be
gated into the Read Buffer digit input registers Rinl-5
and Rin6-10 during the same clock period and the Read
Buffer will be immediately notified. The AND-gate 764
receives the output signals of AND-gates 754 and 761,
and in response to the simultaneous issuance of binary 1
signals therefrom, provides a binary 1 output signal. This
binary 1 output signal of AND-gate 764 is applied through
OR-gate 765 to the I1-logic input terminal of the Trl
flip-flop, thereby setting the Tri flip-flop to notify the
Read Buffer that both digits have been transferred thereto.

If, however, significant skew exists between the digits
stored on the tape and the read head array, the two digits
will not be gated to the Read Buffer during the same
clock period, and a binary 1 output signal will not be de-
livered by AND-gate 764. For this instance, the Haf
flip-flop 766 is provided to remember that but one digit
from a tape transverse recording position has been trans-
mitted to the Read Buffer digit input registers and that
the Read Buffer should be notified when the other digit is
transmitted. Therefore, the Haf flip-flop is set to the
1-state when one digit, but not both digits simultaneously,
are transferred to the Read Buffer digit input register
from a transverse recording position; as follows:

*Haf=Rdsl Dsyl (Rds2+Dsy2) Haf
+Rds2 Dsy2 (Ras1+Dsyl) Haf

If the Haf flip-flop is in the 1-state, the Tr1 flip-flop will
be set to the I-state and the Haf flip-flop will be reset to
the O-state when the second of the two digits of the tape
transverse recording position is inserted in the Read Buffer
digit input register. Thus, AND-gate 767 receives the
input signal (Rdsl Dsyl+4Rds2 Dsy2) from OR-gate
768 and the Haf output signal from the Haf output signal
from the Hef flip-flop. With the Haf flip-flop in the
1-state, the transmittal of the second digit to the Read
Buffer causes AND-gate 767 to deliver a binary 1 signal
through OR-gate 765 to set the Tr1 fiip-flop to the 1-state,
and thereby notifies the Read Buffer that both data words
have been transferred thereto.

READ BUFFER DATA TRANSFER FOR DOCUMENT
READING

The operation and timing of the Read Buffer for trans-
ferring to Memory the data read from one line of a mag-
netically imprinted document is somewhat different from
that previously described for transferring to Memory 100
data words read from magnetic tape. As before, the
timing of the Read Buffer is under control of the Tr-
counter (FIGS. 173 and 174). After each character is
read from the document, the Tr-counter counts through
eight states and then halts. During each counting se-
quence, the four bit code which represents the character
read from the document is transferred into each of the
six least significant digit positions of the Rb-register.

Each time that the Tr-counter is in its 12-state, the de-
mand flip-flop, Ur, is set and causes the word in the
Rb-register to be subsequently transferred to Memory.
The relationships between the Read Buffer signals and the
states of the Tr-counter for the character reading opera-
tion are shown in F1G. 245.
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The document is read following execution of an In-
struction 65, which directs that one line of data on a
document be transferred to Memory. However, prior to
such an Instruction 65, an Instruction 58 must have been
executed to cause the Sorter to start feeding documents
to the Character Reader. After the Sorter (FIG. 42)
has started feeding documents, the appropriate Instruction
65 may be executed. Instruction 65, in addition to set-
ting the Red flip-flop, sets the Csu flip-flop and the Char-
acter Reader Select flip-flop, Cha. The Cha flip-flop
remains in the 1-state until one line of data has been
read from the next document read by the Character
Reader.

The following description is implemented by reference
to the waveforms of FIGS. 46 and 47. When the photo-
cell of the Character Reader detects the leading edge of
a document, the Csy1 signal issues to initiate reading of
characters from that document., The Csyl signal triggers
the Yck one-shot; as follows:

*Yck=Csyl

The transfer of the Yck one-shot to its unstable state
causes the corresponding I1Yck inverter to transfer to its
1-state (FIG. 187). The IYck inverter, in turn, sets the
Ckp flip-flop to its 1-state; as follows:
*Ckp=IYck

The Ckp flip-flop remains in its 1-state so long as the
field of data of the document is opposite the read head
of the Character Reader, and is only reset after the nor-
mal extent of the field has passed the read head. The
Ckp flip-flop, when reset, terminates the transfer to the
Read Buffer of the data read from the document.

The Ckp flip-flop causes the setting of the Cfs flip-flop:
as follows:

*Cfs=Ckp Cha

When a character is read by the Character Reader, the
coded representation thereof is transferred by the Crd4,
3, 2, 1 output signals of the Sorter Control Unit to the
Read Buffer. The coding for each of the characters in
the Crd signals is complementary to the code employed
for that character in normal data processing. For ex-
ample, the Crd4, 3, 2, 1 signals for the digit 1 are respec-
tively 1, 1, 1, 0.

When a proper character is read, one of the signals
Cd0-9 or Cul—4 is a binary 1 and causes the correspond-
ing Dor or Qor signal (FIG. 187) to issue. The Dor sig-
nal indicates that a numeral has been read and the Qor
signal indicates that a Cue character has been read. Thus,
when a character is read the Decc flip-flop of the Sorter
Control Unit is set to the 1-state; as follows:

*Dcc=Qor+Dor

The Dcc flip-flop remains in its 1-state for one clock
period, immediately resetting itself, but during this clock
period Dec initiates acceptance of the Sorter Control Unit
output signals Crd by the Read Buffer. When the Dcc
flip-flop is transferred to its 1-state, the Ye¢p one-shot is
triggered; as follows:

*Ycp=Dce

The Ycp one-shot remains in its unstable state for
approximately 500 usec., the approximate duration neces-
sary for a character to be scanned by the Character
Reader. The Ycp one-shot, in its unstable state, triggers
the Tr-counter into its 8-count sequence by setting the
Tr1 flip-flop thereof; as follows:

*Tr1=IYcp Csu Cha

The Csu flip-flop, which enables the Ycp one-shot to set
the Tr1 flip-flop, is immediately reset; as follows:

*Csu=Trl

and prevents the subsequent triggering of Tr1 until it is
once more set to its 1-state.
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The Tr-counter then counts through the states 11-16
and returns to the O-state where it rests, as shown by FIG.
245. The numbers of the states are chosen to correspond
with the similar states of the Tr-counter for the tape read-
ing operation.

Before each character is read, the Ra4 flip-flops are pre-
set to the 1-state; as follows:

*Ra4(i)y=Cha Ycp

When the Tr-counter is in the 1-state, the Ra4 flip-flops of
the Read Buffer sample the corresponding Crd signals of
the Sorter Control Unit and are set accordingly in the
next clock period. Therefore, when Tr=11, each Ra4
flip-flop is in a state complementary of the corresponding
Crd signal; as follows:

*Ra4(i)=Crd{(i) Tr1 Ti3 Cha

The code of the digit entered in Ra4 is thus inverted from
the digit code received from the Sorter Control Unit, and
is the normal data code for processing by the Central
Processor.

During Tr=11-16, the shift signal Srb issues and shifts-
up the contents of Ra4 through six digit positions of the
Rb-register (FIG. 40). In this interval, the Yep one-shot
remains in its unstable state and the Tr3 flip-flop is in its
1-state, so that the states of the Ra4 flip-flops cannot be
altered. Consequently, the digit entered into the Ra4 flip-
flops at Tr=11 is transferred or “smeared” into all six
least significant digit positions of the Rb-register, so that
when the Tr-counter again reaches 0, each of the six least
significant digit positions of the Rb-register contains the
Central Processor code for the character read from the
document.

During and following the Tr counting, the MSD posi-
tion of the Rb-register contains the digit 0001, because
during Instruction 65 and during each Read Buffer opera-
tion when the contents of the Rb-register are transferred
to Memory, the contents of Rb7 are preset to the 0001
state. (See FIG. 163.) Inasmuch as all six digits in
Rb6-Rb1 are alike, the modulo-3 thereof is 0. Conse-
quently, by presetting the mod-bits in the Rp-register to
0, 1 for each character read from the document, the
modulo-3 of each word transfer to Memory will be 1.

When the Tr-counter is in its 12-state, the demand flip-
flop, Ur, is set and causes the word in the Rb-register to
be subsequently transferred to Memory by one of the
Read Buffer operations previously described.

When the Ycp one-shot returns to its stable state, the
Csu flip-flop is once again set to the 1-state; as follows:

*Csu=Cha Ycp

so that the Tr-counter and Read Buffer are prepared to
receive the coded equivalent of the next character as it is
read by the Character Reader.

The Read Buffer is disabled from receiving further data
from the Character Reader when the check presence flip-
flop Ckp is returned to its O-state at the end of the single
document read. The Csy2 signal, which issues by the
Sorter approximately 80 milliseconds after the leading
edge of the document passes the photocell of the Charac-
ter Reader, resets the Ckp flip-flops; as follows:

#Tkp=Csy2

Upon the resetting of the Ckp flip-flop, the Eoc flip-flop is
set to its 1-state; as follows:
*Eoc=Ckp Cfs Eoc
The Eoc signal then resets the Cha and Cfs flip-flops to
the O-state; as follows:
*Clia=Cha Cfs Eoc
¥U7s=FEoc Cfs
The Eoc flip-flop immediately resets itself in the clock
period following that in which it was set.
With the Cha flip-flop in its O-state no further data c¢an
be gated into the Ra4 flip-flops.
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Data may not again be read from a document into tha
Read Buffer until execution of another Instruction 65
which sets the Cha flip-flop. Thus, an Instruction 65
affects the reading of one line of data from a document.

DOCUMENT READING AND SORTING

As has been described previously, the system of FIG. 1
is adapted to read data borne by documents, to process
this data, and as a result of this processing to sort the
documents into selected pockets of the Sorter. This
reading, processing, and sorting sequence requires several
distinct operations by the system. Some of these opera-
tions have been described heretofore. Thus, the preced-
ing sections “Sorter and Character Reader” and “Sorter
Control Unit” described the structure and functions of
these components. These functions, when combined,
constitute a portion of the operations of the reading, proc-
essing and sorting sequence. The section “Instruction 58"
described the cooperation of the Central Processor, the
Sorter Control Unit, and the Sorter in starting and stop-
ping check feeding by the Sorter. The section “Instruction
65" described the functioning of the Sorter, the Character
Reader, the Sorter Control Unit and the Read Buffer in
directing the reading of one line of data from a document.
The section “Instruction 57" described the cperation of
the Central Processor, the Sorter Control Unit, and the
Sorter in directing a document into a selected Sorter
pocket. The section “Read Buffer Data Transfer for
Document Reading” described the operations of the Char-
acter Reader, Sorter Control Unit, and the Read Buffer
in transferring to Memory the individual digits read from
a line of data on a document. The instant section is con-
cerned with the combination of all of these operations to
read and subsequently to sort documents,

The following program of instructions illustrates one
scheme by which documents may be read and sorted by
the system:

Inst, 58: Start Feeding Checks

Inst. 65: Read Character Reader

Inst. 57: Select Sorter Pocket (N)

Iast. 65: Read Character Reader

Inst. 57: Select Sorter Pocket (N)

Continue with Instruction 65, 57 pair until stack of
documents has been sorted.
Inst. 58: Stop Feeding Checks

Although it is not illustrated in the above program,
many instructions may be executed by the Central Proc-
essor, in addition to the intervening Instruction 57, be-
tween successive Instructions 65. This intervening pro-
gram is permissible because of the relatively Jong duration
required to read a character on the document and present
it in the Read Buffer for transfer to Memory, a duration
in which the Central Processor and Memory are free to
perform other operations.

Execution of the first Instruction 58 commands the
Sorter to start feeding documents., The Sorter of FIG.
42 thereupon commences feeding single documents in
sequence to the automatic reading apparatus thercof. An
Instruction 65 is then executed to prepare the Read Buffer
to accept one line of data from the first document trans-
ported past the automatic reading apparatus and to trans-
mit this data to the Memory. Following execution of this
Instruction 65, transducer 820 scans each magnetized
character on the line of information borne by the first
document. As each character is scanned, a characteristic
waveshape is generated by transducer 820 and transmitted
to Character Reader 22. In response to this characteristic
waveshape, the Character Reader provides a signal on a
corresponding output line. This Character Reader output
signal is encoded by the Sorter Control Unit of FIG. 43
and a corresponding four bit digit is transmitted to the
Read Buffer. The Read Buffer of F1G. 40 is triggered
into a Read Buller operation upon detection of the char-
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acter by the automatic reading apparatus and thereupon
accepts the corresponding four bit digit delivered by the
Sorter Control Unit, entering the digit into all six numeric
positions of the Rb-register, At this time, the Read
Buffer signals the Central Processor to enter the contents
of the Rb-register into Memory. The Central Processor
thereupon interrupts its program, which it has been exe-
cuting, following execution of the first Instruction 65,
interrupts an instruction it is executing, or executes an
instruction-parallel operation in order to store the con-
tents of the Rb-register in the next read-memory location.
The next character is then read from the document and a
similar process is executed to store the corresponding four
bit digit in Memory. Each time a character is read from
the document and stored in the Read Buffer, a Read
Buffer operation is executed to store the corresponding
digit in Memory.

Following storage in Memory of the character in the
field position on which the document is to be sorted, the
Central Processor analyzes this character. As a result of
this analysis an Instruction 57 may be executed to trans-
mit to the Sorter Control Unit the digit for the Sorter
pocket wherein the document is to be inserted. However,
this Instruction 57 need not be executed until the full line
of data has been read from the document. Following
transmittal of the pocket decision digit to the Sorter Con-
trol Unit, the corresponding pocket deflector of the Sorter
will be opened immediately before the respective docu-
ment arrives.

Immediately after the first document leaves the auto-
matic reading apparatus of the Sorter, a second Instruc-
tion 65 will be executed to prepare the Read Buffer to
accept one line of data from the second document. The
programmed sequence continues, an Instruction §5 being
executed for each document to be read and an Instruction
57 being executed after data read from the document is
processed and the proper Sorter pocket determined, Thus,
a sequence of documeats is read by the automatic reading
apparatus of the Sorter, the data read is processed by the
system, and as a result of the processing, the document
is directed to a pocket of the Sorter.

Document Reading Operation

There has heretofore been described in the section
“Read Buffer Data Transfer for Document Reading” the
details of the operation of the Character Reader, Sorter
Control Unil, and Read Buffer in transferring to Memory
the individual characters read from the field of a docu-
ment. There will be described herein the operation of
the Sorter and Sorter Control Unit in timing and con-
trolling the reading of such a field of characters. The
ensuing description will be complemented by reference
to the waveforms of FIG. 46.

Following execution of an Instruction 58, the Sorter of
FIG. 42 commences feeding single documents in sequence
to the automatic reading apparatus thereof. In the auto-
matic reading apparatus, the photocell 818 senses the
reference edge of the document and in response thereto
provides the photocell pulse, shown in the first waveform
of FIG. 46. The photocell pulses are designated by
number, to correspond to the leading edges of the first,
second, third and fourth documents arriving at the photo-
cell.  After being sensed by photocell 818, the documents
pass magnet 819, where the magnetizable characters of the
field thereon are magnetized prior to being read. The
documents then peass transducer 820, which senses the
magnetic field of each character in the fields, and there-
upon delivers a characteristic waveshape for each mag-
netized character. Character Reader 22 analyzes each
waveshape, and if it is recognizable as being derived from
one of the characters to be identified by the Character
Reader, a corresponding output signal is provided on one
of the output lines thereof. This Character Reader output
signal is encoded by the Sorter Control Unit of FIG. 43
into the complementary four-bit code and transmitted to
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the Read Buffer. The above-described operations will
occur following execution of an Instruction 58, whether
or not an Instruction 65 has been executed to prepare the
Read Buffer to accept the line of data from one docu-
ment. If Instruction 65 has not been executed, the Cha
flip-flop is not in the 1-state, and the Ra4 flip-flops of the
Read Buffer will not accept the output data provided by
the Sorter Control Unit. On the other hand, if an In-
struction 65 for document reading has been executed, the
Cha flip-flop in the Read Buffer is set, and the Read Buffer
accepts each four-bit digit as it is transmitted by the
Sorter Control Unit,

The photocell pulse provided by the reference edge of
the document triggers the Sorter one-shot 822, which re-
mains in its unstable state for 10 msec. When one-shot
822 returns to its stable state, the Csy1 signal is delivered
thereby. The Csyl pulse triggers the 70 msec. cne-shot
823 and also triggers the 20 psec. one-shot Yck in the
Sorter Control Unit; as follows:

*Yck=Csyl

When the Yck one-shot is in its unstable state, the Ckp
flip-flop is set; as follows:

¥Ckp=TYck

The approximately 10 msec, between the photocell pulse
and the Csyl pulse insures that the Ckp flip-flop is set
immediately before the document field is scanned by trans-
ducer 828. Therefore, the interval when the Ckp flip-flop
is in its 1-state is an indication of the time when the field
is being scanned by the transducer. The field is opposite
transducer 820 for approximately 36 msec. after the Ckp
flip-flop has been set.  This is illustrated in the waveform
for Ckp. Thus, 10 msec. after the first photocell pulse
issues, data from the first document is transferred to the
Read Buffer, and subsequently to the Central Processor,
for a duration of approximately 36 msec.

The unstable state of the Yck one-shot also causes the
triggering of the Yor one-shot in the Sorter Control Unit;
as follows:

*Yor=TYck

The Yor one-shot remains in its unstable state for 59
msec., and thereby prevents the clearing of the Sou-
register during that time. During the first 52 msec. of
this 59 msec., the Sou-register is available to accept a
pocket decision digit.

When the one-shot 823 of the Sorter returns to its stable
statc 70 msec. after the Ckp flip-flop has been set, the
Csy2 signal is delivered. The Csy2 signal triggers the 62
msec. one-shot 824 and also resets the Ckp flip-flop; as
follows:

#Ckp=Csy2

When the Ckp flip-flop is reset, it initiates the setting of
the Eoc flip-flop of the Read Buffer. The Eoc flip-flop
then resets the Cha flip-flop to terminate acceptance by the
Read Buffer of data from the Sorter Control Unit.

After the second document is sensed and photocell
pulse 2 issues, a sequence of events occurs, similar to that
described above, provided another Instruction 65 is ex-
ecuted before the first character is read from this second
document. During the first 62 msecs. following the oc-
currence of photocell pulse 2, one-shot 824 of the Sorter
is in its unstable state. 'When one-shot 824 returns to its
stable state, the Csy3 signal is delivered. In the 62 msec.
interval between the issuance of the Csy2 signal and the
following Csy3 signal, the Sou-register cannot be cleared,
and is available to receive the pocket decision digit for
sorting the first document. The Csy3 signal then triggers
the 15 msec. Yro one-shot; as follows:

*Yro=Csy3

The Yro one-shot in its unstable state gates the pocket
decision for the first document from the Sorter Control
Unit to the Sorter, as indicated in the logical schematic
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diagrams for the Dec(i) signals of FIG. 187. During
the period when the Yro one-shot is in its unstable state,
the Yor one-shot returns to its stable state, The Yro one-
shot then returns to its stable state 3 msec, before the Ckp
fiip-flop is reset. During this 3 msec. after the Yro one-
shot returns to its stable stute, the Sou-register is cleared;
as foilows:
*Sou(i)=Ckp Yor Y7o

The *Sou(i) waveform illustrates the interval when the
Sou-register is reset.

The waveforms for Chad and Cha illustrate that if an
Instruction 65 for document reading is executed prior to
occurrence of the Csyl signal, the data from the eatire
field will be transferred to the Read Buffer from the
document,

The above document reading operation may be sum-
marized as follows: Starting from 10 msec. after the
reference edge of a first document is sensed, data is trans-
mitted from the document to Memory. This data trans-
mission continues for approximately 36 msec.
document follows the first document by 80 msec. Dur-
ing the first 62 msec. following detection of the seccend
document, a pocket decision for the first document may
be transmitted to the Sou-register. In the next 15 msec.
this pocket decision is transmitted to the Sorter, and in
the following 3 msec. the Sou-register is cleared to re-
ceive the pocket decision for the second document.

As was pointed out in the description of Instruction
57, if the forbidden digit or no pocket decision was trans-
mitted from the Central Processor by the time the Yro
one-shot is triggered, the no-pocket decision signal, Npd,
is enabled, and the Anpd sub-alarm flip-flop of the Cen-
tral Processor is set.}

Certain portions of the apparatus herein disclosed are
not of our invention, but are the inventions of:

C. H. Tucker, as defined by the claims of his applica-
tion, Serial No. 8,867, filed February 15, 1960, now Patent
No. 3,219,976;

J. G. Levinthal and David Zeheb, as defined by the
claims of their application, Serial No. 8,873, filed Febru-
ary 15, 1960, now Patent No. 3,245,041;

David Zeheb, as defined by the claims of his applica-
tion, Serial No. 8,875, filed February 15, 1960, now
Patent No. 3,219,807;

J. G. Levinthal, as defined by the claims of his applica-
tion, Serial No. 8,877, filed February 15, 1960, now
Patent No. 3,219,977,

R. B. Wright, Jr., as defined by the claims of his ap-
plication, Serial No. 8,879, filed February 15, 1960;

W. G. Facenda, Jr.,, R. B. Wright, Jr.,, and David
Zeheb, as defined by the claims of their application,
Serial No. 46,161, filed July 29, 1960, and now abandoned;

J. G. Levinthal and N. R. Crain, as defined by the
claims of their application, Serial No. 46,162, filed July
29, 1960, now Patent No. 3,226,682;

G. B. Barclay de Tolly and R. B. Wright, Jr., as de-
fined by the claims of their application, Serial No. 46,163,
filed July 29, 1960, and now abandoned;

W. G. Facenda, Jr., and David Zeheb, as defined by
the claims of their application, Serial No. 46,164, filed
July 29, 1960 and now abandoned;

B. F. Burch, Ir,, and C. H. Tucker, as defined by the
claims of their application, Serial No. 53,022, filed July
29, 1960, and now abandoned; and

D. W. Masters, as defined by the claims of his applica-
tion, Serial No. 53,024, filed July 29, 1960; all such appli-
cations being assigned to the assignee of the present appli-
cation,

Furthermore, certain portions of the apparatus herein
disclosed are not of our joint invention, but are the in-
ventions of:

H. L. Herold and J. G. Levinthal, as defined by the
claims of their application, Serial No. 8,868, filed Febru-
ary 15, 1960, now Patent No, 3,235,879;
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J. Weizenbaum, as defined by the claims of his applica-
tion, Serial No. 8,869, filed February 15, 1960, now
Patent No. 3,238,507;

H. L. Herold and R. B. Wrizht, Jr., as defined by the
ciaims of their applization, Seria]l Mo. 8,872, filed Febru-
ary 13, 1960, now Patent No. 3,234,517;

R. B. Wrighat, Jr., and J. Weizenbaum, as defined by
the claims of their application, Scrial No. 8,874, filed
February 15, 1960, now Patent No. 3,237,166;

H. L. Herold, as defined by the claims of his applica-
tion, Serial No. 8,876, filed February 15, 1960, now
Patent No. 3,242,322;

H. L. Heroid and C. H. Tucker, as defined by the
claims of their application, Serial No. 8,878, filed Febru-
ary 15, 1960, now Patent No. 3,219,978 and

H. L. Herold, D. W. Masters, and R, B. Wright, Jr., as
defined by the claims of their application, Serial No.
53,023, filed July 29, 1960; all such applications being
assigned to the assignee of the present application.

What is claimed is:

1. In combination, a data storage unit for storing a
plurality of data items, first means for handling data
items, signalling means for providing a signal when said
first means must. communicate with said data storage
unit, a data processing unit adapted to perform data proc-
essing operations on data ilems received thereby, and
means responsive to said signal for providing communica-
tion between said first means and said data storage unit
during a period of predetermined duration wherein no
data item is transferred between said data storage unit
and said data processing unit,

2. In combination, a data storage unit for storing a
plurality of data items, first means for handling data
iteras in sequence, signalling means for providing a signal
when said first means must communicate with said storage
unit, a daia processing unit connected for access to said
data storage unit and adapted to process data by execut-
ing operations thereon, means responsive to said signal
for causing said data processing unit to discontinue data
processing, means for providing communication between
said first means and said storage unit following the dis-
continuation of said data processing, and means for caus-
ing said data processing unit to resume processing data
following completion of said communication.

3. In combination, a data storage unit for storing a
plurality of data items, first means for handling data items
in sequence, signalling means for providing a signal when
said first means must communicate with said storage unit,
a data processing unit connected for access to said data
storage unit and adapted to execute a program of distinct
commands in sequential order by execnting corresponding
distinct operations on said data items, means respon-
to said signal for causing said data processing unit (o dis-
continue execution of said program, means for providing
communication between said first means and said stor-
age unit following the discontinuance of execution of said
program, and means for cavsing said data processing unit
to resume executing said program following completion
of said communication.

4. In combination, a data storage unit for storing a
plurality of data items, first means for handling data items
in sequence, signalling means for providing a signal when
said first means must communicate with said storage unit,
a data processing unit connected for access to said data
storage unit and adapted to cxecute a program of distinct
commands in seqeuntial order by executing corresponding
distinct operations on said data items, means respon-
sive to said signal for causing said data processing unit to
discontinue execution of said program following comple-
tion of the operation being executed when said signal oc-
curs, means for providing communication between said
first means and said storage unit following completion of
the operation being executed when said signal occurs,
and means for causing said data processing unit to resume
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executing said program following completion of said com-
munication.

5. In combination, a data source for supplying a se-
quence of data items, a data storage unit for storing a
plurality of said data items, signalling means for provid-
ing a signal when a data item must be transferred from
said source to said storage unit, a data processing unit
connected to communicate with said data storage unit
and adapted to execute a program of distinct commands in
sequential order by executing corresponding distinct op-
erations on said data items, means responsive to said
signal for causing said data processing unit to discon-
tinue execution of said program following completion
of the operation being executed when said signal occurs,
means for transferring said data item from said data source
to said storage unit following completion of the operation
being executed when said signal occurs, and means for
causing said data processing unit to resume executing said
program following transfer of said data item to said data
storage unit.

6. In combination, a data receiver for acczpting a
sequence of data items, a data storage unit for storing
a plurality of said data items, signalling means for sup-
plying a signal when a data item must be transferred from
said storage unit to said receiver, a data processing unit
connected to communicate with said data storage unit
and adapted to execute a program of distinct commands
in sequential order by executing corresponding distinct
operations on said data items, means responsive to said
signal for causing said data processing unit to discon-
tinue execution of said program following complztion
of the operation being executed when said signal occurs,
means for transferring said data item from said data stor-
age unit to said data receiver following completion of the
operation being executed when said signal occurs, and
means for causing said data processing unit to resume ex-
ecuting said program following transfer of said data itzm
to said data receiver. .

7. In combination, a data storage unit for storing a
plurality of data items, a data source for supplying a
sequence of data items, a data receiver for receiving a
sequence of data items, first signalling means for pro-
viding a first signal when a data item must be transferred
from said source to said storage unit, second signalling
means for supplying a second signal when a data item
must be transferred from said storage unit to said receiver,
a data processing unit connected for access to said data
storage unit and adapted to execute a program of distinct
commands in sequential order by executing corresponding
distinct operations on said data items, means responsive
to any one of said signals for causing said data processing
unit to discontinue execution of said program, means
responsive to said first signal for transferring a data item
from said source to said storage unit following the dis-
continuance of execution of said program, means respon-
sive to said second signal for transferring a data item
from said storage unit to said receiver following the dis-
continuance of execution of said program, and means for
causing said data processing unit to resume executing
said program following completion of said communica-
tion.

8. A combination, as in claim 7, further including
means to accord precedence to one of said first and
second signals when both of said first and second signals
are provided prior to said discontinuance of execution of
said program.

9. In combination, a data storage unit for storing a
plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, means
for providing a first signal having two possible states,
addressing means for providing in succession the identi-
fications of a plurality of different storage locations, means
responsive to one state of said first signal and to the
identification provided by said addressing means for ex-
changing the data item contents of said register and the
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identified storage location for each such identification
when said first signal is in said one state, means for sam-
pling the contents of each data item received by said
register from said data storage unit, means adapted to
provide a second signal when the information content
of a sector of a data item sampled satisfies a predeter-
mined criterion, and means responsive to said second
signal for causing said first signal to transfer to its other
state.

10. In combination, a data storage unit for storing a
plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, means
for causing a succesion of exchanges of the data jtem
contents of said register with the data item contents of
a sequence of said storage locations, means for sampling
the contents of each data item received by said register
from said data storage unit, and means for discontinuing
said exchanges when the information content of a sector
of a data item sampled satisfies a predetermined criterion.

11. In combination, a data storage unit for storing a
plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, means
for providing a succession of signals, addressing means
responsive to said signals for providing in sequence the
identifications of a plurality of different storage locations,
means responsive to one of said signals and the identifica-
tion provided by said addressing means for transferring
the data item in the corresponding storage location to
said register, means responsive to one of said signals and
the identification provided by said addressing means for
transferring the data item in said register to the corre-
sponding storage location, means for sampling the con-
tents of each data item received by said register from said
data storage unit, and means for terminating said suc-
cession of signals when the information content of a sector
of a data item sampled satisfies a predetermined criterion.

12. In combination, a data storage unit for storing a
plurality of data items in a corresponding plurality of
storage locations, each of said data items constituting a
plurality of data entities, a register for storing a data item,
means for causing a succession of exchanges of the data
item contents of said register with the data item contents
of a sequence of said storage locations, means for sam-
pling the contents of each data item received by said
register from said data storage unit, and means for dis-
continuing said exchanges when one of the data entities
of a data item sampled satisfies a predetermined criterion.

13. In combination, a data storage unit for storing
a plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, means
for causing a succession of exchanges of the data item
contents of said register with the data item contents of
a sequence of said storage locations, and means for dis-
continuing said exchanges when the information content
of a sector of a data item received by said register from
said data storage unit satisfies a predetermined criterion.

14. In combination, a data storage unit for storing
a plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, means
for providing a succession of signals, addressing means
responsive to said signals for providing in sequence the
identifications of a plurality of different storage locations,
means responsive to one of said signals and to the identi-
fication provided by said addressing means for transfer-
ring the data item in the corresponding storage location
to said register, and means responsive to one of said
signals and to the identification provided by said address-
ing means for transferring the data item in said register
to the corresponding storage location.

15. In combination, a data storage unit for storing a
plurality of data items in a corresponding plurality of
storage locations, a register for storing a data item, com-
parison means for comparing a pair of data items applied
thereto and for delivering an output signal when a pre-
determined relationship exists between said data item pair,
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means for providing a succession of control signals, ad-
dressing means responsive to said control signals for
providing in sequence the identifications of different ones
of said storage locations, means responsive to one of said
control signals and to the identification provided by said
addressing means for applying the data item contents of
the corresponding storage location to said comparison
means, means responsive fo each one of said control
signals for applying the data item contents of said register
to said comparison means, and means responsive to said
output signal for terminating said control signals.

16. In a system for comparing first and second data
items by successively comparing corresponding charac-
ters of each of said data items in increasing order of
significance, wherein the characters of each of said data
items are represented in increasing order of significance
by a train of signals, the combination comprising: first
and second bistable devices, each of said bistable devices
being adapted to operate in either one of two states thereof,
first means for receiving a pair of signal trains repre-
senting a pair of data items and responsive to the signals
representing each pair of characters of corresponding
order of significance for providing a first output signal
when the two characters of one of said pair of characters
are equal, second means for receiving said pair of signal
trains and responsive to the signals representing each pair
of characters of corresponding order of significance for
providing a second output signal when a predetermined
state of inequality occurs between the two characiers of
one of said pair of characters, means responsive to said
second output signal for causing said first bistable device
to operate in one state thereof, means responsive to the
absence of both of said first and second output signals
to cause said first bistable device to operate in the other
state thereof, and means responsive to the absence of said
first output signal to cause said second bistable device
to operate in one state thereof.

17. In a system adapted to compare first and second
double items, each composed of a pair of data items; the
combination comprising: a data storage unit for storing
a plurality of data items in a corresponding plurality of
storage locations, wherein the data items of said first
double item are stored in a pair of successively accessible
storage locations; a pair of registers for storing the respec-
tive data items of said second double item; addressing
means for providing the identification of one of said stor-
age locations; comparison means for comparing a pair
of data items applied thereto; and means responsive to
the identification provided by said addressing means for
applying successively to said comparison means (1) the
data item in one of said registers and the data item in one
of said pair of storage locations and (2) the data item in
the other of said registers and the data item in the other
of said pair of storage locations.

18. In a binary digital data processing system for proc-
essing mixed numeric and non-numeric data, means for
processing data as groups of digits, each digit comprising
four binary signals, means for representing each numeric
digit by a corresponding one of ten different predeter-
mined configurations of said binary signals, and means
for representing said non-numeric digits by remaining con-
figurations of said binary signals.

19. In a data processing system for representing the
state of equality of pairs of characters, wherein each of
said characters comprised a group of signals, the con-
figuration of said signal groups determining the kind of
character represented, the combination comprising: com-
parison means for comparing the two signal groups rep-
resenting one of said pairs of characters and for deliver-
ing a signal when the configurations of said two signal
groups are alike, sensing means for sensing said two sig-
nal groups and for delivering a signal when any one of
the groups sensed thereby has 2 predetermined confizura-
tion, a signal generator responsive to a signal received at
an input terminal thereof for providing an output signal
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representing equality of a pair of characters, and means
for applying the signals delivered by said comparison
means and said sensing means to said input terminal of
said signal generator.

20. In a data processing system, a data processing unit
for executing in succession the commands of a first sub-
group of a predetermined group of commands, means for
generating a plurality of first signals in response to a
corresponding plurality of events occurring in said data
rrocessing system, a plurality of testing means, each of
said tesiing means being selectively operable to test for
the presence of a corresponding one of said first signals,
each of said testing means being adapted to deliver a sec-
ond signal when the one of said first signals corresponding
thereto is detected thereby, and means responsive to any
one of said second signals for modifying the operation of
said data processing unit to commence executing in suc-
cession the commands of a second sub-group of said group
of commands,

21. In combination, a data storage unit for storing
a plurality of data items, first means for handling data
items, a data processing unit connected for access to said
data storage unit and adapted to execute a program of
distinct commands in sequential order by executing cor-
responding distinct operations on said data items, and
means for selectively providing communication between
said first means and said data storage unit during a
period of predetermined duration wherein no data item
is transferred between said data storage unit and said
data processing unit,

22. In combination, a data storage unmit for storing
a plurality of data items, first means for handling data
items, a data processing unit connected for access to said
data storage unit and adapted to execute a program of

5 distinct commands in sequential order by executing corre-

sponding distinct operations on said data items, and means
for selectively interrupting the access of said data proc-
essing unit to said data storage unit for an interval and for
providing communication between said first means and
said data storage unit during said interval.

23. In combination, a data storage unit for storing
a plurality of data items, first means for handling data
items, signalling means for providing a first signal when
said first means must communicate with said data storage
unit, a data processing unit connected for access to said
data storage unit and adapted to execute a program of dis-
tinct commands in sequential order by executing corre-
sponding distinct operations on said data items, means for
providing a second signal at a predetermined time during
execution of an operation by said data processing unit,
and means responsive to said first and said second signals
for providing communication between said first means
and said data storage unit during a pericd of predeter-
mined duration wherein no data item is transferred be-
tween said data storage unit and said data processing unit.

24. In combination, a data storage unit for storing a
plurality of data items, first means for handling data items,
signalling means for providing a signal when said first
means must communicate with said data storage unit,
a register for storing command items, a data processing
unit connected from access to said data storage unit and
responsive to the contents of said register for executing a
program of distinct commands in sequential order by exe-
cuting corresponding distinct operations on said data items,
means responsive to the contents of said register for pro-
viding a second signal at a predetermined time during the
execution of an operation by said data processing unit,
and means responsive to said first and said second signals
for providing communication between said first means and
said data storage unit during a period of predetermined
duration wherein no data item is transferred between said
data storage unit and said data processing unit.

25. In combination, a data storage unit for storing a
plurality of data items, a data processing unit adapted to
execute a program of distinct commands in sequential
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order by executing corresponding distinct operations on
said data items, first means for handling data items, signal-
ling means for providing a signal having two possible
states, said signal having one state when said first means
must communicate with said data storage unit, means
responsive to the other state of said signal for providing
uninterrupted access by said data processing unit to said
data storage unit, and means responsive to said one state
of said signal for interrupting the access of said data
processing unit to said data storage unit for a period and
for providing communication between said first means
and said data storage unit during said period.

26. In combination, a data storage unit for storing
a plurality of data items, a data processing unit adapted to
execute data processing operations on data items received
thereby, first means for handling data items, signalling
means for providing a first signal having two possible
states, said first signal having one state when said first
means must communicate with said data storage unit,
means responsive to the other state of said first signal for
providing uninterrupted access by said data processing
unit to said data storage unit, means for providing a sec-
ond signal at a predetermined time during the execution
of an operation by said data processing unit, and means
responsive to said second signal and to said one state of
said first signal for interrupting the access of said data
processing unit to said data storage unit for a period and
for providing communication between said first means
and said data storage unit during said period.

27. In combination, a data storage unit for storing
a plurality of data items, a register for storing command
items, a data processing unit responsive to the contents
of said register for executing a program of distinct com-
mands in sequential order by executing corresponding dis-
tinct operations on said data items, first means for han-
dling data items, signalling means for providing a first
signal having two possible states, said first signal having
one state when said first means must communicate with
said data storage unit, means responsive to the other state
of said first signal for providing uninterrupted access by
said data processing unit to said data storage unit, means
responsive to the contents of said register for providing
a second signal at a predetermined time during the execu-
tion of an operation by said data processing unit, and
means responsive to said second signal and to said one
state of said first signal for interrupting the access of said
data processing unit to said data storage unit for a period
and for providing communication between said first means
and said data storage unit during said pericd.

28. In combination, a data storage unit for storing a
plurality of data items, a data processing unit adapted to
execute a program of distinct commands in sequential
order by executing corresponding distinct operations on
said data items, first means for handling data items, signal-
ling means for providing a signal having two possible
states, said signal having one state when said first means
must communicate with said data storage unit, means re-
sponsive to the other state of said signal for providing un-
interrupted access by said data processing unit to said
data storage unit, means responsive to said one state of
said signal for interrupting access by said data processing
unit to said data storage unit and for interrupting the
execution of said program by said data processing unit,
means for providing communication between said first
means and said data storage unit following the interrup-
tion of execution of said program, and means for causing
said data processing unit to resume executing said pro-
gram following completion of said communication.

29. In combination, a data storage unit for storing
a plurality of data items, a data processing unit adapted
to execute a program of distinct commands in sequential
order by executing corresponding distinct operations on
said data items, first means for handling data items, sig-
nalling means for providing a signal having two possible
states, said signal having one state when said first means
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must communicate with said data storage unit, means
responsive to the other state of said signal for providing
uninterrupted access by said data processing unit to said
data storage unit, means responsive to said one state of
said signal for interrupting access by said data processing
unit to said data storage unit and for causing said data
processing unit to discontinue execution of said program
following completion of the operation being executed
when said one state of said signal occurs, means for pro-
viding communication between said first means and said
data storage unit following the discontinuance of execu-
tion of said program, and means for causing said data
processing unit to resume executing said program follow-
ing completion of said communication.

30. In combination, a data storage unit for storing a
plurality of data items, first means for handling data items,
first signalling means for providing a first signal when a
data item must be transferred from said first means to
said data storage unit, second signalling means for pro-
viding a second signal when a data item must be trans-
ferred from said data storage unit to said first means, a
data processing unit connected for access to said data
storage unit and adapted to execute a program of distinct
commands in sequential order by executing correspond-
ing distinct operations on said data items, and means re-
sponsive to one of said signals for providing communica-
tion between said first means and said data storage unit
during a period of predetermined duration wherein no
data item is transferred between said data storage unit
and said data processing unit,

31. In combination, a data storage unit for storing a
plurality of data items, first means for handling data
items, first signalling means for providing a first signal
when a data item must be transferred from said first
means to said data storage unit, second signalling means
for providing a second signal when a data item must be
transferred from said data storage unit to said first means,
a data processing unit connected for access to said data
storage unit and adapted to execute a program of distinct
commands in sequential order by executing correspond-
ing distinct operations on said data items, and means re-
sponsive to one of said signals for interrupting the access
of said data processing unit to said data storage unit for
an interval and for providing communication between
said first means and said data storage unit during said
interval.

32. In combination, a data storage unit for storing a
plurality of data items, data source means for supplying
data items, data receiver means for receiving data items,
a data processing unit connected for access to said data
storage unit and adapted to execute a program of distinct
commands in sequential order by executing corresponding
distinct operations on said data items, and means for se-
lectively interrupting the access of said data processing
unit to said data storage unit for an interval and for pro-
viding communication between one of said data means
and said data storage unit during said interval.

33. In combination, a data storage unit for storing a
plurality of data items, an input buffer, first peripheral
means for supplying data items to said input buffer, an
output buffer, second peripheral means for receiving data
items from said ountput buffer, a data processing unit con-
nected for access to said data storage unit and adapted
to execute a program of distinct commands in sequential
or.der by executing corresponding distinct operations on
said data items, and means for selectively interrupting
thel access of said data processing unit to said data storage
unit for an interval and for providing communication be-
tween one of said buffers and said daia storage unit during
said interval.

34. In combination, a data storage unit for storing a
plurality of data items, data source means for supplying
a sequence of data items, data receiver means for receiv-
ing a sequence of data items, first signalling means for
providing a first control signal when a data item must be
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transferred from said data source means to said data
storage unit, second signalling means for providing a
second control signal when a data item must be trans-
ferred from said data storage unit to said data receiver
means, a data processing unit connected for access to
said data storage unit and adapted to execute a program
of distinct commands in sequential order by executing
corresponding distinct operations on said data items,
means for providing a third signal at a predetermined
time during execution of an operation by said data proc-
essing unit, and means responsive to said third signal and
to one of said control signals for providing communica-
tion between the corresponding data means and said data
storage unit during a period of predetermined duration
wherein no data item is transferred between said data
storage unit and said data processing unit.

35. In combination, a data storage unit for storing a
plurality of data items, an input buffer, first peripheral
means for supplying a sequence of data items to said input
buffer, an output buffer, second peripheral means for re-
ceiving a sequence of data items from said output buffer,
first signalling means for providing a first control signal
when a data item must be transferred from said input
buffer to said data storage unit, second signalling means
for providing a second control signal when a data item
must be transfered from said data storage unit to said
output buffer, a data processing unit connected for access
to said data storage unit and adapted to execute a pro-
gram of distinct commands in sequential order by ex-
ecuting corresponding distinct operations on said data
items, means for providing a third signal at a predeter-
mined time during execution of an operation by said data
processing unit, and means responsive to said third signal
and to one of said control signals for providing com-
munication between the corresponding buffer and said
data storage unit during a period of predetermined dura-
tion wherein no data item is transferred between said data
storage unit and said data processing unit.

36. In combination, a data storage unit for storing
a plurality of data items, a data processing unit adapted
to execute a program of distinct commands in sequential
order by executing corresponding distinct operations on
said data items, data source means for supplying data
items, data receiver means for receiving data items, first
signalling means for providing a first signal having two
possible states, said first signal having one state when a
data item must be transferred from said data source means
to said data storage unit, second signalling means for
providing a second signal having two possible states, said
second signal having ont state when a data item must be
tra}nsferred from said data storage unit to said data re-
Celver means, means responsive to the other states of said
first and said second signals for providing uninterrupted
access by said data processing unit to said data storage
unit, and means responsive to the one state of one of said
sngpals for interrupting the access of said data processing
unit ‘tc_) said data storage unit for an interval and for
providing communication between the corresponding data
means and said data storage unit during said interval,

37. In combination, a data storage unit for storing a
plurality of data items, a data processing unit adapted to
execute data processing operations on data items received
then;by, data source means for supplying data items, data
fecetver means for receiving data items, signalling means
for providing a first signal having two possible states, said
first signal having one state when one of said data means
must communicate with said data storage unit, means
responsive to the other state of said first signal for pro-
v1dmg uninterrupted access by said data processing unit
to said data storage unit, means for providing a second
signal at a predetermined time during the execution of an
operation by said data processing unit, and means re-
sponsive to_ said second signal and to said one state of
said ﬁr§t s1gn§1 for interrupting the access of said data
processing unit to said data storage unit for a period
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and for providing communication between said data stor-
age unit and one of said data means during said period.

38. In combination, a data storage unit for storing a
plurality of data items, a data processing unit adapted to
execute a program of distinct commands in sequential
order by executing corresponding distinct operations on
said data items, data source means for supplying data
items, data receiver means for receiving data items, first
signalling means for providing a first signal having two
possible states, said first signal having one state when a
data item must be transferred from said data source
means to said data storage unit, second signalling means
for providing a second signal having two possible states,
said second signal having one state when a data item must
be transferred from said data storage unit to said data
receiver means, means responsive to the other states of
said first and said second signals for providing uninter-
rupted access by said data processing unit to said data
storage unit, means responsive to the one state of one of
said signals for interrupting the access of said data proc-
essing unit to said data storage unit and for causing said
data processing unit to discontinue execution of said pro-
gram following completion of the operation being exe-
cuted when said one state of one of said signals occurs,
means for providing communication between the corre-
sponding data means and said data storage unit following
the discontinuance of execution of said program, and
means for causing said data processing unit to resume
executing said program following completion of said com-
munication.

39. In a data processing system having a memory in-
cluding a plurality of locations each respectively storing
either an instruction or a data word;

a plurality of registers;

means for selectively accessing one of said instruc-

tion words from said memory and for storing said
instruction word in a first of said registers;

means for identifying a first data word stored in said

memory;

means for accessing said first data word from said

memory;

means for storing a test data word in a second of said

registers;

means for comparing said first and test data words in

accordance with a comparison criterion defined by
said accessed instruction word and for generating a
signal when said comparison satisfies said criterion;
and

means responsive to said accessed instruction word

stored in said first register and to the absence of said
signal for sequentially identifying and accessing other
data words stored in said memory and for sequen-
tially comparing said other data words with the data
word stored in said second register.
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