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ABSTRACT OF THE DISCLOSUIRE 
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, a signal is transmitted to the central data 
processing unit which provides the communication be 
rween the buffer register and the memory store. 
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4. 
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 unit 
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-speed 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 ready 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 itern 
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; 
FIGURE 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; 

5 

20 

30 

40 

5 5 

60 

75 

6 
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. 1; 
FIGURE 13 is a block diagram of the circuits provid 

ing the input signals to a flip-flop of the system; 
FIGURES 14a, 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 19a and 19b 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 107a, 107b, 107c and 107d illustrate logical 

schematic diagrams of the logical circuits providing des 
ignated logical combination signals in the Central Proces 
Sor, 
FIGURES 108a and 108b 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, 121b, 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 138a 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, 199a, 199b, 200-224, 

225a, 225b, 226a, 226b, 227, 228, 229a, 229b, 230a, 230b, 
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 Initial 
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, 242c, and 243-245 

are timing diagrams useful in explaining the operation of 
the system in executing operations employing the Multi 
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 

75 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 
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 I, lines 8-73; column 2; column 3, lines 
1-27 column 4, lines 55-75, 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. 

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 
a 1 is represented by a positive electrical signal and a 0 
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 5, 
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 ($), 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 

Symbol Single digit 
code 

O 0000 
1. 000 
2 0.010 
3 O011 
4. O100 
5 000 
6 1001 

1010 
8 011 
9 00 

010 
& 011 

101 
110 

forbidden 111 

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 5t 4th 3rd 2nd 1st 
digit digit digit digit digit digit 

Designator bit------ 5-bit-- 5-bit-- 5-bit-- 5-bit-5-bit--, 5-bit. 
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------------ -bit- - -bit 1-bit 1-bit. - 1-bit 1-bit. 

10- k0- 103 - x102 x10l. x100. 

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 
portion 

Condition - --- --- digit 
6t. 5th 4th digit 3rd 2nd st 
digit digit digit digit digit 

Dignator 5-bit-- 5-bit- Agentor 5-bit-- 5-bit-- 5-bit. 
sign bit...... 4-bit-- 4-bit- Bripoint 4-bit-- i-bit-- 4-bit. 

t. 
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-l. 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: 

ALPHIANUMERIC WORD 

3rd character 2nd character 1st character 

Condition digit 
6th 5th 4th 3rd 2nd 1st 
digit digit digit digit digit digit 

Designator bit 5-bit. - 5-blt. 5-bit-- 5-bit-5-bit. 5-bit. 
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-bit-- 1-bit-- 1-bit-lil-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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TABILE II 

Alphanumeric Two-digit Alphanumeric Two-digit 
character code character code 

0. 00 J 2 
0. K 22 

2 02 I 23 
3. (3 M 24 
4. (4 N 25 
5 05 O 26 
8 06 > 27 
7 07 Q 28 
8 08 R 29 
9 09 

(-) 20 
s 0s (--) 2, 
& 0. Rhift Case 2. 

09 
(,) (), S 32 
(...) 0. T 33 

U 3. 
A W 35 

12 W 36 
C 3 X 37 
) 4 Y 38 

E. 15 Z 39 
16 

( 17 Tab 38 
18 Stop 3& 

I 9 Normal Case 3. 
Space 0 

Carriage Return S 
Ignore & 

End of Information 

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 0001.23. 
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 7 is 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 total 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. 

(b) 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. 

(c) An alphanumeric word has no numeric portion 
and, therefore, no modulo-3. The mod-bits of such a 
word are set to the 1, 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 
erator 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: Consider the portion 
of the cycle of operation when the input signal is nega 
tive with respect to ground, but is increasing positively. 
At this time transistor 45 is non-conducting and tran 
sistor 46 is conducting. In this stable state, the base 

75 electrode of transistor 46 is at 0 volt (v.), or ground. 
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The collector electrode of transistor 45 is at --8 v., 
and capacitor 47 is charged to --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 45 increases positively and 
reaches O. 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 emitter 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 the input 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 45 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 50 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 voltage 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 

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 57 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 --10 v. 
When the gate input terminal 69 is enabled, a --6 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 -5 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 -10 v., will drive the emitter electrode of tran 
sistor 65 to only --6 v. Inasmuch as the base electrode 
of transistor 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 kc. 
rate, a --6 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 -5 v. level, no output clock pulses are delivered 
from the right-hand lead. When the gating signal is in 
creased to --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 
CDA 12, drive flip-flops and other clock pulse drivers. 
Clock 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 
parallel 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 respective transistors 101, 
102. The coupled transistor amplifier pair is connected 
to 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 flip-flop is operating. The two output am 
plifiers are designated respectively the 1-output ampli 
fier and the 0-output amplifier, and comprise the respec 
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 1-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 0-state, received at input terminal 107, and usually 
supplied by a logical gate, 

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

(e) An input signal for triggering the flip-flop to its 
0-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 0-state of the flip-flop is de 
livered at output terminal 111. 
The operation of the flip-flop 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 
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 101. 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 is 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 0-state, 
and when transistor 102 is conducting and transistor 10 
is non-conducting the flip-flop is in its 1-state. Thus, the 
state of operation of the flip-flop represents a binary digit. 
When the flip-flop is in its 0-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 --6 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 --6 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 0-state, a 0-output 
signal is provided by the 1-output terminal and a 1-out 
put signal is provided by the 0-output terminal. Thus, 
system elements adapted to respond to the flip-flop 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 flip-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 0-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 
age level. When a clock pulse is applied to terminals 
105 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 adequate 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 both 
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. If both logic inputs 
are in the 0-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-flop. 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 having a 4-6 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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20 
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 flip-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 A41 flip-flop. When the A41 
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 F1G. 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 0-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 it 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 #A41 op 
posite the fifth lead identifies the register transfer signal 
adapted to trigger the A41 flip-flop to the 0-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 0-states. However, although the A41 
or the A41 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 0-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 A41 has the dual function of identifying the A41 
flip-flop 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 0-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 0-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 --6 v. Therefore, the AND 
gate provides an output signal of approximately --6 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 of FIG. 5 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 -5 v. or -6 v. 
Current flows from a positive voltage source through re 
sistor 130 and the diodes 131, 132 and 133 to respective 
terminals 126, 127 and 128. If any one of the input 
signals is at the -5 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, Ta and Ts. Therefore, the output signal is 
denoted Tp Ta Ts. 
The expression Tp Ta 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 Ta 
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 Ta. This expression is read 
as “Tp AND Ta. 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 
--6 v., representing a binary 1, when any one or more 
of the input signals applied thereto represent binary 1's. 
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 en 
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 --6 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 --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 --6 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, Tg and Ts. Therefore, the output signal is 
denoted Tip-Ta-Ts. 
The expression Tip--Ta--Ts is the logic expression 

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

In verter 

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 
output signal of approximately --6 v., representing a 
binary l, 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 -4-6 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 -5 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. to --6 v. Capacitor 168 prevents bypassing the diode 
162, and thereby prevents saturation of transistor 153. 
The symbol 170, shown in FIG. 6, is employed 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 ISij. The output signal pro 
vided from terminal 157 is not logically inverted and is 
represented by the legend Sig. 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. 

Enzitter 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 gated 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 flip-flop 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 1-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 20t, 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 
1-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 --6 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-flop can be trig 
gered. 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 --6 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 second digit position of 
the N-register to the first digit position 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: 

if N11-SN N21 
Correspondingly, the output signal delivered at terminal 
210 may be represented as: 

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 Nll 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-flop 
to the corresponding register transfer input terminals of 
the N11 flip-flop, or to receive the contents of the A11 
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 1-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: 

N11 =SN N21 --XAN A11 
The output signals delivered by certain manually oper 

ated push buttons or switches are often directly connected 
to a flip-flop register input terminal which also has con 
nected thereto one or more register transfers. Actuation 
of such a button or switch usually provides a -- 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 0-input signal to the N11 flip-flop may be expressed as: 

where Kcc is a -- 12 v. signal when certain buttons on the 
Control Console are depressed. 
The symbol 212, shown in FEG. 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 N1 (i). 
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(i), which are adapted to store 
the second digit of the contents of the N-register. Syn 
bol 214 represents the four flip-flops, N1 (i), 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 onc-shot 
represents the binary 1 (1-state) and in the other state 
the binary 0 (0-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 0-state of the one-shot. This output anpii 
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 0-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 
voltage 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 transistor 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 --6 v., rep 
resenting a binary 1. 

In the stable state the collector electrode of transistor 
220 is approximately at +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 --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 -- 17 v., is applied to the base electrode of tran 
sistor 220, which thereupon commences conduction. 
When transistor 220 commences to conduct, the col 
lector electrode thereof experiences a sudden potential 
drop. This potential drop is coupled through capacitor 
232 to the base electrode of transistor 221. As the base 
electrode of transistor 22 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 more heavily. 
Thus, a regenerative action ensues, and transistor 220 
is transferred to the conducting state and transistor 221 
is rendered non-conducting. Transistor 22 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 resistor 235. The discharge time is also in 
frienced by the parallel-connected capacitor 236 and any 
ore or more of capacitors 237, 233 and 239, which may 
he connected to the "capacitor return" terminal 240. The 
disch:rge 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 bclow 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 emitter electrode. 
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 furic 
tion they perform, although all one-shot designations be 
gin with the letter "Y.” For example, the Yb1 desig 
nation refers 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 

5 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 
one-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 Yb 1 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 symbol indicates that the Yb1 flip 
flop receives the clock pulses provided by the CDA12 
clock pulse driver. The notation *Yb1 opposite the up 
per input lead identifies the logic input signal. The lead 
leaving the right-hand side of symbol 244 represents the 
output terminal. The notation Yb identifies the 0-out 
put signal of the Yh 1 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 Yb1 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 register comprises a plurality 
of flip-flops, one flip-flop for each bit of the data to be 
stored therein. Most registers of the system 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 Qman flip-flop, where Q identifies 
the register, n 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 

54 J64 

63 

44 

43 

Ja (J74) J34 J24 

Jm2 (J72) 

Jim 1 (J71) 

The most significant, or 7th, digit of the data word is 
stored in Ja, Js, Jna2 and Jnl. This set of flip-flops is 
also termed J74, J73, J72 and J7. 
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 flip-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 simultaneously 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-DETALS 
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 
uperand 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 en 
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 doll ble 
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 Memory 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 Memory 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 Wb-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 Wb-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 is 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 Jnput-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 90: 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 
tons. 

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 number (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 in 
struction if the D3 flip-flop is on. 

Instruction 63: Jump Unconditionally (JUN 
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 of the N-register are 
transferred to the B-register. 

. Comparison Operations 
Instruction 76: Is R. Greater Than M2 (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 L-R Greater Than M.A and 
MA-4-1? (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 D1 flip-flop 
is set. 

Instruction 71: Is R Unequal to M2 (RUM) 
The data word in the R-register is compared 

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

Instruction 81: Is L-R Unequal to MA and MA-- ? 
(FUM) 
The double-precision word in FULL is compared 

with a specified double - precision word in 
Memory, 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 is equal to or 
greater than the double-precision word in 
FULL. 

E. Sorting Operation 
Instruction 35: Tumhle (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 portion 
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 generated 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 
iating to conditions in various parts of the 
system 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 Jc, 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 portion 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: 

Kccc: Sw, Con Cons; FG. 19 
indicates that the Kecc signal is provided by closing a 
switch or button on the Control 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 (ii) following the identification of a flip 

flop indicates, generally, all flip-flops of a given register 
which bear a numerical suffix. For example, A(ii) 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 
nv-Inverter 
Key-Key 
Log-Designated logical combination signal 
OS-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-Blf-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(ii) : 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 dcpression 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 1-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 (ii): 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 1-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 1-state if the Central Processor fails to 
select a Sorter pocket after a document is read by 
the Character Reader. 

Ar(ii): FF, Cent Proc; FIGS. 52-55 
The 1-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. 

Atd: 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 Handler is 
disabled, 

Are: FF, Cent Proc; FIG. 105 
The 1-output signal of an alarm flip-flop which is 

set to the 1-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. 

Atm: FF, Cent Proc; FIG. 104 
The 1-output signal of a control flip-flop which, when 

set to the 1-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 (ii): 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(i): FF, Cent Proc; FIGS. 60-63 
The 1-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 1-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. 

Bkr: Log, Cent Proc; FIG. 107 
A signal which directs a Tape Handler to back one 

data block. 
Blk: FF, Cent Proc; FIG. 104 

The 1-output signal of a control flip-flop which, when 
set to the 1-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. 

Bls: Log, Cent Proc; FIG. 107 
A signal which counts the Wbk-counter up by 1 
whenever the write-memory address in the A 
register is a multiple of 20. 

Brf: FF, P-Buf; FIG. 35 
The 1-output signal of a control flip-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(ii): 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 
A1 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. 
Ca0-Cd'9: 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 

5 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 

O 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 

5 acter on a document. 
Cfd: FF, Cent Proc; FIG. 104 

The 1-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 

20 documents. 
Cfs: FF, Read-Buf; FIG. 177 

The 1-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 1-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. 

50 Cinr: Log, P-Buf; FIG. 138 
A signal which directs the transfer of the contents 

of the P7 flip-flops, or of the P7 and P flip 
flops, to the Cs flip-flops of the P-Buffer, when 
data is being transferred from the P-Buffer to the 
Control Typewriter. 
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55 Ckp: FF, Sort Con; FIG. 185 
The 1-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 

60 Character Reader. 
Cld: 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-Cod1: 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. 85 
The 1-output signal of a control flip-flop which, 
when set to the 1-state, directs the Sorter to con 
tinuously feed documents. 
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70 

75 
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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-Crdt: 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 1-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. 

Csc1, 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. 

Csy1, 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, 

Cw4-Cu1: 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. 

D1: 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. 

D2: FF, Cent Proc; FIG. 100 
The 1-output signal of a control flip-flop which, when 

set to the 1-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. 

D3: 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. 
Dcc: FF, Sort Con; FIG. 185 

The 1-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. 

Deco)-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 1-output signals of two control flip-flops which 
aid in retiming the data bits received by the Read 
Buffer from magnetic tape. 

Dt: FF, Cent Proc; FIG. 100 
The 1-output signal of a control flip-flop which, when 

set to the 1-state, indicates that a programmed in 
struction has not been executed because a system 
component was busy or was not prepared. 

Eip: 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. 

En24: 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. 

En59: Log, Cent Proc; FIG. 107 
A signal which issues during execution of an In 

struction 59 for setting 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 1-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. 
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Ei's: FF, Write-Buf; FIG. 151 
The 1-output signal of a sub-alarm flip-flop which 

is set to the 1-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. 07 
A signal which effects the resetting of the Ews flip 

flop when the state thereof is interrogated by ex 
ecution of an Instruction 54. 

Firl-Ftr10: Tape Con; FIGS. 37 and 39 
The 1-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, Gn 1: 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 Grn 1 flip-flop is also employed to 
suppress the type-out of the most significant 0's 
in the P-register. The Gn2 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. 

Gn4: 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. 

Gmit: 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 Gn3 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, Ha(ii): Mem; FIG. 121 
The input signals to the logic input terminals of the 

respective inhibit drivers of the Memory. 
Hist: FF, Cent Proc; FIG. 101 

The 1-output signal of a control flip-flop which, 
when set to the 1-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. 

Ht 1, H12: FF, Cent Proc; FIG. 102 
The 1-output signals of a pair of control flip-flops 

which function to halt the operation of the Data 
Processing System. 

Icb: 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. 

Icon: Inv, Cent Proc; FIG. 109 
The true output signal of an inverter which issues 

to reset the Hill and Hit2 flip-flops and thereby 
to place the system in the normal data processing 
mode. 

Icsp, Ics6-cs1: Inv, P-Buf; FIG. 138 
The true output signals of seven inverters which 

provide 1- and 0-logic input signals to the corre 
sponding flip-flops of the Cs character register of 
the P-Buffer. 

5 

5 

2) 

25 

30 

35 

40 

GO 

O 

75 

40 
End: 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. 

IErr: 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 1-output signals 
of the corresponding M-register flip-flops M14 
M11. 

IMj4, IMil: Inv, Cent Proc; FIG. 109 
The true output signals of four inverters which pro 

vide inverted logic signals for the corresponding 
Mj4-Mil 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. 12 
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 1-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. 

IN.pd: 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. 

Ipc: 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, pm 1: Inv, P-Buf; FIG. 138 
The true output signals of four inverters which pro 

vide 1- and 0-logic input signals to the corre 
sponding Pa, Ps, Pm2 and Pn 1 flip-flops of the 
P-register. 

IQd, IQs, IQm2, IQm 1, IQ(ii): Inv, 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. 

Rem: 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 
Sane, if either of these two digit positions con 
tains an asterisk (*), or if both the designator 
bits and the sign bits of the J- and R-registers are 
alike. 

IRgn: 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 Kitc 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. 

Ity: 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 
W4-V1 logical combination signals. 

IVa4-Wal: Inv, Cent Proc; FIG. 109 
The true output signals of four inverters which pro 

vide inverted logic signals for the corresponding 
Wa4-Val logical combination signals. 

IVb4-IVb 1: 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 

1- and 0-logic input signals for the Vc flip 
Op. 

IVs3: Inv, Cent Proc; FIG. 109 
The true output signal of an inverter which provides 
E. 1- and 0-logic input signals to the Vs3 flip 
Op. 

IVsa: Inv, Cent Proc; FIG. 109 
The true output signal of an inverter which provides 

A. 1- and 0-logic input signals to the Visa flip 
op. 

IXMJ: Inv, Cent Proc; FIG. 109 
The true output signal of an inverter which provides 

an inverted logic signal for the Gate-XMJ 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. 

IYbl, IYb2: 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 Yb2 one-shots. 

IYok: 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 Yep one-shot. 

Iycrit: 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: Inv, 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 0-output signals of either the Yfr 
one-shot or the Ypr one-shot. 

Iytc: Inv, P-Buf; FIG. 138 
The true output signal of an inverter which provides 

an inverted logic signal for the 0-output signal of 
the Ytc one-shot. 

IZc: Inv, Cent Proc; FIG. 109 
The true output signal of an inverter which directs 

execution of instructions in proper sequence during 
a Zingle-Cycle operation. 

IZn: 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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Ja, Js, Jim2, Jm 1, J (ii): 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. 

Ja1, 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 Ma2. 

Jc: 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 con 
parison. 

Jrn2O: FF, Cent Proc; FIG. 101 
The 1-output signal of the control flip-flop which, 
when set to the 1-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. 

Jing2, Jng 1: FF, Cent Proc; FIG. 99 
The 1-output signals of the two flip-flops of the J 

Mod-generator, which are primarily employed to 
accumulate the modulo-3 of the contents of the J 
register or the L-register. 

Jngd: Log, Cent Proc; FIG. 107 
A signal which effects the decrease by l of the num 

ber represented by the Jing2, 1 flip-flops, in re 
sponse to a digit having a modulo-3 of -1. 

Jngit: log, Cent Proc; FIG. 107 
A signal which effects the increase by 1 of the nun 
ber represented by the Jimg2, 1 flip-flops, in re 
sponse to a digit having a modulo-3 of -1. 

Jria: FF, Cent Proc; FIG. 104 
The 1-output signal of a control flip-flop which, when 

set to the 1-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 1-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 0-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. 
Kacr: 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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Karn: Sw, Con Cons; FIG. 19 
A logic level signal which issues when the ALPHA 
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; "Control 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. 

Klsh: 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 button is depressed, and which causes 
the system to start normal data processing. The 
Kch signal is normally in the 1-state, but is trans 
ferred to the O-state when the COMPUTE but 
ton is depressed. 

Kcc: 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. 

Kccc: Sw, Con Cons; FIG. 19 
A preemptive signal which issues when the COM 
PUTER CLEAR button is depressed, and which 
clears the Central Processor. 

Kcf: 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 one compute, single-cycle or zingle-cycle 
operation takes place for each depression of the 
corresponding A, S or Z key. 

Kasl-Kasé: Sw, Con Cons; FIG. 19 
Logic level signals which issue 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 Buffer 
and Tape Control Unit. 

Ken 1, 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 
Ken 1 signal is normally in the 0-state and the 
Ken2 signal is normally in the 1-state. When the 
Enable key is depressed, the Ken 1 signal is trans 
ferred to the 1-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 

44 
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 
5 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 
O A logic level signal which changes state when the 

KEY switch on the Control Console is unlocked. 
The Key2 signal is normally in the 1-state, but is 
transferred to the 0-state when the KEY switch 
is unlocked, 

li5 Kfc: Con Typ; "Control Typewriter' section 
A timing signal transmitted from the Control Type 

writer to the P-Buffer control circuits when the 
Seven bits of a character are fully represented by 
the signals KF-6, p and is ready for insertion 

20 in the P-register. The Kfc signal is normally in 
the 1-state, but is transferred to the 0-state when 
a character is ready for transmittal. 

Kfi: Con Typ; "Control Typewriter' section 
A signal which issues when the Control Typewriter 

25 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 

30 parity bit. 
Kh: Key, Con Typ; "Control Typewriter' section 

A Control Typewriter special signal which issues 
when the H key is depressed, after the Enable key 
has been depressed. This signal causes the Central 

35 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, 

40 Kho1, Kho2: Sw, Con Cons; FIG. 19 
A pair of logic level signals which change state when 

the ALARM HALT OWERRIDE switch on the 
Control Console is closed. Closure of the 
ALARM HALT OVERRIDE switch causes the 

45 Central Processor to continue its normal instruc 
tion sequence without halting, although an alarm 
flip-flop may set. The Khol signal, which is nor 
mally in the 0-state, is transferred to the 1-state 
and the Kho2 signal, which is normally in the f 

50 state, is transferred to the 0-state when the ALARM 
HALT OVERRIDE switch is closed. 

Ki: Key, Con Typ; "Control Typewriter" section 
A Control Typewriter special signal which issues 

55 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. 

Kl: Key, Con Typ; "Control Typewriter" section 
A Control Typewriter special signal which issues 

60 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. 

Klin1, Klim2: Sw, Con Cons; FG. 19 
A pair of logic level signals which change state when 

65 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 

70 tions, the Klim2 signal is normally in the 1-state 
and the Klm 1 signal is normally in the O-state. 
However, when one of these four switches is 
closed, the Klim2 signal is transferred to the 0 
state and the Kin 1 signal is transferred to the 1 

5 state, whereupon the instruction in the I-register 



27,157 
45 

is executed repeatedly and the address portion 
thereof is increased by 1 each time the instruction 
is executed. 

Klm 1.g.: 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 Klin 1g signal causes the automatic al 
ternating between a P-Buffer operation and execu 
tion of an instruction which remains in the instruc 
tion register. 

Kind: 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 Kln1d 
signal, which is normally in the 1-state, is trans 
ferred to the O-state when the MEMORY DUMP 
switch is closed. 

Klimp: 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, Con 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. 

Knt.1, Knt2: 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 Knt 1 signal, which is normally 
in the 1-state, is transferred to the 0-state and the 
Knt.2 signal, which is normally in the 0-state, is 
transferred to the 1-state, when the INHIBIT 
TYPE-OUT switch is closed. 

Kipc: 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 Kp 1 
6, p signals, and is ready for insertion in the P register. 

Kpco: Sw, Con Cons; FIG. 19 
A preemptive signal which issues 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-Kp 1: 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. 

Kqv: 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 Kaw 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; FG. 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. 

Kry 1, 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 0-state, is transferred to 
the 1-state and the Kry2 signal, which is normally 
in the 1-state, is transferred to the 0-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. 

Ki: Key, Con Typ; "Control Typewriter" section 
A Control Typewriter special signal which issues 
when the T key is depressed, after the Enabie 
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. 

Kitc: Con Typ; "Control Typewriter" section 
A signal which changes state whenever any one 

of the Kb, Ki, Kl, Kn, Kr, or Kt signals issues, and 
which initiates a type-out sequence. The Ktic sig 
nal, which is normally in the 1-state, is transferred 
to the O-state, when one of the six above-identified signals issues. 

Ktcc: 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. 

Ktf: 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, Ln2, Ln 1, L(ii): FF, Cent Proc; FIGS. 73-79 
The 1-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 following receipt 

thereby of the Prt signal, to notify the Write 
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Buffer that the Printer has been turned on and Mwt: Log, Cent Proc; FIG. 107 is ready to receive data. A signal which gates a new word into the M-register 
Lir: FF, Write-Buf; FIG. 155 from the R, the Rb or the R-register for storage 

The 1-output signal of a control flip-flop which, in the addressed memory location. 
when set to the 1-state, orders the Central Proc- 5 N(ii): FF, Cent Proc; FIGS. 80-83 
essor to perform an operation to transfer a word The 1-output signals of the 16 flip-flops of the M 
from Memory to the Write Buffer. register, which stores the address of the next 

Md. Ms., M12. Mr 1, M (ii): FF, Mem; FGS. 114-120 instruction to be received by the Central Processor 
The 1-output signals of the 28 flip-flops of the M- from Memory. 

register, which temporarily holds the data word li Na0-Nas: Log, Tape-Con; FIG. 158 
that is to be stored in the Core Memory, or tem- A signal which issues in response to a corresponding 
porarily holds the data word that is read from address in the Wit-register to connect the 10 write 
the Core Memory. drivers to the write heads of the addressed Tape 

M3 g : FF, Cent Proc; FIG.95 Handler. The 1-output signal of a control flip-flop which, 15 NBtdo-NBtd9: Tape Con; "Tape Control Unit" section 
when set to the 1-state, directs that an operation A signal generated by the corresponding Tape Han 
be executed to generate mod-bits for a designated dler and the Tape Control Unit to reset the corre 
data word. sponding S(i) flip-flop when tape of the Tape 

Ma 1, Ma2: FF, Cent Proc; FIG. 98 Handler addressed thereby has been completely 
The 1-output signals of a pair of control flip-flops, 20 rewound. 

which provide the sum of the mod-bits of the two Npd: Log, Sort Con; FIG. 187 
numbers added by the Arithmetic Unit. This sum A signal which changes state to set the Anpd sub 
is compared with the contents of the Vng t and alarm flip-flop of the Central Processor, if the Cen 
Vng2 flip-flops to provide a test of the correctness tral Processor fails to select a Sorter pocket after 
of the result of an arithmetic operation. 25 a document is read by the Character Reader. 

Mc: Log, Cent Proc; FIG. 107 Nr.0-Nr9: Log, Tape Con; FIG. 183 
A signal which issues following failure of a com- A signal, which issues in response to a corresponding 

parison between the sum of the mod-bits of the address in the Rt-register, and which enables the 
two numbers added by the Arithmetic Unit and the read preamplifiers connected to the read heads 
mod-bits of the sum. 30 of the addressed Tape Handler, 

M1-Mc4: FF, P-Buf; FG, 129 Nrb: Log, Tape Con; "Tape Control Unit" section 
The 1-output signals of four control flip-flops which A signal which issues during execution of an Instruc 

determine and direct the particular type of oper- tion 65 to direct the transfer of the designated 
ation being performed by the P-Buffer. The Mc3 Tape Handler address from the LSD position of 
flip-flop is also employed to indicate that the P- 35 the A-register to the Rt-register of the Tape Cor 
register contains a data word, trol Unit. 

Mca: Log, Cent Proc; FIG. 107 Nwb: Log, Tape Con; "Tape Control Unit" Section 
A signal which initiates the first half of the memory A signal which issues during execution of an In 

cycle, wherein the word in the addressed memory struction 66, 67, or 68 to direct the transfer of the 
location is transferred to the M-register and the 40 designated Tape Handler address from the LSD 
addressed memory location to be cleared. position of the A-register to the Wit-register of the 

Mcb: Log. Cent Proc; FIG. 107 Tape Control Unit. 
A signal which initiates the second half of the memory Ov: FF, Cent Proc; FIG. 98 

cycle, wherein the word read out from the Core The 1-output signal of a control flip-flop which, when 
Memory during the first half of the memory cycle : set to the 1-state, indicates that the sum or the 
may be restored to the addressed memory location, difference of the two numbers applied to the 
or a new word from the R, Rb or P-register may Arithmetic Unit is too great to be placed in the 
be inserted into the addressed memory location. allotted number of register digit positions. The 

Mil, Mi2: FF, P-Buf; FG. 135 Ov flip-flop also sets during Instruction 43 if the 
The 1-output signals of a pair of control flip-flops 0 quotient will be too large for the allotted register 

which direct operations wherein data is transferred space. 
to the I-register, the P-register, the R-register or Pd, Ps, Pm2, Pm1, P(ii): FF, P-Buf; FIGS. 122-128 
to Memory with the Central Processor in the The 1-output signals of the 28 flip-flops of the P 
halt mode. register, which temporarily stores the data being 

is Mi-4-Mi 1: Log, Cent Proc; FIG 107 transferred through the P-Buffer. 
The output signals delivered by the J-Mod-generator Pbn: Log, P-Buf; FIG. 138 

input gates, and which represent the digit contents A signal which gates the SB and SBB clock drivers 
of the J1 flip-flops or the L1 flip-flops, according to ring shift the contents of the B-register and 
to the state of the M3g flip-flop. which gates the SN clock driver to ring shift the 

Mof: Log, Mem; FIG. 121 6() contents of the N-register during a register type 
A signal which issues if an overflow occurs when the out operation. 
two least significant digits of the word in the M- Pbz: Log, P-Buf; FIG. 138 e w P 
register are incremented by 2 as the word is re- A signal which issues if the P-register is receiving 
stored to its Core Memory location. t from the Control Typewriter or the Photo 

MPd, MPs, MPna2, MPn 1, if : ti5 reader, or is transmitting data to the Control section s p m 1, MP(ii) : Mem; "Memory Typewriter, thereby indicating that the P-register 
is busy. 

Pod: Log, Read-Buf; FIG. 183 
A signal which issues, while checking column parity 

Memory. y w 70 of the tape digit --- - 
Msc1, Msc2: FF, Cent Proc; FIG. 102 2."E.E.S.E ...A. flip-flops, if the 

The 1-output signals of a pair of control flip-flops, Pce: Log, Read-Buf; FIG. 183 
which are employed, when starting from the halt A signal which issues, while checking column parity 
mode, to insure that only one cycle of the specified of the tape digit in the Rin 1-5 flip-flops, if an even 
operation takes place. 75 number of 0's is present in Rin 1-3. 

The signals delivered by the read-out windings of 
the respective 28 memory planes of the Core 
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Pco: 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 odd 
number of 0's is present in Rin 1-3. 

Pcs: Log, Read-Buf; FIG. 183 
A signal which issues, while checking column parity 

of the tape digit in the Rin 1-5 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. 

Pig 1: Log, P-Buf; FIG. 138 
A signal which issues to gate Ignore characters into 

the P-register during alphanumeric input opera 
tions of the P-Buffer, 

Pig.2: Log, P-Buf; FIG. 138 
A signal which issues, in the absence of the Pig.1 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. 

Pribg: 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 I-register, 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. 

Pri: FF, Write-Buf; FIG. 155 
The 1-output signal of a control flip-flop which, when 

set to the i-state, aids in controlling the Write Buf 
fer when data is being transferred to the Printer. 

Prid: 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-Ps 1: 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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Pwc1, 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 O's in the digit in the Pwr flip 
flops and thereby writes a 0 for the corresponding 
column parity bit. 

Pwc3, Pwca: 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, Rm 1, R(ii): 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. 

Ra1, 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 Ma 1 and Ma2. 

Ra(ii): FF, Read-Buf; FIGS. 159-162 
The 1-output signals of the 16 flip-flops of the Rat 

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, Rbm 1, Rb (ii): 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. 

Rd 1, Rd 2: 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. 

Rds 1, Rds2: FF, Read-Buf; FIG. 176 
The 1-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 dur 
ing a P-Buffer Qutput operation. 
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ReB : FF, Read-Buf; FIG. 175 
The 1-output signal of a control flip-flop which, 
when set to the 1-state, indicates that the Read 
Buffer is busy receiving data from a Tape Han 
der 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 y-block marker is 
sensed as data is being read from magnetic tape, 
to denote the end of a block of data. 

Rgn: Log, Cent Proc; FIG. 107 
A signal which represents a binary 1 if the digit 

in the LSD position of the R-register is greater 
than the digit in the LSD position of the J-reg 
ister. 

Rin 1-Rin5: 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. 

Rinó-Rin10: FF, Read-Buf; FIGS. 171, 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 
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. 

Rnt: 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 B-block marker is 
sensed as data is being read from magnetic tape, 
to denote the beginning of a block of data. 

Rf4-Rt 1: FF, Tape Con; FIG. 178 
The 1-output signals of the four flip-flops of the 

Rt-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 1-output signal of a control flip-flop which, 
when set to the 1-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-S9: 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 9's 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 A1 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. 
Sin 1: 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 Rin 1-Rin4 Read 
Buffer flip-flops to gate data thereto from the cor 
responding Ftr1-Ftr4 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-Rin 10 Read 
Buffer flip-flops to gate thereto from the cor 
responding Ftr7-Fitr 10 read amplifiers. 

SJ: 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. 

SJLn: 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. 5. 

SJLs: Log, Cent Proc; FIG. 107 
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A signal which gates the contents of the 14 and 
J 13 flip-flops to the respective L74 and L73 flip 
flops. 

SJngL: Log, Cent Proc; FIG. 107 
A signal which gates the contents of the Jimg2 and 
Jng 1 flip-flops of the J-Mod-generator to the re 
spective L72 and L71 flip-flops. 

SJngR: Log, Cent Proc; FIG. 107 
A signal which gates the contents of the J14 and 

J13 flip-flops to the respective R74 and R73 flip 
flops and the contents of the Jmg2 and Jimg1 
flip-flops of the J-Mod-generator to the respective 
R72 and R71 flip-flops. 

Sip: Log, P-Buf; FIG. 138 
A signal which gates the contents of the J1 flip 

flops to the corresponding P7 flip-flops. 
SJRm: 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. 

SLL7: 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 1-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-flops. 

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. 

SPvr: 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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SR 16: 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 shift 
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 Rinó-Rin 10 
flip-flops to the corresponding Rin1-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 B1 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 
A. Arithmetic Unit to the corresponding L7 flip 
ops. 

SVngL: Log, Cent Proc; FIG. 107 
A signal which gates the contents of the Vmg2 and 
Vng 1 flip-flops of the Arithmetic Unit V-Mod 
generator to the respective L72 and L71 flip-flops. 

SVngR: Log, Cent Proc; FIG. 107 
A signal which gates the contents of the Vng2 and 
Vng 1 flip-flops 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. 



27,157 
55 

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 SWa1 clock pulses are also applied to register 
transfers to shift the contents of the Wb7 flip-flops 
to the Wa1 flip-flops. 

SWa2: 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 Wa3 flip-flops 
to the corresponding Pwr flip-flops of the Pwr 
register. 

SWb1/4: 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 Wb3-Wb1 digit 
positions of the Wb-register. The SW b1/4 clock 
pulses are also applied to register transfers to shift 
the contents of the Wb3 flip-flops to the Wb4 flip 
flops. 

SWb5/7: 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 Wba-WB7 
digit positions of the Wb-register. 

SWb7-4: 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 Wo1-Wo4 flip-flops 
and the contents of the Wa3 flip-flops to the cor 
responding Wo6-9 flip-flops. 

SWot: 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-Wol O 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, Tb1, Tb7, Tb3, Ti, Ty: 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, Tb, Ta, 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. 

Ta2: Log, Cent Proc; FIG. 107 
A signal which identifies one of the 48 states of the 

timing circuit. 
Tca, Tch, Tcc: FF, P-Buf; FIG. 133 

The 1-output signals of the three flip-flops of the Tc 
counter, which directs the sequence of the steps of 
the P-Buffer in executing an operation. 
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Tp, Ta, Ts: FF, Cent Proc; FIG.91 

The 1-output signals of the three flip-flops of the 
T-counter, which is the fundamental unit of the 
timing circuit of the Central Processor. 

5 Tri-TrS: 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, Tsb, 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 
ccntrol 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. 

Tw1-Twó: 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-Vb 1: 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. 

Vict: 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 
Vc flip-flop. 

Vmg2, Vng 1: FF, Cent Proc; FIG.99 
The 1-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. 

Vngd: Log, Cent Proc; FIG. 107 
The signal which effects the decrease by 1 of the 
number represented by the Vngd2, 1 flip-flops in 
response to a digit having a modulo-3 of -1. 

Vngu: Log, Cent Proc; FIG. 107 
A signal which effects the increase by 1 of the num 

ber represented by the Vngd2, 1 flip-flops in re 
sponse to a digit having a modulo-3 of -1. 

Vs1-Vs4, Visa: 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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W1-W3: FF, Cent Proc; FIG. 103 

The 1-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(ii): 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 Wb-register and 
transmits this data to a Tape Handler for storage 
on magnetic tape, or to the Printer. 

Wbd, Wbs, Wbm2, Wbm1, Wb(ii): FF, Write-Buf; 
FIGS. 142-148 
The 1-output signals of the 28 flip-flops of the Wib 

register, which temporarily stores the data being 
transferred through the Write Buffer. The Wib 
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-Wbk3: FF, Write-Buf; FIG. 154 
The 1-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 1-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 y-block marker is 
sensed as data is being written on magnetic tape, 
to denote the end of the block space. 

Wo1-Wo5: FF, Write-Buf; FIGS. 149, 151 
The 1-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 at-block marker is 
sensed as data is being written on tape, to denote 
the beginning of a block space. 

10 Wt4-Wt1: FF, Tape Con; FIG. 157 
The 1-output signals of the four flip-flops of the 

Wi-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 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 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; FG. 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 Wibk 
counter flip-flops to the corresponding A11, A12, 

40 and A13 flip-flops. The XAt A clock pulses are 
also applied to a register transfer to shift a 0-bit 
to the A14 flip-flop. 

XAvA: CP, Cent Proc; FIG. 108 
The clock pulses which are delivered by a gated 

4s 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. 

XJI: 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 1-output signals 

60 of the M4, M3, and M2 flip-flops are applied to 
the corresponding A-register flip-flops; however, 
both the 1-output signals of the M1 flip-flops and 
corresponding inverted signals are applied to the A 1 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 
1-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 J 1 flip-flops. 

65 
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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 Wb-register. Only the 
1-output signals of the M-register flip-flops are 
applied to the corresponding Wb-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. 

Xr 1, 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 Ftrl-Fitr S and Ftró-Fitr 10 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 

clock pulse driver and which are applied to regis 
ter transfers to clear the J7-J2 flip-flops of the 
J-register and to shift the contents of the J2 flip 
flops to the J 1 flip-flops. 

Y1, Yb2: OS, Cent Proc; FIG. 106 
The 0-output signals of a pair of one-shots, which 

control certain audible indications that are de 
manded by the Central Processor. 

Yei: 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 0-output signal of a one-shot, which remains 

in its unstable state during the period when each 
character is being read from a document. 

Yort: OS, P-Buf; FIG. 137 
The 0-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. 

Yeo: OS, P-Buf; FIG. 136 
The 0-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. 

Yfr: OS, P-Buf; FIG. 136 
The 0-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 0-output signal of a one-shot, which controls 

the period when the Sou-register may receive a 
new pocket decision. 

Ypr: OS, P-Buf; FIG. 136 
The 0-output signal of a one-shot, which indicates 

that character signals are ready to be supplied by 
the Photoreader. 

Yro: OS, Sort Con; FIG. 186 
The 0-output signal of a one-shot, which gates the 

contents of the Sout-register to the Sorter. 
Yic: OS, P-Buf; FIG. 136 

The 0-output signal of a one-shot, which gates the 
character in the Cs flip-flops of the P-Buffer to the 
Control Typewriter. 

Yrd, Yid2: OS, Read-Buf; FIG. 182 
The 0-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 A1 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. 

Zn: Log, Cent Proc; FIG. 107 
A signal which issues during a multiplication opera 

tion when the multiplicand 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 O'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--Ta indicates that the 
logical operation of Inclusive-Or is performed on the 
Tp and Ta 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 
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the nth order bit in the m digit order of the Q-register. 
For example, the J 13 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(ii) 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 register 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 diagrams 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-flop 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 "flip-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.e., see FIG. 108. 
The four types of logical schematic diagrams; namely, 

"flip-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 dia 
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 
(FIG. 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, Tb7, and Tal 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 
c. 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 illus 
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 flip-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 Cld and Clu signals of FIG. 107. 
The Cld signal is the output signal of AND-gate 251 

(FIG. 3). AND-gate 251 receives the Tal output signal 
of the Tal flip-flop, the Tb7 output signal of the Tb7 flip 
flop, and the Us output signal of the Us flip-flop. The 
output signal of AND-gate 251 is represented cy: 

Cld-Tb7 Tad Us 
where Tb7 Tal 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 Tb7 Tal Us may also be employed to illustrate the 
logical circuit which generates the Cld 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 Tb7 flip-flop and the Tal 
output signal of the Tal flip-flop. The output signal of 
AND-gate 252 is represented by 

TB7 Tal Us 
AND-gate 253 receives the C63 output signal of the C63 
flip-flop, the C51 signal of the C51 flip-flop, the Tb8 signal 
of the Tb8 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 

C63 C51 Tb8 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 Tal Us--C63 C51 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 F.G. 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 

L13--L12 
AND-gate 258 receives the L11 output signal of the 

L11 flip-flop, the output signal of OR gate 257, and the 
Cld output signal of AND-gate 251. The output signal 
of AND-gate 258 is represented by 

Cld Lll (L13-L12) 
AND-gate 259 receives the Ll output signal of the 

L13 flip-flop, the Clu output signal of OR-gate 254, and 
the L11 output signal of the L11 flip-flop. The output 
signal of AND-gate 259 is represented by 

Clu 13 
OR-gate 260 receives the output signals of AND-gate 

258 and AND-gate 259. The output signal of OR-gate 

0 

20 

25 

30 

45 

50 

O 

85 

70 

75 

64 
260, which is the "L11 input signal to the L11 flip-flop, 
is represented by 

* L11 sciu L13 Lill--Cld Lll (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 
L11=(Clu-Cld) L1 

illustrates the logical circuit which generates the "L11 
signal. 
The register transfer input signals #L11 and #L11 are 

received by the Li 1 flip-flop from two of the eight 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, L23, L22, 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 #L11 are represented re 
spectively by: 

#LiSA L2 
Therefore, the above two logical schematic diagrams also 
illustrate the register transfer logical circuits which gen 
erate the #L11 and #Lili 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 data 
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 I-register 272, the L-regist 
273, the N-register 274, and the R-register 275. Th 
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. 48-105, 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; FIG. 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 A1 
flip-flops are transferred to the C6 flip-flops upon appli 
cation of the SAC clock signal to the register transfers 
which connect the output terminals of the A1 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 XJ 
clock signal to the register transfers which connect the 
output terminals of the Jó-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 terminals of the A 
flip-flops. The A-register flip-flops are adapted to receive, 
by parallel shift, the contents of the corresponding flip 
flops of the Aw-register upon application of the XAA 
clock signal to register transfers which connect the output 
terminals of the Aw flip-flops to corresponding input ter 
minals of the A flip-flops. 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 1-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 Ml 
flip-flops are applied to the corresponding A1 flip-flops. 
The A11, A12, and A13 flip-flops are adapted to re 

ceive the contents of the corresponding Write Buffer Wbkl, 
Wbk2, and Wbk3 flip-flops upon application of the XA1A 
clock signal to register transfers which connect the output 
terminals of the Wbk flip-flops to corresponding input ter 
minals of the A11, A12, and A13 flip-flops. When the 
XAtA signal transfers the Wbk-counter contents to the 
A11, A12, and A13 flip-flops, a binary 0 is transferred to 
A14. 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 logical 
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 thic 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 
0-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 storage of a document in a designated pocket. 
The contents of the A1 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-flops of the P-register (FIGS. 
12 and 14) upon application of the SPC clock signal to 
register transfers which connect the output terminals of 
the P1 flip-flops to corresponding input terminals of the 
C6 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. e 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 of 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 simuli 
taneous issuance of the clock signals SBB 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 transrinitted 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 
J7-J2 flip-flops, however, receive only the 1-output signals 
of the corresponding M-register flip-flops. The J1 flip 
flops, however, receive both of the 1-output signals and the 
0-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 Jó-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 Wa input AND 
gates of the Arithmetic Unit. The contents of the J1 flip 
flops may also be transmitted to the J-Mod-generator 
277. 
The J-Mod-generator 277 comprises the Jng2 and Jingl 

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 flip-flops. 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 flip-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 R6 flip-flops. 
Therefore, the entire contents of the R-register are 
ring shifted-down by the simultaneous issuance of the 
SRRn, 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 SR 16 and SR clock signals. 
The R7 flip-flops are adapted to receive the contents 

of the corresponding J1 flip-flops of the J-register upon 
application of the SJRm 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 Jng2 and Jing 
flip-flops of the J-Mod-generator upon application of the 
SJngR 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 J 13 flip-flops upon 
application of the SmgR logical combination signal to 
logical gates which connect the output terminals of the 
14 and J13 flip-flops to corresponding input terminals of 

the R74 and R73 flip-flops. The R7 flip-flops are adapted 
to receive the contents of the corresponding B1 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 Ll 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 
Vng2 and Vng 1 flip-flops of the Arithmetic Unit V 
Mod-generator upon application of the SVng R 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 Ll 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-flops 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 1-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 L14 
and L13 flip-flops to corresponding input terminals of 
the L74 and L73 flip-flops. 
The L74 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 J 14 and J 13 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 11 flip-flops upon application of 
the SJ Lim 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 
Jng2 and Jing 1 flip-flops of the J-Mod-generator upon 
application of the SJmgL logical combination signal to 
logical gates which connect the output terminals of the 
Jng2 and Jing 1 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 corespond 
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, SR76, 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 R1 
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 Vng2 and 
Vng 1 flip-flops of the Arithmetic Unit V-Mod-generator 
upon application of the SVng L. 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, Ta, 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 en 
ployed. 

Other Central Processor flip-flops are employed pri 
marily to perform control functions. The Ai, Amn, 
Anpd, and Ate flip-flops (FIG. 105) function as alarms 
to notify the Central Processor when a particular mal 
function or other unusual incident has occurred. The 
Aim 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-Subroutine, 
wherein the contents of the B-register are added 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 Dt 
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 Hit 1 and H12 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 Jn20 flip-flop (FIG. 101), 
when on, directs a blockette variation of the Write Buffer 
operation then being executed. 
The Jng 1 and Jing2 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 employed during branch 
and jump instructions to prevent the transfer of the next 
instruction address to the A-register. The Jr and Jw flip 
flops (FIG, 101) direct respective Multiplex Buffer read 
and write operations. The M3g flip-flop (FIG.95), when 
set, directs that an operation be executed to generate mod 
bits for a designated data word. The Msc1 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, 
Tb, Tb1, Tb7, Tb8, Tai, 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 Yb2 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 ti 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 t1 and a new instruction com 
cCS 

The timing circuit comprises the Tp, Ta, Ts, T1, Ta, 
Ta3, Ta8, Tb, Tb1, Tb7, Tb8, Ta, 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, Ta, Ts, Ta, Tb, Tad, Ty, and Tz flip-flops. 
The T1, Ta3, Ta8, Tb1, Tb7, Tb8, Ti, and Ty flip-flops 
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 Tb1 flip-flop is 
in the 1-state whenever the logical combination Tip Ta 
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Ts Ta Tb exists. The Ta2 signal issues whenever Tp 
Tg Ts 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, Ta, 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 

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 (i.e., 
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 Ta 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 Ta Ts), as shown in FIG. 15, to 
1 11, 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 usec. in duration. 

In addition to receiving the CDA13 clock signals, the 
T-counter receives the Bill 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, Ta, Ts flip-flops 
in the 011 state (see Instruction 53). This halting of the 
T-counter is accomplished by gating off the CDA 13 clock 
signals when both of the halt flip-flops Hit 1 and Ht2 are 
in the 1-state. The Bt, 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 Zn 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 0-state. The Kcc signal pro 
vides initial conditions throughout the Central Processor 
and sets the T-counter to the 011-state. The Kcc 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, Ta, 
Ty, and Tz flip-flops, as shown in FIG. 15. Thus, the 
eight clock periods designated t1-t8 occur during the 
T-cycle when Ta=1. The t9-t16 clock periods occur 
during the T-cycle when Tb Ta Ty T2. The t17-124 
clock periods occur during the T-cycle when Tb Td Ty 
Ta. The t25-132 clock periods occur during the T-cycle 
when Tb Ta Ty Tz. The t33-t40 clock periods occur 
during the T-cycle when Tb Td Ty Tz. The 141-148 
clock periods occur during the T-cycle when Tb Ta 
Ty Tz. The Ty 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 Tiflip-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 (b) 
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 t1-t8. Many instructions, however, con 
tinue beyond 18 and comprise various combinations of 
the five remaining T-cycles or portions of these T-cycles. 

CLOCK CIRCUIT 
The clock circuit 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 kc. 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 FIG. 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 kc. 
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 CDA 1 1, 
CDA12, CDA13, CDA14, SAC, SC, SPC, and XJI 
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 CDA11, 
CDA 12, 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 CDA 1 1 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-CDA11 =Hilt-i-Hi 
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; i.e., when both the Hit 1 
and H12 flip-flops are set. 
The SAC, SC, SPC, and XJI 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 C5 flip 
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-Pi--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: 

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, 
XAtA, 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-MOO-GENERATOR 

The J-Mod-generator 277 (FIG. 14) comprises the 
Jng2 and Jing 1 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 Jing2 and 
Jmg 1 flip-flops respond to their present contents and to 
the Jingd and Jingu logical combination signals (FIG. 
107). The Jingd 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 Jingd signal. Additionally, the numerical signifi 
cance of the (S) and (*) digits cause issuance of the 
Jngd signal. The Jingu 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 Jingu signal. 

Therefore, whenever the Jingd signal issues to indicate 
the sampling by the J-Mod-generator of a digit having a 
modulo-3 of -1, the number stored in Jimg2, 1 is de 
creased by 1. Similarly, when the Jingut signal issues 
to indicate the sampling of a digit having a modulo-3 
of 1, the contents of Jng2, 1 is increased by 1. If neither 
Jingd nor Jingu issues, the digit sampled has a modulo 
3 of 0, and the contents of Jng 1 and Jing2 remain un 
changed. 
The Jngd and Jingu signals issue in response to the 

Mi1, Mi2, Mi3, and Mj4 logical combination signals and 
their corresponding inverter signals IMil, Mi2, M3, 
and IMIj4. The Mi(i) and Mi (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 Mi(i) sig 
nals are illustrated by FIG. 107; as follows: 

Mi(i) = 1 (i) 13.j--L1 (i) M3g 
The corresponding inverter signals are generated in cir 
cuits illustrated by the logical schematic diagrams of FIG. 
109; for example, 

If the M3g flip-flop is off, the Jng2, 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 Jng2, 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. 

ARTHMETIC, 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 Vc, Wis 1, Vs2, Vs3, Vsa, and 
Ws4 flip-flops; the sum digit encoding logic circuit 317; 
the V-mod-bit accumulation logic circuit 318; the Vng2 
and Vngll 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 
gran, 
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 "Instruction 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., JI) 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, Wa3, Wa2, and Val. 
Most often, the Va 1-4 signals represent the digit in J. 
If Us=1 the Va4-1 signals represent the 9's complement 
of the digit in Jl. If Us=1 and Zvas-1, the Va4-1 sig 
nals represent the digit 9. If Us=0 and Zva-1, the 
Va4-1 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 Ziva flip-flop, when on, nor 
mally directs that O's be supplied by the Wa input gates. 
However, when the Us flip-flop is also on, the complement 
of these O's; i.e., 9's, 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 
Vb4-1 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 Wa4, Wa3, Wa2, and Wa1 signals are applied to the 

respective IV.a4, IVa3, IVa2, and IVal inverters 312,313, 
etc. The Vb4, Vb3, Vb2, and Vb1 signals are applied 
to the respective IVb4, IVb3, IVb2, and IVb1 inverters. 
The output signals of the IWa4-IVal and IVb4-IVb 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 
Va4-Va1 and IVb4-IVb inverters and the carry bit 
stored in Vc and provides the output signals *Vs 1, *Vs1, 
*V2, kWs2, kV 53, *Ws3, *Vsa, Wisci, Vs4, and *VS4, 
which represent the sum digit, and the signals "Vc and 
'We, which represent the next carry bit. The output sig 
nals of logic circuit 315 set or reset the corresponding 
flip-flops Vs 1, 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 Va4-1, Vb4-1, and Vc signals to set the Vs flip-flops 
to their respective 1-states. 

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

Ws(i) (Value WaA Vb4 Wa3 Vb3 Wa2V b2 Val Vb1 We 

W 
1. O 
1. 
O O 

Ws 2 1. O 
O 

WE 2 
1. 

W3 

1 

W4 s O 

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 Vc 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 0-state. The 
V54 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 Vai-1, 
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Vb3-1, and Vc signals provide a sum between the values 
of 5 and 9. The Vs 1 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, Vc. Thus, Vs1 is 
set to the 1-state if any one or all three of the Val, Vb1, 
and Vc signals represent 1. Vis1 is unaffected by any of 
the higher order signals Va4, 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 Vc 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 Wis 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 5, 4, 2, 1 
digit code of the Central Processor by the sum digit 
encoding logic circuit 37. 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 W4-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 W4-V1 signals take in response to the pos 
sible combinations of the Vs flip-flops. 

W OUTPUT SIGNALS OF ARITHMETIC UNT 

O 

Consider the following example: the signals Wa4-Val 
represent the digit 9 and the signals W b4-Vb1 represent 
the digit 8. The carry flip-flop is in its 0-state. Under 
these circumstances the Vs flip-flops will be set to the 
Wsz Vs3 Wsa Vs2 Vs configuration. For this combina 
tion the V4 and V2 signals issue to represent the digit 7. 
The carry flip-flop. We will be set to the 1-state. 
The Vc flip-flop generates the carry bit of the two 

digits being added by logic circuit 315, providing also 
for the previous state of the Vc flip-flop, when enabled 
by the Vct signal. The Vct 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; 

  



27,157 
77 

(b) 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 W4-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 flip-flop also sets during 
Instruction 43 if the quotient will be too large for the 
allotted storage space. 
The Vng2 and Vng1 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 modulo-3 of the output digits of the 
Arithmetic Unit, the Vng2 and Vng 1 flip-flops respond 
to their present contents and to the Wingd and Vngu 
logical combination signals (FIG. 107). The Vngd and 
Vngu signals issue in response to the V4, V3, V2, and V1 
signals and their corresponding inverter signals IV1, IV2, 
IV3, and IV4 (FIG. 109). The Vngd signal repre 
sents a binary 1 whenever the digit applied to logic cir 
cuit 318 has a modulo-3 of 2 (-1). The Vngu 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; i.e., 
Instruction 25. 

Therefore, whenever the Vngd signal issues to indi 
cate the application to the W-Mod-generator of a digit 
having a modulo-3 of -1, the number stored in Vng2, 
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 Vng2, 1 is increased by 1. If 
neither Vngd nor Wingu issues, the digit applied to logic 
circuit 318 has a modulo-3 of 0, and the contents of 
Wmg2, 1 remain unchanged. 
The operation of the V-Mod-generator in accumulating 

the modulo-3 of a data word is described in the sections 
"nstruction 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 Control 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 ill 
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 1-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 1-input logic terminal of the Hit 1 flip-flop of 
FIG. 102; as follows: 

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 *Hi 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 Kbh 
signal is at the --6 v. level, and enables the above ex 
pression for *Ht 1. When so enabled, the *Hit 1 signal 
represents a binary 1 at t3 of Instruction 60 and the Hit 1 
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 -- 12 v. level, and resets the Mc1, Mc2, 
and Mc3 flip-flops (FIG. 129) by its application to the 
register transfer 0-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 325 (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 -- 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 -- 12 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 Kitcc 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 Kccc 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. 

STARTTNG 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 
0-state, and causes the Kbc signal, which is normally 
in the 0-state, to enter the 1-state. This change of state 
of the Kcb and Kbc signals is effective to reset the halt 
flip-flops, Hit 1 and H12, 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 
0-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 I-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 0-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 Kry 1 
signal, which is normally in the 0-state, to enter the 1-state, 
and causes the Kry2 signal, which is normally in the 1 
state, to enter the 0-state. This change of state of the 
Kry 1 and Kry2 signals is effective to cause the Central 
Processor to repeatedly execute an instruction in the I-reg 
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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 0-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 Centra 
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 0-state, 
to enter the 1-state. When the Khb signal enters its 1 
state, it sets the Hit 1 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 1-state. If the KEY switch is not 
unlocked, the -7.5 v. Key signal clamps the Khb signal 
in the 0-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 Instruction 
60). 

Closure of the SELECTIVE HALT switch by moving 
the arm thereof to contact the upper terminal, causes the 
Ksh signal to enter the 1-state. When the Ksh signal is 
in the 1-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 l-state, enters the 0-state, 
and the Khol signal enters the 1-state. When the Kho2 
signal is in the 0-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 0-state. 

SEQUENTIAL MEMORY LOCATION 
OERATION 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 

ister (see section "Recycle"). The RECYCLE button is 75 in the I-register is repeatedly executed and the address 
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portion thereof is increased by 1 following each exe 
cution. 

MISCEILANEOUS SWITCHES 

Six DECISION switches 365, 366, 367, 368, 369, and 
370 are provided for interrogation by the Central Proces 
sor. When a DECISION switch 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. 
Kan 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 Knt 1 to be in the 0-State 
and the signal Knt2 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. M-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 Atm 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 Aim 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 gates 411 upon appli 
cation of the Mica 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 Im 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 1-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 0-state of magnetism in the 
CO 

Assume, first, that the core is in the 0-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 0-state. Assume, 
now, that a current equal to 2X I1 is applied as a mag 
netizing force to the core, where 2111. 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 1-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 Im, the core is transferred from the 0-state 
to the l-state. Similarly, if the core is in the 1-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 21. 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 
- 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 0-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 0-state, 
which were not already in the 0-state, and by sensing 
each core which had its magnetic field so transferred. 

OATA 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. 1 14-120). 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 FEG, 121, an inhibit driver is represented by the no 
tation HD(i). For example, the diagram 

HD62: M62 

illustrates 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 Atm 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 Atm 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 Atm 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 
FIG. 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 Atm 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 Mn2 and Mm1 flip-flops to the 
logic input terminals of the corresponding inhibit drivers 
HDm2 and HDn 1 alter the mod-bits if the Atrn 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 Atm did not occur, has 
the mod-bit configuration required to make the modulo-3 
of the entire 28 bits of the word equal to -- 1. 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 Atm SIGNAL PRESENT 

Word to inhihit drivers M. register word 

Modulo-3 
of 26 bits 

Modulo-3 
of 26 bits 

HD m2 HD ml 

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 Atm 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 Aim AND Mof BOTH OCCUR 

Word to inhibit drivers M-register word 

Mn2 Min1 Modulo-3 
of 26 bits 

Modulo-3 
of 26 bits 

ID722 HD 

If the Atm signal does not occur, the contents of the 
Mn2 and Mm 1 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. Upon 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 1-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 0-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 0-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, etc. 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 SCD0 is shown in detail in 
FIG. 24a. 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 DRC0, 
DRC1, . . . , DRC9. Address driver DRCO is shown 
in detail in FIG. 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 0-state. Therefore, transistor 477 
enables the read out of data from the addressed memory 
location. If transistor 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-conducting 
when the address driver is not addressed. If all four of 
the AM-register input signals to the address driver are in 
the 0-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. 24a) 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 --5 v. level, transistors 492 and 
493 remain non-conducting until 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 emitter electrode of transistor 492 rises to 
approximately --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 

to energize respectively the ten columns of the 50 X-line 
switch cores. The ten DRCO-DRC19 address drivers 
415 are adapted to energize respectively the ten columns 
of the 80 Y-line switch cores. The DRC0-DRC9 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 illustrated in the 
logical schematic diagrams of FIG. 121. For example, 
the diagram 

DRC3: AM 14 AM3 AMI12 AM11 

illustrates that the 1-output terminals of the AM 14 and 
AM 13 flip-flops and the 0-output terminals of the AM 12 
and AM 11 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-register 
addresses the DRCO-DRC19 address drivers. The con 
nections of the AM2 flip-flops to the input terminals of 
the DRC 10-DRC19 address drivers are also illustrated in 
FEG, 12. 
The five SCD0-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 
connections of these 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 AM3 

illustrates that the 0-output terminals of the AM33 and 
AM31 flip-flops and the 1-output terminal of the AM32 
flip-flop are connected to respective input terminals of the 
SCD2 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-register is adapted to receive the numeri 
cal contents of the A-register of the Central Processor 
upon application of the Mica 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 the Mica 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 widing 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 
namory 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 binary 0 on the output 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 5th9. The St read strobe, which is applied to input 
lead 510, is normally at the --6 v. level and biases tran 
sistor 51 1 into the non-conducting state. Transistor 512 
is therefore in the conducting state and its emitter is 
held at the -5 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 a balanced amplifier, delivering no voltage differ 
ential between leads 53 and 514 in the absence of an 
input signal to input transformer 515. When transformer 
515 receives the MP (ii) read out signal, a balanced push 
pull input signal is applied to the base electrodes of tran 
sistors 516 and 57. The current flowing in transistor 
56 then decreases and the current in transistor 517 in 
creases. The change in current flowing through transis 
tors 515 and 57 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. level, the decrease in base electrode 
voltage of transistor 596 is coupled to the base electrode 
of transistor 51, which is thereupon rendered conduct 
ing. Transistor Si 1, when conducting, establishes a --5 
v. level at the base electrode of transistor 512 thereby 
causing the output signal on output lead 505 to rise to 
approximately --5 v., representing a binary 1. 

Therefore, the output signal of the core read amplifier 
represents the logical combination (St MPi), inasmuch 
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as the addressed core in the ijth 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 0 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 --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 
sistor 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 +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. 25. 

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 IQ(ii), 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: 

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 (C53 Jr). 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 Jr signal occurs 
during a Read Buffer operation and transfers the entire 
contents of the Rb-register to Memory. The signal 
(C53 Jr) 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 into 
the M-register must have the configuration required to 
make the modulo-3 of the entire seven digits of the word 
equal to 4-1. 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 
Rb-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 IQn12 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 IQ m1 and IQm2 illustrate 
the logical circuits of the M-register input gates 407 for 
converting the mod-bits of Rim2 and R1 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. 

MOO-BIT GENERATION: R TO M 

Modulo-3 
total 

(26 bits) 

Reguired 
R2 R.T. 

0. 
O 

O 
O 

0 
0. 

0. 
1. 

r - - - - -- 

For example, if Rn2, 1 have the configuration 0, 1, the 
total modulo-3 of the numeric contents of the R-register 
is -1. If, in addition, Rad=0, and Rs=1, the modulo-3 
of the six numeric digits in R and the Rd and Rs contents 
is 2. Therefore, the mod-bits inserted in the M-register 
flip-flops Mn2, 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 - St MP61 
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-Mwt IQ61; 
*f;1-Mwt I (61. 
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. 
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GENERA, 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 0-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 Mica 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 tinning sequence wherein 
the signal Mica may occur. For example, the signal Mica 
may occur during clock period iS 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 Mica initiates the first half 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 Mica signal enters the Memory, 
and triggers 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 0-state, are restored to their 0-state. 
During the second clock period of the memory cycle, the 
read strobe signal, St, issues and enables the 28 core 
read amplifiers to sense the output signals of the memory 
planes wherein the cores at the addresscd memory loca 
tion are returned to the 0-state. The output signals of 
these core read amplifiers which sense a binary 1 there 
upon 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 Mcb then issues in the fifth clock period 

of the memory cycle to initiate Memory cycle-B, the 
designation for the second half 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 complete, 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 Atin 
issues during Memory cycle-B, thereby enabliiig 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 corrected. 

CNTROL CIRCUIT 
The timing sequence and control 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 FI3. 28. The control circuit of FIG. 28 com 
prises a plurality of interconnected one-shots, which may 
be of the type previously described, and illustrated in 
FIG. 11, or may be of any other type well-known in the 
art; for example, as described in the publication by J. 
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. 1 is employed, it 
may be followed by the inverter of FIG. 7 to achieve the 
positive signals shown in FG, 27. 
The Mica signal triggers 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 Mica 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 Mcb signal, which follows the Mica 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 Mcb signal also 
triggers one-shot 543, which remains in its unstable state 
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-inhibit 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 transfers 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 “Manually-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 one-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 
diagrams, clock pulse driver gating signal diagrams, and 
inverter signal diagrams. 
The 7-digit P-register 550 temporarily stores the data 

being transferred through the P-Buffer. The logical sche 
natic diagrams of the P-register are given by FIGS. 122-. 
128. The contents of the P5-P1 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 P5 flip-flops upon application of the 
Pig2 logical combination signal to logical gates which 
connect the output terminals of the P6 flip-flops to cor 
responding input terminals of the P5 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 Pl 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, A1, 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 signals 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 Csó flip-flops 
to input terminals of the P11 and P12 flip-flops. 
The contents of the P-register may be transmitted by 
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parallel shift to the M-register. The contents of the P1 
flip-flops may be transmitted to the C6 flip-flops 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 
557. 
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-Cs 6 hold the six 
data bits of the character being transferred in the con 
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 out 
put terminals of the P7 flip-flops to input terminals of the 
corresponding Cs input inverters, when any character is 
to be transferred from the P-register to the Control Type 
writer. The Cs5 and Cs5 flip-flops are adapted to receive 
the contents of the Pll 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 flip-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-flops 
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 558 samples the 

contents of the Cs 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 

Tsc 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 561, which comprises the Tca, Tch, Tcc 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 Brit 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 Mct, Mc2, 
Mc3, and Mc4 flip-flops (FIG. 129) determine and direct 
the particular type of operation being performed by the 
P-Buffer. The Mi 1 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 Type 
writer and Photo reader 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 Yart 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-BUFFER 
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 (HFIG. 
17). The clock pulses provided by clock pulse driver 
365 are applied to continuous clock pulse driver CD4 
and to gated clock pulse drivers Sp, Cap, and Cytc. 

P-MOIO-GENERATOR 

The P-Mod-generator 555 (FIG. 29) comprises the 
Gm2 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 digits 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 Gmi flip-flops respond 
to their present contents and to the Gn3 and Gna logical 
combination signals (FIG. 138). The Gm3 signal rep 
resents a binary 1 whenever the digit in P1, which is 
sampled by the P-Mod-generator, has a modulo-3 of 
--1. The Gm4 signal represents a binary 1 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 Gm 4 
signal issues, the contents of Gm2, 1 is decreased by 1. 
lf neither Gm3 nor Gma 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 Gm 1 flip-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 I-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 to 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 --6 v. level. Similarly, the 
Control Typewriter is adapted to receive signals having 
either the --6 v. or -5 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. 

OATA INUT FROM CONTROL TYPEWRITER 

When data is transferred from the Control Typewriter 
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 Control Typewriter to the P-Buffer, are employed. 

Kfl-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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in the aforementioned Table I, or they may represent the 
two digits of an alphanumeric character, as shown in 
Table II 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 cir 
cuits when the seven bits of a character are fully repre 
sented by the signals Rf 1-6, p and are ready for insertion 
in the P-register. The Kic signal is normally in the 1 
state, but when a character is ready for transmittal, the 
signal transfers to the ()-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 Operations' 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 illustrated 
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 
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. 
The employment of the above signals during operations 

involving the P-Buffer and the Control Typewriter is de 
scribed in the Control Typewriter output subsections of 
the "P-Buffer Operations' section. 

REGISTER TYPE-N 
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. 
Key: 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 0 1 || 2 || 3 || 4 || 5 || 8 || 7 || 8 || 9 || $ & * A B C 

( 0 0 1 0 
1 1 
() 0 0 1 1 
0 1 1 O O 0 . () 
1 l ; ) 0 () 

() 1 0 () 

11|0|1|0|10 
Code E|For 1 || KLMNOP or stuvw 

0 0 1 0 1 1 0 1 1 0 0 1 ) 0 () 0 1 
0 0 () ) O () 0 () () O 0 {} 

1 0 0 0 0 0 () () 1 
1 () ) O 1 1 0 () 
() () O 0 0 0 1 0 1 0 0 O 1 () 0 O () 
() 0 0 1 1 0 } 0 ( 1 () ) ) 

1|0|| || || 1 || | |0|1|0|0|1|0|0|| 
Code XYZ Space Shift Norn CarRet Tab EOI Stop - - Ignore 

) 
() 1 

) 

1 
0 

The bits represented by the signals Cs1, 2, 3, 4, com 
prise the LSD of the alphanumeric character. The bits 
represented by the Cs5 and Csö signals comprise the two 
least significant bits of the MSD of the alphanumeric 
character, although the Csó signal provides an inverted 
bit. Thus, if Csó represents 1, the corresponding MSD 
bit is a 0, and vice versa. For example, the MSD of the 
character "J" is the numeric 2. The normal system code 
for the numeral 2 is 000. Therefore the control type 
writer code for this character is 00, wherein the first 0 
is translated to represent a 1. 

l). ATA () UTPUT TO CONTIROI, TYEWRITER 
When data is received by the Control Typewriter from 

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 Control Typewriter to the P-Buffer, are employed. 

Ktf: This signal follows the receipt of a character by 
the Control Typewriter to isolate the Control Typewriter 
for a predetermined time from the receipt of further 
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Kqw: This is a special signal which issues when either 
the Q key or the W key is depressed, after the Enable 
key has been depressed. If this signal occurs due to the 
Q key having been depressed, data is transferred to the 
P-register and retained therein. 
The employment of the above signals during opera 

tions involving the Control Typewriter and the P-Buffer 
is described in the "Register Type-In Subsection of the 
P-Buffer Operations' section. 

REGISTER TYPE-OUT 

With the Central Processor halted, the contents of the 
B, I, L, N, P, or R registers may be transferred to the 
Control Typewriter for type-out thereby. In these opera 
tions the following signals, which are transmitted by the 
Control Typewriter to the P-Buffer, are employed. 

Ktc: This is a common type-cut control signal which 
initiates the type-out sequence. This signal is normally 
in its 1-state, but is transferred to the 0-state when one 
of the special type-out signals Kh, Ki, KI, Kn, Kr or Kt 
SSLS, 
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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. 

Kl: 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. 

Kt: 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. 

Ken 1, 2: The Ken 1 signal is normally in the 0-state 
and the Ken2 signal is normally in the 1-state. When 
the Enable key is depressed the Ken 1 signal is trans 
ferred to the 1-state and the Ken2 signal is transferred 
to the 0-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 issuance of this signal 
will place the system 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 0-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 0-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 0-state when the Z key is depressed. 

Kcf: 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 Kp1-6. 
The value of Kpp accommodates the requirement for an 
odd number of 0's in Kp 1-6, 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 Kp 1-6, 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 Kp 1-6, 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; 

(b) 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 blockettes 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 Wb-register are illustrated in FIGS. 142-148 and those 
of the Wa-register are illustrated in FIGS. 139-141. 
The contents of the Wh3-Wb1 flip-flops of the Wb 

register are shifted-up upon application of the SWh 1/4 
clock signal to register transfers which connect the Wbl 
Wb3 digit positions of the WB-register. The contents 
of the Wh3 flip-flops are transferred to the correspond 
ing Wb4 flip-flops upon application of the SWh1/4 clock 
signal to register transfers which connect the output ter 
minals of the Wh3 flip-flops to corresponding input ter 
minals of the Wb4 flip-flops. The contents of the Wb7 
Wh4 flip-flops are shifted-up upon application of the 
SWb5/7 clock signal to register transfers which connect 
the Wh7-Wh4 digit positions of the Wb-register. There 
fore, the entire contents of the Wb-register are shifted-up 
by the simultaneous issuance of the SW b1/4 and SWb5/7 
signals. 
The contents of the Wh7 flip-flops are transferred to 

the corresponding Wh4 flip-flops upon application of the 
SW b7-4 clock signal to register transfers which connect 
the output terminals of the Wb7 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 SW b5/7 and 
SWb7-4 signals, 
The Wb-register flip-flops are adapted to receive, by 

parallel shift, the contents of the corresponding Memory 
M-register flip-flops upon application of the XMWb 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 Wb-register is cleared before each 
transfer of a data word thereto fron Mernory, 
The contents of the Wib7 flip-flops may be transferred , 
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to the corresponding Wa1 flip-flops of the Wa-register 
and to the row parity generator circuit 603. 
The contents of the Wa3-Wall flip-flops of the Wa 

register are shifted-up upon application of the SWa1 
clock signal to register transfers which connect the Wa3 
Wa 1 digit positions of the Wa-register. The Wal flip 
flops are adapted to receive the contents of the correspond 
ing Wh7 flip-flops upon application of the SWa1 clock 
signal to register transfers which connect the output ter 
minals of the W b7 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-Wo9 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 Wo 1-Wo 10 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-Wo4 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 Wo 10 
flip-flop. The logical schematic diagrams for the Wol 
Wo 10 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 
605 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 zeroes circuit 605 samples the contents of Pwr flip 
flops and the contents of the corresponding Wo 1-4 flip 
flops and changes the state of those Wo 1-4 flip-flops for 
which the corresponding Pier 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 Wo5 and Wo10 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 Wo5 should be a 0 
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 Pwc1 and Pwc2 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 Wol 0 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 Wol 0 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-Wo6 flip-flops. 
The Pwr flip-flops 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 Wb-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 Wa3 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-Twó 

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 Wbk1, 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 Elvis 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 fiip-flop (FIG. 155), when set, demands that the 
Central Processor perform an operation to transfer a 
word from Memory to the Write Buffer. The Prt 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 Wbf 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 CD1 
and CD2 and to the SPwr, SWal, SWa2, SW b1/4, 
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 
length 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, 5th, 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 
digit 7th 6th 5th 4th 3rd 2nd 1st 

0. 1. 1. 0 1. 0. 0. 1. 

O O 0. O 0. O O 

O O 0. O O O O 

1. 1. O 1. O O 

0 0. 0. 1. O 1. 0. 

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, 3-block marker, and Y-block 
markers. Each different block marker comprises a dif 
ferent number of recorded O'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 B-block marker, when 
sensed, will cause the block marker analyzer to deliver 
the synchronizing Rsy signal and the y-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 oz-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 or and 3 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 Wit flip-flops (FIG. 157) of 
the Tape Control Unit. In response to the Tape Han 
dler address stored in the Wit flip-flops, the correspond 
ing Na(i) 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 Wr 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 Rt flip-flops (FIG. 178). In re 
sponse to the Tape Handler address stored in the Rf 
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 0's are recorded as magnetic changes in 
the tape track. Therefore, successive O'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(i). 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 
gate 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 Rt-register; 
the Wit-register; the S-register; the Rb and Wb flip-flops; 
the CD3, Xrl, and Xr2 clock pulse drivers; logic circuits 
for generating the Nirb and Nwb signals; logic circuits for 
generating the Na and Nr signals; logic circuits for gen 
erating the NBtd.(i) signals; the write drivers; and the 
Fir read amplifiers. Additionally, the Rwal signal issues 
when a Tape Handler is rewinding the tape thereof. This 
signal may be interrogated by an Instruction 54. 
The four-bit Rt-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 Rt 
register during execution of an Instruction 65. 

The four-bit Wi-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 wt-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 erased. This 
identification is transferred into the Wi-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 Fitr(i) 
read amplifiers. 
The Wb flip-flop (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, Xr 1, 

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 kc. rate. The Xrl 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 Xr1 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, Xr 1, 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 kc. 
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, Xr1, 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 Rt-register in the Tape Control 
Unit. Although the logical schematic diagram of the 
circuit for generating the Nirb signal is not illustrated in 
the drawings, it may be here illustrated as follows: 

Nrbs Rebd R5 
The Nwb logical combination signal issues during exe 

cution of an Instruction 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 Wi-register 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 Vi, 
The Na(ii) logical combination signal issues, in re 

sponse to the state of the Wi-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(i) signals are illustrated, for convenience, 
in FIG. 183. 
The NBtd.(i) logical combination signal is generated 

by the ith Tape Handler and the Tape Control Unit to 
reset the corresponding S(i) 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 1-state. A 

--6 v. signal is applied to the base electrode of transistor 
649 and a -5 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 --6 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 -5 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 0-state, cur 
rent will flow from junction 656 through the connected 
write head winding to junction 657. 
The Tape Handler address stored in the Wit-register 

directs the issuance of the corresponding Na (i) signal, 
which actuates the corresponding one of retays 653, 654, 
etc. When one of relays 653, 654, etc. is actuated, the 
winding of the corresponding read head 642, 642, etc. 
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 Fir 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 (FIG. 40). 
The read amplifiers are denoted by the inclusive sym 

bols Ftr1-10, 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 Frg read amplifier. 
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 Rf-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 are approxi 
mately 1 volt in amplitude and either positive or nega 
tive in polarity. It is the function of the read amplifier 
to convert each of these pulses to the conventional volt 
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 
voltage 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 following 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 0-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 Xrl or Xr2, ap 
plied to input terminal 725. The clock signal Xr 1 pre 
sets the Ftr1-Fitris read amplifiers and the clock signal 
Xr2 presets the Firó-Fitr 10 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 1-state, and re 
main in the 1-state, unless a 0-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 conditions; 
that is, in the absence of any pulses delivered by tran 
sistor 706. The base electrode of transistor 708 is at 
ground potential (O. 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 
nected to the emitter electrode of transistor 708, is ap 
proximately at 0 v. The base electrode of transistor 709 
is maintained at approximately -- 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 74 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 -5 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 1-state, renders transistor 717 normally conduct 
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ing and transistor 719 normally cut off. The level of 
the emitter electrode of transistor 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 transistor 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 0 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 usec. 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 to 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 -- 14 v, level to be coupled to 
the base electrode of transistor 717. This -- 14 v. signal 
cuts of transistor 717, and flip-flop 718 transfers to the 
0-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 Fitr read amplifier is preset 

to the 1-state after each digit has been read from tape 
and is transferred to the 0-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 

O 

5 

20 

30 

35 

4) 

45 

50 

55 

60 

65 

70 

75 

112 
(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. 159-162 and those of 
the Rb-register are illustrated in FIGS. 163-169. 

The contents of the Ra4-Ra1 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 
Rin -Rin4 flip-flops upon application of the SRa clock 
signal to register transfers which connect the output 
terminals of the Rin 1-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 (FIG. 43) upon 
application of the (Tri Tr3 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 to 
the Rb or Rb7 flip-flops of the Rb-register. 
The contents of the Rb6-Rb1 flip-flops of the Rb-reg 

ister are shifted-up upon application of the SRb clock 
signal to register transfers which connect the Rb6-Rbi 
digit positions of the Rb-register. The contents of the 
Rb6 flip-flops are transferred to the corresponding Rb7 
flip-flops upon application of the (Tr2 TrA Tris Cha) 
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 Ra4 
flip-flops to corresponding input terminals of the Rb1 
flip-flops. The Rb7 flip-flops are adapted to receive the 
contents of the corresponding Ra4 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 Rb7 
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 1-output signals of the Rb flip-flops 
are applied to the corresponding M flip-flops. The con 
tents of the Rb 7 flip-flops may be transmitted to the row 
parity check circuit 743. 
The Rin6-Rin 10 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 Rinó-Rin 10 flip 
flops are adapted to receive the contents of the flip-flops 
of the corresponding Ftré-Fitr 10 read amplifiers upon ap 
plication of the (Rds2 Dsy2) signal to logical gates which 
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connect the output terminals of the Ftré-Ftr10 amplifiers 
to corresponding input terminals of the Rinó-Rin 10 flip 
flops. The contents of the Rinó-10 flip-flops are adapted 
to be transferred to the corresponding Rin 1-5 flip-flops. 
The Rint-Rin5 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 Rin 1 
Rin5 flip-flops are adapted to receive the contents of 
the flip-flops of the corresponding Fitrl-Fitr 5 read ampli 
fiers upon application of the (Rds 1 Dsyl) signal to 
logical gates which connect the output terminals of the 
Fitrl-Firs amplifiers to corresponding input terminals of 
the Rin1-Rin5 flip-flops. The Rin 1-Rin5 flip-flops are 
also adapted to receive the contents of the correspond 
ing Rin 6-R in 10 flip-flops upon application of the SRin 
clock signal to register transfers which connect the output 
terminals of the Rin 6-Rin 10 flip-flops to corresponding 
input terminals of the Rin 1-Rin5 flip-flops. The con 
tents of the Rin 1-Rin4 flip-flops may be transmitted to 
the Ral flip-flops of the Ra-register. The contents of 
the Rin1-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 0's. The column parity 
check circuit 744 samples the contents of the Rin1-Rin5 
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-TrS 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 controlling 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 Dsy 1, 2, Haf, and Rds 1, 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 
Rin 1-5 and Rinó-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 Rb 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 Rb 
flip-flop is actually in the Tape Control Unit, but is il 
lustrated in FG. 40 for purposes of clarity of the de 
scription, inasmuch as the Tape Control Unit is not de 
scribed in detail.) The Reb 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 Ytd 1 and Yid2 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 
FIG. 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, SRb, Sin1, 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 Tws-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, 
Wo1-4 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 Prt, to notify the Write Buffer that 
the Printer has been turned on and is ready to receive 
data. 

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 control 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 807. 
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 820. 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. 
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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 con 
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 Cdo-Ca9 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-Cu-4. 

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 Csy1, 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 

The bank check of FIG. 45 exemplifies documents 75 (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 
Cy3 signal. Therefore, the signals Csy1, Csy2, and 
Csy3 occur respectively 10 msec., 80 m.sec., 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 usually 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 Dec0-Dec9 is amplified and in 
verted by a corresponding Sorter amplifier 828, 829, 836, 
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 m.sec. after the data has been 
read from the document and transferred to the Centrai 
Processor. If 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; i.e., 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 between 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 amplifiers 829, 830, etc., which 
receive the corresponding DecO-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 Control Unit receives a corresponding 
signal on a respective one of 14 lines, these signals being 
designated CdC-9, if a numeral has been read, and Cul-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 
CdO-9, Cu1-4 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 S.C.U. comple 
mentary code 

Cent, proc. 
code 

11 
O 

101 
00 
O 
011 
0110 
01.01 
0100 
00 
000 
100 
000 
OO1 
000 
0000 

0000 
0001 
O010 
0.011 
O100 
100 
001 
1010 
101 
1100 
10 
00 

00 
011 
111 

1 
2 
3 
4. 
5 
6 
7 
8 
9 
C 
Cu2 
C3 
C44 
Error 

Forbidden 

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 
Crd1. 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 11 11 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 Cdo-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 Cod1. If a numeral has been 
properly read by the Character Reader, the Err error 
signal (FIG. 187) is absent, and the corresponding sig 
mals Coda-Cod1 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 Cu1-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(i) issue from 
the Central Processor in response to the bits in the A1 
flip-flops of the A-register. The signals PsA-Ps 1 repre 
sent four bits, each being the inverted binary form of the 
corresponding bit in A1. Therefore, the Ps4-Psi 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 PsA-Ps 1 signals are applied to the 0-input logic 

terminals of the respective Sou4-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 A1 flip-flops. The 
Soul-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 Dec1 line. 
If no pocket designation has arrived at the Sou-register 
when the read out signal Yiro transfers to the O-state, no 
pocket decision line is actuated; instead, the Npd signal 
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, DecO-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 0 issues on a pocket decision line; i.e., the 
Dec-ss and Deco-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 
0-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 
marily 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 Y cK 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-?lop and 
the Yor one-shot. 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 period when the Soul-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. 

CLOCK CIRCUIT, SORTER CONTIROL 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 kc. rate. 
The Sorter Control Unit clock circuit comprises a con 

tinuous clock pulse generator 866, operating at the 250 kc. 
rate, and illustrated in FIG. 2. The clock pulses pro 
vided by clock pulse generator 866 are applied to continu 
ous clock pulse drivers Csc1 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. For exam 
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 detailed 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 operation. 
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 
CSSO. 

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 t a memory cycle-A has oc 
curred and the new instruction is available in the M 
register. Memory cycle-A is initiated by the signal Mica, 
which occurs at 15 of every Ta-cycle, except for Instruc 
tions 90, 94 and 97, and in the fifth clock period of every 
Th-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 period of the T 
cycle in which Mica 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 Mcb, which 

occurs at every t1. Mcb also occurs in the first clock 
period of every Tb-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 Mcb occurs, the storing or restoring 
process is complete. 

DETAS OE NITA, ROUTINE 

At til, three signals occur; namely, Mcb, XMJ and 
Cau. XMJ functions to transfer the new instruction from 
the M-register to the J-register. XMJ always occurs at 
tl, unless Jr=1, wherein the Memory is accepting data 
from the Read Buffer or Character Reader. XMJ is in 
hibited by Jr 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 2 the 
new instruction is in the J-register. Mcb occurs uncon 
ditionally at t1 and initiates the restoration of the new 
instruction to its original location in Memory. Catt 
causes 1 to be added to the instruction address in the 
A-register, unless Hit 1-1, 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 t2 the address present 
in the A-register has been increased by 1 and will be used 
to locate the next instruction in Memory. 

Three signals occur at t2; namely, XJI, XAN and SJ. 
XJI causes the transfer of the new instruction from the 
J-register to the I-register by a parallel shift. At 13 the 
new instruction is present in the I-register. XJI always 
occurs at t2 if a Read-Interrupt or Write-Interrupt opera 
tion is not occurring (i.e., Jr Jai Jinzo), 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 t2, unless a Re-cycle order 
is received from the Control Console, unless Jr Ju Jim20 
does not exist, or unless the last instruction was improper 
(Aisc 1). At t3 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 Hill--Hi2). Therefore, 
SJ is present from 12-16, and the first shift of the J-reg 
ister contents has taken place at t3. 
At t5, 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. Mica occurs at t5, except during 
conditions previously described. 

At t7, the only signal which occurs is XZJ. This signal 
transfers 0's by parallel shift to J2-J7 and shifts the con 
tents of J2 to J1. At t7, the MSD of the instruction is 
present in J2, whereupon at t8 this digit appears in Jl. 
XZJ always occurs at t? for Instructions 42, 43 and 74. 
If Jir Bh, 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 M1 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-k is an instruction digit. The notation O-k is an 
operand digit. 
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(Jimg2, Jing 1) is set equal to -1. As a result of this 
initial setting of the J-Mod-generator, its contents should 
be 0 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 t3. At t3 the contents of the 
J-Mod-generator are increased by the modulo-3 of the 
LSD of the new instruction, the LSD having been stored 
in J1 at t2. Since the MSD of the new instruction en 
ters J1 at t8, the J-Mod-generator reflects the modulo-3 
of the entire new instruction at 9. Therefore, at ts a 
signal Amn is generated if the J-Mod-generator con 
tents are not 0. This signal sets the Ann flip-flop at 
t10, 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 t9 the operand is in the J-register. At this time the 

Memory receives two control signals; namely, Mwt and 
Mcb. Mwt, "Memory Write," issues unconditionally and 
gates the entry of new information into the M-register. 
The command 21 (C53) directs the parallel shift of the 
contents 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 -1-1. Mwr controls the 
generation of a Write pulse in the Memory. The Write 
pulse, in turn, gates new information into the M-register, 
whereas C53 provides this new information from R. 

Shift 
J7 J6 J5 J4 J3 J2 J1 signals Jm contents 

0. () O o 0 O 0 XMJ 
2 -7 I-6 I-5 - 4 J-3 I-2 I- - 
3 -1 I-7 I-6 I-5 I-4. I-3 I-2 ---Mod I-1 
4. I-2 -1 -7 -6 -5 I-4 I-3. S. ---Mod -1, I-2 
5 I-3 I-2 I-1. I-7 I-6 I-5 I-4 ---Mod I-1,2,3 
6 I-4 -3 -2 I-1. I-7 I-6 I-5 -1--Mod I-1 to 4 
7 I-5 E-4 1-3 I-2 - - -6 X2J ---Mod I-1 to 5 

XMJ 8 O O 0. O 0 I-7 XMJ ---Mod I-1 to 6 
9 O-7 O-6 O-5 O-4 O-3 O-2 O- -1--Mod I-1 to 7 

At t8 the signal XMJ occurs. This signal effects the 
transfer of the operand to the J-register. XMJ occurs at 
t8 under the same conditions that XZJ occurred at 7. 
Therefore, at t9, 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 
has modulo-3 of --1. At t2 the J-Mod-generator 

tg O-7 
10 O-1 
11 O-2 
t12 O-3 
13 O-4 
I4 O-5 
15 O-6 
16 O 

t O 

5 

6) 

O 

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 ts. These signals are SJ, SR, SR76 and SJRn. 
The signal SJ issues unconditionally from t9-t 14 and 

is then inhibited by XZJ. SJ ring shifts-down the operand 
for mod-checking and for transfer to the R-register. 
Table A illustrates the shifting of data in the J-register 
during 19-t16. 

TABLE A 

Jimg2, 
J5 J4 J3 J2 J1 Jng2, 1 (numeric) (alpha 

numeric) 

O-5 O-4 O-3 O-2 O- 00 OO 
O-6 O-5 O-4 O-3 O-2 Mod O- l 
O- O-6 O-5 0-4 O-3 1. 
O- O-7 O-6 O-5 O-4 Mod O-1 to 3 l 
O-2 O-1 O-7 O-6 O-5 1 
O-3 O-2 (O-1 O-7 O-6. Mod O-1 to 5 1. 
O-A O-3 O-2 O-1 Q-7 Mod (numeric part) 

0. 0 0 0 O-1 0, 1, i? correct 1 
O o O 0. 0 00 -Reset- O) 

T-Hr-r-r-a-lill-lulu 
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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 J2-7 cleared, but shifts a 0 digit from J2 to J1. 
The Jimg2, 1 contents are equal to 0, 0 at 19, provided the 
previous instruction gave a correct mod-check. If the 
operand is not alphanumeric Jmg2, 1 commences ac 
cumulating the modulo-3 of the operand at til 0. By t|5, 
Jimg2, 1 represents the modulo-3 of the numeric portion 
of the operand. By tié, Jing2, 1 should be 0, 1, if the 
modulo-3 of the operand was correct. If not correct 
(i. e., if Jing) 'Ann is generated at t 16, and at ti7 
Amm is set to 1 to indicate an alarm. If the operand is 
alphanumeric at 19, Jng2, 1 sense the bits stored in Jm2, 1 
and are set to 1, 1 at ti (0. With the Jimg2, 1 in the 1, 1 
state, they are disabled from responding to the signals 
provided by Jingu, Jingd and thus remain at 1, 1 through 
tl6. The alarm Amm is not set since Jng 1 = 1. 
At ti7 Jng2, 1 are reset to 0, 0. 
The signals SR and SR76 issue unconditionally during 

the first Tb-cycle, if Tb=1 (i.e., from t9-t 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. 
SJRm issues unconditionally from 19-14, being in 

hibited by Tb7 and serially shifts the contents of J1 to R7. 
However, SJRn issues at til 5 only under the conditions 
indicated below. Thus, from ft 0-t 14 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 Mwt signal. Table B illustrates 
the shifting of data into the R-register. 

TABLE B 

9 
O 

t1. 
2 

t3 
t14. 
15 

S 
S-2 
S-3 
S-4 
S-5 
S-6 
S-7 

SR SRm 
SR76 

sRm if JuJ12 
SJmgir if (J12--J11) 

16 X O-6 0-5 O-4 0-3 O-2 O-1 

NOTE.-X= O-d, O-s, mod-bits of numeric portion or 1, 1. 

The notation S-k is a digit of the original word stored 
in the R-register. 
At t5, the contents of J1 1 and J12 are sampled for a 

decision. At this time, the condition digit of the operand 
is in J1. If the operand is alphanumeric, SJ Rn issues 
during t15 and shifts the entire condition digit to R7, but 
if either J1 1 or J12 is 0, the operand is not alphanumeric, 
and the signal SJing R issues at thi5. This signal SJngR 
shifts the contents of Jng2, 1, which at this time repre 
sents the modulo-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 SJrm 
or SJmgR; 
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Thus, at t6 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 ti2 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 t3. 
Thus, at til4 the address of the next-instruction is present 
in the A-register. 

At t13, the signal Mica issues and directs the Memory 
to obtain the next-instruction, whose address is now in 
the A-register. 
At t5, the signal XZJ issues, conditioned on Jr B5. 
At t6, the signal End occurs unconditionally, which 

effects the issuance of the signal XZJ, conditioned on 
Jr. M37. 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 t8, inasmuch as no operand 
is received from Memory. Since XZJ does not occur at 
r7 and XMJ does not occur at 18, the signal SJ is not 
inhibited at these two clock periods, and, therefore, con 
tinues through t8. 

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 Mwt issues and initiates the gating 

of data from the R-register to the M-register, as de 
scribed in Instruction 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 19-115 and effects another 

ring shift-down of the instruction in the J-register, so 
that at til 6 the instruction again occupies its sequential 
position in J. Thus, the instruction is mod-checked 
once again. Since the contents of Jahg2, 1 were 0, 0 
at 19, these contents will be 0, 1 at til 6, so that Ann 
is suppressed (provided that the modulo-3 of the instruc 
tion was correct). The signals SR, SR76 and SRR.m. 
occur from t9 through tis and cause a complete ring 
shift-down of the contents of the R-register. No essen 
tial function is accomplished by this acticin, but the Cen 
tral Processor logic is simplified by not inhibiting these 
ring shifts. 
The signal End occurs unconditionally at r16 and ef 

fects the issuance of the signal XZJ. Although the sig 
nal XMJ does not issue at til 6, its issuance at the next 
tl 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 t9, 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 Mwt does not 
75 OCC. 
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The signal End occurs unconditionally at t|6. 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 increased 

by 1, the LSH of the operand is received in J, and the 
LSH is then transferred from 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 t3, the signal Cau issues, which causes the op 
erand address to be increased by 1 at t4. The operand 
address becomes that of the LSH. At t9, 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 ti0. The operand ad 
dress now becomes the original address, that of the MSH. 
At t 17, the MSH portion of the operand is in J. 
The signals SJ, SJLin and SJLs issue for six clock periods 

(ts-t 14) and transfer the contents of the numeric portion 
of the LSH in J to the L-register. SJLS transfers the 
contents of 13 and J 14 to L73 and L74 respectively. 
SJLn transfers the contents of J11 and J12 to L71 and 
L72 respectively. The signals SL and SL76 effect the 
serial shift-down of the data entering the L-register. At 
t 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 t6 by SJLn, but if 
LSH is numeric, SJingL transfers the contents of Jimg2, 1 
to the L-register. This testing of the condition digit is 
described in more detail in Instruction 2. SJLS also 
issues at ti5 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 J. to R7 by the use of 
one shift signal; see Instruction 21.) 

At t 16, the entire LSH is in the L-register. 
XZJ issues at t15 to clear the J-register from J2-J7. 

XMJ issues at til 6 to transfer the MSH to J. 
The MSH of the operand is transferred from J to L 

during til 8-124 in the same manner as the LSH was 
transferred to L during ti 0-16. 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 t 18, the LSD of the LSH is in R7, and the LSD of 
the MSH is in L7. Six clock periods later (t24) the 
entire MSH is in L and the entire LSH is in R. The J 
Mod-generator, Jimg2, 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 9-15. 
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The J-mod-check is similar to that of Instruction 21 

during the first two T-cycles. At t9, the J-Mod-generator, 
which had been set to 1, 0 at til, is 0, 0 for a correct in 
struction. The J-Mod-generator then accumulates the 
modulo-3 of the LSH. Therefore, at ti{5, the proper 
contents in Jing2, 1 are 0, 1. At each Tb8 the J. 
Mod-generator is set to 0, 0 so that by t24 the modulo-3 
of the MSH will again set the J-Mod-generator to 0, 1. 
The signal End occurs unconditionally at t24. 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 

ped 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 XMJ at t8, inasmuch as no operand is 
received from Memory. Since XZJ does not occur at t7, 
and XMJ does not occur at t8, the signal SJ is not in 
hibited at these two clock periods, and, therefore, con 
tinues through t8. 
The MA address portion of the instruction is first in 

creased by 1, the LSH contents of R are transferred 
to MA-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 MA, 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 t9, Mwt 
occurs, and gates the LSH from R to M in the manner 
described in Instruction 21. From t9-t15, SL76, SL, 
SLR7, SR76, SR and SRL7 occur, causing a ring shift 
down of the contents of FULL, so that by té, the MSH 
is in R and the LSH is in L. 
At til 7, Mwt occurs again, gating the MSH from R to 

M. Once again, the contents of FULL are ring shifted 
down, so that by t24 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 Tb-cycles in order to suppress 
the issuance of the signal "Anim. 
The signal End occurs unconditionally at t24. Time: 

24 clock periods. 
Instruction 94: Exchange R and B (XRB) 

This instruction (FIG. 235) effects 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 t8, and Mica at t5, inasmuch as 
no operand is received from Memory. Since XZ does 
not occur at t7 and XMJ does not occur at t8, the signal 
SJ is not inhibited in these clock periods, and, therefore, 
continues through t8. Therefore, at t9, 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 Ty at t4. Ty re 

mains set for seven clock periods (t4-ti0) and is reset at 
tll. Ty 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. 

At the end of the first four clock periods of Tv (i.e., 
at t8) 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 t8-t10, the 
logical gating signal SRRm issues, effecting the cyclic 
shift of the contents of R. SRRn is generated by the 
logic (94) To Tv. Therefore, at til 1, 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 t5 and sets 
M3g at 116. M3g alters the succeeding sequence. The 
signal End occurs unconditionally at r16, but both XZJ 
and "Ti are inhibited by M3g, and do not occur. There 
fore, the Ta-cycle is not entered at the next clock period, 
but instead another Tb-cycle is entered, due to the *Tb 
and *Tb1 logic, which includes the term Tb8 M3.g. (The 
signal End prevents setting of Ty.) M3g sets the C-reg 
ister to 25 at 117. 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 0-state. 
M3 g is reset unconditionally at the next Tb8. 
See Instruction 25 for details. 
The instruction is once again mod-checked during the 

Tb-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 t8, and Mica at t5, inasmuch as 
no operand is received from Memory. Since XZJ does 
not occur at t? and XMJ does not occur at t8, the signal 
S) is not inhibited in these clock periods, and, therefore, 
continues through t8. Therefore, at t9, 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 13 and sets Tv at t4. Ty re 

mains set for seven clock periods (t4-t10) and is reset at 
t11. Ty causes the issuance of the six shift signals which 
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effect a ring shift-down of the L and R-register combina 
tion (FULL); namely SL76, SL, SLR7, SR76, SR and 
SRL7. Therefore, at 111, 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 "Amn. 
The signal End occurs unconditionally at ti6. 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 O'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 t8, and Mica at 15, inasmuch as 
no operand is received from Memory. Since XZJ does 
not occur at t7 and XMJ does not occur at t8, the signal 
SJ is not inhibited in these clock periods, and, therefore, 
continues through t8. 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 “Ty issues at 13 and sets Ty at f4, Tv re 

mains set for N clock periods, starting at and including t4. 
Ty 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 A1 by 1 in each 
clock period. During the clock period when the contents 
of A1 become equal 1, "Tv issues and Ty 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 A1 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 5th and 6th digit positions 
of R will terminate in the 1st 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. It is necessary that these two flip-flops be 
in the 1-state in order that Ty be reset when the A1 con 
tents reach 1. The logic is "T=(90) W2. W3 A21 A14 
A13 A12. The W-counter performs no other function 
during this instruction, and is reset in the clock period 
next following ti 6. 

If the initial contents of A1 are 0, Tv is not set, since 
Tv is inhibited by the signal Itv. Itv is generated when 

the contents of A1 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 
t16, 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 atti 6. The sig 

nals XZJ and "T1 are inhibited by M3g, so that the next 
T-cycle is a Tb-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 O'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 Ty when the contents of A1 
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 O'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 t8, and Mca at 15, inasmuch as 
no operand is received from Memory. Since XZJ does 
not occur at T and XMJ does not occur at t8, the signal 
SJ is not inhibited in these clock periods, and, therefore, 
continues through t8. Therefore, at t9, after SJ has oc 
curred seven times, a complete ring shift-down of the 
instruction in the J-register has taken place. 
The signal “Ty issues at t3 and sets Tv at ta. Ty re 

mains set for N clock periods, starting at and including 
14. Tv causes the issuance of the four shift signals SZL6, 
SL, SLR6, and SR and the signals Cador Cwu. The last 
three of the shift signals shift-down the numeric con 
tents of FULL, and SZL6 inserts 0's in L6. For example, 
if N = 10, FULL (initial) =C123456 C789064; FULL 
(final) - C000000 C000012. The signal Cad reduces 
the numeric contents of A1 (the address) by 1 in each 
clock period. Cad exists only through t| 1, provided that 
at least 8 shift signals are denoted by N. If N equals 
1-9, Al is reduced to 1, at the latest, by til2. This reduc 
tion of A to 1 causes the occurrence of “T, thereby 
terminating these shift signals. 
At til 2, the signal XNA occurs and destroys the exist 

ing contents of A at t13. Therefore, any information 
remaining in A is transferred to the W-counter at t13 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 Ty (TV2-W3). 
Therefore, the complement of the information in A must 
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be transferred to W at 13. Since the greatest value of 
N is 12, the largest value in A at t2 is four, and only 
A13, A12 and A11 will have significant data at t2. 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 ti2, the 7's complement of the count of A is trans 
ferred to W and sets the W-counter at f 13. Until t3 
the W-counter has the number 6 stored therein, and 
thereby inhibits the counting signal Cwu. Therefore, at 
13, 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, T 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. 

Shift 
A. Court W To signals 

t 12 Cad 

til s Cad is i s 
2 4. r a 8 9 
3 Next instr. Capt. 3 10 

address 
t4 X Cit 4. 
5 Cat s 1. 
5 8 O 

Explanation of table 
Cad requires Tr(Tip-Ta)-last Cad at 11. 
Cut requires T{ive+W)--does not operate if Wase. 
To occurs if A=1 or Wes. 
Slift signals require TV. 

TABLEB 

Shift 
A. Count W T signals 

4. Cad s 

til 4 Cad 6 i s 
t12 3 ----- 6 
13 Next inst, Cup, 4. O 

address 
t Cou s 
15 . ----- 3 - - 

TABLE C 

Shift 
A. Count W T signals 

t 10 Cad l 

til 3 Cad 6 8 
t2 2 ----- es g 
t3 Next instr. Out s O 

address 
14 sea as s 



27,157 
TABLED 

Shift 
A Count W To signals 

4. 9 Cad 8 1. 

til cad is i s 
12 ----- 
3 Next instr. own as 8 O --- 

address 

TABLE E 

Shift 
A. Count W To signals 

4. 8 Cad 8 

til i Cad & i 8 
12 O m 6 O - 

As in Instruction 90, the W-counter is set to the 6-state 
at tA to enable the issuance of “Ty 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 Al 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 attlé, 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 tilé. The sig 

nals XZJ and "T1 are inhibited by M3g so that the next 
T-cycle is a Tb-cycle. Time: 24 clock periods. 

ANALYSIS OF JOINT USE OF A AND W TO 
CONTROL, SHIET 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 12, 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 fl2. 
Wo be the contents of Wattl3. 
The contents of A are transferred to Was: W =7-A. 
Total shifts necessary: N. 
Total shifts through fl2=9=N-A-1, if N=9, or 

greater. 
Total shifts necessary following til 2; A-1=6-Wo. 

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-A--1--6-W-N-Ao-1--6-7--A=N 
Therefore, W stops counting when it reaches 6. Hence, 

W=6 is also a useful control to trigger 'T' prior to 
t13, if A reaches 1. 

If A is 1 at til 2, N was 9, and 9 shift signals have is 
sued. Wo is set to 6 and no further shift signals remain. 
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If A reaches 1 before t12, 'Tv occurs, and no A to 

W transfer takes place at til2. 
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 O'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 C789.064 

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 til 6. 
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 attlé, 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 a "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 signal M3g issues at t9. 

For both wired and programmed employment, the 
actual mod-bit generation occurs following the issuance 
of M3g and upon the setting of Tb. For both types of 
employment, 9-116 in the timing diagram are common. 
The signals SR and SR76 issue unconditionally during 
the presence of Tb. SRRm also issues unconditionally 
from 19-t14. SR76, SR and SRRn effect a ring shift 
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down of the contents of R, so that by ti5 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 R1 to the Arithmetic 

Unit output decoding gates V(i), the output of these gates 
being directed to the V-Mod-generator, Vng 1, 2. There 
fore, the V-Mod-generator accumulates the modulo-3 of 
the contents of R as they are shifted. The signal M3g 
enables Vng1 and Vmg2 to receive input signals for 
the total duration of Tb. At t9, Vngl, Vng2 are re 
sponsive to the LSD in R and, consequently, at t0, 
Vng2, 1 reflect the modulo-3 of this LSD. Therefore, 
at t15, the V-Mod-generator has accumulated the 
modulo-3 of the numeric portion of R. At ti5, the old 
mod-bits are in R1, which is now sampled. If the R 
contents are numeric, SVngR 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, 
SRRn issues, and the entire contents of R1 are trans 
ferred to R7. This alternative generation of the condi 
tion digit occurs at 116, at which time the original six 
least significant digits of R have been returned to 
R6-R1 and the new condition digit is in R7. 
The signal XMJ occurs at t8 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. Jng 1 is set to 1 at 116 by 
the logic Tb7 M3g. With Jng1 at 1 at this time, "Ann 
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 t6 (at the end of the 

first T-cycle in which it exists). 
End occurs unconditionally at ti 6. 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 employed as a wired instruc 

tion, it is entered at time r9, 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 19. 
For both wired and programmed employment, the 

actual mod-bit generation occurs following the issuance 
of M3g and upon the setting of Tb. For both types of 
employment, t9-116 in the timing diagram are common. 
The mod-bits of L and R are generated simultaneously 
during 19-116, 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 Tb. SLL7 and SRRm also issue 
unconditionally from 19-114. SLL7, SL76 and SL effect 
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a ring shift-down of the contents of L, so that by tis 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. SRRn, 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 Mi(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 t9, Jimg2, 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, Jimg2, 1 reach 00 at t9 if the modulo 
3 of the instruction is correct. Consequently, at til O, 
Jimg2, 1 reflect the modulo-3 of the LSD in L. By tis, 
the J-Mod-generator has accumulated the modulo-3 of 
the numeric portion of L. At til 5, the old mod-bits are 
in Ll, which is now sampled. If the L contents are nu 
meric, SJng L issues to direct the contents of Jng2, 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 
t 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 t8 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. Jing 1 is set to 1 at t16 
by the logic Tb7 M3g. With Jng 1 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. 
M3 g is reset unconditionally at til 6 (at the end of 

the first T-cycle in which it exists). 
End occurs unconditionally at til 6. 

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 t3 follow 
ing the coinpletion 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 Initial Routine is unaltered. 
The halt sequence is initiated by the issuance of *Ht 1 

at t3, and the Central Processor stops when both Ht 1 
and H12 are on. 

"Hit 1 issues unconditionally at t3. At 14, Hit 1 is turned 
off by the issuance of *Hi and Ht:2 is turned on, pro 
viding certain conditions are met. Thus, 

* Hi2-3H71-Tp H 1 Rel, Web Bh 
If *Ht2 issues at t+, Ht2 stays on following the end of 
this instruction. With Hi2 on, *Ht will issue at t2 of the 
next following instruction, and Hit 1 comes on at t3. Since 
Ht2 is also on, the Central Processor ceases programmed 
processing by inhibiting the output signals of clock driv 
ers CDA 11, CDA 13, CDA14 and SJ. 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 t2, but except for this flip-flop, the Cen 
tral Processor stops in the t3 mode; i.e., 

Time: 16 clock 
8 clock periods; 

Tip Ta Ts and Ta=1 
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The signal End occurs at t8 of this instruction, but the 
Central Processor continues through its halting process 
as the next-instruction is received. Since Cat occurs at 
t1, and XAN and XJI occur at t2, 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 til, 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 
CDA12 continues to function, so that clock pulses are 
available to reset Hit 1 and H12, when the appropriate 
logic is applied thereto, and to set Ta3 when Ht2 is re 
set to 0. When the Central Processor is restarted follow 
ing this instruction, it will start in the normal 3 mode 
for the instruction in the instruction register. 
The two signals *Hill and *Ht2 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, 
*Hi and *Ht2 will issue at the following 14, and the 
Central Processor will halt, as shown in the timing di 
agram. If either Reb or Web = 1, Hit 1 stays on. At 
the next ti 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 follow, is a complete description of In 
struction 63. 
The Initial Routine is unaltered. 
Both Ti and Jna issue unconditionally at t4. 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. 
Jna is reset at t8 if Jr. Jats Jn20. 
The signal End occurs unconditionally at t8. 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 14. 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 uncondition 

ally from tA-t7 and transfer the contents of N to B. 
These shift signals are controlled by the signal Jna. 
Therefore, at t8, the address of the next-instruction in 
the old sequence is stored in B. 
The first instruction in the new sequence transfers to 

J in the clock period following t8. 
Jna is reset at 18 if Jr. Ju Jin.0. 
The signal End occurs unconditionally at t8. 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 t7 and XMJ at t8. Since XZJ does not 
occur at t7, SJ is not then inhibited, and, therefore, con 
tinues through t7. 

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 
unchanged 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 14, 
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: 

The flip-flop Ti sets unconditionally at t4 and enables 
the conditional issuance of XNA. 
Jna is reset at t8 if Jr Jiu Jin20. 
The signal End occurs unconditionally at 18. Time: 

8 clock periods. 
HALT OPTION 

lf the Control Console BRANCH HALT switch is 
on at the beginning of this instruction, the signal Kbh 
issues, and the Central Processor will halt at the next 
t3 following the end of this instruction. The halting 
process is initiated by the setting of Hitl; i.e., 

The effect of the issuance of Hit 1 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 D1 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 Instruction 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 Atm and 
a carry to the 100's digit did not occur (the signal Arm 
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 Jna to set also causes 

D2 to reset, if it has been on at the beginning of this 
instruction; as follows: 

The flip-flop Ti sets unconditionally at 14 and enables 
the conditional issuance of XNA. 

Jna is reset at 18 if Jr. Jw Jn?0. 
The signal End occurs unconditionally at t8. 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 17 and XMJ at 18. Since XZJ does not 
occur at t7, SJ is not then inhibited, and, therefore, con 
tinues through t7. 
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 on, this 
N to A transfer is inhibited by the setting of Jna at t4, 
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 O 
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. 
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D3 to reset, if it had been on at the beginning of this 
instruction; as follows: 

The flip-flop Ti sets unconditionally at 14, and enables 
the conditional issuance of XNA. 

Jna is reset at 8 if Jr. Juv Jan?0. 
The signal End occurs unconditionally at t8. 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 Instruction 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 t7 and XMJ at t8. Since XZJ does not 
occur at ti, SJ is not then inhibited, and, therefore, con 
tinues through t7. 
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 D3 g is present at t3, *D3 issues and sets D3 
at t4. 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 
control function. 

Logic X Interrogation 

O2 A33A21---------------- 0410 Has there been an overflow? 
Erg A4 A21. (14 is there a "read-tape' suyalarm? 
Eus A41 A24- 1051 Is there a "write-tape" subalarm? 
Kids A42 A11 20 is IDFCSION switch 1 on? 
Kids2A42 A12 2002 Is DECISION switch 2 on 
Kd83A42Al4 205 Is DECISION switch 3 on 
Kd84 A42 A2-. 2) iO Is DFCISION switch 4 on? 
Kds5 A41 A3-. 1500 Is DECISION switch 5 on? 
Kids6 A41 A22- --- 120 Is DECISION switch for? 
Key A.33 All-------------- 040 Is; Console KEY switch un 

Oke: 
Rs A3$ A2i.-- USlf is sign of R negative? 
Rd A34 A22- 0520 is designator bit of R = ? 
Ld A31 A24 0550 is designator bit of L = ? 
L8 A34 Ali.-- 055 is sign of I negative? 
A23----------------------- O)40 Are the last two digits of Bird 0? 
Rmil Ra2A44------------ 5000 Is Raphanumeric? 
Reb A41 All-------------- 1601 Is a tape reading? 
Web A4. A 12-------------- 1002 Is a tape writing? 
Rud A4. Al4.--- -- 1005 Is a tape rewinding? 
Rel, Wei A4 A32 ---- 2:0 Is a tape reading and a tape writing? 
Dt A33A22---..- - - - - - - - - (420 as an instruction leen rejected? 
R63(R62--R61)A4 A13--- 0004 Is the MSD of R non-numeric? 
Pb2 A33A24- -- 0450 Is the P-Buffer busy? 
Cfd A31------ 01.00 Is the Sorter on and feeding? 
Aripd A4 A3 1400 EIas there been no pucket 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 Oy 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, Dr and Anpd are unconditionally 

The same signal which causes Jna to set also causes 75 reset at t4, 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 Ricb Ta3 
The signal Ersd resets Ers. 
If E1's is interrogated, the signal Ewsd issues condition 

ally (if the Write Buffer is not busy). This is indicated 
by: 

Eisd=(54) A41 A24 A12 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 i 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 101$. 
One exception to the general method of interrogation 

by this instruction is the interrogation "Are the last two 
digits of B40?". The control function for this instruc 
tion sets D3 at 14, unconditionally. However, the logic 
for D3 provides that it will be reset for this particular in 
terrogation if the last two digits of B are equal to 0, i.e., 

*I3= (54) A23 (B2=0) (B1-0) Ti 
Thus, if the last two digits of B are equal to 0, D3 will be 
reset at t5, 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 tA 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 t8. 
The signal End issues unconditionally at t8. 

8 clock periods. 
Time: 

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 flip-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 XZJ at t7 and XMJ at t8. Since XZ does not 
occur at t7, SJ is not then inhibited and, therefore, con 
tinues through t7. 
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 A 12=1, the sign bit of the R 
register is changed to the 1-state, if it is not already in 
that state, by the issuance of "Rs at Ta3; i.e., *R5- (50) 
Ta3 Bl, Is A12. The following list illustrates the flip 
flops which are altered by the presence of the denoted 
bit in the A-register: 
A 1.1 : *Rs A31: *JC 
A 12: * Rs A32: *.ics 
A 21 : * 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 A41 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 B5 A41 
The signal End occurs unconditionally at t8. 

clock periods. 
Instruction 76: Is R Greater Than M2 (RGM) 

This instruction (FIG. 222) effects a comparison be 
tween the contents of the R-register and a word in Men 
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 location is in the 

J-register, for comparison with the word in the R-register. 
From t9-t 15, the shift signals SR, SR76 and SRR in 

issue to effect a complete ring shift-down of the con 
tents of R. Simultaneously, the signal SJ issues from 
t9-t14, and the signal XZJ issues at t15, 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-t15 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 J-D1 unchanged. 
Less than J-D1 turned off. 

From 9-t 15, the contents of R1 and J1 are fed into 
the Rgn and Ren logic chain. Generally, the Rgm sig 
nal will equal 1 if the R1 digit is greater than the J 1 
digit. The Ren signal will equal 1 if the Rl digit is 
equal to the J1 digit, or if either R1 or J1 contains an 
asterisk (*). From t9-t 14, the corresponding digits of 
the numeric contents of R and J are compared by Rgn 
and I Rem, and the Rgm and IRemi 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 R1211, "D1 issues. 
(2) If R1<J1, *D1 issues. 
(3) If R =J1, there is no change in D1. 
(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, I Remi-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 t is, 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=J or RKJ). At t 15, the condition digits of R and 
J are in R1 and J1 respectively, and several alternative 
courses are available. 
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When this instruction was initiated, the flip-flop c 
could have been in either one of its two states. Jc can 
only be set, or reset, by Instruction 50. The state of c 
will influence the course of the comparison at t5. 

lie result of the comparison at til 5 is also determined 
by the state of the two flip-flops W1 and W2. During t9 
it 14, *W issues so that W1 is set to 1 and stays set, if 
in occurred during this time. Thus, at t is, if W1 = 1, 
the numeric contents of R and J were not alike, whereas 
if W = 0, the numeric contents of R and J are equal. 
During 19-t 14, *W2 issues, so that W2 is set to 1 and 
stays set, if at any time R1 or J contained an asterisk. 

At t 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 t 15. 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 t5, the state of Jc determines the influ 
ence of the condition digits of R and J on the compari 
son. If Jo-i, the absolute values of the 4 position bit 
and the 5 position bit of the condition digits of R and J 
are compared at f 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 Ja=1 and W2=0, 
if D 1 = 1 at the end of this instruction, RDJ; where 
the digits compared included the numeric portions and 
the 4 position bit and 5 position bit of the condition 
digits. 

If Jo-0, and W2=0, the algebraic values of R and J 
are compared. In this instance, at t 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 15. The body of the table illustrates the state 
of Dl at t lé, provided it had the indicated state at 15. 
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have minus signs, the state of D1 at tlS 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, Di would 
have remained on. 
W1 and W2 are reset to 0 in the clock period next fol 

lowing r16. 
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 t6. Time 

16 clock periods. 
Instruction 86: Is L-R Greater Than MA and 

MA-4-12 (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, MA, 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 t9-115, the shift signals SL76, SL, SLR7, SR76, 

SR, and SRL7 issue to effect a half ring shift-down of the 
5 contents of L.-R. Simultaneously, the signal SJ issues 
from 9-t14, and the signal XZJ issues at t15 to effect a 
shift-down of all seven digits of J to the least significant 
digit position J1. Thus, from 19–t 15, the least significant 
half words (LSH) of the two double-precision words are 
compared. In a similar manner from t7-t23, 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 its 

th State of D1 at 5 

Sign of- Di yi D. W. Comments 

R (RIS JI) (R = 'J) (RCTI) 

-- - E- I D D If both signs (--), never charge D. 
- t- d If R is (--) and J is (-), R is always larger than J (even if magnitudes are equal). 

-- -- Di Di | If R is (-) and J is (--), R always less than J (even if nagnitudes are ential). 
D D D If both signs (-), must reverse results of magnitude comparison, unless R= J. 

Wis - D Di Asterisk in R or J. No comparison at t5. 
Ws 
Risi D O If R7J, ReJ. 

2s.{ O ar 

S-7 D D If R7 (JT, JSR. 

W2s amaa as 

in D D D If R =7, no change from 5. 

Generally, the table indicates that if the signs of R 
and J are both positive, the state of D1 at tis correctly 
represents the relationship of R to J. 

by 1 at 14, so that the LSH is in J at t9. At ti), the in 
struction word address portion is decreased by 1. Thus, 

If both R and J 75 at til 7, the MSH is in J from MA. 
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The signal Cpg also issues unconditionally during 
t9-15 and during til 7-t23 to enable various logical in 
puts to Dl in order that D1 may reflect the result of a 
"greater than' comparison. 

If FULL is: 

Greater than MA, MA-1, -D1 turned on. 
Edual to MA, MA--, -D1 unchanged . 
Less than MA, MA-1, -D1 turned off. 
The conditions on the comparison according to whether 

Jc=1, whether an asterisk is present in the word com 
pared, and whether D1 = 1 at the commencement of this 
instruction are identical for each half word comparison 
and are identical 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 D1 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, i.e., at t l7. 
The signal End occurs unconditionally at 124. Time: 

24 clock periods, 
Instruction 71: Is R Unequal to M2 (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: 0000-3999 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 t9-t 15, the shift signals SR, SR76, and SRRm 

issue to effect a complete ring shift-down of the contents 
of R. Simultaneously, the signal SJ issues from t9-t 14, 
and the signal XZJ issues at til 5 to effect a shift-down 
of all seven digits of J to the least significant digit J1. 

If R is: 
Unequal to J-D1 turncod on. 
Equal to J-D1 unchanged. 
From 19-115, the contents of R1 and J1 are fed into 

the Rem logic chain. From t9-t14, the Rem signal 
will equal 1 if the R1 digit is equal to the J 1 digit, or 
if either R1 or Ji contains an asterisk. If at any time 
during this period Rem=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 D1 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 t9-t14 and an inequality 
during t15, if W2 had not been previously set. 
The signal End occurs unconditionally at ti6. Time: 

16 clock periods. 
Instruction 81: Is L-R Unequal to 

MA and MA-- l? (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, MA 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 81. 
The Initial Routine is unaltered. 
From t9-t15, 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-ti4, and the signal XZJ issues at 15 
to effect a shift-down of all seven digits of J to the 
least significant digit position Jl. Thus, from t9-t 15, 
the least significant half words (LSH) of the two double 
precision words are compared. In a similar manner, 
from t l7-t23, the MSH portions of the two double 
precision words are compared. 
The LSH in Memory at memory location MA-1 is 

obtained by increasing the instruction word address por 
tion by 1 at t4, so that LSH is in J at t9. At t i0, the 
instruction word address portion is decreased by 1. Thus, 
at til 7, the MSH is in J from M. During t9-115 and 
tl7-t23, the contents of R1 and J1 are fed into the Renn 
logic chain to enable various logical inputs to Di in 
order that D1 may reflect the result of an "inequality' 
comparison. 

If FULL is: 

Unequal to MA, MA-1, -D1 turned on. 
Equal to MA, MA-1, -D1 unchanged. 

lf Dl 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 MA, MA-4-1 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 between these comparisons, i.e., at 
f7. 
The signal End occurs unconditionally at t24. 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. Each 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 t9-t24 of the timing sequence. At t24, a 
decision is made: if the double-precision word in Memory 
is unequal to the contents of FULL, the timing circuit is 
reset to t9, and another comparison is made; but, if 
equality was found, Tz is set and the Central Processor 
enters an instruction-closing T-cycle (t25-t32). 
The original operand address, MA, is increased by 1 

at tA, and at t9 the LSH from MA--1 is in J. From t9 
t15, 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-t 14 and the signal XZJ issues at fliS to effect a 
sequential shift of all seven digits of J to J1. Thus, from 
t9-t 15, the LSH portions of the two double-precision 
words are compared. The contents of R1 and J1 are fed 
into the Ren logic chain to enable various inputs to D. 



27,157 
147 

in order that D1 may reflect the result of the comparison. 
So long as I Rem=1, indicating that the digits compared 
are alike, the state of D1 is unchanged from 0. If 
Rem=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 t24, 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 
116, at which time *W2 issues. At t 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 til 5, 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 t9, Cad issues, so that the original operand address 

MA is restored to the A-register. At til 7, the MSH from 
MA is in J. "Ty issues at t6, so that the next clock 
period is ti7 of the timing sequence; i.e. (Tb Ty). From 
t17-23, a comparison similar to that described above is 
performed on the MSH's. Since W2 was reset to 0 at 
t17, an asterisk in the numeric portions of the MSH's 
will prevent comparing the condition digits thereof at 
23. Thus, by t24, 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 t24. If either half of either double 
precision word contained an asterisk, the corresponding 
condition digits were not compared. From fl-123 this 
instruction is similar to Instruction 81, except for the is 
suance of three Cau signals during til 7-til 9. 
At t24, 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 19 by issuing Ty. Simultane 
ously, D1 and W2 are restored to the 0-state, and the ts 
t24 sequence is repeated on the next sequential double 
precision word in Memory. Since the A contents had 
been counted up by 3 during t17-119, the word at MA-3 
is in the M-register at t24 and is then compared with the 
LSH of FULL starting at the new 19. The address MA-3 
locates the LSH of the double-precision word in Memory 
next following the one originally addressed. When t24 
is again reached, the state of D1 again influences the suc 
ceeding course of the Central Processor. So long as 
D1 = 1 at t24, the word sought has not been found, the 
timing sequence is again returned to t9, and the next 
double-precision word in Memory is compared with 
FULL. 

If, however, D1 =0 at t24, 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 t9, or con 

tinued to t25, depends on whether 'Tz issues or not at 
t24; as follows: 

*Tz-(31) Ty D1 Tb8 IEnd 
Since "Ti occurs at 24, the T-cycle starting with t9 is 
denoted as the Ty Ta subsequence and that at t25 as the 
Ty Tz subsequence. The T-cycle starting at til 7 is de 
noted as the Ty T2 subsequence. Thus, during the re 
petitive searching process, Tygoes on and off during alter 
nate T-cycles. 

During the instruction-closing T-cycle, the next LSH 
enters J, but is never employed. At t25, 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; i.e., M--2. The following table 
illustrates the sequential addresses in A, assuming that 
the search starts at MA=1000, and that the MSH of the 
"equal" word is 1004. 
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Air 1st A in 4th 
clock period clock period 
of T-cycle of T-cycle 

D at Timing circuit 24 state 

0. 

1000 

1003 

TT ra 
Tb Ty Tz 
Tb, TTz 
Tb TT 
Tb TTz 

1005 

1004 

1008 

NotE-1006 transferred to B, but 1004 is the location (M) of 'found' 
word. 

The signal 'Jna issues at t25. Jna enables the issuance 
of XAN and XNA at t27. 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 t28, because Ti does not 
control XNA for this instruction. Jna also enables the 
issuance of the shift signals SN, SNB, and SB from 
f28-t31: 

SN, SNB, SB- (31) Jna Tp 
Thus, from 128-t31, the contents of N, which are M--2, 
are transferred to B. At t32 this address is in B. "Jna 
issues at t31 and "T2 at t32. 
NoTE.-Although SJ does not occur in the Ty Tz sub 

sequence, so that Jimg2, 1 stays at 0, 0 throughout the 
subsequence, the mod alert does not occur since "Amm 
is inhibited by Tz; i.e., 

The signal End occurs unconditionally at t32; as fol 
lows: 

End- (31) Tb8. Tz 
Time: 32 clock periods, plus 16 clock periods for each 
unsuccessful search. 

E.A.L.T SEARCH OR TUMBLE WARIATION 
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 Instruction 31. 
The primary flip-flop in initiating the variation is Hist, 

where "Hst=(31) T2 T1 W8 (Jr.--Jw). Jr. is 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, 

*Jr=Ti Ur J20 and *w-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 t24, since except for the instruction-closing 
T-cycle, Ti only occurs at each t20. With the issuance 
of Ti, "Jr or "Jw can occur, at t20, if the corresponding 
Read or Write Buffers are ready. Then, in accordance 
with the above logic, 'Hst occurs at t21. It should be 
noted that Hst 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 t1; i.e., *T1=Tb8, 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 t24, so that if D1 =0, 
*Tz occurs. Neither the setting of Tz nor the address in 
the A-register at 24 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 t9, if Tx has not been set at t24, 
and to 25 if Tz has been set, and C is reset to 31. "Hist 
occurs at Tb 1, which is the first clock period following 
the Interrupt-subsequence. Thus, if an Interrupt-subse 
quence occurs, Hst occurs either at 19 or t25, depending 
on whether the search had been completed. 

If Jr=1, XZJ and XMJ are inhibited during t23 and t24, 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. Each 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 t9-t24 of the timing sequence. At t24 a 
decision is made: if the double-precision word in Memory 
is less than the contents of FULL, the timing circuit is 
reset to t9, 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 (t25-132). 
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, D1 is reset to 0 at t24 to prepare for the next comparison. 

If D1 is equal to 1 at t24, 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 19. If D1 is equal to 0 at t24, 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 t25, 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 End occurs unconditionally at t32; as foll 

lows: 
End- (36) Tb8 Tz 

Time: 32 clock periods, plus 16 clock periods for each 
unsuccessful search. 
NoTE-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 WARIATION 
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 t24, 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 mode, 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, MA, is 
increased by 1 to the address of the LSH of the double 
precision word in Memory originally addressed. At t9. 
the LSH from Ma--1 is in J. Simultaneously, Mr 
issues and initiates the storing of the contents of R in MA-1. 
The instruction then proceeds through a series of t9 

t24 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 t9, if W3=0. From 19-t 16, 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 til 7 
t24, 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 19-24, 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 t9-124 sequence, since during t17-t19 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 
t24 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 t9 causes the issuance of 
*W3, thereby setting W3 to 1, where it remains until reset 
by the signal End. Whenever W3 is set at ti 0, End will 
occur at t24. If End does not occur at 24 (W3=0), 
the timing sequence is reset to t9. 
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 L73 and L74. The sig 
nal SJLn issues from t9-t14 and from til 7-122 to transfer 
the contents of J11 and J12 to the corresponding mod 
positions of L7. At til 5 and t23, the contents of the 
J-Mod generators are transferred by the signal SJingL 
to the mod-bit positions of L7, if the contents of J are 
numeric. If the contents of J are alphanumeric, SJLim 
issues again at tils and t22. 
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: 934567 890123 
B-register contents: 204 (2002 was > L-R) 

Memory loca- Data 
tions 

2000, 2001 123456 
345678 
45689 
0000 
3590 

789.012 
9023. 
0235 
00000. 
246801 

2002, 2003 
2004, 2005 
2006, 2007 
2008, 2009 

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 

89.012 
89.013 
901234 

456789 012345 
000000 00000 
Unchanged 

123458 
23.458 
345678 

2000, 200i 
2002, 2003 
2004, 2005 
2006, 2007 
2008, 2009 
2010, 2011 

Nor-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 t20, but XNA does not 

occur unless W3=1. 
The signal End occurs at t24, provided W3=1; as 

follows: 
End- (35) Tb8 Ty W3 

Time: 24 clock periods, plus 16 clock periods for each 
double-precision word tumbled. 

HALT SEARCH OR TUMBLE WARIATION 
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 must 
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 
struction 31, except that the C-register is set to 55. The 
interruption can only occur at t24, 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; i.e., if W3=1. Thus, 
*Hst=(35) (Jr.--Jw)Tz W3T1. 

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 exceeds 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 
R>|M, MI 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 
MIDR, R is deducted from IM 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 Vc. Us dictates a subtractive operation starting 
at t9, and Vc provides for a 10's complement type of 
subtraction. Both courses B and C are alike from t9 
tl 6. At t6, courses A and B terminate, with the proper 
answer in R. However, if common courses B and C were 
taken, the carry flip-flop Vc is sampled at til 6, 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 t33-t40. 

Consider, now, the operation in detail. At t8, if the 
signs of R and M are unlike, 'Us and *Vc occur. The 
signal SJ occurs from 19-t 14 and shifts the numeric con 
tents of J to the Va input AND-gates of the Arithmetic 
Unit. From 19-t!6, 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 19-t14, 
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the corresponding six numeric digits of R and J are ap 
phied 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 til 0-t 15 the 
six digits of the sum of the two numbers applied to the 
Wa and Vb input AND-gates appear from the V output 
AND-gates. From 19-f14, the signal Vot issues to en 
able the numeric inputs to the carry flip-flop Vo. Dur 
ing ti0-t 15, the Vc flip-flop is set for each pair of digits 
combined whose total, with the carry value represented 
by Vic, is 10 or greater. 

If Us, the true contents of R and J are applied to the 
Arithmetic Unit from 19-114, 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 Wc, effects the 
adding of the 10's complement of the contents of J to 
the contents of R. The signal SVR7 occurs from tl(0- 
tl5 and transfers the contents of the V output AND 
gates to the MSD position of R. Thus, at til 1, the LSD 
of the Arithmetic Unit output appears in R7. By t|6, 
the last numeric digit of the Arithmetic Unit output is 
in R7. 

However, the Arithmetic Unit has completed the sum 
of the numeric contents at t5. Therefore, at ti5, the 
contents of Vc 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) Us We 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 Cv 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 t6, the signal SVngR 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 t33, or at til, depending on the course, 
the proper sign and mod-bits are in R7 and the numeric 
portion of the result is in R6-R1. 

*Ziva issues at t 15, so that Ziva is set to 1 at til 6. At 
t16, End occurs if Us or if Us We; i.e., if an additive 
operation had occurred, or if a subtractive operation had 
occurred and RDJ. If the Jid R, Vc=0 at t6 for 
the subtractive operation and End does not occur. Addi 
tionally, at ti6, the Us flip-flop is reset unconditionally. 
If End does not occur at t16, 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 t33 in 
course C. 

At 133, Vc is set to 1 to provide for a 10's complement 
of the contents of R. *Vc=(72) Tb8. From t33-t38, 
Vct issues to enable the numeric inputs to the carry flip 
ilop, SR76 and SR issue from t33-140 to shift-down the 
contents of R. SVR7 issues from t34-t39 and transfers 
the output of the Arithmetic Unit to the R-register. The 
signal Ziva causes the entry of 0'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 t33-140. At t40, SVngR 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. SVngR does not affect the contents of R73 dur 
ing a Ty-cycle. Instead, at t40, the sign of R is inverted 
from its value at til 7; as follows: 
*Rs=(72) Tb8 Ty R13 and *Rs=(72) Tb8 Ty R13 
The following table illustrates the transfer of data in 

the R-register during the two Tb-cycles of this instruction. 
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R7 R6 R5 R4 R3 R2 R1 

t9 S- S-6 S-5 S-4 S-3 S- S-1 
to S-7 S-7 S-6 S-5 S-4 S-3 S-2 
t W-1 S- S-7 S-6 S-5 S-4 S-3 
t2 W-2 W-1 S-7 S-7 S-6 S-5 S-4 
13 W-3 W-2 W-1 S-7 S-7 S-6 S-5 
14 W-4 W-3 W-2 W-1 S-7 S-7 S-6 
ti W-5 W-4 W-3 W.2. W- S-7 S-7 
6 W-6 W-5 W- W-3 W-2 W-1 S-7 

1. S-M W-6 W-5 W-4 W-3 W-2 W-1 

33 S-M W-6 W-5 W-4 W-3 W-2 W-1 
34 S-M S-M W-6 V-5 W-4 W-3 V-2 
35 W'- S-M S-M W-6 W-5 W-4 W-3 
36 W-2 W-1 S-M S-M W- W-5 W-4 
t37 W-3 W-2 W-1 S-M S-M W-6 W-5 
38 W- W-3 W-2 W-1 S-M S-M1 W-6 
29 -5 W-4 W-3 W-2 W-1 S-M S-M 
40 W-6 W-5 W-4 W-3 W-2 W-1 S-M 

S'-M -6 W-5 W-4 W-3 V-2 V-1 

The signal End occurs unconditionally at tA0. Time: 
16 clock periods if the signs of R and M are alike, or if 
these signs are unlike Rd M. 24 clock periods if 
the signs of R and M are unlike and R <|M. 

MATHEMATICAL ANALYSIS OF RESULTS OF 
COMILEMENTATION 

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-t16) step is to deduct J from R by 

adding the 10's complement of Ji 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 RD'J. (In the following exemplary 
equations it will be assumed that A and B are both less 
than 10.) 

If the RDJ, it is desired to provide: 
A=R-J (1) 

This is accomplished by: 
A=R--(9-J)--1-10 (2) 

Vc is set to 1 before the complementing operation starts 
in order to add the 1 of Equation 10. The quantity 10 
is deducted from the result by ignoring the 10's carry, 
Vc. However, the answer can only truly reflect R-MI 
if Vo is present at the end of the additive process. Vc 
is present under the following conditions: i.e., if 

|R--(9-J)--1s 10 (3) 
OT 

|R-J's0 (4) 
Or 

R>J. (5) 
Therefore, if R>J, the addition of the 9's comple 

ment of Ji to R, after first setting Vc, 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<J, 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 Vc did 
not occur; i.e., 

A=10-(J-R) (6) 
Consequently, if Vc does not occur following the per 

formance of the left-hand side of inequality (3), JDR, 
and the preceding answer is complemented by 10; i.e., 
by first setting Vc and then by adding the 9's comple 
ment of the new contents of R to 0's, 

(7) 
(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 III V 

(Course B) (Course B) (Course C) (Course C) 
R -200000 -2000(x) -10000 -100000 
J -100000 --100000 --200000 -200000 

At 9, Us and Vc are set. The 9's coinplement of J is added to R. The 
original sign of R is affixed to the new sum in R. 
------------ 

R --200000 -200000 --00000 --10C(100 
J (cornp.) 899999 899999 79999 99999 
Wic 1. 1. 

R" -100000+ v -100000+ vr -900000+Vc +900000+We 
... ------' 'un-in 
Since Vcs, End occurs, and Since Vcs=0, continue to t33. 
Vc dropped. Set WC to 1, and add 0's to 

the 9's complement of R. 
The sign of R is changed on 
the final answer in R. 

R' (comp.) -099999 --099999 
Zia occo ococo Wic 

-100000 -100000 

End occurs 

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 Wng2, 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 2) 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: 

Wa Vb 

Addition (UT).------------------------- J.----------- R. 
Subtraction (Us T3).---------------------- J (comp.)--- R. 
T2-cycle following subtraction (UT2).... 0------------ 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 Jing 1 = 1, the modulo-3 of the comple 
ment of J is Jimg2=1; if the modulo-3 of J is Jing2=1, 
the modulo-3 of the complement of J is Jng 1 = 1. How 
ever, if the modulo-3 of J is Jimi2 Jmol, 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 Jimg2, 1, 
at t 15. Referring to the preceding table illustrating the 
contents of R, it is seen that the mod-bits of R are in 
R1 at 115. Therefore, at t is, 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 R11 at ti5 and apply these 
contents directly to the mod-adder flip-flops Ma2, 1. 
The AND-gates Ja2, 1, at ti5, apply the contents of 
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Jng2, 1 directly to the mod-adder flip-flops, if Us; and 
the complement of the contents of Jng2, 1 to the mod 
adder flip-flops, if Us (since, when Us=1, the comple 
ment of J is applied to the Arithmetic Unit). However, 
if Us= 1 from t9-t 16, Vc 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 t5 for addition. This is accomplished 
by setting Ma 1 to 1 at t9. Thus, at t16, the contents of 
Ma2, 1, the mod-adder, represents the sum of the mod 
bits (X Mod) of the two numbers applied to the Arith 
metic Unit. 

Since the output of the Arithmetic Unit is only first 
available at til 0, the Arithmetic Unit mod-generator 
Vng2, 1 first reflects the modulo-3 of the least significan 
digit of the output of the Arithmetic Unit at til 1. There 
fore, at til 6, Vng2, 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 Vng2, 1. If Vc is on at t16, 
an additional 1 not reflected in Vng2, 1 must be sam 
pled with the contents of Vng2, 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, 
Mc, follows. 
Mc= 1 if: 

Mal M2 Wo 
(Vng 1--Vmg2) 

Ma1 We Wong 
Ma2 We Wing2 
Ma Ma2 Vc Wing;2 

X Mod=0; Mod X-1, 2 

X Mod=1; Mod X=0, 2 
S. Mod=2; Mod X=0, 1 
X Mod=0; Mod X = 1, 2 

Mal Vc (Vng 1--Ving2) > Mod=1; Mod S=0, 2 
Ma2 Vc Vng1 X Mod=2; Mod x=0, 1 
If the output of the mod-comparator equals 1, a com 
parison was not obtained and the signal * Aac issues at 
fl6 to set the "Alert, Arithmetic" flip-flop, Aac, which 
stops the Central Processor, 

In a similar manner, a mod-check is made at t40. 
Although, during this period the next-instruction is in 
the J-register, the signal Ziva inhibits all inputs to Jimg2, 
1 so that Jing2, 1 reflect 0, 0 at Tb7, which is the mod 
of the 0's applied to the Va input AND-gates of the 
Arithmetic Unit. At Tb7, Jing 1 is set to 1 whenever 
Zva=1 to prevent the issuance of 'Amm. 

All of Ma2, 1, Jimg2, 1 and Vng2, 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 a 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 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 73. 
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 unlike, IR 
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 
|RDM, MI 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 
MIDR, 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 19. If the signs of R and M are alike, simul 
taneous courses B and C are entered at 9 by setting 
Us and Vc. Us dictates a subtractive operation starting 
at 19 and Vc provides for a 10's complement type of Sub 
traction. Both courses B and C are alike from t9-t16. 
At ti6, courses A and B terminate, with the proper 
answer in R. However, if common courses B and C 
were taken, the carry flip-flop Vc is sampled at t6, 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 t33-t40. 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 40. 

Time: 16 clock periods if the signs of R and M are 
unlike, or if the signs are alike and RDM. 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 I III IV 

(Course B) (Course B) (Course C) (Course C) 
R --200000 -200000 --100000 -100000 
J --100000 -100000 200000 -200000 
ul 

At to, Ue and we 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. 
l- - 

R --200000 -20000 --100000 -100000 
J (comp.) 899999 899999 7.99999 799999 
We l 

R.' +100000+-vo -100000+-vc +900000+Vc -900000+Vc 
Since c=1, End occurs, and Since Vcs 0, continue to t33. 
Vc dropped. Set Vc=1, and add 0's to 

the 9's complement of R. 
The sign of R is changed on 
the final answer in R. 

R" (comp.) --09-999 -099999 
2D 000000 000000 
Wc t 

-100000 --100000 

End occurs 

Instruction 82. Add M to 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 MA-1 are alike, FULL is added to MA, 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 FULLIDMA, MA+ 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 MA-1 are unlike and MA, MA+1 DFULL, 
FULL is deducted from MA, 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 MA-1 are examined. If they 
are alike, course A is entered at ts. If they are unlike, 
simultaneous courses B and C are entered at 9 by setting 
Us and Vc. Us dictates a subtractive operation starting 
at t9, and Vc provides for a 10's complement type of sub 
traction. Both courses B and C are alike from t9-t24. 
At t24, courses A and B terminate, with the proper 
answer in FULL. However, if common courses B and C 
were taken, the carry flip-flop Vo is sampled at t24, and if 
We 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 25-t40. 

Consider, now, the operation in detail. At t8, 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: 

*Lss (82) Ta8 Rs and *Ls=(82) Ta8 Rs 
Thus, both words in FULL are given the same sign, this 
sign being that of the word initially in R. At t8, if the 
signs of R and MA-1 are unlike, 'Us and Vc occur. 
Thus, the algebraic addition is controlled by only the 
sign of the word initially in R and the sign of MA--1. 
The signal Cau issues at t3 to increase the original 

operand address, MA, by 1, so that the LSH of the double 
precision word in Memory may be transferred to J at t9. 
The signal SJ occurs from t9-t 14 and shifts the numeric 
contents of J to the Wa input AND-gates of the Arithmetic 
Unit. From t9-t 16, 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 t9-t15. Also 
issuing from t9-t15, are the signals SR76 and SR, which 
enable the transfer of the contents of L to R from t9-16, 
and which apply the contents of R to the Vb input AND 
gates of the Arithmetic Unit. Therefore, from t9-t14, 
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 
sun digital outputs appear at the V output AND-gates 
one clock period later. 

Therefore, from f10-115, the six digits of the sum of 
the two numbers applied to the Va and Vb input AND 
gates appear from the W output AND-gates. From 
t9-t14, the signal Vot issues to enable the numeric inputs 
to the carry flip-flop Vc. During til 0-115, the Vc flip 
flop is set for each pair of digits combined whose total, 
with the carry value represented by Vc, is 10 or greater. 

If Us, the true contents of R and J are applied to the 
Arithmetic Unit from 19-t 14, 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 initial setting of Vc, 
effects the adding of the 10's complement of the contents 
of J to the contents of R. The signal SVL7 occurs from 
t10-115, and transfers the contents of the V output 
AND-gates to the MSD position of L. Thus, at t11, the 
LSD of the Arithmetic Unit output appears in L7. By 
16, 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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similar to that executed during t9-t14. The continuing 
state of Us determines whether another additive or sub 
tractive operation is to be performed. By t24, the last 
numeric digit of the Arithmetic Unit output appears 
in L7. 
The Arithmetic Unit has completed the sum of the nu 

meric portions at 115. Therefore, at t 15, the contents 
of Vc 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 Ta 
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 SVng L 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 t25, or at til, 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. 

*Zya issues at t23, so that Ziva is set to 1 at 24. At 
124, End occurs, if Us or if Us We; i.e., if an additive 
operation had occurred, or if a subtractive operation had 
occurred and 

| FULLY MA, MA+1 
If MA, MA-1 >| FULL, Vc=0 at t24 for the sub 
tractive operation and End does not occur. Addition 
ally, at t24, the Us flip-flop is reset unconditionally. If 
End does not occur at t24, Zh'a continues in its set con 
dition and *Tz occurs. The issuance of "Tz causes the 
timing sequence to proceed to t25 in course C. 
At 125, Vc is set to 1, to provide for a 10's complement 

of the contents of R. From t25-t30, Vct issues to enable 
the numeric inputs to the carry flip-flop Ve. SL76, SL, 
SLR7, SR76 and SR issue from t25-131 to shift-down the 
contents of FULL. SL76 and SL also issue at t32 to 
allow for the insertion of the sign, designator, and mod 
bits in L7. SWL7 issues from t26-131 and transfers the 
output of the Arithmetic Unit to the L-register. The 
signal Ziva causes the entry of 0'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 t25-t32 and the result is stored in L. At 
t24, SVng L 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 Tai Tz-cycle. 
Instead, at t32, the sign of L is inverted from its value at 
t25; as follows: 

*Lis- (82) Tb8 Ty Tz L13 
and 

In a similar manner, the complement of the contents 
of the MSH of FULL is effected from t33-140. The only 
basic difference between the operation from 133-f40 as 
contrasted to that occurring from t25-132, is that Ty is 
also on, so that SLLs is now effective to transfer the 
sign bit of L1 to L7 at t40. 
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 

Tb-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 Ziva in 
hibits all inputs to Jng2, 1 so that Jimg2, 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 MA 
in the A-register attlé. 
The signal End occurs unconditionally at 140. Time: 

24 clock periods if the signs of the word initially in R 
and the word in MA-1 are alike, or if these signs are 
unlike and FULLYMA, MA-1. 40 clock periods if 
the signs of the word initially in R and the word in 
MA-1 are unlike and FULLCMA, MA-1. 

IASI-A)) 

The Hash-Add instruction is a variation of Instruction 
82, and permits a non-numeric or alphanumeric double 
precision word in MA, MA-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 Wa or Vb input AND-gates to the 
Arithmetic Unit at Tb T7, 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-gates. 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 (S) adds as a 5, the digit (,) as a 6, 
the digit (&) as a 7, the digit (...) as a 10 and the digit 
(*) as an 11. 
Inasmuch as the J-Mod-generator 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 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 D1. 
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 will 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 
MA-1 are unlike, FULL is added to IMA, MA-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 FULLDMA, MA+1, MA, 
MA-4-1 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 
MA-1 are alike and MA, MA-1>FULL, FULL is 
deducted from MA, MA-1-1 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 MA-1 are examined. If they 
are unlike, course A is entered at t9. If they are alike, 
simultaneous courses B and C are entered at t9 by setting 
Us and Vc. Us dictates a subtractive operation starting 
at t9, and Vc provides for a 10's complement type of sub 
traction. Both courses B and C are alike from 9-124. 
At t24, courses A and B terminate, with the proper answer 
in FULL. However, if common courses B and C were 
taken, the carry flip-flop Vic is sampled at t24, and if Wc 
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 t25-140. 

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 MA-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 t40. Time: 

24 clock periods if the signs of the word initially in R and 
the word in MA-1 are unlike, or if these signs are alike 
and FULLYMA, MA-1. 40 clock periods if the signs 
of the word initially in R and the word in MA-1 are alike 
and FULLCMA, 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 fl7-f23 O'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 
Inetic 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 t40. 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 
|FULLDM. 40 clock periods if the signs of the word 
initially in R and the word in M are unlike and 
FULLCM. 
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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 Initial 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 ti7-t23, 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 tA0. 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 
FULL.D.M. 40 clock periods if the signs of the word 

initially 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 sun 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 9, the operand is in the J-register. At this time 

the shift signals SJ, SWB and SB issue. SWB and SB issue 
unconditionally from t9-t13. SJ transfers the digits in J 
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 Vct enables the numeric inputs to 
the carry flip-flop Vc. 
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 attl0, and in B4 
at til 1. At til3, 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 t|4; as follows: 

*D2=(27) Tb Tp T'ai Ts we 
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. 

4. J3 J2 J1. W B4 B3 B2 B1 

9 O-4 O-3 O-2 O-1 ----------- S-4 S-3 S-2 S-1 
t10 O-5 0-4 O-3 O-2 O-1--S-1 - S-4 S-3 S-2 
t1 O-6 0-5 O-4 O-3 O-2--S-2 O---S-1 - - - - S-4 S-3 
t12 O-7 O-6 O-5 O-4 O-3--S-3 O-2--S-2 O-1--S-1 - S-4 
ti3 O-1 O-7 O-6 O-5 O-4--S-4 O-3--S-3 O-2-S-2 O-14-S-1 
tl4 O-2 O-l. O-7 O-6 ----------- O-4--S-4 O-3--S-3 O-2--S-2 O-1--S-1 
t15 O-3 O-2 O-1 O-7 ----------- O-4--S-4 O-3--S-3 O-2-S-2 O---S-l 
16 0. 0. O-1 ----------- O-4--S-4 O-3--S-3 O-2-S-2 O-1-S-l 

Although no Arithmetic Unit mod-check is made, "Aac 
issues if the Va or Vb inputs are non-numeric during 
19-t 12, or if the Arithmetic Unit output is non-numeric 
at any time. 
The signal End occurs unconditionally at fl6. 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 a 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 from 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 t9, the operand is in the J-register. At this time the 

shift signals SJ, SWB and SB issue. SWB and SB issue 
unconditionally from 19 through til3. 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 50 
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 55 
new number is transferred thereto. The least significant 
digit of the operand enters the Vs flip-flops at ti0 and B4 
at till. At ti4, 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. 
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Although no adder mod-check is made, "Aac issues if the 
Wa or Vb inputs are non-numeric during t9-t12, or if an 
Arithmetic Unit output is non-numeric at any time. 
The signal End occurs unconditionally at tié. Timc: 

16 clock periods. 75 

70 

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 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 SRRn, 
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 Ji is trans 
ferred to R7. The logic directing this extract opera 
tion is: 

SRRn=(29) Tb L14 and SJRm=(29) Tb L14 
The condition digit in R is transferred in the same manner 
as the six numeric digits during t9-116. 
The following table illustrates the operation of this 

instruction. In this table, the terms C, Cr and C. 
represent respectively the condition digits in J, R and L. 

Initial Final 

=000000C 
R= C929292 
= C,050505 

Jas C.121212 
Ra CR989898 
I= CL050505 

where the designator bit of C, 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. 

(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 indicate a 
numeric. 

The signal End occurs unconditionally at ti6. The 
signals XZJ and Ti are inhibited by M3g, so that the 
next T-cycle is a Tb-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 ISH word 
in L. 
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 42. 
The Initial Routine is unaltered. 
From fl-t 16, the instruction and the multiplicand are 

mod-checked, and at t6 the multiplicand from Memory 
is in 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 tié, "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 11, Tz is on, and Ta 
is off, this state of the timing circuit being identified as 
t39. The other of the two subsequences is identified as 
the Ta subsequence. The Ta subsequence is entered 
when the T-counter is set to 001, Tal is on, and Tz off, 
the state of the timing circuit being identified as tal. The 
Tz subsequence terminates at t40, being only 2 clock 
periods in duration. The Ta subsequence terminates at 
148, being 8 clock periods in duration. At the end of 
each of the Tz and Tad subsequences, namely at tA0 and 
t48, the contents of Ll 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 Ta 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 porticin 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 til 6, the first test of the contents of L is made. At 

116, the digit in L1 is the sole factor determining whether 
a Tz or Ta subsequence will be next entered. If L1 =0, 
indicating that the multiplicand should be multiplied by 0, 
the Tz subsequence is entered. If L1z0, the Tal subse 
quence is entered. If L14=0, the Ta subsequence will 
be additive. If L14=1, 'Us issues, and the Ta 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 5. 
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Ta SUBSEQUENCE 

At 16, at ta.0 of a Tz subsequence, and at t+8 of a Ta 
subsequence, L1 is sampled and, generally, if Ll=0. 
Zn and “Ta issue. Zm forces the T-counter to 111 and 
sets Th and Tb7. Therefore, the next clock period is 
139. At t39, 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 139 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 is and W-5, *M3g issues at 
t39 to terminate the instruction in the next clock period. 
Since W-5, 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 t39, the 
preceding subtractive process is not complete, so that even 
though W=5 at t39, a single Tal subsequence must follow 
this Tz subsequence before the instruction can terminate, 
If, at t40, 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 procedure will be described later. If 
L1-0, Us=0, and the instruction is not terminating, * Zn, 
at tA0, 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 L 1=9 and Us= 1, provided W46, *Zn also issues, 
since the effect of Ciu is to increase the contents of L1 
to 10, requiring an immediate shift of the accumulated 
product, followed by counting the next multiplier digit 
up 1. If Zn does not issue at 140 and the instruction is 
not terminating, Ta issues, and the next subsequence is 
a Ta subsequence. Us also issues at 140 if L14=1 and 
W-7.6. *T2 occurs if Zn does not issue. 

If M3g had issued at t39, indicating the instruction 
was to terminate, End occurs at t 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 are negative. This gen 
eration of the new signs is given by: 

* Rsa (42) End (Js LS--Js Ls) 
*is-(42) End (Js is--J's Ls) 
* Lisse (42) End Js is 
*I,s- (42) End is Ls 

The designator bits of L and R are set to zero when End 
occurs; i.e., 

*Id- (42) End and *r = (42) End 
Td SUBSEQUENCE 

At t6, at tAO of a Tz subsequence, and at t-8 of a Tad 
subsequence, L1 is sampled and, generally, if L1z0, Tal 
issues. Therefore, the next clock period is tal. 
A time saving feature is employed in this instruction. 

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 multi 
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plicand when a multiplier digit is 5 or greater. The de 
cision of whether addition or subtraction is to be per 
formed during the Ta-cycle occurs at 116 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 tA1, the multiplicand is added to 
the accumulated product and the contents of L1 are re 
duced by 1 during each Tad subsequence. At the end of 
each Ta subsequence, L1 is sampled, and if L1za.0, a suc 
ceeding Tal subsequence is entered. The Tal 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 tal, the multiplicand is subtracted from the ac 
cumulated product and the contents of L1 are increased 
by 1 during each Tal subsequence. The Ta subsequences 
continue until Li is increased to 0, at which time the mull 
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 Unit 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 
t46. The signal Ziva issues during t47 and ta8 and ap 
plies 0's to the Va input AND-gates of the Arithmetic 
Unit, if Us. If Us=1, Ziva transfers 9's to the Va input 
AND-gates of the Arithmetic Unit during 147 and t48. 
At t47, the signal Cld issues to count down L1, if Us. 

If Us=1, Clu issues to count up L1. 
At tA8, 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 L1za-0, another similar Ta subsequence immediately 
follows. 

If W=6 during the Ta subsequence, *M3g issues at 147 
and the instruction terminates at f48. SWR7 is inhibited 
if End occurs at t48, in order to allow for the generation 
of the sign bits of the product, as previously described. 

MISCELLANEOUS. LOGC 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: 

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 til 6, 
or following 148 of a Tad subsequence, if L1=0. The 
third term for Zm indicates that another Tz subsequence 
will be entered if Us and L1 =0 at t40 of a Tz subse 
quence. 
The subtraction flip-flop is set to 1; as follows: 

i.e., if the instruction is not ending, Us is set to 1 at 116, 
or at tA0 of a Tz subsequence, if L14= 1. Us is reset to 
0; as follows: 

*Us-(42) Tb8 Tid (W2 W3-L14) 
or Us is reset to 0 at t40 if W-6, or I14. 
The signal Clu is described by: 

Clu=Tb7 Tal Us--Tb8 Tz Us 
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or L1 is counted up during a Ta-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 
Ta subsequence. The signal Cld issues; as follows: 

Cld-Tb7 Tad Us 
or L1 is counted down during a Ta subsequence if Us=0. 
The W-counter is counted up; as follows: 

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; 

Each of these terms is necessary because a complemen 
tary operation will be performed if the next succeeding 
subsequence is a Ta subsequence, and because Wet does 
not enable Vc at Tb8 Ta. The carry flip-flop also re 
sponds in normal operation to the numerical inputs to the 
Arithmetic Unit, when enabled by Vot during 141-147. 
The signal End immediately follows the setting of 

M3 g; i.e., 
End-M3g Tb8 

Therefore, the issuance of M3g determines when the in 
struction terminates. M3g occurs; as follows: 

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-5, M3g will not issue, but, instead, 
W=6 will inhibit Zm, and another Ta subsequence will 
be entered. This is an additive subsequence since *Us, 
as indicated previously, issues when Wreaches 6. There 
fore, at t+8 of the first Td subsequence following W=6, 
M3g issues and the instruction terminates. 

TAPE INTERRUPT WARIATION NOT NECESSARY 
Since the Memory is not used following t8, 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 Tal subsequence if 
the Vb output signals are non-numeric; at all times in the 
Ta subsequence, except at Tb7, if the Va output signals 
are non-numeric; and at any time, if M3, 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-I-L1 XJ (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's 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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example is illustrated in detail in the table following. The 
entry N in the table, illustrates that the contents of the 
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In this example, the 
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R and L at the conclusion of the instruct 
At ti, the multiplier is in R and the multiplicand is in 

ber --990802 in R. The product - 198163372406 ap 
pears in 

the Central Processor during th 

and does not affect the final result. 
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This technique of multiply 
accumulated product an additional time during the next 
occurring Ta subsequence. 

L7 L6 L5 L4 L3 I2 L1 R7 R6 R5 R4 R3 R2 R1 J7 J6 J5 J4 J3 J2 J1 (out) Us We 2n W Subsoluence 

much as the accumulated product is shifted-down one number -200003 in Memory is multiplied by the num 
digit position before this next Tad subsequence, the effect 
of this action is to add the desired 10XJ to the accu 

ing by subtraction is described in R. K. Richards "Arith 

mulated product. 

metic Operations in Digital Computers,' pp. 251-252, 
D. Van Nostrand Co., Inc., Princeton, N.J., 1955. 

By til 6, the multiplier has been shifted to L, Memory. EXAMPLE 

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 Tal 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 Ta 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 tl 6 to the conclusion of 
the instruction, at which time it is changed, if necessary, 
to provide the product with a proper sign. 
At til 6, L1 is sampled. Since L1=2, "Tal occurs, 

but Us is not set. Additive Ta subsequence I is en 
tered. From 141-148, 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 t47, Cld issues to decrease the contents of L1 to 
1. During t47 and 148, Zya issues and inserts 0's 
into the Va input AND-gates of the Arithmetic Unit. At 
t48, L1 is again sampled. Since L1 is not 0, another ad 
ditive Ta 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 
t47 of subsequence II, Cld issues again, so that by 148 
Li 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 III, the LSD in R1 is transferred to L6 
and the remaining numeric contents of L and R are 
shifted-down one digit position. At t40, the W-register 
is counted up to 1, and a 0 is inserted into the MSD posi 
tion of R. At 140 of subsequence III, L1 is sampled. 
Since the next multiplier digit is found to be 0, Zn issues 
once again and subsequence IV is entered. 

In subsequence IV, the numeric contents of L and R 
are again shifted-down one digit position, which has the 
effect 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 t40 of subsequence IV, L1 is again sampled. Since 

L1=8, 'Us, *Vc and "Tal issue and subtractive Ta 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 
t48 of subsequence V, the digit in L1 is increased to 9. 
Inasmuch as Liz0 at f48 of subsequence V, another sub 
tractive Tal subsequence is entered. At 147 of this new 
subtractive subsequence VI, Clu again issues to increase 
the contents of L1 to 0. At 148 of subsequence VI, L1 
is equal to 0 and, therefore, Zinn 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 10XJ to be added 
to the accumulated product. Inasmuch as Us=1 at t40 
of subsequence VII, Zn is inhibited, and 'Tal issues. 
However, at t40 *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 t40 of subsequence IX, a single sub 
tractive Ta subsequence X follows, and is immediately 
followed by Tz subsequence XI. 
At t40 of subsequence XI, Us is still equal to 1 so that 

Clu issues. Inasmuch as L1 =9, Zn issues and, in effect, 
L1 is changed to 10. Therefore, another Tz subsequence 
XI occurs. At 39 of subsequence XII, W=5, 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 Ta subsequence XIII 
is entered. *Us 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 t47 of 
subsequence XIII, L1 is reduced to the value it had at 
t40 of subsequence XII, which value was that of the LSD 
of the product, *M3g issues unconditionally at t47, since 
W=6. The instruction ends at tA8 of subsequence XII. 
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 tl-ti6, the instruction and the divisor are mod 

checked, and at ti6 the divisor from Memory is in J. 
During t9-t 15, the signals SL76, SL, SLR7, SR76, SR 
and SRL7 issue to effect an exchange between the contents 
of L and R. By ti (6, 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>J., 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 t8, and continues set through 
f 16. From ti 7-t22, Rgn and I Rem compare correspond 
ing digits of R and J as they are ring shifted in their re 
spective registers. Rgn occurs whenever R1).J1. Rem 
occurs whenever R1 =J1. From ti 7-122, *Oy issues if 
Rgm occurs and *O issues if neither Rgm nor IRem 
occurs. Therefore, if Oys-0 at t24, R<J, and the in 
struction will continue. Otherwise, the instruction termi 
nates at t24. The expressions for the response of Ov 
during this comparison are: 

*O-(43) Tb Ty Te T'ai Rgn Tb7 
*O-(43) Th Ty Tz T'd IRumi I Remi Tü7 

If the instruction is to continue, at t24 *Tz issues, and 
SZR7 issues to replace the condition digit in R7 by a 0. 
From t25-tá0, 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 126-131 and t34-139, 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 countcd 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 t26 of the Tz subsequence. At t39 of the Tz subse 
quence, W is counted up 1 to anticipate the next series of 
subtractions for generating a particular digit of the 
quotiefit. At t40, Ta is set to 1, and Tz is reset, so that 
the next clock period is 141. Ta=1 from tA1-148, this 
interval being identified as a Ta subsequence. During the 
Successive Tal subsequences following a Tz subsequence, 
the divisor in J is subtracted from the dividend portion in 
R until a borrow bit is produced. Ta then issues for eight 
more clock periods, during which the divisor is added to 
the dividend portion in R. Following this additive Ta 
subsequence, another Tz subsequence is entered. 

If Us= 1, subtraction is performed in the Ta 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 141-147, to transfer 
the sum from the Arithmetic Unit to the R-register. The 
signals Vct also issue during this interval to enable the 
carry flip-flop. 

At 148 of each Ta subsequence, Vc is sampled. If the 
divisor was greater than the dividend portion in R at f41 
of the subsequence, Vc=0 at t48, and the next Ta subse 
quence must be additive; i.e., by resetting Us to 0. If 
Yc= at t48, the dividend portion in R was greater than 
the divisor at 141, and another subtractive Ta subsequence 
must be entered. Instruction 72 illustrated that if Vo was 
not set following complementary subtraction, then JDR; 
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 Ta subsequence, 
during which Us=0, the Tz subsequence is entered, pro 
vided the instruction is not concluding. 
The signal Ziva is present during t47-48, 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 t47, 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 Tal subsequences is 
entered, the 6th digit of the quotient is present in the L 
register following the additive Tal subsequence, so that 
the instruction may be concluded. Therefore, if Us and 
W=6, *M3g issues at 147. If M3g=1 at t48, 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: 

* Lis= (43) End Js Ls 
*Ls= (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 Is 
The designator bits of L and R are set to 0 when End 

occurs; i.e., 
*Id=(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: 

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: 

*Us=(43) Tb8 Ta Vo 
or Us is reset to 0 at t48 of a subtractive Td subse. 
quence, if no carry bit occurred. 
The signal Clu is given by: 

Clu=Tb7 Tal Us 

and the signal Cld is given by: 

Cld-Tb7 Tai Us 

or L1 is counted up during a subtractive Ta subsequence 
and counted down during an additive Ta subsequence. 
The W-counter is counted up as follows: 

or W is counted up at t39 of the Tz subsequence. 
The carry flip-flop is set to 0 under the following 

special conditions: 
* Vc-* Us--Tb8 Tal Us Vc 

The second of these expressions is necessary because a 
subtractive Ta subsequence will follow a subtractive Tal 
subsequence, if Vc= 1 at t48 thereof. 
The signal End immediately follows the setting of 

M3g in a Ta subsequence, or the setting of Ov in the 
comparison subsequence, as follows: 

End-M3g Tb8--Oy Ty Tb8 

The issuance of M3g occurs as follows: 

or M3g is set to 1 during the first additive Ta subse 
quence following the Tz subsequence in which W is 
set to 6. 

TAPE INTERRUPT WARIATION NOT NECESSARY 

Since the Memory is not used following t8, except to 
obtain the next instruction, data may be exchanged be 
tween the Memory and the Multiplex Buffer without 
interrupting this instruction. 

MOD-CHECIK 

No mod-check is performed on the results of the addi 
tions or subtractions performed during this instruction. 
However, * Aac sets at all times in the Tal subsequence if 
the Vb output signals are non-numeric; at all times in the 
Td subsequence except at Tb7, if the Va output signals 
are non-numeric; and at any time, if M3, if the Arith 
metic Unit output signals are non-numeric. 

ExAMPLE 

To illustrate the various alternative courses 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 --000080400030 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 ti, the dividend is in FULL and the divisor is in 

Memory. By tié, the MSH and LSH words of the 
dividend have been exchanged and the divisor is stored 
in J. 
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V 
Subsequence L7 L8 L5 L4 L3 L2 L1 R7 R6 R5 R4 R3 R2 R1 J7 J6 J5 J4 J3 J2 J1 (out Us v. W. Sigs. 
H---Ha-ra-lulu 

t25 + 0 2 0 1 0 0 0 0 0 0 0 0 3 - 0 o 0 4 0 0 N 0 0 XIX is ; 6 3 & 8 & 3 & 8 8 8 8 N 
8 0 0 0 9 0 0 0 3 0 - 0 0 0 4 0 O N 6 - 

42 2 0 1 0 0 O N 0 0 0 0 0 3 0 - 0 0 0 1 0 1 6 
t43 -- 2 0 1 0 0 0 O N 0 0 0 0 0 0 0 - 0 0 4 1 8 

XX t44 - 2 0 1 0 0 0 3 0 N 0 ( 0 0 4 0 0 - 0 0 0 6 6 
45 + 2 0 1 0 0 0 6 3 O N 0 0 () () 4 0 0 - 0 0 0 6 
46 + 2 0 1 0 0 0 9 6 3 N 0 0 0 0 4 0 0 - 0 , i. 6 6 
4 2 Q 1 9 9 3 N 0 0 0 O 4 0 0 - 9 i 0 6 Zia, Cia 
148 + 2 0 1 0 0 1 9 9 9 6 3 O N - 0 o O 4 0 0 g 0 6 2. 
Al - 2 0 1 0 0 1 9 9 9 9 6 3 0 - 0 0 0 4 0 O N 0. 8 N o' 8 8 8 
t43 - 2 0 1 0 0 1 0 N 9 9 9 9 6 0 0 - 0 o 0 3 6 6 

KXI t4 - 2 0 1 0 3 0 N 9 9 9 9 4 0 O - 0 0 0 0 0 1 
t45 - 2 0 1 0 0 1 0 3 0 N 9 9 9 0 4 0 0 - 0 0 1 0 
; : 8 8 8 8 8 3 8 8 . . . . . . . . . 9 0 O 9 4 0 0 - 0 0 1 6 Zra, Cld, * ; : ; 8 i & 8 & 3 & 8 & 3 a 8 8 : 8 , ; 8 2::::: M3 
tg - 2 0 1 0 0 0 -- 0 O 0 O 3 O 

From tl 7-124, 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 t25. From t25-140, 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 140 of subsequence I, a 0 
is in Ll, so that the contents of Ll may serve as the 
first digit of the quotient during the first set of succeed 
ing Tal subsequences. At t40 of Subsequence I, W is 
counted up to 1. At t26 of subsequence I, Us and Vc 
are set to 1 to prepare for the first Td subsequence to 
follow 140. 
Ta subsequence II is subtractive. The divisor in J is 

subtracted from the dividend portion in R. At t47, Clu 
issues to insert a 1 in the most significant quotient posi 
tion in L1. At t48, Vc is sampled. Since Vc is on, 
Us stays on, and another subtractive Ta subsequence is 
entered. 
At t48 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 Ta subsequence IV. At t48 of sub 
sequence IV, L3 is counted up to 3, indicating that the 
divisor has been subtracted three times from the divi 
dend portion in R. At 148 of subsequence IV, Vc=0, 
so that "Us occurs, and Ta 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 

t48 of subsequence V, since Us=0 at that time. Thus, 
at t25 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 Ta subsequence VII automatically fol 

lows Tz subsequence VI. Since Vo-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 t48 of subsequence 
VII, and Tal 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 t+8 
of subsequence VIII, 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 Ta subsequence XX, Vic-0, thereby effecting the re 
setting of Us and entry into additive Td subsequence 
XXI. 
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*M3g issues and causes the setting of End at t48. There 
fore, the instruction concludes at 148 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 
may be any numeric digit, which identifies a correspond 
ing Tape Handler, or the non-numeric dollar sign (8), 
which identifies the Character Reader. 
The descriptions of Instructions 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 tl-18 to accomplish this instruc 
tion. 

MAGNETIC TAPE READING 

At t3, 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: 

* Rebec Rebd 

The signal XArA also issues at t3; 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 t4, signals issue to clear 
the LSD of the Ar-register to-0; as follows: 

*Arli- (65) Tp Di Bb 
The signal Nrb in the Tape Control Unit also issues 

Since Us and W-6 at t47 of subsequence XXI, 75 at t3 to control the transfer of the Tape Handler ad 
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dress from the LSD position of the A-register to the 
Rt-Read Address register in the Tape Control Unit; as 
follows: 

Nrb-Rebd R5 
Therefore, at 14, the Rt-register is set from the following 
signals: 

*Rti-Nrb Ali 

*i-Nrb Ali 
The signal Nrb also causes the "Tape Handler Busy 

Reading" flip-flop, Rb, in the Tape Control Unit to set; 
as follows: 

* Rb-Nr. 

The signal Rb controls the gating of the selected Tape 
Handler read preamplifier output signals to the Ft read 
amplifiers. 

Thus, at t5, 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 y 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--R13 (Rt 1--Rt2) 
*Ict=Red Reb Cha-i-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 y 
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 loading, 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 
register, thereby preventing destruction of the memory 
address already present therein; and the selected Tape 
Handler address is not transferred to the Rt-register, 
thereby preventing destruction of the Tape Handler ad 
dress already present therein. Instead, the signal "Df 
issues at t5 to set the Dt flip-flop, thereby indicating that 
this instruction was ineffective. ' 

* Dt = (65) Ta3 Reb 
The Dt flip-flop, when on, inhibits the clearance of the 
LSD contents of the Ar-register. Since the setting of Dt 
does not stop the Central Processor, a function of the 
program is to interrogate Dt 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, aid sets the "Alert Tape Error" flip-flop, Ate, of 
the Central Processor, which is a major alarm and stops 
the Central Processor; as follows: 

* A te=(65) Ta3 Ers 
It is to be noted that the signal XArA need not be in 
hibited at this time since there is no significant data in 
the Ar-register. 

CARACTER READING 

If the LSD in A contains the dollar sign (0.101), 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 Reb Ers (A1=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 A1 digit to 

the Rt-register, transfers the starting memory address to 
the Ar-register, and prepares the Read Buffer for the 
read operation. Additionally, the Rebd signal sets the 
Csu flip-flop; as follows: 

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 Rt-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: 

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-Ciep. 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 
"Cfs-Eoc Cfs 

The Eoc flip-flop is reset in the clock period next follow 
ing that in which it sets; i.e., 

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: 

*A tes-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 "Ai=A13 (A12--A 1 i) Mca is effective 
only at t5. However, by 15, the Tape Handler selector 
digit has been transferred to the Rt read address register, 
and a numeric digit is in A1 due to the occurrence of 
XNA at t4. 
The signal End occurs unconditionally at t8. 

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 t1-t8 to accomplish this in 
struction. 

MAGNETIC TAPE WRITING 

At t3, 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 Evs 
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 13; 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 14, signals issue to clear 
the LSD of the Aw-register to 0; as follows: 

*A cli- (66) Tp Di Bb 
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The logic causes the issuance of the signal *Lw (Load 

Write); as follows: 
* Lw=(66) Tp Di B5 

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 XAw'A, 

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 t5. 
There are two modes of delivering data to magnetic 

tape. In the block mode, the contents of 100 consecul 
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, Bik, in the Central 
Processor which determines the one of these two modes 
to be employed, is reset at t3 in order to allow the writing 
of the contents of 100 consecutive memory locations; 
as follows: 

*Bil- (66) Ta3 Web 
The signal Nwb in the Tape Control Unit also issues 

at t3 to control the transfer of the Tape Handler address 
from the LSD position of the A-register to the Wi-alter 
address register in the Tape Control Unit; as follows: 

N wb-Webd b 

Therefore, at tA, the Wi-register is set from the following 
signals: 

* Wtis Nib Ali 

*ti-N's Ali 
The signal N'b also causes the "Tape Handler Busy 

Writing' flip-flop, Wilb, in the Tape Control Unit to set; 
as follows: 

* Wi-Nwb 

The signal Wib controls the application of the write 
driver output signals to the write heads of the selected 
Tape Handler. 

Thus, at t5, 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 
y 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 Wib and Web, 
and the program will continue uninterrupted; i.e., 
*Wi- 4/ed-- Wi3 (it 1- W2) 
*Tel- Wed 'ab, Prf 

--Tw8 Tv's TwA. Tw3 Wibk3 Wii.2 Whk1 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 they 
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 
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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 Wi-register, 
thereby preventing destruction of the Tape Handler ad 
dress already present therein. Instead, the signal "Dt 
issues at t3 to set the Dt flip-flop, thereby indicating that 
this instruction was ineffective. 

* Dt = (66) Ta3 Web 
The Dt flip-flop, when on, inhibits the clearance of the 
LSD contents of the Aw-register. Since the setting of Dt 
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 E4's 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 Web.d, thereby preventing the prepa 
ration of the Write Buffer and Tape Control 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 
IRINTER WRITING 

If the LSD in A contains the comma (0.110), the Cen 
tral Processor signal Prid issues, in addition to Webd, to 
prepare the Write Buffer and Printer for a write opera 
tion; as follows: 

Prtd- (66) Ta3 Web Ews (A1010) 
The signal Prid causes the setting of the "Print-on-Line 
Select" flip-flop, Prt, in the Multiplex Buffer; as follows: 

*Prf 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 Wibki terms refer respectively to the Tw 
counter and Wibk-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: 
*Pif-T6 TV5 Ty'4 T3 Wibk3 Vli Vik1 

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 Eys 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 t8. 

8 clock periods. 
Time: 

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 00MX-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, all 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 0000, 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 Instruction 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 Blk flip-flop in the 
Central Processor is set to 1 at tA; as follows: 

*Bik- (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 *Jim20 of the Central Processor 
issues whenever the memory address reaches a quantity 
divisible by 20. The signal *Jn20 controls the shift sig 
nal XAtA, 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 t8. 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 t-t8 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 Rnt of the Central 
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Processor initiates the rewinding of the identified Tape 
Handler and issues; as follows: 

Rnt= (67) Ta3 A23 
The Web flip-flop is set by the signals Bkt and Ert, as 

well as by the Write signal Webd of Instructions 66 and 
68; as follows: 

*Webs-Webd--Bkt--Ert 
Following the issuance of any one of the signals Bkt, 

Ert and Rmr, 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 Wi-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: 

N+b= (Webd--Ert--Bkt) Vb 
* 'tis Ny Ali 
* Vidi-Nyb Ali 

Therefore, the Wi-register is employed to store the identi 
fication of the Tape Handler for the write, erase and 
back operations. 

It is noted in the equations above that the Rimit signal 
is not inhibited by the signal Web. Thus, a rewind op 
eration 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 
Control 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-flop 
in the rewind register is set; as follows: 

The back and erase instructions are terminated when 
a y block marker causes the issuance of the signal Wed 
of the Tape Control Unit, at which time Web is reset; 
as follows: 

* Web- Web Prt Wed 

The rewind operations are terminated by the resetting 
of the corresponding Si flip-flop by the corresponding sig 
nal NBtal (i) issuing from the respective Tape Handler 
when the ith tape is completely rewound. 

lf the back or erase instructions are given when the 
Web signal is already on, the instruction is ineffective. 
Instead, the signal * Dt issues at 13 to set the Dt flip-flops, 
thereby indicating that this instruction was ineffective. 

*D1=(67) Ta3 Web A21 
Since the setting of Di does not stop the Central Processor, 
a function of the program is to interrogate Dt with a 
DSW interrogation (Instruction 54). 
The signal End occurs unconditionally at 18. 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 contents is a control function which identifies 
the one of two courses which this instruction may take. 

f: 

A1 1 = 1 the Sorter will commence the continuous feed 
ing of documents. 

A1 1-0 the Sorter will stop the feeding of documents. 
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The description of Instruction 21, coupled with the 

description to follow, is a complete description of In 
struction 58. 
The Initial Routine is unaltered. However, additional 

signals are added from fl-t8 to accomplish this instruc 
tion. 

At Ta3, the signals *Cfd or *Cfd issue from the Cen 
tral Processor to control the "Check Feed" flip-flop, Cfd. 
in the Central Processor; as follows: 

*Cfds (58) Ta3 Rsr A11 
*Cfd=(58) Ta3 A1 

The output of the Cfd flip-flop controls the "Continu 
cus Feed" flip-flop, Cof, in the Sorter Control Unit; as 
follows: 

*Cof-Cfd 
*Cof-Ofd 

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 t8. 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 t1-18 to accomplish this instruc 
tion. 
During f and ta the signals Psi issue from the Central 

Processor in response to the corresponding bits in Ali; as 
follows: 

Psi-(57) (Ti-i-Ta3) Ali 
The four signals Psi-Ps4 represent four bits, which are 
respectively the inverse of the corresponding bits in A1. 
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 () - Psi 

The Sati-register has been previously set to the 1111 
state. Following receipt of the Psi signals, the Sout-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 A1 are 0001. Therefore, the 
signals Psi, which are consequently transmitted to the 
Sorter Control Unit, are 1110. These Psi signals, in 
turn, set the Sout-register to the 0001-state. With the 
Soul-register in the 0001-state, a significant output signal 
is available on only the Dec 1 line from the Sorter Con 
trol Unit. When the read-out signal occurs, the signal 
on the Dec 1 line controls the opening of the deflector to 
Sorter pocket #1, for receipt of the document. 
The asterisk (), which is stored in A1 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 A1 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 A1, the docu 
ment also enters the Sorter reject pocket. With the for 
bidden digit in A1, 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 Anpa. Thus, if either a forbidden digit 
or no pocket decision is transmitted from the Central 
Processor, Anpa 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 Sout-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 ts. 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 XZ at 7 and XM at t8, inasmuch 
as no operand is received from Memory. Instead, the 
instruction is circulated twice in the J-register and is mod 
checked twice. At t8, the signal En24 issues uncondi 
tionally; and the signal Dt issues conditionally. 
En24, 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 t8, which would 
result in the setting of Dt, and which, in turn, would pre 
vent the issuance of Mwt: 

(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 Pb2 is present 

st 8. The setting of Dt indicates that this instruction 
"didn't take." Since the setting of Dt does not stop the 
Central Processor, a function of the program is to inter 
rogate Dt 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 t9, Mwt occurs if Dt is off; i.e., if P was full 

(Mc3=1) and P was not busy. 
Mwts (24) Tb1 D 

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 Mwt enters these entire contents into 
the M-register (ifr). 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, En24 resets Mc3 at 9, 

so that when this instruction is completed MC3 indicates 
that the P-register is empty; i.e., 

*Mic3-En24 Pnbg 
Had the P-register been full (Mc3=1), but busy, Mwt 

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 tié. 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 t8 the 

additional signal, Em74, issues unconditionally; and the 
signal "Dt 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 18 which would re 
sult in the setting of Dr, 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 D1 flip-flop is set at t9, if Mc3 or Pbz is present at 8. 

The setting of Dt indicates that this instruction "didn't 
take.” Since the setting of Dt does not stop the Central 
Processor, a function of the program is to interrogate Dt 
with a DSW interrogation (Instruction 54). 

If the P-register was not busy, Ern?4 sets Mc3, so that 
when this instruction is completed Mc3= 1 indicates that 
the P-register is filled. 

Mc3 is therefore set at 9 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 Ena74, at ts. 

*Tscs En74 Pinbz to:3 
A summary of these effects is given in Table A. 

TABLE A. 

When Em74 issues, if: These flip-flops will be set: 

Mc3 Tsc P M3 

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 issue for 
seven clock periods from t9-t15. 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 19 the operand 
is in the J-register in sequential order and at this time the 
signals SJ, Sp and Cap commence. At t0 the first digit 
of the operand appears in P7. Six clock periods later, 
at r 16, 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 

O 

192 
ineffective, and the Dt flip-flop sets to indicate that this 
instruction "didn't take." The conditions under which the 
Dt flip-flop is set, for this instruction, are given by: 

*Dr - (59) Ta3 (Pbz--Mc3 A22--Tc3 A22) 
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 Di does not stop the Central Processor, a 
function of the program is to interrogate Dt with a DSW 

J7 6 5 J. J3 J. 

9 
10 

2 
3. 
14 
5 
16 

- 
- 
-2 
-3 
-4 
5 
- 
0-7 

0 

0 
0-2 
0-3 
O 
0-5 
0-8 

O 
O-6 
0-7 
0 
0-2 
O-3 
0-4 
0-5 

--4 
C-5 
-6 
c 
O 
0-2 
O-3 
0 

0-3 
-4 
0-5 
-6 
0 
-1 
0-2 
-3 

0-2 
0-3 
O-4 
0-5 
- 
0-7 
0 
0-2 

0 
0-2 
O-3 
0-4 
0-5 
0-6 
0-7 
O-1 

- 
0-2 
0-3 
- 
C-5 
O-6 
0 

0. 
0-2 
0-3 
C-4 
0-5. 
0-8 

0 
0-2 
0-3 
0-4 
0-5 

O 
0-2 - 
-3 
O 

P7 P6 P5 P4. P3 P2 

-2 0 
O-3 - 1 

The signal Sip 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 til 6. Time: 

16 clock periods. 
Instruction 59: Photoreader of Control Typewriter In or 

Out (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 t3 one 

additional signal, EnS9, issues unconditionally; and the 
signal Dt issues conditionally. 
The signal EmS9 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 

Z1X------- Transfer word in P-register to Control Typewriter. 
22X - Transfer word from Control Typewriter to P-register. 

- Transfer word from Photoreader to P-register. 
EY1 - Word concerned is single numeric. 
EY Word concerned is first half of EE word. Y3 - Word concerned is second half of double-precision word 
Z4 Word concerned is alphanumeric. 

Generate Tab putaway character. 
IY3-------- 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 t3, 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 

25 

30 

40 

55 

SO 

65 

O 

5 

interrogation (Instruction 54). 
The signal End occurs unconditionally at t8. 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 tl-t8 to accomplish this instruc 
tion. 

If A11 = 1, a monostable multivibrator, Yb1, in the 
Central Processor, is triggered at Ta3; as follows: 

IYbl, which issues in response to Ybl, 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, Yb2, in the 
Central Processor, is triggered at Ta3; as follows: 

Yb2, which issues in response to Yb2, actuates a bell in 
the Control Console, which continues to ring for approx 
imately one second. 

If both A11 and A12 are equal to 1, both the gong and 
the bell will sound. 
The signal End occurs unconditionally at t8. 

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 t2 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 t2 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, 13 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 Kin2.js (Jr Jae Jim20) 
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, SWA, and Vct. SA 
shifts the original address of the present instruction from 
the A-register to the Wa 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 SWA. The MSD of the new 
address is in the A-register at t3, following the B-subrou 
tine. The signal Vct enables the numeric inputs to the 
carry flip-flop Vot. 
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 13 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 A B4 B3 B2 B1 W. 

A-4 A-3 A-2 A-I B-4 B-3 B-2 B-1 ...-- 

T. To Ts A-4. A-3 A-2 A- B-4 B-3 B-2 B-1 ... 

Tp TGTs ------- A-4. A-3 A-2 B-1 B-4, 3-3 B-2 S-1 

Tp TTs S-1 ------ A- A-3 B-2 B-1 3-4 B-3 S-2 

Tp To Ts S-2 S-1 ---. A-4 B-3 B-2 B- B-4 S-3 

Tp To Ts S-3 S-2 S-1 ...----- 3-4 3-3 3-2 B-1 S 

3. S-4 S-3 S-2 S 

O 

5 
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35 
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where 

S-1 = (A-1) -- (B-1) 
S-2= (A-2) -- (B-2) 
S-3= (A-3) -- (B-3) 
S-4s. (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 "Atm, 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 Atm is: 

*Atm-Kim2 Mal End 13g Hill (Jr. Jw Jn20) 
The flip-flop Atm sets at ti, 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 Atm 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 Atm 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: 

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 
*Atm, 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 Afn is: 

*Atm=C62 Ta8 A44. Hist 
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The signal Atm issues at Ta8, if the augmentor bit is 
1, and the Atm flip-flop sets at t9. When the Atm flip 
flop is on at t9, 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 t9, 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 *Ht1 =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 t 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 CDA11, 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 Hit 1 and Ht2 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 
Ht2 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 Khb, or by depression of the H key on the Con 
trol Typewriter, which yields the signal Kh. The issu 
ance of Khb or Kh 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 "Hit 1; as follows: 

*Ht 1 = (Kh--Khb) Tp T's Ht:2 
The sequence of the operation then proceeds as de 
scribed for Instruction 53. The purpose of the inhibit 
ing signal Hi in the above equation is to prevent the 
second issuance of “Hit 1 during the remainder of the 
instruction in which it first issued. Hit 1 can only then 
issue at the next Ta2. 

Selective Hat 
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 Hit 1; as follows: 

*Ht 1-Ta3 A43 Ksh 
Following the first issuance of "Hit 1, the normal halt 
operation occurs, as is described for Instruction 53 and 
in the section entitled "Halts." Since Ta3 is required 
for *H 1, the signal "Hit 1 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: 

*Hi 1-Kah Ah Mca Hi 
Following the issuance of *Ht1, the normal halt opera 
tion occurs, as is described for Instruction 53 and in 
the section entitled "Halts.' 

Alarm Half 

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 "Hit 1; as follows: 
"Ht1 = (Aac-Ai-Ann.--Alte 

--Efp--Atd) Tp Kho2 Hi2 
The sequence of the halt operation, once *Hi 1 first issues, 
is similar to that described for Instruction 53 and in the 
section entitled "Halts." 
The conditions under which the alarm signals Aac, Ai, 

Amm, Ate, Efp and Atd issue, are described in the sec 
tion entitled "Alarms.' 
The signal Kho2 is normally present, except when the 

ALARM HALT OVERRDE 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 0-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 
flip-flops. 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 been 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 Alarns 

The flip-flops Aac, Ai, 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 End signal in the last 
clock period of the T-cycle in which the Ai flip-flop is 
set; as follows: 

End-Ai T'p To T's 
After the system halts, the flip-flop which is on is reset 
by depressing the appropriate clearing button on the 
Control Console. The system may then be restarted 
after correction of the maifunction or non-function. The 
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conditions under which the full-alarm flip-flops are set 
are as follows: 

Aac: Arithmetic Alarm-This flip-flop sets if: 
(a) The Arithmetic Unit output digits (from V-out 

5 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 
10 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 

15 of Instruction 82. This flip-flop also sets if there 
is a non-numeric digit input to the Wa 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 

(c) The mod-comparator signal, Mc, issues during 
an arithmetic operation to indicate that the mod 
comparison has failed. 

25 Ai: proper Instruction Word Alarn-This flip-flop 
Sets if: 

(a) 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 

30 both the A1 and A2 flip-flops are counted down 
together, 

(b) The word inserted in the instruction register is 
alphanumeric, 

(c) The command portion number in the C-regis 
35 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; 

40 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 
45 numeric operand transferred from Memory to the 

J-register is not --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. 

to Atd: 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 

55 that the Atd output signal of this flip-flop be shown 
as effecting the setting of the halt flip-flop, Hit 1. 

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 
60 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 

20 

85 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), 

70 (b) The Ers sub-alarm flip-flop is on when a new 
"Read Magnetic Tape or Character Reader" (In 
struction 65) command is given, 

(c) The Ews sub-alarm flip-flop is on when a new 
"Write Magnetic Tape or Load Printer" (Instruc 

75 tion 66 or 68) command is given, 










































































