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INTRODUCTION 

The RCA 3301 Electronic Data Processing System is an all-purpose system designed to cover 
a broad range of capability for data processing applications, with inherent characteristics in­
cluding priority interrupt, which make it readily adaptable for the ever-expanding area of 
communications. Implemented by a scratch-pad memory in the nanosecond cycle range and a 
very high order of multi-level simultaneity, the RCA 3301 retains in its design the proven 
logical concepts of the RCA 301 System, and establishes compatibility with this junior system. 

Nominally a medium class system in price range, the RCA 3301 advances the state of the art 
for all solid-state, stored program digital data processors by virtue of its outstanding versa­
tility, dependability, expansibility and compatibility. 

VERSATILITY 

• High Speed Memory cycle of 1. 5 microseconds. 

• Multi-level processing via five operating modes plus fully buffered printed and punched 
card. output. 

• Instruction access in 1. 93 microseconds. 

• Micro Magnetic Memory access or regeneration in less than 214 nanoseconds. 

• Automatic priority interrupt system. 

• Numerous Input/Output options. 

• Powerful instruction repertoire including: 

Parallel transfer by decades (10-character sets) 

Hardware multiply and divide 

Bit manipulation involving Boolean Algebra 

Simplified numeric editing 

• Direct and Indirect Addressing plus Index Registers for address modification. 

• Minimized operator intervention through a simplified console and Operating System. 

DEPENDABILITY 

• Logic concepts based on solid foundation of the customer-tested RCA 301. 

• Error detection and recovery. 

• Built in and programmed accuracy controls. 
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EXP ANSI BILITY 

• Memory expansible from 40, 000 to 160, 000 characters. 

• Additional Input/ Output Devices: 

Up to 24 Magnetic Tape Stations 

A Second Printer, Card Reader and Card Punch 

• Increased speeds (i.e., 15KC to 33KC or 41. 7KC or 60KC or 83. 4KC or 120KC tapes) 

COMPATIBILITY 

• Permits operation of RCA 301 programs thus: 

Makes. available wide range of tested software. 

Opens door to user-developed programs. 

• Instruction repertoire is an extended set of RCA 301 instructions. 

• Internal representation identical to the RCA ·301. 

• Similar devices utilized by both systems. 

ELEMENTS OF THE SYSTEM 

Elements of the RCA 3301 Electronic Data Processing System comprise a Processor, High 
Speed Memory and appropriate Input/Output Devices with their corresponding Control Mod­
ules. The Control Modules control various Input/Output Devices, generally one for each de­
vice used in a system. Control Modules are installed only when their associated Input/Output 
devices are added to the system. 

The Processor is a general purpose, stored program digital machine which includes the fol­
lowing: Program Control, Micro Magnetic Memory, Console with Console Typewriter and 
Power Supply. Program Control interprets and executes the instructions of the program stored 
in High Speed Memory, controls the Interrupt System and performs automatic accuracy checks. 
The Micro Magnetic Memory is a 200-character magnetic core scratch-pad memory used for 
selective register storage and temporary storage during interrupt and other logical opera­
tions. The Console contains an operator's section designed to monitor normal operation of the 
system by means of a Console Typewriter; and a concealed section with sliding cover, con­
taining the necessary indicators and buttons for maintenance. The Power Supply distributes 
power to the Processor, Control Modules, and certain Input/Output Devices which require d-c 
or regulated a-c power~ A supplemental Power Supply is available for systems which may 
require it. 

The decimally addressed High Speed Memory (HSM) is a random access, magnetic core, 
modular designed device having a capacity of 40, 000 to 160, 000 alphanumeric characters 
available in increments of 20, 000. 

Card Readers process cards photoelectrically and serially at maximum rates of 900 or 1470 
cards per minute. Demand card reading may be accomplished in the Binary or Translate 
form. 
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The Card Punch is a buffered device for punching 80 column cards in either Binary or Trans­
late format at the rate of up to 300 cards per minute. 

Two models of the On-Line Printer are available, one printing 120 characters per line and 
the other printing 160 characters per line. Printing of 47 selected characters occurs at rates 
up to 1000 lines per minute; printing of 64 characters occurs at rates up to 800 lines per 
minute. 

A variety of Paper Tape Devices are featured for reading and punching 5, 6, 7 or 8-Channel 
paper tape. The Paper Tape Reader/Punch is a single device for reading and punching at the 
rate of 100 characters per second (CPS). The Paper Tape Reader reads tape at the rate of 
up to 1000 CPS. The Paper Tape Punch punches tape at the rate of 100 CPS model. Gapless 
tape, tape with odd, even, or no parity and tape with advanced sprocket holes may be read and 
punched. 

Magnetic Tape Stations are available in four models: Model 681 with a read/write rate of up 
to 120,000 alphanumeric characters per second (CPS); Model 3485 with a read/write rate of 
up to 120,000 alphanumeric CPS; Model 582 with a read/write rate of up to 66,667 alphanu­
meric CPS; and Model 581 with a read/write rate of up to 33,333 alphanumeric CPS. Tape 
stations are operated through a 2X6 or 2X12 Dual Tape Channel. Up to 24 Tape Stations may 
be operated within the system. Model 3485 is compatible with the 7330, 727 and 729 tape 
stations. 

The optional High Speed Arithmetic Unit provides increased computational capabilities through 
''wired in'' fixed and floating point arithmetic, and an addressable 16-digit Accumulator­
Product Remainder, 

The Data Exchange Control (DXC) enables computer-to-computer communication with another 
RCA 3301 or an RCA 301. Data transmission may be bi-directional, but only one direction at 
a time. Data transmission may be initiated by either computer. An RCA 3301 System may 
include a maximum of. two Data Exchange Controls. 

The Communications Mode Control (CMC) permits on-line data input/output between an RCA 
3301 and data communication lines. An additional mode of simultaneity is included exclusively 
for the transfer of data in either direction between communication lines and the Processor. 
The CMC provides for the servicing of 20 to 160 buffer terminated lines (in increments of 20) 
on either a single or dual scan rate basis. The Video Data Terminal serves as a remote de­
vice capable of facilitating remote inquiry systems. 

The Communications Control (CC) permits an RCA 3301 to communicate via telephone lines 
with another computer or remote terminal. Two high speed demand communication lines may 
be used for sending or receiving, onedirectionata time, at rates varying from 1200 to 40, 800 
bits per second. Manual or automatic dialing of the remote receiving location is permissible. 

The Digital Clock is a peripheral device which transmits, upon program demand, the time 
of day in hours, minutes and seconds to the High Speed Memory. 
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RCA 3301 SOFTWARE SYSTEM 

The Software set supplied with the RCA 3301 System includes: 

1. A series of Programming. Languages and Translators for converting these languages to 
RCA 3301 machine code (i.e. Assembly System, COBOL and FORTRAN). 

2. An Operating System to control the physical environment of the computer. 

3. A comprehensive Service Program System incorporating the standard operations per­
formed in a majority of computer installations. These include Peripheral Conversion, 
Utility, and Program Library Maintenance programs. 

4. A Sort/Merge System incorporatinE!' advanced techniques which affords the user great · 
flexibility and speed in its use. 

5. A program to augment compatibility with the RCA 301. 

ORGANIZATION OF DATA 

The following definitions describe the various levels of data organization with the RCA 3301 
Data Processing System: 

BIT: A bit is a single binary digit, having a value of either zero or one. 

CHARACTER: An RCA 3301 character consists of six information bits and one parity bit 
combined to represent a decimal digit, a letter of the alphabet, a punctuation 
or other special mark, or a control symbol. 

ITEM: An item consists of such characters as are necessary to specify a particular 
unit of information (a numerical quantity, an alphabetic name, a street address, 
a stock number, etc.). In many cases an item is preceded by a symbol to 
define its beginning. 

RECORD: A record consists of one or more related items. 

LINE: A line is composed of characters that are to be printed across a single hori­
zontal line on the On-Line Printer. Console Typewriter, or Video Display 
devices. 

BLOCK: A block is a consecutive group of at least three characters on magnetic or 
paper tape preceded and followed by an unrecorded area called an ''interblock 
gap". It may consist of one or more records. 

FILE: A file consists of any number of related records. On magnetic tape a file may 
consist of seve.ral tapes or a part of one tape. Files are terminated with an 
End File Symbol (EF). 
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VARIABLE LENGTH RECORDING 

Data storage in the RCA 3301 system incorporates true variable length recording. 

Data storage in a true variable length system does not have the limitations imposed by fixed 
variable systems. For example, in order to store data of a varying nature in a computer using 
fixed word length, redundant zeros or spaces are used to fill out the incomplete words. In the 
RCA 3301, the use of control symbols and the ability to address each character location indi­
vidually permits the length of any item in any record to be in strict accordance with that item's 
actual character count. This allows for total variabilityof item and record length but does not 
preclude the use of fixed or fixed variable lengths. 

In each of these categories: fixed, fixed variable, and variable, the method of internal storage 
is extended to the external storage. Therefore, if redundant fill characters of the fixed and 
fixed variable systems are utilized within the computer, they would also appear on magnetic 
tape or other intermediate storage devices. By utilization of true variable length in the RCA 
3301 system, a file requires less recording surface, and therefore, can be entered into or 
written from the computer in less time. 

RCA 3301 CODE 

The RCA 3301 System employs a binary code using seven binary digits, or bits, to represent 
each RCA 3301 character. Of the seven bits which make up each of the characters, the highest 
order bit (26) is the parity bit. The parity bit is used as an accuracy control check. Normally, 
the total number of "1" bits of each character must equal an odd number or an error results. 
The remaining six bits are the information bits, with a unique configuration of bits repre­
senting each character. 

Bit Position p 25 24 23 22 2 l 20 

Bits x x x x x x x 

(where X = 0 or 1) 

For ease in presentation, the bit configurations of the RCA 3301 Code are divided into four 
groups with the zone bits (25 and 24) designating the group, as follows: 

RCA 330 l CODE GROUP 

25 24 23 22 2 l 20 

Group I 0 0 x x x x 

Group II 0 l x x x x 

Group 111 l 0 x x x x 

Group IV 1 1 x x x x 
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The following table shows the bit configuration for each character. The parity bit (26) is not 
shown in this table, but is inserted in each configuration to indicate an odd parity count. 

GROUP I GROUP II GROUP Ill GROUP IV 

25 24 25 24 25 24 25 24 23 22 21 20 

0 0 0 l l 0 l 1 

0 & - (Minus) II 0 0 0 0 

l A J I 0 0 0 l 

2 B K s 0 0 l 0 

3 c L T 0 0 l l 

4 D M u 0 l 0 0 

5 E N v 0 l 0 l 

6 F 0 w 0 l l 0 

7 G p x 0 l l l 

8 H Q y 1 0 0 0 

9 I R z 1 0 0 1 

J (Space) + [ (El) -;- (EB) 1 0 l 0 

# $ ' 
l 0 l l 

@ ; * 3 l l 0 0 

( : > (ED) t (ISS) l l 0 l 

) I < (EF) = l l 1 0 

e CR (+0) 10 1:t l 1 1 1 

On 80 column cards, the group is designated by the presence or absence of zone punches. 
Group I has no zone punch. Group II has a Y zone punch, Group III has an X zone punch, and 
Group IV has a 0 zone punch. 

Appendix VIII contains a complete listing of each RCA 3301 character with its corresponding 
printed symbol representation, bit configuration, and card code. Where appropriate, characters 
are represented in this manual by printed symbol rather than the above internal code. 
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HIGH SPEED MEMORY 

The purpose of the decimally addressable High Speed Memory (HSM) is the storage of pro­
grams and data. High Speed Memory size ranges from 40,000 to 160,000 alphanumeric char­
acters in increments of 20, 000 characters. The High Speed Memory is 10 characters, or 70 
bits (seven bits per character), in depth. Each 20, 000 characters of memory consists of seventy 
100 x 20 matrices of magnetic cores comprising 140,000 bits. HSM is constructed so that 10 
characters in consecutive memory locations may be accessed concurrently. Each group of 10 
locations is called a ''decade''. A decade consists of 10 consecutive HSM locations beginning 
at XXXO and ending with XXX9. 

Each HSM location is individually addressable and can store one alphanumeric character. Each 
location is identified by a four-character address. From left to right, the four characters of 
the address are referred to as the Co, C1, C2 and C3 positions. To accommodate HSM ad­
dresses beyond 10,000 with a four character address, the system utilizes a zone bit conven­
tion. The 24 and 25 (zone) bits of the Co and C1 positions of the HSM address designate 
multiples as follows: 

0000 - 9999 

10,000 - 19,999 

20,000 - 29,999 

30,000 - 39,999 

40,000 - 49,999 

50,000 - 59,999 

60,000 - 69,999 

70,000 - 79,999 

80,000 - 89,999 

90,000 - 99 ,999 

100,000 - 109,999 

110,000 - 119,999 

120,000 - 129, 999 

130,000 - 139, 999 

140,000 - 149,999 

150,000 - 159,999 

0 

0 

1 

0 

0 

0 

0 

0 

0 

4 
2 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

0 

4 
2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

The lowest address in HSM is always 0000. In a system with a 40,000 character HSM the 
highest address is Z999, representing memory location 39,999. For an 80,000 character HSM 
the second 40,000 characters are addressed from 0&00 (40,000) to ZI99 (79,999). The highest 
address in a system with a 160,000 memory is ZZ99 (159,999). Appendix II contains a chart 
of memory locations and addresses in 1000 character increments. 

Diagrammatic representations of portions of the HSM used throughout this manual follows: 
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6715 6716 6717 6718 6719 

A B c D E 

The HSM address of each location is shown in the upper portion of the diagram, with the 
characters stored in each location shown in the lower portion. 

The memory cycle is 1. 5 microseconds. This means that up to ten characters may be ad­
dressed, brought into the Memory Register, and regenerated in their original locations every 
1. 5 microseconds. 

Location 0000 - 0225 are reserved as Standard Locations for use by hardware and software. 
Specific use is made of the following locations: 

0206 - 0209 
0212 - 0215 
0216 - 0219 
0222 - 0225 

Arithmetic - Temporary storage of address. 
STA 
STP 
STPR 

THE BASIC INSTRUCTION 

FORMAT AND STORAGE 

Each instruction is comprised of 10 characters with the format: 

0 N AAAA BBBB 

Operation Code N Character A Address B Address 

The first character (0) identifies the operation or command. The second character (N) indi­
cates a count, symbol, or an 1/0 device symbol. In some cases N is used in conjunction with 
(0) to develop a two-character Operation Code. Generally, the four-character A Address refers 
to a HSM location, and the four-c.haracter B Address refers to another HSM location. In some 
instructions, however, only a portion of the A Address or B Address is used, or one part of 
the address may designate one value and the other part another value. The components of the 
A Address are referred to as A0, A1, A2, A3, and the components of the B Address as B0, B1, 
B2, B3. 

Instructions are stored sequentially in HSM. Each instruction is stored in 10 consecutive 
memory locations starting with XXXO and ending withXXX9. The Operation Code is therefore 
placed in the first character of a decade. The processing _of each instruction includes an access 
and execution cycle. During execution,data is manipulated internally by decade, diad or char­
acter depending on the particular instruction involved. A diad is two consecutive HSM locations 
beginning with an even address. 

II-2 



INSTRUCTION ACCESS 

Instruction Access is the process of bringing an instruction out of the HSM locations in which 
it has been stored and placing its components into the proper registers. Only after this occurs 
can an instruction be interpreted and executed by the Program Control. Instruction Access is 
accomplished. in one machine cycle and requires· 1. 93 microseconds. 

An entire instruction (one decade) is transferred in parallel into the ten-character Memory 
Register. The Operation Code is then sent to the Normal Operation Register; the N Character 
to the N Register; the A Address to the A Register; and the B Address to the B Register. This 
process occurs in the Normal Mode and requires 1. 93 microseconds unless indexing and/or 
indirect addressing is specified. Indexing is indicated by the zone bits of the C2 character of 
the A and/or B Addresses and always precedes indirect addressing. 

DIRECT AND INDIRECT ADDRESSING 

When the least significant character (LSC) of an address is written as a number, i.e., the zone 
bits are 00, the address is a direct address. Direct addresses establish the initial register 
settings for instructions in which they are employed. An address is an indirect address when 
the LSC has zone bits of 01, thus forming the characters "&" through ''I" in place of the 
numbers ''0" through ''9". During the Instruction Access process, the contents of the HSM 
location addressed by that indirect address replace it in the register. If the replacing address 
is also an indirect address, it too will be replaced in the register by the contents of the mem­
ory locations it addresses. The initial register settings for any instruction are not established 
until both the A and B registers have been supplied with direct addresses. An indirect address 
must address the least significant diad of another address. Each indirect address requires 
an additional 3. 0 microseconds. 

REPEAT FEATURE 

Repeating an instruction is accomplished by the Repeat (RPT) instruction in conjunction with 
certain instructions which are repeatable. A repeatable instruction may be repeated from one 
to 14 times as specified by N. If the N character of the RPT is zero, the repeatable. instruc­
tion will be executed but not repeated. If the N character of the RPT is one, then the repeatable 
instruction will be performed twice. The Repeat feature allows the programmer to make use 
of final register settings when re-executing the repeatable instruction, Each repeatable in­
struction, when repeated, requires an additional 3. O microseconds when the Repeat Register 
exceeds zero, and requires no additioi1al time when the Repeat Register equals zero. Repeat­
able instructions are identified by REP in the Special Features column of Appendix VII Sum­
mary of Instructions. 
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MICRO MAGNETIC MEMORY 

The Micro Magnetic Memory (MMM) is a fast, compact magnetic core device used for selective 
high speed register storage and temporary storage during interrupt and other logical opera­
tions. MMM has a capacity of 200 seven-bit characters, divided into 50 locations, four charac­
ters. in depth. The speed of this memory permits the reading from one MMM location into the 
Micro Magnetic Memory Register or the writing from the Micro Magnetic Memory Register 
to one MMM location within 214 nanoseconds (one time pulse). 

Each location is addressable by a specific N character in the Load and Store Register instruc­
tions. Below is a list by function of the four-character locations: 

P Register 

A Register 

B Register 

S Register 

T Register 

C Register 

E Register 

P (General Interrupt) 

A (General Interrupt) 

B (General Interrupt) 

STA (General Interrupt) 

STP (General Interrupt) 

Control Register (General Interrupt) 

STPR (Gen.eral Interrupt) 

Op and N (Simo 1 instruction) 

A Address (Simo 1 instruction) 

B Address (Simo 1 instruction) 

Index Field 1 

Index Field 2 

Index Field 3 

The Op and N locations have the following format: 

Zero (00) 

Operation Code 

N Character 

iI-4 

General Interrupt Routine Entry 

Real-Time Interrupt Routine Entry 

Stop P (Computer Stop Address) 

Multiply/Divide (MDl) 

Multiply/Divide (MD2) 

Multiply/Divide (MD3) 

Multiply/Divide (MD4) 

P (Real-Time Interrupt) 

A (Real-Time Interrupt) 

B (Real-Time Interrupt) 

STA (Real-Time Interrupt) 

STP (Real-Time Interrupt) 

Control Register (Real-Time Interrupt) 

STPR (Real-Time Interrupt) 

Op and N (Simo 2 instruction) 

A Address (Simo 2 instruction) 

B Address (Simo 2 instruction) 

Increment Field 1 

Increment Field 2 

Increment Field 3 



The Control Register locations have the following format: 

25 ! Not Used 

l co J cl I c2 1 1 
24 

C3 23 

T 22 Repeat Register 
21 

20 

2
5 

- 301 Compatibility Mode 

2
4 

- Inhibit Instruction Access of B (Repeat) 

i.------------ 2
3 

- Inhibit Instruction Access of A (Repeat) 

2
2 

- Overflow Indicator 

21 - First Repeat lndi cator 

2° - General Interrupt Inhibit Status 

25 l 24 Not Used 

23 

22 - PRZ 
21 - PRN 

20 - PRP 

Not Used 

PROGRAM CONTROL 

Program Control is the logical and arithmetic control unit of the system. It interprets and 
executes the instructions stored in the High Speed Memory, directs the sequence of operations 
within the system, controls operation of the Input/Output devices, and performs automatic 
accuracy checks. Program Control includes a number of specialized ~omponents. Those which 
are of interest to the programmer are briefly discussed below. Figure II-1 indicates the 
interrelationship of these specialized components and depicts the flow through the Processor. 

REGISTERS AND INDICATORS 

The Memory Register (MR) has a capacity of 10 characters. Input to this register comes 
. from the HSM or from the Interchange. Output from the register goes to the HSM or to the 
Interchange. 
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MMM 
Address 

Generator & 
Re_gister 

Equality 
Detector --

Micro Magnetic 
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The Interchange links the Memory Register with the Central Data Bus. It selects the proper 
bus or busses to which characters are transferred from the Memory Register according to 
the operation being performed. 

The Bus Adder is used to modify the contents of the various address registers. The Bus Adder 
can increment or decrement the contents of these registers by one or two and increment by 
ten, or leave them unchanged, thus permitting register contents to be directly related to the 
currently processed characters, diads, or decades. 

The Memory Address Register (MAR) stores the address of the HSM location to be processed. 
The Capaqity of this register is four characters. 

The Central Data Bus is a four character pathway between the Interchange, Processor regis­
ters, and 1/0 channels. The particular pathways used are determined primarily by the Inter­
change. The individual pathways are specified as Bus 0, Bus 1, Bus 2, and Bus 3 in Figure Il-1. 

The Equality Detector is used to compare register contents. When the contents of two regis­
ters are equal, an indicator is set to notify the Processor that the instruction-defined sector 
has been processed, and the instruction can be terminated. 

The Micro Magnetic Memory Register (MMMR) has a capacity of four characters. Input to the 
register comes from the Micro Magnetic Memory or from the Central Data Bus. Output from 
the register goes to the Central Data Bus, the Equality Detector and the Micro Magnetic 
Memory. 

The Micro Magnetic Memory Address Generator and Register has a capacity of one character. 
It stores the address of the four-character MMM location to be processed. 

The Normal Operation Register (NOR) has a capacity of one character. It holds the operation 
code of the instruction currently being executed in the Normal Mode. Input to the register is 
from the Memory Register (during Instruction Access). Output from the register is to the 
Central Data Bus. 

The N Register has a capacity of one character. It holds a count, a selected symbol, or a 
symbol designating an Input/ Output device. Input to the register is from the Memory Register 
(during Instruction Access) and from the Central Data Bus. Output from the register is to the 
Central Data Bus. An I/0 Device Symbol enters the I/0 channel from the Central Data Bus. 

The Repeat Register has a capacity of one character. It is used by the Repeat instruction to 
store the count. Input to the Register is from the N Register during a Repeat instruction. 

The D Register has a capacity of two characters. It is used in performing arithmetic instruc­
tions, comparisons, and temporary storage. The character locations are called n2 and D3 
since they receive their data from Bus 2 and Bus 3 respectively. 

The Arithmetic Unit is a one-character adder which receives one character from D2 and one 
character from D3 within the D Register, performs the addition or subtraction (by comple­
menting) and places the result on Bus 3 of the Central Data Bus. 

The Simultaneous Operation Register 1 (SORl) has a capacity of one character. It holds the 
operation code of the instruction currently being processed or last initiated (if mode is unoc­
cupied) in the Simo 1 Mode. 

Il-7 



The Simultaneous Operation Register 2 (SOR2) has a capacity of one character. It holds the 
operation code of the instruction currently being processed or last initiated (if mode is un­
occupied) in the Simo 2 Mode. 

The Previous Result Indicators (PRI' s) are a set of indicators which can assume one of three 
different states: Previous Result Positive (PRP), Previous Result Zero (PRZ), and Previous 
Result Negative (PRN). The PRI' s indicate the resultant sign of an arithmetic operation and 
record comparison results. The PRI's are set in most of the arithmetic instructions and 
in certain logical, search, transfer and compare operations. The PRI' s may be sensed by 
use of the Conditional Transfer of Control instruction. 

The following registers are contained in the Micro Magnetic Memory: 

The A Register has a capacity of four characters. It receives the A Address of an instruction, 
and when necessary, holds the address of each character being processed in the Normal Mode. 

The B Register has a capacity of four characters. It receives the B Address of an instruction, 
and when necessary, holds the address of each character being processed in the Normal Mode. 

The P Register has a capacity of four characters and holds the HSM Address of the next 
instruction in sequence. 

The S Register has a capacity of four characters and receives the A Address of a Simo 1 
instruction. 

The T Register has a capacity of four characters and receives the B Address of a Simo 1 
instruction. 

The C Register has ~ capacity of four characters and receives the A Address of a Simo 2 
instruction. 

The E Register has a capacity of four characters and receives the B Address of a Simo 2 
instruction. 

AUTOMATIC STORAGE OF FINAL CONTENTS OF THE A REGISTER {STA) 

STA is an automatic operation which occurs at the conclusion of selected instructions. When 
STA is performed, the final contents of the A Register are automatically stored in the High 
Speed Memory locations 0212-0215. This permits the subsequent use of the final A Register 
contents. Instructions which perform ST A are identified in the Special Features column of 
Appendix VII. To preserve the final A Register contents of all other instructions, the Store 
Register instruction may be used. 

AUTOMATIC STORAGE OF CONTENTS OF P REGISTER {STP) 

STP is an operation which may occur whenever control is to be transferred; that is, whenever 
the next instruction to be performed is not the one stored immediately fo!lowing the current 
instruction. STP automatically stores the contents of the P Register in standard High Speed 
Memory locations 0216-0219. The stored address is 0010 greater than the address of the 
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instruction which effected this transfer of control. Instructions which perform STP are listed 
in the Special Features column of Appendix VII. 

MACHINE CYCLES 

The Processor has two machine cycles: a 1.50 microsecond machine cycle consisting of seven 
pulses; a 1. 93 microsecond machine cycle consisting of nine pulses. Pulse rate for the Pro­
cessor is 214 nanoseconds, Instruction Access of all instructions employs the 1.93 micro­
second machine cycle, The majority of instructions employ the 1. 50 microsecond machine 
cycle in their execution process. All input/output instructions and a few arithmetic and data 
handling instructions use the 1.93 microsecond machine cycle for execution. 

MODES OF OPERATION 

Up to five instructions may be executed simultaneously by the Processor in addition to any 
independent operations, This is accomplished by five operating modes: 

Normal Mode 

Simultaneous Input/Output Mode 1 (Simo 1) 

Simultaneous Input/Output Mode 2 (Simo 2) 

Simultaneous Input/Output Mode 3 (Simo 3) 

Communications Mode Control (CMC) Mode 

The Normal, Simo 1 and Simo 2 Modes are standard features on all processors. The CMC 
Mode is an optional mode of simultaneity for use exclusively with the CMC device. Simo 3 
Mode is an optional mode of simultaneity and is limited to magnetic tape and random access 
devices. 

Instruction Access for all instructions occurs in the No.cmal Mode. From the Operation Code, 
the Processor determines the mode of execution for each instruction. All processing in­
structions are executed in the Normal Mode. Input/Output instructions, except those asso­
ciated with the CMC, are executed in one of the Simultaneous Modes •. When a Simo 1 instruction 
is accessed: 

1. The contents of the Normal Operation Register (NOR) are transferred to the Simultaneous 
Operation Register 1 (SOR1). 

2. The contents of N are transferred to the particular control module identified by N. 

3. The contents of the A Register are transferred to the S Register. 

4. The contents of the B Register are transferred to the T Register. 

Immediately upon transfer of the instruction from the Normal to the Simo 1 Mode, the Normal 
Mode is free to accept the next instruction. Except for utilizing a different set of registers, a 
Simo 2 instruction fun?tions similarly. 

When Instruction Access occurs on an Input/Output instruction, but the mode specified is 
occupied, the Busy or Inoperable Interrupt Indicator is set, and interrupt occurs. 
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Simultaneous operation is achieved by permitting the modes to obtain a machine cycle when 
requested. Restrictions are placed on the frequency of machine cycles required by the 1/0 
devices to insure concurrent operation. 

INTERRUPT 

Interrupt is an automatic operation, performed by computer hardware in conjunction with soft­
ware, causing a temporary break in the operating sequence. Interrupt is provided to facilitate 
the following functions: 

1. Real-Time programming 

2. Servicing of multiple Input/Output devices 

3. Error recovery procedures 

4. Program Testing procedures 

5. 301 Compatibility 

There are two levels of interrupt: General and Real-Time. General Interrupt takes priority 
over standard processing. Real-Time Interrupt takes priority over General Interrupt and stand­
ard processing. Conditions that cause interrupt, and the number of the indicator which is set, 
are as follows: 

Real-Time General 

1 - Systems Error 6 - Programmed Interrupt 

2 - CMC Service Request 7 - Arithmetic Error 

3 - (Reserved for Future Enhancement) 8 - Overflow 

4 - External Interrupt 9 - Off- Line Operation Complete 

5 - Console Request 10 - 301 Compatibility 

11 - Busy or Inoperable 

12 - Simo 3 Terminated Abnormally 

13 - Simo 2 Terminated Abnormally 

14 - Simo 1 Terminated Abnormally 

15 - Simo 3 Terminated Normally 

16 - Simo 2 Terminated Normally 

17 - Simo 1 Terminated Normally 

18 - Program Test 

Two 7-location areas in the Micro Magnetic Memory are specified for storage of machine con­
ditions during interrupt. One area fa set aside for Real-Time Interrupt and the other for 
General Interrupt. Stored during interrupt and restored after interrupt are the following 
registers and conditions: 
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A Register, B Register, P Register 

ST A, STP, PRI settings 

Repeat Register, STPR (Repeat) 

Repeat condition for A and B Addresses 

General Interrupt Inhibit Status 

Overflow Indicator 

301 Compatibility Switch Setting 

The storage of the required machine conditions at the time of interrupt requires 9.43 micro­
seconds. Restoring the registers and indicators to their original condition at Return After 
Interrupt requires 12.64 microseconds. 

IMPLEMENTATION 

Within the Processor is a set of indicators which are used to record the reason for interrupt 
as the condition occurs. After an Interrupt Indicator has been set, the actual interruption 
occurs as soon as the Normal Mode is free, providing there is no prohibitive inhibit. The 
Normal Mode is free either after completion of an instruction processed in the Normal Mode 
or at the time an I/O instruction shifts from the Normal to the Simo 1 or Simo 2 Mode for 
processing. Once interrupt starts, an inhibit is set by hardware which will prevent any subse­
quent interrupt except by a higher priority condition. Interrupts may also be inhibited by 
instruction. 

When a Real-Time Condition causes interrupt, the status of the Processor at the time of 
interrupt is stored in the Real-Time storage areas of MMM and the Real-Time/General Inhibit 
is set. The Real-Time/General Inhibit will prevent any subsequent interrupt from taking place. 
When a General Condition causes interrupt, the status of the Processor at the time of inter­
rupt is stored in the General storage areas of MMM and the General Inhibit is set. The General 
Inhibit will prevent any subsequent interrupt due to General Conditions but will permit any 
Real-Time interrupt to take place. If conditions which would cause interrupt occur while 
interrupt is inhibited, the particular Interrupt Indicator is still set. If an Interrupt Indicator 
is set when the inhibit is removed, interrupt takes place at that time. Upon interrupt taking 
place, program control is transferred to the instruction address that has been preset in the 
General Interrupt Routine Entry location of MMM if a General Interrupt or to the Real-Time 
Interrupt Routine Entry if a Real-Time Interrupt. 

An Interrupt Routine (software) is executed at this point to identify the cause of interrupt and 
take appropriate action. The Scan Interrupt instruction facilitates the examination and the 
resetting of the Interrupt Indicators. The Control Interrupt Logic (CIL) instruction aids in 
controlling interrupt by setting and removing interrupt inhibits. At the completion of the 
Interrupt Routine, executed during an interrupt, the stored registers, indicators and standard 
locations are restored and the inhibits reset by the use of the Return After Interrupt function 
of the CIL instruction. The a·rea to be used for restoration is selected from the status of the 
Real-Time Inhibit. 
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If the Real-Time Inhibit is set, the Processor is restored to the conditions recorded in the 
Real-Time Interrupt storage area of MMM and the Real-Time Inhibit is removed. If the in­
terrupt sequence was from standard processing directly into Real-Time, the General Inhibit 
is also removed. If, however, the interrupt sequence was from General into Real-Time Inter­
rupt, the General Interrupt is not removed. This is indicated by the Real-Time Control Regis­
ter (20 of C 2) within MMM. 

If the Real-Time Inhibit is not set, the Processor is restored to conditions recorded in the 
General Interrupt storage area of MMM, and the General Inhibit is removed. 

CONDITIONS AND INDICATORS 

Systems errors which set the Systems Error Indicator include parity errors in the Proces­
sor, illegal Operation Codes and addressing outside of the physical size of HSM. 

The CMC Service Request indicates that program intervention is requested by the Communi­
cations Mode Control. 

The External Interrupt Indicator is set by the Data Exchange Control and/or Communications 
Control. 

The Console Request Indicator is set by depressing the Console Request button on the Opera­
tor's Console. 

The Programmed Interrupt Indicator is set by the Programmed Interrupt instruction. 

The Arithmetic Error Indicator is set when the divisor is less than or equal to the dividend 
in a Divide instruction. 

The Overflow Indicator is set when an add or subtract overflow occurs. 

The Off-Line Operation Complete Indicator is set when off-line operations are complete. 
Devices that set this indicator are as follows: 

Device Operation 

Buffered Card Punch Punching complete (buffer available) 

Buffered Printer Printing complete (buffer available) 

Random Access Select complete 

Console Typewriter Carriage return complete 

The 301 Compatibility Indicator is set ·during Instruction Access of 301 1/0 instructions and 
other selected 301 instructions providing the 301 Compatibility Mode has been specified by 
the CIL instruction. Refer to Section XVI for details. 

The Busy or Inoperable Indicator is set if an 1/0 instruction addresses a Mode, Device or 
Control which is busy or inoperable. See Error Detection and Recovery in Section XV for 
specific conditions. 

The Simo 1 Terminated Abnormally indicates that the last instruction in the Simo 1 Mode 
terminated in a manner requiring attention. See Error Detection and Recovery. 

The Simo 2 Terminated Abnormally indicates that the last instruction in the Simo 2 Mode 
terminated in a manner requiring attention. See Error Detection and Recovery. 

The Simo 3 Terminated Abnormally indicates that the last instruction in the Simo 3 Mode 
terminated in a manner requiring attention. See Error Detection and Recovery. 

The Simo 1 Terminated Normally indicates that the Simo 1 Mode is free for a new instruction. 

The Simo 2 Terminated Normally indicates that the Simo 2 Mode is free for a new instruction. 

The Simo 3 Terminated Normally indicates that the Simo 3 Mode is free for a new instruction. 
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The Program Test Indicator provides program control over the Processor during program 
testing. Setting or removing this mode of operation is controlled by the CIL instruction. When 
the Program Test Mode is specified, and the Processor is not in an inhibit status, each in­
struction except the RAI option of the CIL instruction sets the Program Test Indicator, and 
and interrupt occurs after instruction execution. 

End of 
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Figure II-2. Interrupt Processing 

II-13 

No Indicator Set 

Next Instruction 

Return 
To Normal 
Processing 



INDEXING {ADDRESS MODIFICATION) 

Three Index Fields and three associated Increment Fields are available for address modifi­
cation. These Index and Increment Fields, each four characters in length, are contained in 
the Micro Magnetic Memory and are designated as follows: 

Index Field 1 

Index Field 2 

Index Field 3 

Increment Field 1 

Increment Field 2 

Increment Field 3 

Indexing is indicated by the 2
4 

and 2
5 

bits of c
2 

of the A and/or B Addresses as follows: 

Bit Position 

Index Option 25 24 

No Indexing 0 0 

Index Field 1 0 1 

Index Field 2 1 0 

Index Field 3 1 1 

All 3301 instructions may be indexed with the following exceptions: 

Test Device - A Address will not be indexed; B Address may be indexed. 

Control Device Simo 1 } 
Control Device Simo 2 - A and B Addresses cannot be indexed. 

Control CMC 
Halt } - A and B Addresses cannot be indexed. 

Unconditional Transfer l 
of Control f - A and B addresses cannot be indexed. 

Indexing always precedes indirect addressing. Indexing occurs on the original address be­
fore the direct address is accessed and takes 1.93 microseconds per indexed address. The 
address referenced by an Indirect Address must not contain an Index bit or a Systems Error 
may occur. 

Incrementing of Index Fields is accomplished via the Tally instruction by specifying the de­
sired N character as follows: 

Bit Position 

N Character Option 25 24 23 

No incrementing required 0 0 0 

Increment Index Field 1 0 0 1 

Increment Index Field 2 0 1 0 

Increment Index Field 3 1 0 0 
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Any combination of incrementing is permitted with one Tally instruction. Incrementing takes 
1.93 microseconds per incremented field. 

Indexing and incrementing utilize a four-character adder designed to operate in accordance 
with 3301 addresses. All Addresses, Index Fields, and. Increment Fields must be positive 
since the adder performs strictly adding functions. The four-character adder cycles on 
160,000 regardless of the physical size of HSM as the following example indicates: 

Address 159,000 Z"OO 

Index Field 2,000 2000 

Result 1,000 1000 

The ability to decrement an address is provided by using the complement of 160,000 as the 
Index Field quantity. For example, address 50,000 would be decremented by 2,000 in the 
following manner: 

Address 50,000 &&00 

Index Field 158,000 Y"OO 

Result 48,000 8&00 
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CONSOLE 

GENERAL DESCRIPTION 

The RCA 3301 Processor includes a separate, dual control with two consoles: an Operator 
Console to provide operator-machine communications; and a Maintenance Console to provide 
maintenance capabilities. 

OPERATOR CONSOLE 

The Operator Console consists of a typewriter and a minimum of control switches, buttons, 
and display lights. Used in conjunction with RCA-developed software, the Console Typewriter 
provides documented standard operator/machine communications. 
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CONSOLE TYPEWRITER 

The Console Typewriter is a keyboard printing device which provides, under program con­
trol, direct input to and output from the Processor. The maximum output rate is 924 characters 
per minute. Up to 85 pica characters may be printed per line (10 characters per inch) on 
single or multiple sheet stock up to 11 inches wide. 

The Typewriter's forty-four keys accommodate the printing of sixty-three characters when 
the keys are activated either manually or by signals received from the Processor. Twenty­
six alphabetics, ten numerics, and twenty-seven special symbols are shown on Figure III-1. 

D Q GJGJGJITJ[]][JGJQ~CTJD 

D GJITJGJGJGJGJGJ~~D D 

Figure III-1. Console Typewriter Keyboard 

The Typewriter has several functional keys which may be operated manually: 

Tab 

Backspace 

Shift (two keys, one at the left, the other at the right) 

Lock (refers to shift) 

Index (vertical paper movement) 
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Clear-Set (Tab) 

Margin Release 

On-Off (Power) 

Space Bar (transmits a Space character to the Processor) 

Carri~ge Return 

Carriage return also occurs upon reading or writing when A/B Equality is encountered 
or upon depression of the Release Button. 

An Encoder translates the individual key depressions into code signals and sends them to the 
Processor. A Decoder translates the code signals received from the Processor into codes 
which actuate the corresponding print functions. Whenever incorrect parity is received by the 
Decoder, the error symbol (letter e) is printed. 

CONSOLE CONTROLS 
The lights, buttons, and switches are arranged in two groups. The first group is located on 
the Maintenance Console but is accessible to the operator. This group includes the following: 

MASTER OFF: Depression of this button turns off the DC power supply without disturbing 
the main power for the System. 

POWER ON: Depression of this button turns on the main power supply. 

POWER OFF: Depression of this button turns off the main power supply. 

MARGINAL CHECK 

OVERHEAT WARNING (LIGHT) 

D.C, READY 

The second group of indicators and switches are located on the Operator's panel (see Figure 
III-2) and include the following: 

ALTERATION SWITCHES 

These four independent switches are set and reset manually. When set, a corresponding inter­
nal indicator can be interrogated by the CTC instruction. 

CANCEL 

The operator depresses the Cancel button to terminate data entry and to indicate cancellation 
of erroneous information. Release and Cancel buttons are locked and unlocked in conjunction 
with the Keyboard. 
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GENERAL 

~~~~~;~~ ~ 
REQ\E~C\\ ~Ai ~ 

ERROR~D TAPE 
·~ 

START 

~ 

Figure III-2. Operator's Console 

READY LIGHT 

This light indicates that the Typewriter Keyboard is unlocked, and that the operator may begin 

to key in data. 

REQUEST 

Depression of this button by the operator sets the Console Interrupt Indicator and causes 

program interrupt. 

RELEASE 

The operator depresses this button to indicate the end of data transmission. This causes the 
instruction to terminate, releases the mode, locks the Keyboard (including the Release and 

Cancel buttons) and causes an automatic carriage return. 

ERROR (LIGHT) 

This light indicates that the machine has stopped upon the detection of double Systems Error, 
or upon detection of a read instruction parity error when the program load function is exer-

cised. 
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LOAD TAPE AND LOAD CONSOLE 

These two load buttons enable the program load function to be executed either from Magnetic 
Tape Station #6 or the Console Typewriter. Depression of the Load button causes the Proces­
sor to generate a Read Forward instruction from the selected input device into RSM location 
0000, Upon successful completion of the read, Interrupt Indicators are not set, and the Pro­
cessor automatically transfers program control to location 0000. 

PAPER LOW (LIGHT) 

When lit this indicates that the paper supply for the Console Typewriter is low. 

STOP (BUTTON) 

Depression of the Stop button brings the Processor to an orderly halt at the completion of the 
execution of the instruction occupying the Normal Mode. Instructions occupying the Simo 
modes continue to completion, the P Register is stored in the STOP P location of MMM, and 
the Stop light is illuminated. This light is also illuminated after a Halt instruction is executed. 

GENERAL RESET 

Depression of this button clears the Interrupt Register, clears the interrupt inhibits, resets 
error indicators including those present in Control Modules, and resets all registers not in 
MMM. 

START 

Depressing this button causes the Processor to start operation, under program control, with 
the execution of the instruction addressed by the P Register. 

CONSOLE OPERATION 

Depressing the Console Request button sets the Console Interrupt Indicator and causes a 
Real-Time Interrupt. An interrupt program then directs a read instruction to the Typewriter. 
This read instruction causes the Typewriter Ready light to be lit, unlocks the Typewriter 
Keyboard, and permits the operator to key in information. 

Characters are entered into RSM serially as initially indicated by the A Register. Depressing 
the Release button by the operator effects normal termination of the instruction. If, however, 
the Cancel button is depressed or a parity error (PE) is detected, the read instruction is 
terminated immediately, and the Mode Terminated Abnormally Interrupt Indicator is set. 

The read instruction also terminates abnormally if A/B equality is reached prior to depres­
sion of the Cancel or Release button. Standard programming procedures specify that the 
read-in area should exceed the size of the information entered into RSM. This permits opera­
tor verification of the typed data prior to instruction termination via depressing the Cancel 
or Release button. Termination of the instruction from any cause locks the Keyboard. The 
Test Device (TDV) instruction may be used to determine the reason for an abnormal mode 
termination. 

Output to the Console from the Processor is by the use of write instructions which unlock the 
Typewriter Keyboard. Characters are transmitted serially to the Typewriter until A/B equality 
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is reached. Parity errors detected during writing cause the Mode Terminated Abnormally 
Interrupt Indicator to be set and interrupt to occur after A/B equality has been reached. When 
the carriage return is completed, the Off-Line Operation Complete Interrupt Indicator is set and 
interrupt occurs. 

INSTRUCTIONS 

Instructions utilized for programming the Console Typewriter are: 

Read Forward Simo 1 (RFl) Read Forward Simo 2 (RF2) 

Write Simo 1 (WRl) Write Simo 2 (WR2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Reading, (2) Writing, and 
(3) Testing the Device. 
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READING 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction reads information 
into HSM from the Console Typewriter. Reading begins with the first typed character and 
normally terminates when the Release signal is received. 

FORMAT 

OPERATION - 4 (RFl) or 5 (RF2) 

N - =(Equal) 

A ADDRESS - HSM location to receive the first character. 

B ADDRESS - HSM location to receive the last character. 

DIRECTION OF OPERATION 

· Characters are transferred into HSM left to right. 

OUTLINE OF OPERATION 

One character is transferred to the HSM location specified by the S or C Register. The register 
is then incremented by one, and the cycle is repeated. The instruction either terminates nor­
mally when the Release button is depressed, or abnormally .when the Cancel button is de­
pressed, or upon detection of a parity error or A/B equality. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character read. 
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WRITING 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction transfers a specified series of 
consecutive characters from HSM and prints them on the Console Typewriter until A/B equality 
is reached. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - =(Equal) 

A ADDRESS - HSM location of first character to be written. 

B ADDRESS - HSM location of last character to be written. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

OUTLINE OF OPERATION 

One character is transferred from the HSM location specified by the Sor C Register to the 
Typewriter, The S or C Register is incremented by one, and the cycle is repeated. The in­
struction terminates when A/B equality is reached. Parity errors detected during writing 
cause a Mode Terminated Abnormally Interrupt Indicator to be set and interrupt to occur after 
A/B equality. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character written. 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status and transfers control if the con­
dition or conditions being tested are present. 

FORMAT 

OPERATION - S 

N - =(Equal) 

A ADDRESS - Specifies the function to be performed as follows: 

Bit 
Character Position Symbol Test Function 

AO 20 l Is the Typewriter inoperable? 

AO 21 2 Is the Typewriter operating? 

AO 
22 4 Has a Console Request been received? 

AO 23 8 Is there a parity error on read or write? 

AO 24 & Has a message cancel been received? 

Al 22 4 Has A/B equality been received? 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is (are) present. 

SPECIAL CONDITIONS 

STP is performed if a condition specified by the A Address is present. 

FINAL SETTINGS 

(A). 
1 

(B). 
1 
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MAINTENANCE CONSOLE 

The RCA 3301 Maintenance Console (See Figure ITI-3) is used by on-site RCA Engineering 
personnel to analyze computer malfunctions and to expedite systems preventive maintenance 
checkouts. This Console provides the means for manually or automatically monitoring and 
controlling functions of the Processor and I/O devices. The contents of HSM, MMM or various 
registers may be manually changed or displayed. Sufficient indicators, butt<;~ms and switches 
are provided to satisfy engineering needs. The Maintenance Console is concealed when not in 
use for equipment check-out and contains the following indicators and switches: 

.... I s_TL_E ..... IM_MM_E ...... IM_R_PE ...... l _..._~l_P_RP ..... l_P_RN_l_P_Rz_l_A_u_I I 1s1M I STLRI DINT I BAI I WRM I RDM jocsP I 1csP I .____.__.___.__.___._ __ .___l._c_J ..... 1 lsTART j 

INTl } 
through 
INT18 
MEl 
ME2 
CE 
BE 
WE 
RE 
DNF 
SAE 

Figure IIl-3. 

MASTER POWER POWER 
OFF ON OFF 

I I ~ 
1

1 
I 'I jl 1 1~ 

MARGINAL OVERHEAT D.C. 
CHECK WARNING READY 

Maintenance Console 

Interrupt Indicators 

Miscellaneous Error 1 
Miscellaneous Error 2 
Card Error 
Buffer Error 
Write Error 
Read Error 
Device Does Not Follow 
Switch Address Error 

III-10 



ALR 
STLE 
MMME 
MRPE 

PRP) 
PRN 
PRZ 
ALI 
Digit Switch 
E 
c 
T 
s 
B 
A 
p 

SOR2 
SORl 
NOR 
N 
D 
MMMR 
MR 
STL 
ISIM 
STLR 
DINT 
BAI 
WRM 
RDM 
OCSP 
ISCP 

Co 
C1 
C2 
C3 
GEN RES 
START 

Alarm Reset 
Status Level Parity Error 
Micro Magnetic Memory Parity Error 
Memory Register Parity Error 

Previous Result Indicators 

Alarm Inhibit 
Control Micro Magnetic Memory Selection 
E Register 
C Register 
T Register 
S Register 
B Register 
A Register 
P Register 
Simultaneous Operation Register 2 
Simultaneous Operation Register 1 
Normal Operation Register 
N Register 
D Register 
Micro Magnetic Memory Register 
Memory Register 
Status Level Register 
Inhibit Simultaneity 
Status Level Repeat 
Disable Interrupt 
Bus Adder Inhibit 
Write to Memory 
Read from Memory 
One Cycle Stop 
Instruction Complete Stop 
Bus ''0" Switches 
Bus ''1" Switches 
Bus ''2'' Switches 
Bus "3'' Switches 
General Reset 
Start 
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INTRODUCTION 

Instructions are presented by major function, classified as follows: (1) Data Handling, (2) 
Arithmetic and Logical, (3) Decision and Control, and (4) Input/Output. For ease of reference, 
instructions within each major function are in alphabetic order by name. 

DATA HANDLING INSTRUCTIONS 

These are non-arithmetic instructions for the manipulation of data stored in HSM. Functions 
performed by these instructions include: (1) filling a portion of HSM with a selected symbol, 
(2) transferring data from a sending to a receiving area, (3) numeric editing, and (4) character 
code translation. Operational control by symbol, address and count is provided. Data manipu­
lation is bi-directional. A ''left" in the instruction name signifies movement starting with 
the lefthand character, and a ''right" signifies movement starting with a righthand character. 

ARITHMETIC AND LOGICAL INSTRUCTIONS 

Of these instructions, four are for decimal arithmetic on data, two are decimal arithmetic 
on addresses and three for logical operations. All decimal instructions for data operate in 
accordance with algebraic rules and are designed to handle operands of equal length. The 
instructions used for data arithmetic perform addition, subtraction, multiplication and division 
on numeric data. The instructions used for address arithmetic provide incrementing and 
decrementing capabilities specifically for four-character HSM addresses. The logical instruc­
tions are used to alter the bit configuration of an operand. 

On numeric operands, a sign is indicated by the 2
5 

bit of the least significant digit (LSD). When 
a ''1" bit is present in the 25 position, the sign is negative. Otherwise, it is assumed to be 
positive. 

DECISION AND CONTROL INSTRUCTIONS 

These instructions perform the following functions: (1) influence the sequence of operation, 
conditionally or unconditionally, (2) data and address comparison, (3) control of and communi­
cations with the Interrupt system, (4) two-way communications between MMM and HSM, (5) 
repetition of an instruction or a group of instructions, and (6) stop the Processor. 

INPUT /OUTPUT INSTRUCTIONS 

These instructions enable the Processor to communicate with the Input/Output devices. They 
consist of five basic functions that are executed in either the Simo 1 or Simo 2 mode plus one 
instruction which tests the status of an I/O device. The following instructions are included: 
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Instruction Name Mnemonic Operation Code 

Control Device Simo 1 CDl 2 

Control Device Simo 2 CD2 3 

Read Forward Simo 1 RFl 4 

Read Forward Simo 2 RF2 5 

Read Reverse Simo 1 RRl 6 

Read Reverse Simo 2 RR2 7 

Write Simo 1 WRl 8 

Write Simo 2 WR2 9 

Erase Simo 1 ERl * 
Erase Simo 2 ER2 > 

Test Device TDV s 

The Operation Code designates the primary function and mode of operation for execution while 
the N Character specifies the I/O device and/or Control Module. Read reverse instructions 
are only for magnetic and paper tape devices, and the erase instructions are for magnetic 
tape devices. Input/Output instruction descriptions are presented with each particular device 
and cover associated options. Corresponding instructions for the Simo 1 Mode and Shro 2 
Mode are covered within the same description since they operate similarly except for mode. 

INSTRUCTION DESCRIPTION 

Information pertaining to each instruction is presented under the headings listed below. When 
necessary, a special explanation is included: 

Instruction Name (with Mnemonic in parenthesis) 

General Description 

Format 

Direction of Operation (optional) 

Special Conditions (optional) 

Outline of Operation (optional/ 

Final Settings 

Example . (optional) 

SPECIAL CONDITIONS 

Features and conditions that apply to certain instructions are indicated under this heading. 
These include the automatic storage of STA and STP, PRl's, whether an instruction is repeat­
able, and overflow and interrupt conditions. 
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OUTLINE OF OPERATION 

An Outline of Operation subsection supplements the General Description prefacing the instruc­
tion. Internal logic is described not in every detail, but only to the extent necessary: (1) to 
help the user gain a better understanding of Computer operation, (2) to permit the user to 
modify the instructions and their application for individual problem solution, and (3) to enable 
the user to develop advanced programming techniques. 

FINAL SETTINGS 

Final register settings plus the settings of the Previous Result Indicators (if applicable) are 
specified under this heading. Register settings are designated as follows: 

EXAMPLE 

(A). Initial register contents after Instruction Access. 
1 

(A) f Final register contents. 

(S) f or (C) f and (T) f or (E) f refer to the final register settings of an I/O instruction 
terminating in either the Simo 1 or Simo 2 Mode. 

Whenever possible, the examples that accompany the instruction include representation of 
the affected portion or portions of HSM. 
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FLOAT DOLLAR SIGN TO NON-ZERO NUMERIC (FON) 

GENERAL DESCRIPTION 

This instruction fills consecutive locations within adesignated sector of HSM with space sym­
bols until a non-zero numeric character is encountered, and then inserts a dollar sign one 
location to the left of this first non-zero numeric character. A dollar sign is inserted in the 
rightmost location of the sector if no numeric characters (1-9) are encountered. 

FORMAT 

OPERATION - , (Comma) 

N - $ (Dollar Sign) 

A ADDRESS - Leftmost HSM location to be searched. 

B ADDRESS - Rightmost HSM location to be searched. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

STA is performed. 

PRI' s are set. 

OUTLINE OF OPERATION 

The character specified by the A Register is examined. If this is other than a numeric char­
acter (1-9), a space symbol is transferred to the HSM location specified by the A Register. 
The A and B Registers are compared. If equal, a dollar sign is inserted, and the instruction 
terminates. If unequal, the A Register is incremented by one, and the cycle is repeated. 

When a non-zero numeric is encountered, the A Register is decremented by one, the dollar 
sign contained in the N Register is then transferred to the HSM location specified by the A 
Register, and the operation ceases. 

If the HMS location specified by the A address contains a non-zero numeric, the dollar sign 
is floated to A. - 1. 

1 

FINAL SETTINGS 

(A)f = (B)i' if a non-zero numeric character is not found. 
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(A)f =HSM location containing the Dollar Sign if a non-zero numeric character is found. 

PRP is set if a non-zero numeric is found. 

PRZ is set if a non-zero numeric is not found. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

8550 

0 

8550 

-

$ 8550 

8551 8552 8553 

0 l 0 

8551 8552 8553 

$ l 0 

(A) f 8551 

8556 

8554 8555 

8 7 

8554 8555 

8 7 

(B)f 8556 
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LOCATE ABSENCE OF SYMBOL LEFT (LAL) 

GENERAL DESCRIPTION 

This instruction searches through the contents of successive HSM locations between and in­
cluding two specified addresses looking for the absence of a specified symbol. The operation 
ceases when the rightmost location is reached or upon detecting the absence of the specified 
symbol. 

FORMAT 

OPERATION - K 

N - Specified symbol. 

A ADDRESS - Leftmost HSM location to be searched. 

B ADDRESS - Rightmost HSM location to be searched. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

STA is performed. 

PRI' s are set. 

OUTLINE OF OPERATION 

Initially PRZ is set. The A Registeriscompared with the B Register. The character specified 
by the A Register is then compared with the N Register. The A Register is incremented by one, 
and based on the above two comparisons one of the following occurs: 

1. If the character specified by the A Register is not equal to ·N, and this is the first charac­
ter checked; PRN is set, the A Register is decremented by two, and the instruction 
terminates. 

2. If the character specified by the A Register is not equal to N, and this is not the first 
character checked; PRP is set, the A Register is decremented by two, and the instruction 
terminates. 

3. If both comparisons prove equal; the A Register is decremented by one, and the instruc­
tion terminates. 

4. If the character specified by the A Register is equal to N, but the A Register is not equal 
to the B Register; the cycle is repeated. 
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FINAL SETTINGS 

If a character is found not equal to the specified symbol (N) 

(A) f =One HSM address to the left of that character. 

If all characters searched are equal to the specified symbol (N) 

(A)f = (B)i 

(B)f = (B) i 

PRN is set when the first character searched is not equal to N. 

PRZ is set when all characters searched are equal to N. 

PRP is set if a non-specified symbol is found in the designated HSM area after a character 
equal to the specified symbol (N) has been found. 

EXAMPLE 

Instruction: 

HSM Before 

and After 

Execution: 

Final Settings: 

K 

5000 5001 

0 0 

0 5000 

5002 5003 

0 0 

5004 

5008 

5004 5005 5006 5007 5008 

0 6 0 4 0 

5008 PRP is set. 
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LOCATE ABSENCE OF SYMBOL RIGHT (LAR) 

GENERAL DESCRIPTION 

This instruction searches through the contents of successive HSM locations between and in­
cluding two specified addresses looking for the absence of a specified symbcl. The operation 
ceases when the leftmost location is reached or upon detecting the absence of the specified 
symbol. 

FORMAT 

OPERATION - L 

N - Specified symbol. 

A ADDRESS - Rightmost HSM location to be searched. 

B ADDRESS - Leftmost HSM location to .be searched. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

STA is performed. 

PRI' s are set. 

OUTLINE OF OPERATION 

Initially PRZ is set. The A Register is compared with the B Register. The character specified 
by the A Register is then compared with the N Register. The A Register is decremented by 
one, and based on the above two comparisons, one of the following occurs: 

1. If the character specified by the A Register is not equal to N, and this is the first charac­
ter checked; PRN is set, the A Register is incremented by two, and the instruction 
terminates. 

2. If the character specified by the A Register is not equal to N, and this is not the first 
character checked; PRP is set, the A Register is incremented by two, and the instruction 
terminates. 

3. If both comparisons prove equa1; the A Register is incremented by one, and the instruc­
tion terminates. 

4.. If the character specified by the A Register is equal to N, but the A Register is not equal 
to the B Register; the cycle is repeated. 
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FINAL SETTINGS 

If a character is found not equal to the specified symbol (N) 

(A) f =One HSM address to the rignt of that character. 

If all characters searched are equal to the specified symbol (N) 

(A)f =(B)i 

(B)f = (B)i 

PRN is set if the first character searched is not equal to N. 

PRZ is set when all characters searched are equal to N. 

PRP is set when a non-specified symbol is found in the designated HSM area after a character 
equal to the specified symbol (N) has been found. 

EXAMPLE 

Instruction: 

HSM Before 

and After 

Execution: 

Final Settings: 

L 

4001 

0 

4009 

4002 4003 4004 

3 0 9 

(A)f 4005 

4001 

4005 4006 4007 4008 4009 

- - - - -

4001 PRP is set. 
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SYMBOL FILL SECTOR (SFS) 

GENERAL DESCRIPTION 

This instruction inserts a specified symbol into each HSM location between and including two 
given addresses. 

FORMAT 

OPERATION - J 

N - Specified Symbol. 

A ADDRESS - Leftmost HSM location to be filled. 

B ADDRESS - Rightmost HSM location to be filled, 

DIRECTION OF OPERATION 

Left to right. 

OUTLINE OF OPERATION 

The symbol in the N Register is transferred to the HSM location specified by the A Register. 
The A Register is compared with the B Register. If equal, the A Register is incremented by 
one, and the instruction terminates, If unequal, the A Register is incremented by one, and the 
cycle is repeated. 

FINAL SETTINGS 

(A)f = (B)i + 1 

(B)f = (B) i 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

J 0 8001 8009 

8000 8001 8002 8003 

l 2 3 4 

8000 8001 8002 8003 

l 0 0 0 

(A)f = 8010 

8004 8005 8006 8007 8008 8009 8010 

5 l 2 3 4 5 A 

8004 8005 8006 8007 8008 8009 8010 

0 0 0 0 0 0 A 

(B)f = 8009 
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SYMBOL FILL TO NON-ZERO NUMERIC (SFN) 

GENERAL DESCRIPTION 

This instruction fills consecutive locations within a designated sector of HSM with a specified 
symbol until a non-zero numeric character is encountered. 

FORMAT 

OPERATION - , (Comma) 

N - Specified symbol. Any symbol except the Dollar Sign may be specified (see 
FDN instruction). 

A ADDRESS - Leftmost HSM location to be searched. 

B ADDRESS - Rightmost HSM location to be searched. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

STA is performed. 

PRI' s are set. 

OUTLINE OF OPERATION 

The contents of the HSM location specified by the A Register are examined. If this is other 
than a numeric character (1-9), the symbol in N is transferred to the HSM location specified 
by the A Register. The operation ceases when a non-zero numeric character is found or when 
the A Register equals the B Register. Otherwise, the A Register is incremented by one, and 
the cycle is repeated. 

FINAL SETTINGS 

(A)f =(B)i, if a non-zero numeric character is not found. 

(A)f = HSM location of the first non-zero numeric character found. 

PRP is set if a non-zero numeric is found. 

PRZ is set if a non-zero numeric is not found. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

4054 4055 

5 0 

4054 4055 

5 -

4055 

4056 4057 

0 0 

4056 4057 

- -

4058 

4060 

4058 4059 4060 4061 

l 5 7 -

4058 4059 4060 4061 

l 5 7 -

4060 PRP is set. 
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TRANSFER BY COUNT LEFT (TCL) 

GENERAL DESCRIPTION 

FORMAT 

This instruction transfers a specified number of consecutive characters from one HSM (send­
ing) area to another HSM (receiving) area. It may be used to transfer from one to 45 charac­
ters. 

OPERATION - M 

N - Number of characters (0-45) to be transferred. See Appendix III. 

A ADDRESS - HSM location of leftmost character in sending area. 

B ADDRESS - HSM location of leftmost character in receiving area. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates. If other than zero, the char­
acter specified by the A Register is transferred to the HSM location specified by the B Regis­
ter. The A and B Registers are incremented by one, the N Register is de~remented by one, and 
the cycle is repeated. 

FINAL SETTINGS 

(A) f = HSM location one to the right of the last character in sending area. 

(B)f =HSM location one to the right of the last character in receiving area. 

EXAMPLE 

Instruction: 

HSM Before 
Execution: 

HSM After 
Execution: 

Final Settings: 

4000 

B 

4000 

B 

M 4 

4001 4002 

A L 

4001 4002 

A L 

(A)f = 4004 

4000 4005 

4003 4004 4005 4006 4007 

L - - - -

4003 4004 4005 4006 4007 

L - B A L 

(B)f = 4009 
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TRANSFER BY COUNT RIGHT (TCR) 

GENERAL DESCRIPTION 

This instruction transfers a specified number of consecutive characters from one HSM (send­
ing) area to another HSM (receiving) area. It may be used to transfer from one to 45 char­
acters. 

FORMAT 

OPERATION - N 

N - Number of characters (0-45) to be transferred. See Appendix III. 

A ADDRESS - HSM location of rightmost character in sending area. 

B ADDRESS - HSM location of rightmost character in receiving area. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates. If other than zero, the char­
acter specified by.the A Register is transferred to the HSM location specified by the B Regis­
ter. The A, ~' and N Registers are decremented by one, and the cycle is repeated. 

FINAL SETTINGS 

(A) f = HSM location one to the left of the last character in sending area. 

(B) f = HSM location one to the left of the last character in receiving area. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

N 

4000 

B 

4000 

B 

4 

4001 

A 

4001 

A 

4003 

4002 4003 

L L 

4002 4003 

L L 

3999 

4008 

4004 4005 4006 4007 4008 4009 

- - - - - -

4004 4005 4006 4007 4008 4009 

- B A L L -

4004 
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TRANSFER BY COUNT TO EDIT FIELD (TCE) 

GENERAL DESCRIPTION 

This instruction transfers non-edited, numeric data to an edit field inserting edit symbols 
during the process. A mask containing spaces and properly positioned edit symbols must first 
be transferred to the edit field. An ISS in the edit field causes a space to be generated in its 
location; all other nonspace characters remain in their corresponding locations within the edit 
field. If the data to be edited is negative, PRN is set. All zone bits of data to be edited are 
removed before the· character is transferred to the edit field. 

FORMAT 

OPERATION -

N - Nwnber of characters (0-45) to be transferred and edited. See Appendix III. 

A ADDRESS - HSM location of the rightmost character of the edit (receiving) field. 

B ADDRESS - HSM location of the rightmost character of the non-edited (sending) field. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

STA is performed. 

PRI' s are set. 

OUTLINE OF OPERATION 

Initially, PRZ is set. The N Register is examined. If zero, the instruction terminates. If not 
zero, the character specified by the B Register is transferred to the D3 portion of the D 
Register. 

If this is the first character (LSC) transferred, a check is made for a negative quantity. If 
negative, PRN is set, and the zone bits of the LSC are removed. 

The B and the N Registers are then decremented by one. The character specified by the A 
Register is transferred to the D2 portion of the D Register. This character is examined and 
one of the following occurs: 

1. If a space, the character in D3 is transferred to the HSM location specified by the A 
Register. 

2. If an ISS, a space character is transferred to the HSM location specified by the A 
Register. 

3. If not a space or an ISS, the character in D2 is transferred to the HSM location specified 
by the A Registe1·. 
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The A Register is then decremented by one. If the character in n3 was not transferred, the 
character now specified by the A Register is examined in the D2 Register, and the cycle 
continues until D3 is transferred. When D3 is transferred, the character specified by the B 
Register is examined, and the cycle is repeated until N is zero. 

FINAL SETTINGS 

(A) f = (A) i - (N count + number of edit symbols encountered) 

(B)f = (B)i - N count 

PRN is set if data to be edited is negative; otherwise PRZ is set. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM Before 

and After 

Execution: 

HSM After 

Execution: 

Final Settings: 

8550 8551 

- -

4010 4011 

- -

8550 8551 

0 0 

8 8560 

8552 8553 

- ' 

4012 4013 

0 0 

8552 8553 

l 
' 

8549 

4019 

8554 8555 8556 8557 8558 

- - - -

4014 4015 4016 4017 4018 

l 8 7 5 3 

8554 8555 8556 8557 8558 

8 7 5 3 

4011 PRN is set. 
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iRANSFcR BY SY mBOi. i.cti ('iSi.j 

GENERAL DESCRIPTION 

This instruction transfers consecutive characters from one HSM (sending) area to another 
HSM (receiving) area until a specified symbol is both transferred and sensed. 

FORMAT 

OPERATION - # 

N - Any specified symbol after which to stop transferring. 

A ADDRESS - HSM location of leftmost character in sending area. 

B ADDRESS - HSM location of leftmost character in receiving area. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

STA is performed. 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The character specified by the A Register is compared with the symbol in the N Register. 
The character specified by the A Register is then transferred to the HSM location specified 
by the B Register, and the A and B Registers are incremented by one. If the above compari­
son proved equal, the instruction terminates. If the above comparison proved unequal, the 
cycle is repeated. 

FINAL SETTINGS 

(A) f = HSM location one to the right of the specified symbol in the sending area. 

(B) f = HS_M location one to the right of the specified symbol in the receiving area. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

# • 

2000 2001 

$ 1 

2000 2001 

$ 1 

2000 

2002 2003 

2 3 

2002 2003 

2 3 

2005 

2006 

2004 2005 2006 2007 2008 2009 2010 

• - - - - - -

2004 2005 2006 2007 2008 2009 2010 

• - $ 1 2 3 • 

2011 
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GENERAL DESCRIPTION 

This instruction transfers consecutive characters from one HSM (sending) area to another 
HSM (receiving) area until a specified symbol is both transferred and sensed. 

FORMAT 

OPERATION - P 

N - Any specified symbol after which to stop transferring. 

A ADDRESS - HSM location of rightmost character in sending area. 

B ADDRESS - HSM location of rightmost character in receiving area. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

STA is performed. 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The character specified by the A Register is compared with the symbol in the N Register. The 
character specified by the A Register is then transferred to the HSM location specified by the 
B Register, and the A and B Registers are decremented by one. If the above comparison 
proved equal, the instruction terminates. If the above comparison proved unequal, the cycle 
is repeated. 

FINAL SETTINGS 

(A) f = HSM location one to the left of the specified symbol in the sending area 

(B)f =HSM location one to the left of the specified symbol in the receiving area. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

2000 

-

2000 

$ 

p 

2001 

-

2001 

1 

$ 2010 

2002 2003 

- -

2002 2003 

2 3 

2005 

2004 

2004 2005 2006 2007 2008 2009 2010 

- - $ 1 2 3 • 

2004 2005 2006 2007 2008 2009 2010 

• - $ 1 2 3 • 

1999 
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iRANSttR DtCADt BY COUNT {i"DCj 

GENERAL DESCRIPTION 

This instruction transfers a specified number of consecutive decades from one HSM (sending) 
area to another HSM (receiving) area. It may be used to transfer from one to 45 decades. A 
decade is 10 consecutive HSM locations beginning at XXXO and ending with XXX9. 

FORMAT 

OPERATION -
10 

(Subscript 10) 

N - Number of decades (0-45) to be transferred. See Appendix III. 

A ADDRESS - HSM location of leftmost decade in sending area. 

B ADDRESS - HSM location of leftmost decade in receiving area. 

DIRECTION OF OPERATION 

Left to right, 

SPECIAL CONDITIONS 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates. If not zero, the decade speci­
fied by the A Register is transferred to the decade specified by the B Register. The A and B 
Registers are incremented by ten, the N register is decremented by one, and the cycle is 
repeated, 

The rightmost digit is ignored in the A and B addresses, 

FINAL SETTINGS 

(A)f = (A)i + lOn 

(B)f = (B)i + lOn 

n = nwnber of decades transferred. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM Before 

and After 

Execution: 

HSM After 

Execution: 

Final Settings: 

10 

4010 

-

5000 

0 

4010 

0 

5000 

4011 4012 

- -

5001 5002 

0 0 

4011 4012 

0 0 

5010 

4010 

4013 4014 4015 4016 4017 4018 4019 

- - - - - - -

5003 5004 5005 5006 5007 5008 5009 

0 1 8 7 5 3 4 

4013 4014 4015 4016 4017 4018 4019 

0 1 8 7 5 3 4 

4020 
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TRANS!..~. T!: BY TAB!..!: (TBT} 

GENERAL DESCRIPTION 

This instruction translates characters from one bit configuration to another by the use of a 
translate table. The instruction translates from one to 45 consecutive characters in memory. 
Each character to be translated is used to generate the two rightmost digits of the address 
within the table that holds the translated equivalent. The leftmost location of the translate 
table must end in 00. 

FORMAT 

OPERATION - A 

N - Number of characters (0-45) to be translated. See Appendix III. 

A ADDRESS - HSM location of leftmost character to be translated and the result area. 

B ADDRESS - HSM location of leftmost character of translate table (must end in 00). 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

The instruction is repeatable. 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates. If not zero, the table address 
of the translated equivalent is developed as follows: 

The 25, 24 and 23 bits of the character to be translated are converted to a numeric (0-7) which 
becomes the B2 digit of the table address. The 22, 21 and 2° bits are converted to a numeric 
(0-7) which becomes the B3 digit of the table address. The original Bo and Bi characters plus 
the newly developed B2 and B3 digits comprise the table address. The character at this address 
is read out of the translate table and transferred to the HSM location specified by the A 
Register. The A Register is incremented by one, N is decremented by one, and the cycle 
is repeated. 

FINAL SETTINGS 

(A) f == HSM location one to the right o.f the last character translated. 
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EXAMPLE 

Instruction: 

HSM Before 

Execution: 

Partial 
Table: 

HSM After 
Execution: 

Final Settings: 

(501 to 3301 code conversion) 

A· 2 8203 5700 

8203 8204 

1100001 1010100 
("B" in 501 Code) ("l "in 501 Code) 

Translation Pr.ocess 
B Address Character 
5700 0 100 001 

Table Address 
!\ ! ! 
5 7 4 1 

~ Bi B2 B3 

8203 8204 

1010010 0000001 
("B" in 3301 Code) ("l" in 3301 Code) 

(A)f 8205 (B)f 5700 
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ADD ADDRESS (AAD) 

GENERAL DESCRIPTION 

This instruction performs decimal addition on four-character operands. It may be utilized 
to add two four-character addresses or to increment an address. Since addresses are always 
positive and since incrementing is a positive action, both operands should be positive. A 
positive sum is stored in the HSM locations originally occupied by the augend. Since the 
CoC1 characters of HSM addresses above 40,000 are not in ascending order by character, 
this instruction checks and, if necessary, makes the proper adjustment to C1 to obtain the 
correct sum. Indirect addresses may be processed with this instruction. 

FORMAT 

OPERATION + 

N + 

A ADDRESS HSM location of least significant digit (LSD) of the augend and sum. 

B ADDRESS HSM location of least significant digit (LSD) of the addend. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

PRI' s are set. 

OUTLINE OF OPERATION 

The LSD of each operand is transferred from HSM and sent to the Arithmetic Unit. A sum 
is developed and inserted in the HSM location specified by the A Address. The A Register 
and B Register are decremented by one, and the cycle is repeated until the operation is 
performed four times. If there is no carry from the zone bits in the addition of the Co 
characters, the instruction terminates. If a carry results, the c 1 character of the sum is 
pulled out of HSM, and its zone bits are corrected by the addition of the carry bit from the 
zone bits of Co. 

If the result exceeds 159,999, an address equivalent to the excess over 160,000 is developed 
by a wrap-around to the beginning of HSM. For example, 130,000 plus 35,000 equals 5,000. 
When this occurs, the Overflow Indicator is set. If an indirect address is indicated by a "1" 
bit in the 24 position of the LSD of either operand, a "1" bit is generated in the correspond­
ing position of the sum. 
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If either or both operands contain index bits, the result will contain the identical index bits. 
(Bits are "or" ed together.) For example, if the A operand specifies Index Field 1, and the 
B operand specifies Index Field 2, the result will specify Index Field 3. 

FINAL SETTINGS 

(A)f = (A)i - 4 

(B)f = (B)i - 4 

PRP is set if the sum is positive. 

PRZ is set if the sum is zero. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM Before 

and After 

Execution: 

HSM After 

Execution: 

Final Settings: 

+ + 8015 9704 

8012 8013 8014 8015 

3 z 9 9 

9701 9702 9703 9704 

0 0 1 0 

8012 8013 8014 8015 

4 II 0 9 

(A)f 8011 

Numeric Internal 

Equivalent Representation 

123,999 3Z99 
+ 0,010 + 0010 

124,009 4 11 09 

(B)f 9700 PRP is set. 
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ADD DATA (ADT) 

GENERAL DESCRIPTION 

This instruction performs decimal addition in accordance with algebraic rules
1 

producing a 
sum, which is stored in the HSM locations originally occupied by the augend, Leading zeros 
are not suppressed in the sum, The two operands must be equal in length and may not exceed 
45 characters per operand, Zone bits are ignored in any operand digit other than the least 
significant digit (LSD). A negative sum is indicated by the presence of a one bit in the 25 
position of the LSD. 

FORMAT 

OPERATION + 

N Number of characters (0-45) in each operand, See Appendix III, 

A ADDRESS HSM location of LSD of augend and sum, 

B ADDRESS HSM location of LSD of addend, 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

PRI' s are set, 

Overflow conditions are handled as follows: 

When adding single-character operands, the 24 bit in both operands will be ignored, If the 
add results in a carry, the 24 bit is not set in the sum, the Overflow Indicator is set, the 
Overflow Interrupt Indicator is set, and interrupt occurs. 

Wheri adding multi-character operands, if overflow occurs, the 24 bit of the most significant 
digit is not generated in the result, the Overflow Indicator is set, the Overflow Interrupt Indi­
cator is set, and interrupt occurs. 

OUTLINE OF OPERATION 

The contents of the N Register are examined, If zero, the instruction terminates, If other 
than zero, the character specified by the A Register and the character specified by the B 
Register are fed into the Arithmetic Unit, and the resulting sum is stored back at the HSM 
location specified by the A Address. The A, B, and N Registers. are decremented by one, and 
the cycle is repeated. 

The sign of the sum is initially set to the sign of the augend. If the operands have unlike 
signs, the addend is complemented (10' s complement), and addition occurs, The sum is cor-
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rect unless the addend is larger than the augend in absolute value, in which case the result 
is recomplemented, and the sign is changed. 

A one bit in the 24 position of the LSD of an operand will be carried into the corresponding 
bit position of the sum. This provides 301 Compatibility in handling inclirect addresses of 
less than 40,000. 

FINAL SETTINGS 

(A) f = HSM location one to the left of the MSD of the sum. 

(B)f =HSM location c;>ne to the left of the MSD of the addend. 

PRP is set if the sum is positive. 

PRZ is set if the sum is zero. 

PRN is set if the sum is negative. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

+ 

6001 

A 

6001 

A 

5 6006 

6002 6003 6004 

4 2 5 

6002 6003 6004 

5 1 4 

6012 

6005 6006 6007 6008 6009 

0 ·3 T 0 8 

6005 6006 6007 6008 6009 

7 4 T 0 8 

6010 6011 

9 7 

6010 6011 

9 7 

Final Settings: 6001 (B)f 6007 PRP is set. 
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DIVIDE (DVD) 

GENERAL DESCRIPTION 

This instruction performs decimal division with a sixteen-digit dividend and an eight digit divi­
sor in accordance with algebraic rules producing an eight-digit quotient. The quotient is stored 
in the eight most significant character positions of the dividend. The remainder is stored in 
the eight least significant character positions of the dividend. Leading zeros are not suppressed 
in the quotient or remainder area. The LSD of the quotient contains the sign. The LSD of the 
remainder takes the sign of the dividend. The sign of the divisor is determined by its LSD. 
The sign of the dividend is positive unless one or more of the sixteen digits is negative. 

The divisor must be larger in magnitude than the first 8 digits of the dividend. Fractional 
division is performed with the machine decimal point to the left of the MSD of the divisor, 
dividend and quotient. Shifting of operands for the di vision process and decil:~al point ac­
counting are program responsibilities. Multiply/Divide locations of MMM are used in the 
division operation. , 

The sign of the quotient is determined by comparing the sign of the LSD of the divisor with 
the sign bit of each digit of the dividend. The sign of the quotient will be positive unless: 

1. The sign of the LSD of the divisor is negative, and all dividend digits are positive, or 

2. ThesignoftheLSDof the divisor is positive, and the sign of any dividend digit is negative. 

Whenever the numeric portion of the nine most significant characters of the dividend is zero, 
the sign of the quotient and remainder will be positive and the PRI indicator will be set to 
zero. The numerical values of both the quotient and remainder will be correct. 

FORMAT 

OPERATION - + 

N - . (Period) 

A ADDRESS - HSM location of the LSD-8 of the dividend and the LSD of the quotient. 

B ADDRESS - HSM location of the LSD of the di visor. 

DIRECTION OF OPERATION 

The quotient digits are placed in HSM left to right. The remainder digits are placed in HSM 
right to left. 

SPECIAL CONDITIONS 

The PR!' s are set. 

Except for use in determining sign, all zone bits \\ill be stripped and ignored in the execution 
of the divide. 
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If the divisor is not larger in magnitude than the dividend, the Arithmetic Error Interrupt 
Indicator is set, and interrupt occurs. The dividend is destroyed but can be reconstructed 
(providing the operands are unequal) through programming by addition of the 9' s complement 
of the dividend area (Ai-7 to Ai + 1) to the divisor. The sign of the dividend, as it appeared 
prior to the error, is indicated by the PRI' s. 

If the numeric portion of the character is other than 0-9, it may be possible to create the 
Arithmetic Error and Interrupt mentioned above, depending on the bit configuration of the 
two digits involved in the subtraction. Otherwise, the result will be invalid with no error 
condition indicated. 

OUTLINE OF OPERATION 

The logical sequence of the divide is as follows: The divisor is subtracted from the dividend 
one character at a time until a remainder is developed which is less than the divisor. A 
count is kept of the number of subtractions required and is used to form the initial digit of 
the quotient. At the completion of this cycle, the appropriate registers and counters are 
updated, the remainder is used to form a new dividend, and the cycle is repeated until the 
8-digit quotient has been formed. 

MICROMAGNETIC MEMORY USAGE 

MDl is initially set to the HSM location of the MSD of the remainder area. As each quotient 
digit is developed, MDl is incremented by one and provides the HSM address for the LSD of 
portion of the dividend from which the divisor is to be subtracted. 

MD3 maintains the HSM location of the dividend digit being processed. When the appropriate 
quotient digit is developed, the contents of MD3 are used as the storage address of the quotient 
digit in HSM. 

MD4 is used to hold (B)i throughout the division process. This HSM address is the reference 
for the location of the LSD of the divisor when a subtraction cycle begins. 

FINAL SETTINGS 

(A)f = (A) i 

(B)f = (B)i-9 

PRZ is set if the quotient equals zero. 

PRN is set if the quotient is unequal to zero. and the signs of the operands are unequal. 

PRP is set if the quotient is unequal to zero, and the signs of the operands are equal. 
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EXAMPLE #1 - DIVISION PROBLEM 

Problem: 

Instruction: 

HSM Before 
and After 
Execution: 

HSM Before 

Execution: 

HSM After 
Execution: 

Final Settings: 

$3120.00 (Annual Salary) 

52 (# of Weeks) 

+ . 5818 7007 

7000 7001 7002 7003 

5 2 0 0 

11 12 13 14 15 
58 

0 0 3 l 2 

11 12 13 14 15 
58 

0 0 6 0 0 

(A)f 5818 

$60.00 Weekly Salary 

7004 7005 7006 7007 

0 0 0 0 

16 17 18 19 20 21 22 23 

0 0 0 0 o· 0 0 0 

16 17 18 19 20 22 22 23 

0 0 0 0 0 0 0 0 

(B)f 6998 PRP is set. 

PLACEMENT OF OPERANDS AND DECIMAL POINT DETERMINATION 

24 25 26 

0 0 0 

24 25 26 

0 0 0 

In order to make the divisor larger in magnitude, "# of Weeks" was positioned in the di­
visor field left justified and "Annual Salary" was positioned in the dividend field right 
justified. 

The number of digits between the problem decimal point and the machine decimal point 
of an operand is the Scale Factor (SF). Location of the problem decimal point in the quotient 
may be determined as follows; 

Quotient SF = Dividend SF - Divisor SF 

Divisor = * 52. 000000 Dividend= * 003120. 00 Quotient = * 0060. 0000 

* Machine decimal point Problem decimal point 
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EXAMPLE #2 - DIVISION WITH REMAIN DER 

Instruction: 

HSM Before 

and After 

Execution: 

HSM Before 
Execution: 

HSM After 
Execution: 

Final Settings: 

EXAMPLE #3 

Instruction: 

HSM Before 
and After 
Execution: 

HSM Before 
Execution: 

HSM After 
Execution: 

Final Settings: 

6005 

6 

50 

50 

20 

68 

68 

+ . 5039 6012 

6006 6007 6008 6009 

5 7 0 8 

32 33 34 35 36 37 38 

3 7 2 4 l 0 0 

32 33 34 35 36 37 38 

5 6 6 7 6 2 9 

(A}f 5039 (B)f 6003 

+ . 6860 2008 

01 02 03 04 05 06 

0 0 0 0 l 2 

53 54 55 56 57 58 59 

0 0 .. 0 0 0 0 

53 54 55 56 57 58 59 

0 0 0 l 2 0 0 

(A)f 6860 (B)f 1998 

VI-8 

6010 . 6011 6012 

2 6 0 

39 40 41 42 43 44 45 46 47 

6 0 0 0 0 0 0 0 0 

39 40 41 42 43 44 45 46 47 

3 0 3 7 l 9 8 2 0 

PRP is set. 

07 08 

0 0 

60 61 62 63 64 65 66 67 68 

0 l 4 4 0 0 0 0 0 

60 61 62 63 64 65 66 67 68 

- 0 0 0 0 0 0 0 -

PRN is set. 



LOGICAL "AND" (LAN) 

GENERAL DESCRIPTION 

This instruction performs bit manipulation on a designated number of consecutive characters 
by extracting '' 1" bits from an original operand according to the bit configuration of a 
modifier. It operates on operands of equal length according to the rules specified under the 
''Outline of Oper.ation" below. 

FORMAT 

OPERATION T 

N Number of characters (0-4.5) in each operand. See Appendix III. 

A ADDRESS 

B ADDRESS 

HSM location of rightmost character of the original operand and the result. 

HSM location of rightmost character of the modifier. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

PRI' s are set 

Instruction is repeatable 

OUTLINE OF OPERATION 

. The N Register is examined, and if zero, the instruction terminates. If not zero, the char­
acter specified by the A Register is combined bit by bit with the character specified by the 
B Register. This bit manipulation is performed according to the following rules: 

Bit in Bit in Bit in 
Original Modifier Result 
Operand 

0 0 0 

0 l 0 

l 0 0 

l l l 
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All six information bits of each operand enter the operation. The proper parity for each re­
sult character is generated as part of this instruction. The result of the combination is 
placed in the HSM location specified by the A Register. The A, B, and N Registers are 
decremented by one, and the cycle is repeated. 

FINAL SETTINGS 

(A) f = HSM location one to left of the leftmost character of the result. 

(B)f = HSM location one to the left of the leftmost character of the modifier. 

PRP is set if at least one of the information bits in the result is a one. 

PRN is set if all the information bits in the result are zero. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

T 2 1001 1003 

1000 1001 1002 1003 
(0) (P) (7) (V) 

1 00 0000 1 10 0111 0 00 0111 1110101 

1000 1001 1002 1003 
(0) (N) (7) (V) 

1 00 0000 0 10 0101 0 00 0111 1 11 0101 

0999 (B)f ::: 1001 PRP is set. 
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!.OG!CA!. EXCLUS!VE "OR" (LEO} 

GENERAL DESCRIPTION 

This instruction performs bit manipulation on a designated number of consecutive char­
acters, It operates on operands of equal length according to the rules specified under the 
''Outline of Operation'' below. 

FORMAT 

OPERATION u 

N Number of characters (0-45) in each operand, See Appendix Ill, 

A ADDRESS HSM location of- rightmost character of original operand and result, 

B ADDRESS HSM location of rightmost character of the modifier. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable, 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates, If not zero, the character 
specified by the A Register is combined bit by bit with the character specified by the B 
Register .. This bit manipulation is performed according to the following rules: 

Bit in Bit in 
First Operand Second Operand Bit in Result 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

All six information bits of each operand enter the operation. The proper~ parity for each 
result character is generated as part of this instruction. The result of the combination is 
placed in the HSM location specified by the A Register. The A, B, and N Registers are 
decremented by one, and the cycle is repeated. 
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FINAL SETTINGS 

(A)f =HSM location one to the left of the leftmost character of the result. 

(B) f = HSM location one to the left of the leftmost character of the modifier. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

u 2 1003 

1002 

(0) 
1 00 0000 

1002 

(S) 

0 11 0010 

(A)f 1001 

1005 

1003 1004 1005 

(7) (S) (E) 

0 00 0111 0 11 0010 0 01 0101 

1003 1004 1005 

(B) (S) (E) 

1 01 0010 0 11 0010 0 01 0101 

(B) f 1003 
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tOGiCAi. iNCi.USiVc "OR" {LiOj 

GENERAL DESCRIPTION 

This instruction performs bit manipulation on a designated number of consecutive char­
acters by inserting ''1'' bits from a modifier into the original operand. It operates on equal 
length operands according to the rules specified under the "Outline of Operation" below. 

FORMAT 

OPERATION Q 

N Number of characters (0-45) in each operand. See Appendix III. 

A ADDRESS HSM location of rightmost character of original operand and result. 

B ADDRESS HSM location of rightmost character of the modifier. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

OUTLINE OF OPERATION 

The N Register is examined. If zero, the instruction terminates. If not zero, the character 
specified by the A Register is combined bit by bit with the character specified by the B 
Register. This bit of manipulation is performed according to the following rules: 

Bit in Bit in Bit in 
Original Modifier Result 
Operand 

0 0 0 

0 l l 

l 0 l 

l l l 

All six information bits of each operand enter the operation. The proper parity for each 
result character is generated as part of this instruction. The result of the combination is 
placed in the HSM location specified by the A Register. The A, B, and N Registers are 
decremented by one, and the cycle is repeated. 
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FINAL SETTINGS 

(A) f = HSM location one to the left of the leftmost character of the result. 

(B) f = HSM location one to the left of the leftmost character of the modifier operand. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

Q 2 4003 

4002 

(0) 
l 00 0000 

4002 

( 1) 
0 00 0001 

4001 

4005 

4003 4004 4005 

(7) ( l) (E) 

0 00 Olll 0 00 0001 0 01 0101 

4003 4004 4005 

(G) ( l) (E) 

l 01 0111 0 00 0001 0 01 0101 

4003 
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mUi..iiPi.. Y (mPYi 

GENERAL DESCRIPTION 

This instruction performs decimal multiplication on eight-character, fixed-length operands 
in accordance with algebraic rules producing a 16-digit product. Leading zeros are not sup­
pressed in the product. The most significant eight digits of the product are stored at the B 
Address. The least significant eight digits are stored in the HSM locations immediately to 
the right of the B Address. An absolute add to the entire product may be specified by storing 
a numeric quantity in the least significant eight digits only of the product area. If an absolute 
add is not desired, the eight locations to the right of the B Address must be zero filled. 
The sign of the product is indicated by the 25 bit of both the least significant digit (LSD) 
of the B Address result and the LSD of the eight-character portion of the result stored to 
the right of the B Address. A zero product is developed as a positive, 16-digit product. 
The Multiply/Divide locations of MMM are used in the multiplication operation. 

FORMAT 

OPERATION 

N 

A ADDRESS 

B ADDRESS 

+ 

$ 

HSM location of the LSD of the multiplicand. 

HSM location of the LSD of the multiplier and the LSD of the eight most 
significant digits of the product. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

PRI' s are set. 

If invalid operands are used, the following occurs: 

1. The sign of the result is determined by comparing the sign of the LSD of the multiplicand 
with the sign bit of each digit of the multiplier. The sign of the product will be positive 
unless; (1) the sign of the LSD of the multiplicand is negative, and all multiplier digits 
are positive; or (2) the sign of the LSD of the multiplicand is positive, and the sign of 
any multiplier digit is negative. 

2. Except for use in determination of sign, all zone bits are stripped and ignored in the 
execution of the multiply. An exception situation occurs when the multiplier contains 
zeros in the least significant positions. In this case the corresponding least significant 
digits of the product will be unchanged from their pre-executed state except the LSD. 

3. If the numeric portion (20-23) of the character is other than 0-9, the resulting product 
is invalid, and no error condition is indicated. 

Vl-15 



OUTLINE OF OPERATION 

The logical sequence of the multiply is as follows: The LSD of the multiplier is examined. 
If less than six, the eight-digit multiplicand is added, a single digit at a time using the one­
character adder, to the least significant positions of the product area a number of times 
equal to the multiplier digit. If the LSD of the multiplier is greater than five, the multi­
plicand is effectively multiplied by ten by a carry to the next multiplier digit, and the multi­
plicand is subtracted from the product a number of times equivalent to the difference be­
tween the multiplier digit and 10. 

At the completion of this cycle, the appropriate registers and counters are updated so that 
the next digit of the multiplier and the proper position of the partial product are indicated. 
The cycle repeats itself until all eight digits of the multiplier are exhausted and the entire 
16-digit product has been formed. 

MICRO MAGNETIC MEMORY USAGE 

MDl is initially set to the HSM address of the LSD of the product (Bi + 8). As each multi­
plier digit is exhausted, MDI is decremented by one and provides the HSM address for the 
LSD of each new partial product. 

MD2 contains the address of the LSD of the 16-digit product throughout the multiplication 
process. MD2 provides a reference to the LSD of the product in case a minus zero result 
develops, in which case the minus sign in the LSD is changed to a plus sign. 

MD3 is initially set to the address specified by MDl when a new multiplier digit is brought 
into the process. As each digit of the multiplicand is added into or subtracted from the partial 
product, MD3 is decremented by one. This process continues until the respective partial 
product is finished. 

MD4 holds the initi~l A Address throughout the multiplication process. This address is the 
reference for the location of the LSD of the multiplicand each time a new multiplier digit 
enters the operation. 

FINAL SETTINGS 

(A) f =(A) (8 if multiplier is not zero. 

(A)f = (A)i if multiplier is zero. 

PRZ is set if the product equals zero. 

PRP is set if the product is unequal to zero, and the signs of the operands were equal. 

PRN is set if the product is unequal to zero, and the signs of the operands were unequal. 
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EXAMPLE 

Instruction: 

HSM Before 
and After 
Execution: 

HSM Before 

Execution: 

HSM After 
Execution: 

Final Settings: 

+ 

8511 

0 

93 

93 

$ 8518 9357 

8512 8513 8514 8515 8516 8517 

0 l l l l l 

50 51 52 53 54 55 56 57 58 

0 0 2 2 2 2 2 2 0 

50 51 52 53 54 55 56 57 58 

0 0 0 0 0 2 4 6 9 

(A) f 8510 (B)f 9349 

Vl-17 

8518 

l 

59 60 61 62 63 64 65 

0 0 0 0 0 0 l 

59 60 61 62 63 64 65 

l 3 0 8 6 4 3 

PRP is set. 



SUBTRACT ADDRESS (SAD) 

GENERAL DESCRIPTION 

This instruction performs decimal subtraction on four-character operands. It may be utilized 
to subtract two four-character addresses, or to decrement an address. Both operands should 
be positive. The difference is stored in the HSM locations originally occupied by the minuend. 
Since the CoC1 characters of HSM addresses above 40,000 are not in ascending order by 
character, this instruction checks, and if necessary, makes the proper adjustment to C1 to 
obtain the correct difference. This instruction will handle indirect addresses. 

FORMAT 

OPERATION - - (minus) 

N - + 

A ADDRESS - HSM location of least significant digit (LSD) of the minuend and difference. 

B ADDRESS - HSM location of least significant digit (LSD) of the subtrahend. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

PRI' s are set. 

OUTLINE OF OPERATION 

The LSD of each operand is transferred from HSM and sent to the Arithmetic Unit. A difference 
is developed and inserted into the HSM location specified by the A Address. The A Register 
and B Register are decremented by one, and the cycle is repeated until the operation is per­
formed four times. If there is no carry from the zone bits in the development of the Co char­
acter of the difference, the instruction terminates. If a carry results, the C 1 character of the 
difference is pulled out of HSM, and its zone bits adjusted by the carry bit from the zone bits 
of c0 . 

When the difference of the operands normally would create a result less than zero, the actual 
result produced will be in the form of a wrap-around address to the top of HSM. For example, 
20,000 minus 30,000 equals 150,000. This sets the Overflow Indicator. If an indirect address 
is indicated by a '' 1" bit in the 24 position of the LSD of either operand, a "1'' bit is generated 
in the corresponding position of the sum. 

01f.)r:Y 

If either or both operands contain1bits, the result will coritain the identical index bits. (Bits 
are "or" ed together.) For example, if the A operand specifies Index Field l, and the B 
operand specifies Index Field 2, the result will specify Index Field 3. 

FINAL SETTINGS 
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PRP is set if the difference is positive. 

PRZ is set if the difference is zero. 

PRN is set if the difference is a wrap-around address. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM Before 

and After 

Execution: 

HSM After 

Execution: 

Final Settings: 

- + 8015 9704 

8012 8013 8014 8015 

4 II 0 9 

9701 9702 9703 9704 

0 0 1 0 

8012 8013 8014 8015 

3 z 9 9 

8011 

Numeric 

Equivalent 

124,009 
- 0,010 

123,999 

9700 

VI-19 

Internal 

Representation 

411 09 
-0010 

3Z99 



SUBTRACT DAT A (SOT) 

GENERAL DESCRIPTION 

This instruction performs decimal subtraction in accordance with algebraic rules, producing 
a difference, which is stored in the HSM locations originally occupied by the minuend. Leading 
zeros are not suppressed in the difference. The two operands must be equal in length, and 
may not exceed 45 characters per operand, Zone bits are ignored in any operand digit other 
than the least significant digit (LSD) and most significant digit (MSD). A negative difference 
is indicated by the presence of a one bit in the 25 position of the LSD. 

FORMAT 

OPERATION - - (Minus) 

N - Number of characters (0-45) in each operand, See Appendix III. 

A ADDRESS - HSM location of LSD of minuend and difference. 

B ADDRESS - HSM location of LSD of the subtrahend. 

DIRECTION OF OPERATION 

Right to left. 

SPECIAL CONDITIONS 

Instruction is repeatable. 

PRI' s are set, 

Overflow conditions are handled as follows: 

When subtracting single character operands, the 24 bit in both operands will be ignored. If 
the subtract results in a carry, the 24 bit is not set in the difference, the Overflow Indicator 
is set, the Overflow Interrupt Indicator is set, and interrupt occurs. If overflow occurs when 
subtracting multi-character operands, the 24 bit of the most significant digit is not generated 
in the result, the Overflow Indicator is set, the Overflow Interrupt Indicator is set and inter­
rupt occurs. 

OUTLINE OF OPERATION 

The contents of the N Register are examined. If zero, the instruction terminates. If other than 
zero, the character specified by the A Register and the character specified by the B Register 
are fed into the Arithmetic Unit, and the resulting difference is stored back at the HSM loca­
tion specified by the A ADDRESS. The A, B, and N Registers are decremented by one, and the 
cycle is repeated. 

The sign of the difference is initially set to the sign of the minuend. If the operands have like 
signs, the lO's complement of the subtrahend is added to the minuend. The result is correct 
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unless the subtrahend was larger in absolute value, in which case the result is recomple­
mented, and the sign is changed. If the operands have unlike signs, the operands are added. 

A one bit in the 24 position of the LSD of an operand will be carried in the corresponding bit 
position of the difference. This provides 301 compatibility in handling indirect addresses of 
less than 40,000. 

FINAL SETTINGS 

(A) f = HSM location one to the left of the MSD of the difference. 

(B) f = HSM location one to the left of the MSD of the subtrahend. 

PRP is set if the difference is positive. 

PRZ is set if the difference is zero. 

PRN is set if the difference is negative. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

HSM After 

Execution: 

6001 

A 

6001 

A 

5 

6002 

4 

6002 

3 

6006 6012 

6003 6004 6005 

2 5 0 

6003 6004 6005 

3 5 3 

6006 6007 6008 6009 6010 

3 T 0 8 9 

6006 6007 6008 6009 6010 

2 T 0 8 9 

6011 

7 

6011 

7 

Final Settings: 6001 6007 PRP is set. 
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COMPARE ADDRESS (CAD) 

GENERAL DESCRIPTION 

This instruction determines the relative magnitude of two HSM addresses and indicates the 
result of this comparison by setting one of the Previous Result Indicators. Subtraction is 
performed on two four-character operands, but the difference is not returned to HSM. Since 
the CoC1 characters of HSM addresses above 40,000 are not in ascending order by character, 
this instruction checks and, if necessary, makes the proper adjustment to C1 in determining 
the relative magnitude. 

FORMAT 

OPERATION - - (minus) 

N - . (period) 

A ADDRESS - HSM location of rightmost character of minuend. 

B ADDRESS -· HSM location of rightmost character of subtrahend. 

DIRECTION OF OPERATION 

Right to left, 

SPECIAL CONDITIONS 

Instruction is repeatable. 

Although addresses should always be positive, negative operands may be processed. The 
following chart indicates the resulting PRI settings based upon the size and sign of the oper­
ands: 

A > B A = B A < B 

B- B+ B- B+ B- B+ 

A- PRN PRN PRZ PRN PRP PRN 

A+ PRP PRP PRP PRZ PRP PRN 

OUTLINE OF OPERATION 

One character from each operand is transferred from HSM into the Arithmetic Unit where a 
subtraction is performed. The subtraction is performed four times. The PRI' s are set, but 
the result is not stored back into HSM, · 
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FINAL SETTINGS 

(A)f =(A\ - 4 

(B)f=(B)i-4 

PRI settings are as follows if the sign of both operands is positive: 

PRP is set if the contents of A are greater than the contents of B. 

PRN is set if the contents of A are less than the contents of B. 

PRZ is set if the contents of A are equal to the contents of B. 

EXAMPLE 

Instruction: 

HSM Before 

and After 

Execution: 

7777 

F 

7786 

7778 7779 

2 3 

7780 

7780 7781 7782 7783 7784 7785 

4 M 6 F 2 2 

7786 

8 

Final Settings: 7782 7776 PRN is set. 
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COMPARE DATA (CDT) 

GENERAL DESCRIPTION 

This instruction is used to determine the relative magnitude of two operands of equal length. 
Neither operand is altered by the operation. The instruction terminates upon an unequal char­
acter comparison, or when N is exhausted. The resulting PRI settings permit alternate se­
quence of action. 

FORMAT 

OPERATION - Y 

N - Number of characters (0-45) to be compared. See Appendix III. 

A ADDRESS - HSM location of leftmost character of first operand. 

B ADDRESS - HSM location of leftmost character of second operand. 

DIRECTION OF OPERATION 

Left to right. 

SPECIAL CONDITIONS 

PRI' s are set. 

OUTLINE OF OPERATION 

Initially PRZ is set. The N Register is examined. If zero, the instruction terminates. If not 
zero, the character specified by the A Register is compared with the character specified by 
the B Register. If the characters are equal, the A and B Registers are incremented by one, 
the N Register is decremented by one, and the cycle is repeated. If the character specified 
by the A Register is larger than the character specified by the B Register, the A and B Re­
gisters are incremented by one, PRP is set, and the instruction terminates. If the character 
specified by the A Register is smaller than the character specified by the B Register, the A 
and B Registers are incremented by one, PRN is set, and the instruction terminates. 

FINAL SETTINGS 

(A) f HSM location one to the right of the last character compared in the first operand. 

(B) f HSM location one to the right of the last character compared in the second operand. 

PRP is set if the contents of A is greater than the contents of B. 

PRN is set if the contents of A is less than the contents of B. 

PRZ is set if the contents of A is equal to the contents of B. 
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EXAMPLE 

Instruction: 

HSM Before 
and After 
Execution: 

Final Settings: 

y 

2000 

1 

5 2000 

2001 2002 

2 4 

(A)f 2003 

2006 

2003 2004 2005 2006 2007 2008 2009 2010 

5 6 - 1 2 3 6 9 

2009 PRP is set. 
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CONDITIONAL TRANSFER OF CONTROL (CTC) 

GENERAL DESCRIPTION 

This instruction senses the condition of an indicator and chooses one of three possible in­
struction sequences to follow depending upon the condition encountered. The Previous Re­
sult, EF /ED, Overflow, Simo 1 and Simo 2 Indicators and the Alteration Switches can be sensed 
individually by this instruction. The A Address, B Address and. if required. the next instruc­
tion in sequence are used to specify the alternate sequences. Sensing the EF /ED Indicators 
applies only for Magnetic Tape Devices and is included here for 301 compatibility purposes 
(See TDV instruction). 

FORMAT 

OPERATION - W 

N - Designates indicator or switch to be sensed. 

A and B 
ADDRESSES - Address of next instruction to be processed when the condition specified exists. 

INDICATOR OR SWITCH N A ADDRESS B ADDRESS NEXT INSTRUCTION 

Previous Result l PRP Set PRN Set PRZ Set 

Previous Result Zero +(Plus) PRZ Set Zero (0000) PRZ Not Set 

Overflow 2 Set Not Set 

Simo l 4 Read in process Write in process Mode unoccupied 

Simo 2 $ Read in process Write in process Mode unoccupied 

Simo l EF/ED -.(Minus) Set Not Set 

Simo 2 EF/ED 8 Set Not Set 

Alteration Switch ;;l A Set Not Set 

Alteration Switch tt2 J Set Not Set 

Alteration Switch n3 It Set Not Set 

Alteration Switch 114 & Set Not Set 

SPECIAL CONDlTIONS 

STP is performed if the condition specified by the A or B Address is present. 
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OUTLINE OF OPERATION 

The N character is examined. The condition is sensed and if the third e:ondition (specified 
under Next Instruction) is present the instruction terminates. If the first or second conditions 
(specified under A Address and B Address) are present then the contents of either the A or B 
Register, as indicated above, are transferred to the P Register after the contents of the P 
Register are transferred to STP. 

FINAL SETTINGS 

Af =Ai 

Bf =Bi 

VII-6 



CONTROL INTERRUPT LOGIC (CIL) 

GENERAL DESCRIPTION 

This instruction controls and implements the operation of the Interrupt System. 

FORMAT 

OPERATION - [ (Open Bracket) 

N - Specifies function to be performed as follows: 

SYMBOL FUNCTtON 

:::J Set General Inhibit 

0 (Zero) Set General/Real-Time lnhi bit 

1 Remove General/Real-Time Inhibit 

t-t Remove Real-Time Inhibit 

- (Minus) Return After Interrupt (RAI) 

+ Set 301 Com pa ti bi Ii ty Mode (20K) 

& Set 301 Compatibi I ity Mode (40K) 

(Period) Remove 301 Compatibility Mode 

$ Set Program Test Mode 

A Remove Program Test Mode 

A ADDRESS - Zero (0000). Not to be used by programming, 

B ADDRESS - Zero (0000). Not to be used by programming, 

OUTLINE OF OPERATION 

The N Register is examined, and the function indicated is performed as follows: 

1. If N = J (Close Bracket) interrupt is inhibited on all General Interrupt conditions. Any 
General Interrupt condition will set the designated Interrupt lndicatori but interrupt will 
not occur until the inhibit has been removed, 

2. If N = 0 (Zero), interrupt is inhibited on all General and Real-Time conditions. Any Gen­
eral or Real-Time Interrupt condition will set the designated Interrupt Indicator. but 
interrupt will not occur until the inhibit has been removed, 

3, If N = 1, the inhibit on General and Real-Time Interrupt conditions is removed. Any Gen­
eral or Real-Time Interrupt Indicators either already set or set subsequently will cause 
interrupt, 
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4. If N = # (Number), the inhibit on Real-Time Interrupt conditions is removed. Any Real­
Time Interrupt Indicators already set or set subsequently will cause interrupt. 

5. If N = - (Minus) , all registers and indicators that were stored in the standard locations 
of the Micro Magnetic Memory at the time of interrupt will be restored to their pre­
interrupted condition. The Micro Magnetic Memory area utilized to restore the Processor 
is determined by the present status of the Real-Time Inhibit. The corresponding inhibit 
is also removed. 

6. If N = + (Plus), the 301 Compatibility Mode (20K.) is set. This causes the Processor to 
interrupt prior to execution of each 1/0 instruction by setting the 301 Compatibility In­
terrupt Indicator. The Compatibility Routine then handles the execution of the 1/0 in­
struction. This causes the data add and subtract instructions to function differently also 
(see 301 Compatibility Section). If interrupt is prohibited, the interrupt bit will not be 
set. Overflow handling will be in the 3301 Mode. 

7. If N = & (ampersand), the 301 Compatibility Mode (40K) is set. 

8. If N =. (Period), the 301 Compatibility Mode is removed. 

9. If N = $ (Dollar) , the Processor is conditioned so that every instruction, with the exception 
of the CIL instruction specifying the Return After Interrupt (RAI) function, sets the Pro-. 
gram Test Interrupt Indicator and causes interrupt to occur after execution of that instruc­
tion. Unless inhibited, interrupt occurs at the end of the CIL instruction specifying this 
option. If interrupt is prohibited, the interrupt bit will not be set. 

10. If N =A, the Program Test mode is removed. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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MALI \MLI/ 

GENERAL DESCRIPTION 

This instruction inhibits any further instructions from entering the registers for execution. If 
the Input/Output Modes are unoccupied, the computer stops immediately. If any of these modes 
are occupied, the instruction(s) will be completed before stopping. 

FORMAT 

OPERATION - . (Period) 

N . (Period) 

A ADDRESS - Unused. May contain any legitimate address. 

B ADDRESS - Unused. May contain any legitimate address. 

FINAL SETTINGS 

(A)f =(A) i 

(B) f = (B)i 
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LOAD REGISTER (LOR) 

GENERAL DESCRIPTION 

FORMAT 

This instruction places the contents of four consecutive HSM locations (two diads) into a 
specified Micro Magnetic Memory location. 

OPERATION - CR (Credit) 

N - Symbol for specific MMM location as follows: 

LOCATION 
CONTENTS OF MMM LOCATION 

LOCATION 
CONTENTS OF MMM LOCATION 

SYMBOL SYMBOL 

l P Register G STPR (Real-Time Interrupt) 

2 A Register I Genera I Interrupt Routine Entry 

4 B Register + A (Simo l Instruction) 

5 T Register 0 and N (Simo l Instruction) 

6 C Register i B (Simo l Instruction) 

7 E Register : Multiply/Divide (MDl) 

8 (or 3) S Register I Multiply/Divide (MD2) 

9 P (Genera I Interrupt) c Multiply/Divide (MD3) 
R 

:::::J A (General Interrupt) J Multiply /Divide {MD4) 

It ST A (Genera I Interrupt) K A (Simo 2 l'nstruction) 

@ B (General Interrupt) L 0 and N (Simo 2 Instruction) 

( STP {General Interrupt) M B (Simo 2 Instruction) 

) Control Register {General Interrupt) R Stop P {P Address on Stop) 

e STPR (General Interrupt) s Index Field l 

A P {Real-Time Interrupt) T Increment Field l 

B A (Real-Time Interrupt) · u Index Field 2 

c STA (Real-Time Interrupt) v Increment Field 2 

D B (Real-Time Interrupt) w Index Field 3 

E STP (Real-Time Interrupt) x Increment Field 3 

F Control Register (Real-Time Interrupt) z Real-Time Interrupt Routine Entry 

A ADDRESS - HSM location of rightmost diad of the two diads which contain the contents to 
be stored in the MMM location. · 

B ADDRESS - Zero (0000), or may be used for address constants. 

DIRECTION OF OPERATION 

Right to left. 
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OUTLINE OF OPERATION 

The contents of the HSM diad addressed by the A Register are stored temporarily in the D 
Register. The A Address is decremented by two. The contents of the HSM diad now addressed 
by the A Register and the contents of the D Register are placed in the MMM location designated 
by the N Register. 

The contents of the B Address are accessed and indexing and indirect addressing are per­
formed if the bits are present in the c2, c3 characters. If other than address constants are 
stored in the B address, a Systems Error interrupt may occur. 

FINAL SETTINGS 

(A) f =(A) i-2 if other than A is set. 

(A) f =the contents of HSM as originally addressed by A if A is set. 

(B) f = (B) i if other than B is set. 

(B) f =the contents of HSM as originally addressed by A if B is set. 

EXAMPLE 

Instruction: CR s 6009 0000 

Index Field 1 (After Execution}: 2450 

HSM Before 

and After 

Execution: 

Final Settings: 

6006 

2 

6007 

4 

6008 6009 

5 0 

6007 0000 
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PROGRAMMED INTERRUPT (PIN) 

GENERAL DESCRIPTION 

This instruction causes interrupt by setting the Programmed Interrupt Indicator. Control is 
transferred to the HSM address specified in the Jump P (Interrupt Routine entry) location of 
the Micro Magnetic Memory. If eithe.r inhibit is set, the next instruction is accessed. 

FORMAT 

OPERATION - . (Period) 

N Any symbol except a period, 

A ADDRESS - Unused, May contain any legitimate address. 

B ADDRESS - Unused, May contain any legitimate address. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B) i 

VII-12 



REPEAT (RPT) 

GENERAL DESCRIPTION 

This instruction causes a repeatable instruction to be repeated a specified number of times. 

FORMAT 

OPERATION - R 

N - Number of repeats (0-15). See Appendix IV. 

A ADDRESS - If zero (0000) or even, the A Address of a repeatable instruction is not put in 
the A Register except for the initial execution. If one (0001) or odd, the A 
Address of a repeatable instruction is put in the A Register each time the 
instruction is repeated. 

B ADDRESS - If zero (0000) or even, the B Address of a repeatable instruction is not put in 
the B Register except for the initial execution. If one (0001) or odd, the B Ad­
dress of a repeatable instruction is put in the B Register each time the instruc­
tion is repeated. 

OUTLINE OF OPERATION 

The N character is transferred to the Repeat Register. The contents of the P Register are 
transferred to 0222-0225, the standard HSM location for storing P in a RPT instruction (STPR). 
Indicators are set as denoted in the RPT instruction's A and B Addresses specifying whether 
or not the A and B Addresses of the repeatable instruction are to be put into their respective 
registers. The instruction following the RPT instruction is put into the registers and executed 
disregarding the settings of the indicators. 

The Repeat Register is examined. If zero, the indicators are reset, and the next instruction is 
executed. If other than zero, the Repeat Register is decremented by one, and the contents of 
the HSM locations 0222-0225 (STPR) are transferred to the P Register. The instruction im­
mediately following the RPT instruction is put into the registers as specified by the indicators 
and is executed. The Repeat Register is examined again and the cycle is repeated. 

Non-repeatable instructions may exist between the Repeat and the repeatable instructions. 
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GENERAL DESCRIPTION 

This instruction scans the Interrupt Indicators and generates an address constant associated 
with the first indicator set that was not masked out. After execution the A Register and STA 
will contain an address for the specific Interrupt Indicator by generating into A1 A2 a decimal 
count representing the symbol for a specific Interrupt Indicator. All Interrupt Indicators, 01-18, 
may be scanned or a partial scan of indicators, 07-18 or 13-18, is available. Through the use 
of an Inhibit Mask, indicators that are not to be scanned may be disregarded. 

FORMAT 

OPERATION - < (Less) 

N - Designates the Interrupt Indicators to be scanned as foll9ws: · 

N = 1 Scan Indicators 13 through 18. 

N = 2 Scan Indicators 07 through 18. 

N = 3 Scan Indicators 01 through 18. 

A ADDRESS - A0 is set initially by the programmer. 

A
1 

A
2 

A
3 

- Zero (000). Not to be used by programming. 

B ADDRESS - HSM location of the leftmost character of the Inhibit Mask. The number of 
characters comprising the mask must equal the N Character count. 

The Interrupt Indicators are as follows: 

SYMBOL CONDITION SYMBOL CONDITION 

01 Systems Error 10 30 l Compati bi I ity 

02 CMC Service Request 11 Busy or Inoperable 

03 Reserved for Future Enhancement 12 Simo 3 Terminated Abnormally 

04 External Interrupt 13 Simo 2 Terminated Abnormally 

05 Console Request 14 Simo l Terminated Abnormally 

06 Programmed Interrupt 15 Simo 3 Terminated Normally 
--

07 Arithmetic Error 16 Simo 2 Terminated Normally 

08 Overflow 17 Simo l Terminated Normally 

09 Off-Line Operation Complete 18 Program Test 

Note: Interrupt Indicators 12 and 15 are used by Simo 3 Mode (optional}. 

DIRECTION OF OPERATION 

Interrupt Indicators are compared in ascending sequence by decimal count. The Inhibit Mask 
character(s) and bits within the Mask character(s) are compared left to right. 
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SPECIAL CONDITIONS 

STA is performed. 

OUTLINE OF OPERATION 

The specified Interrupt Indicators are compared bit by bit with the information bits of the 
Inhibit Mask, A "1'' bit is present in the respective Interrupt Indicator when the condition 
listed above exists. If the scan is completed without a "1" bit in an Indicator being compared 
with a ''0" bit in the mask, Ai A2 then contain their original contents. If a "1" bit in an indi­
cator is compared with a ''0'' bit, the corresponding indicator will be reset to "0", a two­
digit decimal count equivalent to the indicator symbol is generated and placed in the A 1 A2 
positions of the A Register (destroying its original contents), and the instruction terminates. 
If a ''1" bitinanindicatoriscompared with a ''1" bit in the mask, the corresponding indicator 
remains set, and the instruction continues to scan. The B Register is incremented by one, and 
the N Register is decremented by one as each set of six Interrupt Indicators is processed. The 
instruction terminates when N equals zero. 

FINAL SETTINGS 

(A
1
A

2
)f - The decimal count of the first non-masked Interrupt Indicator found to be set. 

(A
1 
A

2
) f = Zero (00), if no Interrupt Indicators were set, or all indicators·that were set were 

masked. 

= HSM location one to the right of the mask character in which the first indicator was 
set but not masked; HSM location one to the right of the LSC of the Inhibit Mask if no 
indicators were set, or all indicators that were set were masked out. 
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EXAMPLE 

Instruction: 

Indicators and 

Contents Before 

Execution: 

HSM Before 

and After 

Execution: 

Indicators and 

Content~ After 

Execution: 

Final Settings: 

< 2 4000 6031 

07 08 09 10 11 

0 0 1 0 0 

6031 6032 
(8) (0) 

0 001000 l 000000 

07 08 09 10 11 

0 0 l 0 0 

4140 

12 13 14 15 16 17 18 

0 0 1 0 1 0 0 

12 13 14 15 16 17 18 

0 0 0 0 l 0 0 

6033 
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STORE REGISTER {STR} 

GENERAL DESCRIPTION 

FORMAT 

This instruction takes the contents of a specified four-character location within Micro 
Magnetic Memory and places them into four consecutive HSM locations (two diads). 

OPERATION - V 

N - Symbol for specific MMM location as follows: 

LOCATION 
CONTENTS OF MMM LOCATION LOCATION CONTENTS OF MMM LOCATION SYMBOL SYMBOL 

1 P Register G STPR {Real-Time Interrupt) 

2 A Register I General Interrupt Routine Entry 

4 B Register + A {Simo 1 Instruction) 

s T Register 0 and N {Simo 1 Instruction) 

6 C Register i B {Simo 1 Instruction) 

7 E Register : Multiply/Divide {MDl) 

8 (or 3) S Register 
' 

Multiply/Divide {MD2) 

9 P (Genera I Interrupt} c 
R 

Multiply/Divide {MD3) 

:::J A (General Interrupt) J Multiply/Divide {MD4) 

II STA (General Interrupt) K A {Simo 2 Instruction) 
.,,. 

@ B (Genera I Interrupt) L 0 and N {Simo 2 Instruction) 

( STP {General Interrupt) M B {Simo 2 Instruction} 

) Control Register (General Interrupt} R Stop P {P Address on Stop} 

e STPR {General Interrupt) s Index Field 1 

A P {Real-Time Interrupt) T Increment Field 1 

B A {Real-Time Interrupt) u Index Field 2 

c ST f:. (Real-Time Interrupt) v Increment Field 2 

D B (Real-Time Interrupt) w Index Field 3 

E STP {Real-Time Interrupt) x Increment Field 3 

F Control Register {Real-Time Interrupt) z Real-Time Interrupt Routine Entry 

A ADDRESS - Address of rightmost diad of the two diads, which is to receive the con­
tents of the MMM location specified by N. When the A Register is selected, 
the contents of the A Register left by the previous instruction are stored 
in ST A, and the A Address of this instruction is zero or may be used for 
direct address constants. 

B ADDRESS - HSM address of next instruction to be executed if Pis being stored. If P 
is not being stored, the B address is zero (0000) and may be used for storing 
address constants. If :a is stored, only direct address constants may be stored 
in the B Address. 
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DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

The contents of the designated MMM location are stored appropriately. If N selects the P 
Register, the P Register is stored in the location specified by the A Register, and the con­
tents of the B Register are sent to the P Register. 

When any register other than A is stored, the results are stored in the location designated 
by the A Register contents. When the B Register is selected, the contents of the B Register 
resulting from the previous instruction are stored. When the A Register is selected, the 
contents of the A Register resulting from the previous instruction are stored in STA. 

When the S or C Register is selected, the rightmost diad of the selected register is placed 
in the location specified by the A Register. (If an 1/0 instruction is being executed, the 
contents of the S or C Register, respectively, may vary before the leftmost diad is stored. 

Except when storing the A o,r B Registers, the contents of the A and B addresses are accessed 
and indexing and indirect addressing are performed ifthe bits are present in the c 2, c3 char­
acters. If, during storing A or B Registers, these bits· are present in an address constant, 
the contents of the specified Register (A or B) are destroyed, and a Systems Error interrupt 
may occur. If other than address constants are stored in these addresses, a Systems Error 
interrupt may occur. 

If the 301 Compatibility Switch is set and N equal 2 or 4, the instruction will terminate before 
execution. The 301 Compatibility indicator will be set, and interrupt will occur. 

FINAL REGISTER CONTENT 

(A)f = (A)i -~ if other than A is stored. 

(A)f = (A)f of previous instruction if A is stored. 

(B)f = (B)i if other than A or B is stored. 

(B)f = (B)f of previous instruction if A or ·B is stored. 

EXAMPLE 

Instruction: 

HSM Before 

Execution: 

Final Settings: 

6006 

l 

v 4 

6007 6008 

5 6 

(A)f = 6007 

6009 0000 

6009 

5 

( B)f = 2450 
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B Register Contents: 

HSM After 

Execution: 

6006 

2 

2450 

6007 6008 6009 

4 5 0 



TALLY (TL Y) 

GENERAL DESCRIPTION 

The Tally instruction decrements a two-character, decimal counter (tally quantity) by one 
each time the instruction is executed. fucrementing of an fudex Field by its associated 
Increment Field as specified by N is also provided. All three, or any combination of fudex 
Fields, may be incremented by a single Tally instruction. Incrementing may be performed 
independently or in conjunction with the Tally function. When the tally function is specified, 
control is transferred to a specified instruction address until the counter is zero. It permits 
looping through a preceding sequence of instructions by automatically reducing the pre­
stored tally quantity each time control is transferred to the beginning of the sequence. When 
the tally quantity has been exhausted, the Tally ends, and the instruction following it is per­
formed. The tally quantity must be initialized prior to cycling through the instruction loop. 
The maximum value of the tally quantity, always a positive numeric, is 99. 

FORMAT 

OPERATION - X 

N - Specifies incrementing options as follows: 

2° = 0 Index Field incrementing and/or Tally function. 

2° = 1 fudex Field incrementing only. 

Bit Position 

Incrementing Option 25 24 23 

No incrementing required 0 0 0 

Increment Index Field 1 0 0 1 

Increment Index Field 2 0 1 0 

Increment Index Field 3 1 0 0 

A ADDRESS - HSM location of diad containing the quantity to be tested, 

B ADDRESS - HSM location of the next instruction to 1'· performed if the quantity being 
tested has not been exhausted. 

Unused bit and character positions must be zero ai.J are not to be used by programming. 

SPECIAL CONDITIONS 

STP is performed only on the transfer of control. 
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OUTLINE OF OPERATION 

The N Register is examined and if 2° = 0, the two-character tally quantity is examined 
and if equal to ''00", the instruction terminates. If other than "00", the tally quantity is 
decremented by one and stored in the HSM address indicated by the A Register. The P re­
gi.ster is stored in STP, and the B Register is transferred to the P Register. If 23, 24 and 
25 of N are all ''zeros", the instruction terminates. If indexing is specified, the Index Field 
or fields are incremented by the contents of their corresponding Increment Fields. 

If upon examination of the N Register 2° = 1, the instruction ignores the Tally function, per­
forms the Index Field incrementing in accordance with 25 24 23 of the N character, and then 
drops through to execute the next instruction in sequence. STP is stored during execution. The 
A and B addresses should contain zeros. 

Indexing and incrementing utilize a four-character adder designed to operate in accordance 
with the 3301 addressing scheme. The adder performs addition only and cycles on 160,000 
regardless of the physical size- of HSM. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 

EXAMPLE 

Instruction: x & 1020 9000 

Description 

HSM locations 1020 and 1021 

Index Field 2 

Increment Field 2 

Final Settings: (A) f 1020 (B)f 9000 
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UNCONDITIONAL TRANSFER OF CONTROL {UTC) 

GENERAL DESCRIPTION 

This instruction causes an unconditional break in the sequence of instructions. Control is 
transferred to the instruction location specified by the B Address. The transfer is effected at 
Instruction Access speed (1. 93 us.); however, STP is not performed. Indirect addressing 
and address modification can not be used with this instruction. 

FORMAT 

OPERATION - W 

N (period) 

A ADDRESS - Zero (0000). Not to be used by programming. 

B ADDRESS - HSM location of next instruction to be executed. 

OUTLINE OF OPERATION 

During Instruction Access the B Address contents are transferred to the P Register. 

FINAL SETTINGS 

(A)f =(A) i 

(B) f = (B) f of previous instruction. 
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MODEL 324 CARD READER 

GENERAL DESCRIPTION 
Two types of card readers are available with 3301 Systems; the Model 324 reads up to 900 
CPM, and the Model 329 reads up to 1470 CPM. Both read cards photoelectrically. Cards 
are fed serially (by column) on demand as requested by the program. Either 80 or 51 -
column cards may be read in either the Translate or Binary Mode. 

OPERATION 

MODEL 324 CARD READER 

The Hopper has a capacity of 2,000 cards, which are fed singly from the bottom of the pack. 
Feeding is by means of a picker knife, and cards are automatically loaded on an empty wait 
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station. The cards are fed broadside through a deflector to the first set of feed rollers and 
then to the waiting stage. The deflector is controlled by a solenoid; it causes cards to be dis­
tributed alternately onto the upper or lower platforms in the waiting stage. The Hopper can be 
replenished while the device is running. A photoelectric cell in the base of the Hopper indicates 
when the last card has been fed. A vacuum device in the base of the Hopper holds the card at 
four points so that the last card of a file will feed without the need of a card weight. 

Two cards can be held in the waiting stage, one on the upper and one on the lower platform. 
Here they are held until a signal from the Control calls for a card to be fed to the sensing 
station. The card is then transported past the sensing station with column 1 leading. After 
sensing :qas taken place: the card passes over a Reject Stacker. Here a magnetically controlled 
reject flap diverts erroneous cards into the Reject Stacker. The Reject Stacker has a capacity 
of 500 cards. 

If a card is not rejected! it is transported up an incline by six sets of feed rollers and enters 
the Main Stacker. The upper pressure rollers in this part of the track are mounted upon a 
hinged framework to facilitate the removal of damaged cards. The Main Stacker has a capacity 
of 2,400 cards and is in the form of a conveyer containing several platforms. For ease of 
handling, cards are stacked in batches of approximately 400 which can be removed while card 
feeding is in progress. The device contains a power supply and an operators Display Panel. 
The Display Panel includes a "Load" button which upon depression places two cards in the 
waiting stations. 

MODEL 329 CARD READER 

The Model 329 reader has an input hopper and two output stackers having capacities of 3000, 
2000, s.nd 2000 cards respectively, Cards may be continuously loaded into the hopper or un­
loaded from either stacker. 

Cards are picked singly from the hopper by a rotating hammer and fed onto a series of 
rollers. Eighty pltoto diodes are used in timing the correspondence of a card column and 
the photoelectric reading head. As the leading edge of the card cuts a timing diode, the 
corresponding card column is over the photo diodes. When the card has been read, a metal 
vane directs cards from the transport into either the Main or Reject Stacker. 

CONTROL 

The Control is responsible for: 

1. Determining the mode of operation (Binary or Translate). 

2. Transferring data to HSM. 

3. Providing accuracy control. 

4. Code translation. 

5. Routing cards to output stackers. 

6. Providing sensible indicators for these conditions: Inoperable, Busy, End File (EF), 
Photo-Diode Failure and Multi-Punch Error. 
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INSTRUCTIONS 

The Control contains the necessary logic to initiate, control, and provide terminal information 
for the following instructions: 

Head Forward Simo 1 (RFl) Head- Forward Simo 2 (RF2) 

Control Device Simo 1 (CDl) Control Device Simo 2 (CD2) 

Test Device (TDV) 

Instructions are presented by function under these headings: (1) Specifying Translate or Bin­
ary, (2) Reading Cards, and (3) Testing the Device, 

MODEL 329 CARD READER 
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SPECIFYING TRANSLATE OR BINARY 

GENERAL DESCRIPTION 

The Control Device Simo 1 (CDl) or Control Device Simo 2 (CD2) instruction conditions the 
Card Reader to read cards in either the Translate or Binary Mode. A mode must be specified 
prior to the execution of the first card read instruction. The selected mode pertains to all 
card read instructions that follow. To read cards in another mode requires a control device 
instruction so specifying. 

FORMAT 

OPERATION - 2 (CDl) or 3 (CD2) 

N - - (minus) if first Card Reader, J if second Card Reader 

A ADDRESS - Zero (0000). Not to be used by programming. 

B ADDRESS - B
0

B
1

B
2 

- Zero (000). Not to be used by programming. 

B
3 

= 1 Translate Mode 

B
3 

= 2 Binary Mode 

FINAL SETTINGS 

(S) f or (C) f = (A) i 

(T) f or (E) f = (B) i 
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READING CARDS 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction performs this 
function. Cards are read in the Translate or Binary Mode as specified by a Control Device 
instruction. If the Translate Mode is specified, the card columns are automatically translated 
to the machine code. When the Binary Mode is specified. each card column is split into two 
six-bit groups with each card column requiring two consecutive HSM locations. 

FORMAT 

OPERATION - 4 (RFl) or 5 (RF2) 

N - - (Minus) if first Card Reader, J if second Card Reader, 

A ADDRESS - HSM location to receive the first character, Location must be even. 

B ADDRESS - Zero (0000), Not to be used by programming 

DIRECTION OF OPERATION 

Characters are transferred into HSM left to right. 

Cards are read serially beginning with column one. 

OUTLINE OF OPERATION 

A card is fed from the input stacker and its contents transferred to HSM. In the Translate 
Mode two characters are transferred in parallel to an HSM diad after the two card columns 
containing these characters are read and checked, In the Binary Mode two characters are 
transferred in parallel to an HSM diad after each card column is read and checked. The in­
struction terminates when the last card column has been read and transferred. 

Each column of a card in binary format contains two six-bit characters. Rows four through 
nine represent one character with the 20 bit in row four. Rows twelve (Y) through three repre­
sent another character with the 20 bit in row twelve. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character transferred. 
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READING CARDS. 

EXAMPLES 

Instruction:. 4 0600 0000 

(Binary Mode specified by previous CDl instruction) 

Col. 1 Col. 2 Col. 80 

> 
Bl B2 

( 

Al 
) 

A2 c 
c BB ! Rows 12 to 3 

! Rows 4 to 9 . 

Final Settings: (S)f = 0760 (T)f 0000 

Instruction: 5 0600 0000 

(Translate Mode specified by previous CD2 instruction) 

80 Column Card 

Col. 1 Col. 2 Col. 80 

Final Settings: (C)f 0680 (E)f 0000 
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HSM Contents 

0600 0601 0602 060}1 
~( 

Al Bl A2 B ~~ 
2 ~ 

HSM Contents 

0600 0601 

Al ~ 

1 

} 

G;J 
r_g 

0758 0759 

Aao Bao 



TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of the Card Reader. Control is 
transferred if the condition or conditions being tested are present. 

FORMAT 

OPERATION - S 

N - - (Minus) if first Card Reader, J if second Card Reader. 

A ADDRESS - Specifies the test to be performed as follows: 

Character Bit Position Symbol Test 

AO 20 = 1 1 Is device inoperable? 

AO 21 = 1 2 Is device operating (Busy)? 

AO 22 = 1 4 Is there a Photo-Diode Fai I ure (PDF)? 

AO 23 = 1 8 Is there a Multi-Punch Error (MPE)? 

Al 23 = 1 8 Is the EF Indicator set? 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is(are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is(are) present. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B) i 
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TIMING 

The Model 329 Card Reader has a card cycle of 40. 8 milliseconds; the Mcxlel 324 Card Reader 
card cycle is 67 milliseconds. Since each Card Reader is a demand type device, there is no 
requirement for issuing a read command within a given interval of the card read cycle. For 
example, if read commands are issued every 80 milliseconds, the rate becomes 750 CPM. 
The specified Simo Mode is occupied during the entire card cycle, since the trailing edge of 
the card must be detected to permit the completion of the photo diode tests. 

ACCURACY CONTROL 

. 

All unread cards are automatically rejected. If the Card Reader is accessed while either Busy 
or Inoperable, the instruction is not executed, the Busy or Inoperable Indicator is set, and 
Interrupt occurs. The existence of PDF, MPE or EF is presented to the Processor upon 
termination of a Read instruction, the ''Simo Mode Terminated Abnormally'' Indicator is set, 
and interrupt occurs . 

END OF FILE 

The Control includes the necessary logic to detect an EF Card. An End of File card is defined 
as follows: 

Translate Mode: X-6-8 punches in column one~ columns 2 through 80 contain no punches. 

Binary Mode: Rows 9, 7, 6 & 5 of column one contain punches; the remainder of the 
card contains no punches. 

Upon detection of an EF card and termination of a Read instruction, the Control EF Indicator 
is set, The Control detection logic informs the Processor that an abnormal termination resulted 
by setting that Interrupt Indicator, Upon receipt of a TDV instruction addressed to this device, 
the program is informed of the existence of an EF card. 

OPERABLE-INOPERABLE 

The state of the hopper and stackers will be indicated to the Control by the combined operable­
hoppers line, When the hopper becomes empty or the stacker full or both, the Inoperable Indi­
cator in the Control is set. Upon the occurrence of an inoperable condition the Control sets 
the Busy or Inoperable Interrupt Indicator. The Operable Indicator can be reset only by re­
moval of the condition which caused inoperability. Included are the following conditions: 

1, Power failure 

2. Reader jam 

3, Stacker full 

4. Hopper empty 
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THREE PICK TEST 

BUSY 

On the Model 329 Card Reader three attempts to pick a card are provided. If a card is not 
successfully picked in three cycles, the three pick error indication is given and the Mode 
Terminated Abnormally Interrupt Indicator is set. 

The Busy Indicator is set and reset as required by the Control logic. Card read and control 
device instructions are subject to the Busy setting. That is, if a RFl~ RF2, CDl or CD2 in­
struction is issued while the Busy Indicator is set, the Busy or Inoperable Interrupt Indicator 
is set. The TDV instruction may be received regardless of the state of the Busy Indicator. 

PHOTO-DIODE FAILURE (PDF) 

The PDF Indicator is set by the Control if a Photo-Diode Failure exists, The Mode Terminated 
Abnormally Interrupt Indicator is set as a result of any PDF detected. and the card is rejected, 
The next card read instruction resets the PDF Indicator. 

MULTI-PUNCH ERROR (MPE) 

The MPE Indicator is set upon detection of an invalid character. An error Character (e) is 
placed in the HSM character location corresponding to each invalid character detected. The 
read instruction is carried to completion. and the card is rejected. The Mode Terminated 
Abnormally Interrupt Indicator is immediately set as a result of any one MPE detected, The 
next card read instruction resets the MPE Indicator, 
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CARD PUNCH 

GENERAL DESCRIPTION 

The Card Punch is a buffered device for punching 80 column cards in either Binary or Trans­
late format at the rate of up to 300 cards per minute. The associated Control Module contains 
a full-card Buffer such that the card punching operation proceeds independently of the Pro­
cessor as soon as the Buffer is loaded. Marked Sense cards are accepted; however, the marks 
do not affect punching or punch checking. 
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OPERATION 

The Card Punch basically consists of the following: Input Hopper, Transport, Ejection 
Mechanism, and Output Stackers. The Input Hopper has a capacity of 3000 cards and contains 
a switch which shuts off power if the hopper is empty. Cards are fed face down, 9 edge first. 
The Transport is composed of a straight line track with six card stations, each containing a 
card when the Card Punch is in operation. These stations are denoted as P1; P 2, P3, P 4, P5, 
and P6, The stations Pi, P2, and P3 are blank positions and contain blank cards. The P 4 posi­
tion contains the punch mechanism, P5 is a brush reading station, used for a hole count punch 
check. 

The Ejection Mechanism routes cards leaving P 6 (blank station), directing the cards to one 
of the Output Stackers. This section of the transport is continuous (not clutched). Physically 
the Card Punch contains three Output Stackers; however, only the two identified below are 
utilized: 

Normal Stacker 

Reject Stacker 

Mechanism Schematic: 

Input 
Hopper 

3000 cards 

730 cards 

Reject Normal 

When the Start Button on the Card Punch control panel is depressed, the device is automatically 
primed. During Priming, four cards are fed from the Input Hopper and occupy stations P1 
thru P4. 

CONTROL 

The Control contains a full-card Buffer and the necessary logic to initiate, control and provide 
terminal information for the instructions pertaining to the Card Punch. The Control, in general, 
is responsible for: 

1. Determining the mode of operation. 

2, Loading the full-card Buffer. 

3, Routing the cards to selected stackers. 

4, Providing accuracy control. 

5, Translating from machine code to card code. 

6, Providing sensible indicators for these conditions: Operable, Busy, Punch Compare Error 
and Parity Error. 
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INSTRUCTIONS 

Instructions utilized for programming the Card Punch are: 

Write Simo 1 (WRl) Write Simo 2 (WR2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Punching Cards, and (2) 
Testing the Device. 
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PUNCHING CARDS 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction punches a card in the Translate 
or Binary Mode with data contained inHSM. The full-card Buffer is loaded, cards are advanced 
one station, the Buffer is unloaded, and a card is punched. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - M if first Card Punch, N if second Card Punch, 

A ADDRESS - HSM location of first character to be punched (must be even). 

B ADDRESS - B
0

B
1 
B

2 
= Zero (000), Not to be used by programming. 

B
3 

0 Translate Mode. 

B
3 

1 Binary Mode. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

Cards are punched one row at a time. 

OUTLINE OF OPERATION 

In the Translate Mode the Control translates each 6-bit character to a 12-bit card char­
acter. Characters in locations one through 80 in HSM are translated into their equivalent 
12-bit card code and placed in corresponding columns one through 80 of the Buffer for sub­
sequent card punching. Characters are transferred by diad from HSM to the Data Register. 
Data is transferred to the Buffer by character. 

In the Binary Mode the Buffer within the Control is used to combine the 160 six-bit characters 
into 80 12-bit card characters for subsequent card punching as follows: Characters in even 
HSM locations are placed in rows four to nine of columns one through 80. Characters in odd 
HSM locations are placed in rows 12 to three of columns one through 80. Rows 3 and 9 contain 
the 25 bit of their respective characters. Characters are transferred by diad from HSM to 
the Data Register. Data is transferred to the Buffer by di ad. 

FINAL SETTINGS 

(S)f or (C)f 

{S)f or (C)f 

(A) . + 80 {Translate Mode) 
l 

(A). + 160 (Binary Mode) 
l 
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EXAMPLES 

Instruction: 8 M 0600 0001 (Binary Mode) 

80 Column Card HSM Contents 

Col. 1 Col. 2 Col. 80 

~ 
} Rows 12 to 3 0600 0601 0602 0603 0758 0759 

} Rows 4 to 9 Al Bl ~ B2 Aao Bao 0 

Final Settings: (S) f 0760 (T)f 0001 

lt"struction: 9 M 0600 0000 (Translate Mode) 

80 Column Card HSM Contents 

Col. 1 Col. 2 Col. 80 

Final Settings: (C)f 0680 (E)f 0000 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of the Card Punch and transfers 
control if the condition or conditions being tested are present. This instruction also may be 
used to reset two indicators; however, this function has no effect on the transfer of control. 

FORMAT 

OPERATION - S 

N - M if first Card Punch, N if second Card Punch. 

A ADDRESS - Specifies function to be performed as follows: 

Character Bit Position Symbol Test or Reset Function 

AO 20 = 1 1 Is device inoperable? 

Ao 21 = 1 2 Is device operating (Busy)? 

AO 22 = 1 4 Is there a Punch Compare Error (PCE)? 

Ao 23 = 1 8 Is there a Peri ty Error (PE)? 

A1 20 = 1 1 Is Buffer available? 

A2 22 = 1 4 Reset PCE Indicator. 

A2 23 = 1 8 Reset PE Indicator. 

A3 20 = 1 1 Reset Buffer Avai I able Indicator. 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is(are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is (are) present. 

FINAL SETTINGS 

(A) f = (A) i 

(B)f = (B) i 
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TIMING 

The Card Punch has a card cycle of 200 milliseconds which is divided into three time intervals 
as follows: 

157 ms. Punching and punch check time 

26 ms. Intercard tiine 

17 ms. Clutch energizing time 

To maintain the maximwn rate of 300 cards per minute, the next punch command must be 
issued during the intercard time. If a punch command is issued after the intercard time, a 
card cycle is missed, and the punch rate is decreased. After the punch instruction is executed, 
the device is busy until the intercard time is reached. 

The Simo Mode is free as soon as the Buffer is loaded. Buffer transfer rate is 36 micro­
seconds per character or diad. In the Translate Mode, transfer to the Buffer is by character 
(80 Buffer transfers). In the Binary Mode, transfer to the Buffer is by diad (80 Buffer trans­
fers). Therefore, whether the Binary or Translate Mode is specified the Simo Mode is oc­
cupied for the same duration. 

ACCURACY CONTROL 

OPERABLE-INOPERABLE 

The following conditions render the device inoperable: 

1. Lack of power 

2. Empty input hopper 

3. Stacker full 

4. Malfunction 

5. Card jam 

PARITY ERROR (PE) 

Errors are detected on the transfer from HSM to Card during the punch cycle. The PE Indi­
cator in the. Control is set; the card will be automatically rejected, and punch compare errors 
will be inhibited. The Busy or Inoperable Interrupt Indicator will be set when the Card Punch 
is addressed by the next punch instruction. 
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PUNCH COMPARE ERROR (PCE) 

The Control detects a PCE if the hole count at the punch check is not equal to the hole count 
made when writing into the Buff er, or if an error has been detected in the previous punch 
cycle. The Busy or Inoperable Interrupt Indicator is set upon detection of this error, and the 
two cards are automatically rejected. When the Card Punch is addressed by the next punch 
instruction, the Busy or Inoperable Interrupt occurs. 
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ON-LINE PRINTER 

GENERAL DESCRIPTION 

The Printer is a buffered, transistorized device which prepares output documents from data 
contained in HSM. The On-Line Buffered Printer System is comprised of two functional units: 
(1) a 120 or 160 column Printer with a 184 or 224 character Buffer and (2) a Control. The 
Printer System includes; buffer storage with capacity for a full data line (120 or 160 char­
acters) and a 64-character Print Table, along with all the necessary scan logic, vertical 
format control, and all the electronics required by the Printer. When the Buffer is fully 
loaded, print and paper advance options are accomplished offline leaving the Processor free 
for other processing. 
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Printing may be accomplished in either the Asynchronous or Synchronous Modes. The Asyn­
chronous Mode permits all 64 symbols on the print drum to be printed in one full revolution, 
and paper advance to occur in a portion of the next print drum revolution. Scanning can pro­
ceed with the next symbol in sequence on the print drum at the conclusion of the paper advance. 
The Synchronous Mode permits only 47 symbols to be printed since a complete line of print 
and single line paper advance are accomplished during each revolution of the print drum. Sym­
bols excluded from Synchronous printing are those specified in Standard Print Table positions 
16 through 32. 

The Print Table is loaded into the Buffer by instruction, and it is permissible to exchange 
characters within the table. For example, an Asterisk may be printed as a Period by inserting 
a "*" into table position 15. An Error Character (e) may be utilized to inhibit the printing of 
any symbol. 

Paper advancing is controlled by instruction, either directly or in conjunction with a paper 
tape loop in the Printer, and includes advancing a specified number of lines, vertical tabbing 
or page changing. 

The Standard Print Table is illustrated below: 

Table* Printed Table* Printed 

Position Character Symbol Position Character Symbol 

1 Minus - 33 A A 

2 Plus + 34 B B 

3 Space 35 c c 
4 Zero 0 36 D D 

5 One 1 37 E E 

6 Two 2 38 F F 

7 Three 3 39 G G 

8 Four 4 40 H H 

9 Five 5 41 I I 
10 Six 6 42 J J 
11 Seven 7 43 K K 

12 Eight 8 44 L L 

13 Nine 9 45 M M 

14 Comma 46 N N 

15 Period 47 0 0 
16 At the Rate Of @ 48 p p 

17 Percent % 49 Q Q 

18 Colon : 50 R R 

19 Number 1t 51 s s 
20 Dollar Sign $ 52 T T 

21 Close Parenthesis ) 53 u u 
22 Quotation Mark " 54 v v 
23 Subscript 

10 
10 55 w w 

24 Open Parenthesis ( 56 x x 
25 Close Bracket J 57 y y 

26 Semicolon ; 58 z z 
27 Greater > 59 Credit CR 

28 Divide 60 Apostrophe 

29 Up Arrow t 61 Asterisk * 

30 Oren Bracket [ 62 Ampersand & 

31 Less < 63 Virgule I 
32 Equal = 64 Lozenge J:l 

*Table positions correspond to print positions on the drum. 
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Standard vertical spacing is six lines per inch. Options, however, include either a switch 
permitting manual selection of 6 or 8 lines per vertical inch, or a switch permitting manual 
selection of 6 or 10 lines per inch. The printer accepts single or multiple sheet fanfold stock, 
from 4 to 19 inches in width, and up to 17 inches in sheet length, provided length is a multiple 
of standard sprocket distance. 

OPERATION 

On command from the Processor a data line (120 or 160 characters) or the Print Table is 
transferred, serially by diad, to the buffer via the Control. When the Buffer is fully loaded, 
printing occurs off-line. The Processor is also free during the portion of paper advance that 
does not overlap buffer loading. The Printer has the further capability to print off-line, under 
manual control, a pre-stored line of print data for test purposes, with no reference to, or 
control signals from the Processor or the Control. 

The Buffer may be loaded while the paper is advancing. The Printer Busy signal is set at the 
start of buffer loading and remains set until completion of the last scan. During buffer loading, 
both the Printer Busy and the Paper Advancing signals are on. A hardware parity check occurs on 
each buffer access. The scan logic is contained in the Buffer. Scanning for the print drum line 
that will be next in print position references the data line and the Print Table in buffer storage. 

Controls at the printer include a Start/Stop switch for manual operation and Top of Form. 

CONTROL 

This device enables the Processor to operate the Printer in accordance with the stored com­
puter program, The Control receives data from the Processor and receives and transmits 
necessary signals to and from the Processor, the Buffer (directly) and the Printer (indirectly). 
Data is transmitted to the Buffer, where it is accessed by the Printer. Printer status signals 
transmitted to the Control are used to set appropriate Interrupt Indicators. A hardware parity 
check is performed on each buffer access (data and table). The Control holds the paper advance 
information associated with the current buffer loading, and transfers it to the storage in the 
Printer when required for ex~cution. The Control receives and interprets the B address of a 
write instruction, directed to the Printer, to determine the function to be performed and the 
number of characters to be transferred. It receives data from the Processor by diad, and so 
transfers it to the Buffer. 

The Control includes an indicator. that is set on completion of the last scan, signifying that the 
Buff~..:r is available for loading. The Buffer Available Indicator and the Off-Line Operation 
Complete Interrupt Ind:i.cator are set. Both indicators are inhibited when the "load table" 
option is specified. Buffer available status may be sensed and/or reset by the TDV instruction. 

INSTRUCTIONS 

The Write Simo 1 (WRl), Write Simo 2 (WR2) and Test Device (TDV) instructions are utilized 
to program the Printer. These instructions are presented by function as follows: (1) Print and 
Paper Advance, (2) Paper Advance Only, (3) Table to Buffer, and (4) Testing the Device. 
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PRINT AND PAPER ADVANCE 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or the Write Simo 2 (WR2) ·instruction transfers 120 or 160 characters 
(one line) from HSM to the Buffer, prints a line and advances the paper. The Mode (Synchronous 
or Asynchronous) and line size (120 or 160) must be specified. By designating 120 characters, 
the 160-column model Printer will print a 120-character line. For paper advancing either a 
line count or paper tape loop-control may be specified. Two of the eight channels of the tape 
loop on the Printer are used for loop-controlled paper advance; the 2° channel specifies ver­
tical tabulation, the 21 channel specifies page change. Any symbols in table positions 16-32 
on the Standard Print Table included in the print line when Synchronous Mode printing is spe­
cified, will not be printed. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - Q if first Printer, R if second Printer 

A ADDRESS - HSM location of first character of the line to be printed. 
A

3 
must be even. 

B ADDRESS - B
0 

= 1 Paper advance according to count specified in B
2

. 

B0 = 2 Loop-controlled vertical tabulation. 

B
0 

= 4 Loop-controlled page change. 

B
1 

= 0 Asynchronous Mode. 

B
1 

= 2 Synchronous Mode. 

B
2 

= Number of linef:i (0-15) to advance paper. See Appendix IV. 

B
3 

= 1 Print 120 characters. 

B
3 

= 2 Print 160 characters. 

Unused characters must be zeros and are not to be used by programming. 

FINAL SETTINGS 

. (S) f or (C) f = HSM location one to the right of the last character printed. 
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PAPER ADVANCE Oi'4iY 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or the Write Simo 2 (WR2) instruction specifies paper advancing 
without printing. ''No printing" must be specified. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - Q if first Printer, R if second Printer. 

A ADDRESS - Zero (0000). Not to be used by programming. 

B ADDRESS - B
0 

BO 

1 Paper advance according to count specified in B
2

• 

2 Loop-controlled vertical tabulation. 

B
0 

= 4 Loop-controlled page change. 

B
1 

= 1 No printing. · 

B
2 

= Number of lines (0-15) to advance paper. See Appendix IV. 

B
3 

= 0 No HSM to Buffer transfer. 

Unused characters must be zeros and are not to be used by programming. 

FINAL SETTINGS 

(S)f or (C)f = (A)i 

(T)f or (E)f = (B) i 
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TABLE TO BUFFER 

GENERAL DESCRIPTION 

The transfer of a 64-character Print Table from HSM to the Buffer is accomplished by either 
the Write Simo 1 (WRl) or the Write Simo 2 (WR2) instruction. The Print Table may be located 
in any 64 contiguous HSM positions providing the first table character is in the first position 
of a diad. ''No printing" must be specified. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - Q if first Printer, R if second Printer 

A ADDRESS - HSM location of first character of Print Table. A
3 

must be even. 

B ADDRESS - BO 

Bl 

B2 

B3 

FINAL SETTINGS 

Zero (0), Not to be used by programming. 

1 No Printing. 

Zero (0). Not to be used by programming. 

4 Specifies Print Table. 

(S)f or (C)f = HSM location one to the right of the last character in the Print Table. 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of the Printer and tr an sf ers control 
if the condition or conditions being tested are present. The instruction also resets the PE 
Indicator. This reset function has no effect on the transfer of control. 

FORMAT 

OPERATION - S 

N - Q if first Printer, R if second Printer. 

A ADDRESS - Specifies function to be performed as follows: 

Character Bit Position Symbol Test or Reset Function 

AO 20 = l l Is device inoperable? 

AO 21 = l 2 Is device operating (Busy)? 

AO i = l 4 Is there a low paper supply? 

AO 23 = l 8 Is there a parity error (PE)? 

Ao 24 = l & Is the paper advancing? 

A1 20 = l l ls Buffer available? 

A2 23 = l 8 Resets PE lndi ca tor. 

A3 20 = l l Resets Buffer Avai I able lndi ca tor 

Unused characters must be zeros and are not to be used by programming, 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is (are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is (are) present. 

FINAL SETTINGS 

(A). 
1 

(B). 
1 
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TIMING 

Nominal printing speed with single-line paper advance is 1000 lines per minute in the Synchro­
nous Mode and 800 lines per minute in the Asychronous Mode. 

To maintain the maximum printing speed, the following is necessary: 

1. Synchronous Mode must be specified. 

2, Single line paper advancing must be performed. 

3. The Buffer must be loaded during paper advance time of the previous instruction. 

Printing and paper advancing of one line takes 60ms. (45 for printing and 15 for paper advance) 
in the Synchronous Mode or 75ms. (60 forprinting and 15 for paper advance) in the Asynchro­
nous Mode, Multiple line paper advancing is done at the rate of 6.67ms. per line after the first 
line, Buffer transfer rate is 8 microseconds per diad. The Simo Mode is occupied during 
Buffer loading time only, 

ACCURACY CONTROL 

PRINTER COVER 

When the sliding cover on the Printer is opened, a microswitch sets the device inoperable 
signal. If a line is in process of printing when the cover is opened, the line is completed; how­
ever, the next write instruction directed to the Printer will not be executed, the Busy or Inop­
erable Interrupt Indicator will be set, and interrupt will occur. The Printer cannot appear 
operable unless the cover is closed, 

LOW PAPER SUPPLY 

The Printer includes a low-paper supply photocell, located 22 inches below the print head on 
the input side, and a Paper-Out Switch located on the output side of the print head. The low­
paper signal is set whenever the end of paper supply passes (uncovers) the low paper photocell, 
A write instruction directed to the Printer after the low-paper signal has been set, will be exe­
cuted, but on termination of this instruction the Simo Mode Terminated Abnormally Interrupt 
Indicator is set. The low-paper indicator is reset when the low-paper photocell is covered 
(indicating replenishment of paper supply) so that no light shows through. Whenever the Paper­
Out switch is set, the Printer Inoperable Indicator at the Printer is set, and the Busy or Inop­
erable Interrupt Indicator is set. 

ERROR DETETECTION 

If, on attempt to address the Printer in a Write instruction, the Device Inoperable signal is set 
because of malfunction, device not connected, power off, paper jam or cover open. the Busy 
or Inoperable Interrupt Indicator is set and Interrupt occurs before execution of the instruction. 
If, during buffer loading, the Device Inoperable signal is set because of malfunction or power 
off, the Simo Mode Terminated Abnormally interrupt Indicator is set and the instruction is 
terminated immediately, If during printing and/or paper advancing. the Device Inoperable sig­
nal is set because of power off malfunction paper jam or cover open the Busy or Inoperable 
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Interrupt Indicator is set, and Interrupt occurs before execution of the next Write instruction 
directed to the device. 

A Write instruction directed to a busy Printer (printing or buffer loading) will be interrupted 
before execution, with the Busy or Inoperable Interrupt Indicator set, A Write instruction 
directed to the Printer following detection of low-paper supply (low-paper signal set) is exe­
cuted. On termination of the instruction. the Simo Mode Terminated Abnormally Interrupt 
Indicator is set. 
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MODEL 582 TAPE STATION 

GENERAL DESCRIPTION 

Magnetic Tape Stations and their associated Control Module(s) are used for reading and writ­
ting characters on magnetic tape. Reading is possible in the forward or reverse direction; 
writing is performed in the forward direction. Three varieties of tape stations are available: 
Model 581, Model 582 and Model 681. Characters are dually recorded as magnetic spots in 
rows across the tape. The seven-bit machine code is utilized for character recording with an 
additional timing bit attached. Variable length format maybe employed. Tape reels accommo­
date 2400 feet of tape. Terminal symbols placed on tape by programmed instruction include: 
EF signifying the End of a File; and ED signifying the End of (valid) Data on tape. 
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MODEL 581 TAPE STATION 

The information transfer rate is 33,333 alphanumeric characters per second with data recorded 
at a density of 333 characters per inch. Tape speed. forward or reverse, is 100 inches per 
second. Tapes recorded on Model 581 Tape Stations may not be read on Model 582 or 68L 
Tape Stations. 

MODEL 582 TAPE STATION 

The information transfer rate is 66,667 alphanumeric characters per second with data re­
corded at a density of 667 characters per inch. The tape speed for reading and writing is 100 
inches per second. Rewind speed is 150 inches per second. Tapes prepared with the Long Gap 
Indicator set on the 582 Stations may be read on 681 Tape Stations. 

MODEL 681 TAPE STATION 

The information transfer rate is 120,000 alphanumeric characters per second with data re­
corded at a density of 800 characters per inch. The tape speed for reading and writing is 150 
inches per second. Rewind speed is 225 inches per second. Compatibility between Model 582 
and 681 Tape Stations is achieved through the use of a lOOKC Switch. Tapes thus prepared on 
681 Tape Stations may be read on a 582 Tape Station at approximately 66.667 characters per 
second, 

MODELS 581/582/681 CONTROL 

Two models of the 581/582/681 Control (2x 6 Dual Tape Channel or 2 x 12 Dual Tape Channel) 
are available which operate up to six and up to 12 tape stations, respectively. Each model 
will permit Read-Read, Read-Write or Write-Write processing on the tape stations connected 
to them. Any mixture of 581, 582 or 681 Tape Stations may be attached to the Control. 

The Control contains two-character data registers for reading and writing data. Most data 
transfers between the 581/582/681 Control and the Processor are two-character transfers, 
but one-character transfers are possible at the beginning and ending of a block. Since con­
secutive memory cycles are unnecessary for data transmission to HSM, the Control signals 
the Processor when it requires a machine cycle for data transmission. 

INSTRUCTIONS 

Instructions utilized for programmming the magnetic tape devices are: 

Read Forward Simo 1 (RFl) Read Forward Simo 2 (RF2) 

Read Reverse Simo 1 (RRl) Read Reverse Simo 2 (RR2) 

Write Simo 1 (WRl) Write Simo 2 (WR2) 

Erase Simo 1 (ERl) Erase Simo 2 (ER2) 
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Control Device Simo 1 (CDl) Control Device Simo 2 (CD2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Reading Forward, (2) 
Reading Reverse, (3) Writing (4) Erasing, (5) Rewinding and (6) Testing the Device. 

The 24 possible tape stations are instruction addressed and identified as follows: 

First 2 x 12 Second 2 x 12 

First2x6 Second 2 x 6 Third 2 x 6 Fourth 2 x 6 
Address Station Address Sta ti on Address Station Address Station 
Symbol Number Symbol Number Symbol Number Symbol Number 

1 01 9 11 A 21 I 31 
2 02 J 12 B 22 + 32 
3 03 It 13 c 23 33 
4 04 @ 14 D 24 ; 34 
5 05 ( 15 E 25 : 35 
6 06 ) 16 F 26 ' 36 
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READING FORWARD 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction transfers a 
series of consecutive characters from magnetic tape, moving in a forward direction into HSM. 
Reading begins with the first character following a gap and ends when the next gap is sensed 
or the specified HSM area is filled. 

FORMAT 

OPERATION 4 (RFl) or 5 (RF2) 

N Specifies Magnetic Tape Station 

A ADDRESS HSM location to receive the first character. 

B ADDRESS HSM location to receive the last character. 

DIRECTION OF OPERATION 

Characters are transferred into HSM left to right. 

OUTLINE OF OPERATION 

Initially, a start signal is sent to the Tape Station specified by N. When the Control is ready 
to transfer characters, a demand is made on the Processor, and two characters from the Data 
Register are transferred to a HSM diad. If the first character to be transferred addresses an 
odd diad position, only that character is transferred. The C ORS Register is incremented by 
two to address the next diad. The cycle is repeated until a gap on tape is encountered or ad­
dress equality. occurs. If address equality occurs before a gap is reached, no further charac­
ters are transferred, but the tape continues to move to the next gap. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character read. 
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EXAMPLE 

Instruction: 

Tape on 
Station 2: 

HSM Before 
Execution: 

HSM After 
Execution: 

Final Settings: 

5 2 6001 6010 
.,.4.----- Di re ct ion of Tape Motion 

F G H I 

before Instruction 

6000 6001 6002 6003 6004 6005 6006 

1 2 3 4 T u v 

6000 6001 6002 6003 6004 6005 6006 

1 A B c D E F 

(C) f = 6011 (E)f = 6010 
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READING REVERSE 

GENERAL DESCRIPTION 

The Read Reverse Simo 1 (RRl) or Read Reverse Simo 2 (RR2) instruction transfers a series 
of consecutive characters from magnetic tape moving in a reverse direction into the HSM. The 
transfer of characters begins with the first character following a gap and ends when the next 
gap is sensed or the specified HSM area is filled. 

FORMAT 

OPERATION 6 (RRl) or 7 (RR2) 

N Specifies Magnetic Tape Station. 

A ADDRESS HSM location to receive the first character. 

B ADDRESS HSM location to receive the last character. 

DIRECTION OF OPERATION 

Characters are transferred into HSM right to left. 

OUTLINE OF OPERATION 

Initially, a start signal is sent to the Tape Station specified by N, When the Control is ready to 
transfer characters, a demand is made on the Processor and two characters are transferred 
to a HSM diad, If the first character to be transferred addresses an even diad position, only 
that character is transferred. The Sor C Register is decremented by two to address the next 
diad. The cycle is repeated until a gap on tape is encountered or address equality occurs. If 
address equality occurs before a gap is reached, no further characters are transferred but the 
tape continues to move to the next gap. 

FINAL SETTINGS 

(C) f or (S) f = HSM location one to the left of the last character read, 
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EXAMPLE 

Instruction: 6 3 8030 8021 

Tape on Station tt3 
Direction of Tape Motion ______ _..., 

~z t B C D E F G H I J t, A t 
Read-Write HeadRead-Write Head 

after Instruction. 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

8021 

0 

8021 

0 

8022 8023 

0 0 

8022 8023 

B c 

(S)f ; 8021 

8024 

0 

8024 

D 

before Instruction. 

8025 8026 8027 80?8 8029 

0 0 0 0 0 

8025 8026 8027 8028 8029 

E F G H I 

(T)f = 8021 
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WRITING 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction transfers a specified series of 
consecutive characters from HSM to a Magnetic Tape Station. Writing of magnetic tape begins 
after a gap has been generated and ends when the last character has been transferred from 
the specified HSM area and is recorded on tape. 

FORMAT 

OPERATION - 8(WR1) or 9(WR2) 

N - Specifies Magnetic Tape Station 

A ADDRESS - HSM location of first character to be written. 

B ADDRESS - HSM location of last character to be written. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

Tape movement is forward. 

OUTLINE OF OPERATION 

Initially, a start signal is sent to the Tape Station specified by N, and the first character or 
diad of characters (depending on whether A Address is odd or even) is transferred to the Data 
Register. After an up-to-speed delay, one character at a time is written to tape from the 
-Data Register. When the Data Register requires further loading, a demand is made on the 
Processor for another diad of characters, and the S or C Register is incremented by two to 
address the next diad. The cycle is repeated until address equality terminates the operation. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character written. 
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EXAMPLE 

Instruction: 

HSM Before 
and After 
Execution: 

6001 

A 

Tape on Station tt3: 

Final Settings: 

9 3 6001 6010 

6002 6003 6004 6005 6006 6007 

B c D E F G 

4 Direction of Tape Motion 

before Instruction 

(C)f = 6011 (E)f = 6010 
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ERASING 

GENERAL DESCRIPTION 

The Erase Simo 1 (ERl) or Erase Simo 2 (ER2) instruction erases a portion of ma,gnetic tape 
equivalent to the amount of tape utilized in writing the same amount of characters. 

FORMAT 

OPERATION - *(ERl) or > (ER2) 

N - Specifies Magnetic Tape Station 

A ADDRESS - Beginning HSM location used for counting the number of characters to be 
erased. 

B ADDRESS - Ending HSM location used for counting the number of characters to be erased. 

DIRECTION OF OPERATION 

Tape movement is forward. 

OUTLINE OF OPERATION 

These instructions operate in the same manner as write instructions for magnetic tape with 
the following exception: No characters are actually written, the tape is merely moved for a 
period of time that the tape is specified by the A and B addresses. Erasing occurs during the 
period of time the tape is moving. When address equality is reached, the instruction is termi­
nated immediately. All Read-After-Write errors are ignored. When either a splice or ETW 
is detected while erasing, the instruction terminates immediately with the Splice Indicator 
(and ETW Indicator if appropriate) set. If the Splice Indicator is set when the instruction is 
initiated, splicing is ignored, and erasing is performed in its entirety. 

FINAL SETTINGS 

(S) f or (C) f = One to the right of the last HSM location used to count the erase distance. 
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REWINDING 

GENERAL DESCRIPTION 

The Control Device Simo 1 (CDl) or Control Device Simo 2 (CD2) instruction causes a specified 
Magnetic Tape Station to be completely rewound. Once the operation has been initiated, the 
rewind to BTC or LoadPointproceedstotallyindependent of the Processor, and the designated 
Simo Mode is free to execute other instructions 

FORMAT 

OPERATION - 2(CD1) or 3(CD2) 

N - Specifies Magnetic Tape Station 

A ADDRESS - Zero (0000). Not to be used by programming. 

B ADDRESS - B
0

B
1 

B
2 

= Zero (000). Not to be used by programming. 

B
3 

= 1 Rewind to BTC (any model Tape Station). 

B3 = 2 Rewind to load point and disconnect on 681 Tape Station. (If this option 
is used with a 581 or 582 Tape Station, it will be interpreted as a nor­
mal rewind.) 

B
3 

= 4 Rewind one gap. 

DIRECTION OF OPERATION 

Tape movement is reverse. 

OUTLINE OF OPERATION 

If the Mode, Control and Tape Station are not busy or inoperable, a rewind command is sent to 
the Tape Station specified by N, and the Control function designated by B

3 
is performed. 

FINAL SETTINGS 

After rewind is initiated, the registers are available for use by another instruction. 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of a specified Magnetic Tape Sta­
tion and transfers control if the condition or conditions being tested are present. When sensing 
indicators which are in the 581/582/681 Control by mode, the mode (Simo 1 or Simo 2) must 
be specified. 

FORMAT 

OPERATION - S 

N - Specifies Magnetic Tape Station 

A ADDRESS - Specifies function to be performed as follows: 

Character Bit Position Symbol By Mode Test Function 

AO 
20 = 1 1 Is device inoperable? 

Ao 21 = 1 2 Is tape in motion? 

AO 
22 = 1 4 Has ETW been sensed? 

AO 
23 = 1 8 Is tape positioned on BTC? 

AO 
24 = 1 & Is tape moving in reverse? 

AO 
25 = 1 - Is splice detected? 

Al 
20 = 1 1 v Is there a Parity Error (PE) on read or write? 

Al 
21 = l 2 v Is there a Magnetic Tape Alarm (MTA)? 

Al 
22 = l 4 v Have A/B Equality and no gap been sensed? 

Al 
23 = l 8 v Is the EF/ED Indicator Set? 

Al 
24 = l & Is switch (ex or (3) busy? 

A3 
20 = l l Simo l Mode or ex switch 

A 21 = l 2 Si mo 2 Mode or (3 switch 
3 

Unused characters must be zeros and are not to be used by programming. 

A3 must be specified for those functions with a check (V) in the "By Mode'' column. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is(are) present. 
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SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is (are) present. 

OUTLINE OF OPERATION 

If the A3 character is ''zero'', then the device indicators only are being tested. The device 
indicators are individually picked by the bits of the Ao character. To execute a TDV instruc­
tion to device indicators, it is required that the Tape Station, specified by the N character, be 
connected to the Processor through the Control switch. If the Tape Station is connected to the 
switch, the sense will be performed (operating or not). If the Tape Station is not busy, then it 
will be connected and the sense performed. The test cannot be executed if the Tape Station 
specified is not or cannot be connected at this time. If the test cannot be performed, the in­
struction will terminate immediately with a Busy or Inoperable interrupt. 

If the A3 character is not ''zero", then the mode indicators only are being tested. The mode 
indicators are individually picked by the bits of the Ai character. To execute a TDV instruc­
tion to mode indicators, it is not required that the Tape Station, specified by the N character, 
be connected to the Processor through the Control switch. The N character will, in effect, 
select the Control Module (each device on the Control Module would select the same Control 
Module). 

RCA 501 and RCA 301 EF and ED symbols will set the EF/ED Indicator. 

(A). 
1 

(B). 
1 
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TIMING 

Many variables are involved in magnetic tape timing. Two generalized formulas plus a speci­
fication chart are therefore provided for timing magnetic tape operations. 

READING, WRITING or ERASING 

Time (ms) (# Records) ~
Characters/Record 

Density 
ape Speed (inches/ms.) 

REWIND (independent operation) 

(Tape Speed) 
Time (ms.) = (# Records) 

[

Characters/Record 
Density 

TAPE STATION 581 582 681 

Start Time * 3.5 5.5 7.33 

Density (characters/inch) 333 667 800 

Tape Speed (inches/ms.) . l .l .15 

Nominal Gap Size (inches) .34 .54 l. l 

Rewind Multiplier l 1.5 1.5 

+ Start Time l 
Records/Bloc~ 

+ Records/Block 
Gap Size ~ 

(Rewind Multiplier) 

582 681 
Long (lOOKC) 
Gap 

11.0 7.33 

667 667 

. l .15 

l. l l. l 

1.5 1.5 

*The Read-After-Write Delay on the 582 and 681 Tape Stations i ~ included. 

EXAMPLE #1 

Reading one 175 - character record from a 581 Tape Station 

Time (ms) ~
~ 

333 

.l 
+ 

+ 

8.76 
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EXAMPLE #2 

Rewinding 4000 200 - character records (10 records block) on a 582 Tape Station 

~00 + .s~ Time {ms.) 4000 667 10 

. 1) (1.5) 

4000 E .3 + .054j 
.15 

= 9440 

When a write instruction is directed to a . Tape Station positioned at BTC, the start time is 
approximately 55 milliseconds. When the Long Gap Switch is set on a 582, the start time is 
9 milliseconds rather than 3.5 milliseconds. 

ACCURACY CONTROL 

FEATURES 

Accuracy control features for ths magnetic tape devices include: 

1. Dual-Recording. Either of the two recorded spots for a single character may be missing 
and the bit can still be read. 

2. Automatic Read-After-Write. Checks the parity of the character on tape by reading each 
character after it has been written (582 and 681 only). 

3. Parity check on data read. 

4. Write Lockout. Prevents writing or erasing of information except on designated reels of 
tape. 

5. End of Reel Stop, Beginning of Tape Control (BTC) and End of Tape Warning (ETW). 

6. Rollback and Flaw Detection. 

7. Echo check of the write head for data written (581 only). 

8. Rewind with Parity Check (581 only). 

OPERABLE-INOPERABLE 

If, during lnstruction Access, the Mode, Control or Tape Station is busy or inoperable, the 
instruction will terminate immediately with the Busy or Inoperable Interrupt Indicator set. 
The following conditions render the device inoperable: malfunction, device not connected, and 
power off. 
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MODELS 582/681 WRITE LOGIC 

As a block of characters is written, leading (Item Separator) and trailing (Equal) guard char­
acters will be automatically placed on it by the Control. If a Read-After-Write error occurs, 
the write will be terminated after writing a trailing guard character, and the Mode Terminated 
Abnormally Interrupt Indicator will be set. 

When a splice marker is detected while writing, the instruction will be terminated after a 
trailing guard character is written. An erase instruction will terminate immediately, but a 
write instruction will not terminate until the read-after-write check is received from the tape 
station. In either case the Splice Indicator will be set. 

MODELS 582/681 READ LOGIC 

Guard characters are not transferred to HSM. Ifthe leading and trailing guard characters are 
present and there are no parity errors, the instruction will terminate normally. If the leading 
guard character is not present, information will not be transferred to HSM and the appropriate 
register will not be stepped. At the end of the block of information, the Control will check for 
the trailing guard character. If it is not present, this block of information will be treated as 
gap and the read will continue. If the leading guard character was missing but the trailing guard 
character is present, the tape will be stopped in the gap, and the instruction terminated with 
the corresponding Mode Terminated Abnormally Interrupt Indicator set. When a read error 
occurs, the Control replaces the incorrect character with an Error character (e). The corre­
sponding Mode Terminated Abnormally interrupt Indicator is set as the first '' e'' is placed in 
HSM; however, the read continues with Error characters replacing all incorrect characters 
detected. 

The same guard logic will be used for reading in reverse, except that the leading guard char­
acter is considered the trailing guard character and the trailing guard character is considered 
the leading guard character. Any one-character block that is not an ED or EF and has at least 
one guard character will be considered a read parity error (RE). All two-character blocks 
with at least one guard character will be considered as incorrect parity blocks. 

MODEL 581 WRITE LOGIC 

The 581 Tape Station does not utilize guard character logic. Information written to a 581 Tape 
Station is echo checked to insure thatproperparity characters are received at the write head. 
An echo check parity error is considered as an inoperable condition and causes the write to be 
terminated immediately with the corresponding Mode Terminated Abnormally Interrupt Indi­
cator set; the tape station appears inoperable. When ETW (End Tape Warning) is sensed, the 
write is not terminated but continues to completion. 

MODEL 581 READ LOGIC 

When a read error occurs, the Control replaces the incorrect character with an Error char­
acter (e). The corresponding Mode .Terminated Abnormally Interrupt Indicator is set as the 
first "e" is placed in HSM; however, the read continues with Error characters replacing all 
incorrect characters detected. A MTA error occurs on all two-character blocks and on any 
one-character block that is not an EF or ED. 
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MODEL 3485 TAPE STATION 

GENERAL DESCRIPTION 

The Model 3485 Tape Station is tape and reel compatible with 7330, 727 and 729 tape stations. 
This Tape Station is capable of reading and writing on 1/2-inch wide, seven-channel, magnetic 
polyster. tape in binary or binary ceded decimal recording. Tapes may also be read and 
written in RCA recording, and reverse reading is permitted in RCA recording. Tape speed 
is 150 inches per second; rewind speed is 300 inches per second. Information transfer rates 
are a function of density as follows: 

· Recording Density (char'./inch) 

200 
556 
800 

Information Transter Rate (char./sec.) 

XII-1 

30,000 
83,400 

120,000 



CONTROL 

Two Models of the Control for the Model 3485 Tape Station (2 x 6 Dual Tape Channel or 2 x 12 
Dual Tape Channel) are available which operate up to six and up to 12 tape stations! respec­
tively. Each model permits Read-Read, Read-Write or Write-Write processing on the tape 
stations connected. 

The Control contains two-character Data Registers for reading and writing data. Most data 
transfers between the Control and the Processor are two-character (diad) transfers, how­
ever, character addressable tape instructions are permitted, Since consecutive memory 
cycles are unnecessary for data transmission to RSM, the Control signals the Processor 
when it requires a machine cycle for data transmission. 

Two modes of recording are program selectable: the RCA Mode and the Compatible Mode. 
Recording mode designation is contained in the Control by tape station. 

RCA MODE 

In the RCA Mode the density is instruction-selectable at 200l 556 or 800 characters per 
inch. Average gap size is 0. 75 inches with a 3 millisecond write up-to-speed delay. 

Blocks on tape are preceded by a guard character and followed by a guard character and a 
longitudinal check character. The guard characters and the longitudinal check character 
are generated and checked in the Control but do not enter RSM. 

Standard. RCA 3301 EF and ED symbols are used and upon reading set the EF /ED Indicator. 

COMPATIBLE MODE 

Binary (odd parity) or BCD (even parity) recording is designated along with Compatible 
Mode selection. A recordin5 density of 200, 556, or 800 characters per inch must also be 
specified by program. An average gap length of O. 75 inch is produced by a 3 millisecond up­
to-speed delay. 

When reading in the Compatible Mode, the program is responsible for discarding noise blocks. 
A noise block results from a physical spot in the skipped area that creates a pulse at the 
read head. This spot occurs as a result of relocating a written record when a defective 
section of tape is detected. The following chart depicts the various IBM systems and the 
maximwri noise block size for each: 

SYSTEM NOISE BLOCK SIZE 

705 Ill, 7080 Up to 11 characters 

7040, 7044, 7090, 7094 Up to 13 characters 

7070, 7072, 707 4 Up to 3 words 

1401, 1410, 1460, 70 l 0 Up to 13 characters 

The End of File (EOF) character (17) 8 is recorded as a single character block. In some 
systems, a 3. 75 inch gap precedes the EOF. In other systems the EOF is preceded by a 
• 75 inch gap. A tape can be prepared with a 3. 75 inch gap ahead of the EOF with the erase 
instruction. 

Following each block on tape is a longitudinal character. 
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INSTRUCTIONS 

Instructions utilized for programming the magnetic tape devices are: 

Read Forward Simo 1 (RFl) Read Forward Simo 2 (RF2) 

Read Reverse Simo 1 (RFl) Read Reverse Simo 2 (RR2) 

Write Simo 1 (WRl) Write Simo 2 (WR2) 

Erase Simo 1 (ERl) Erase Simo 2 (ER2) 

Control Device Simo 1 (CDl) Control Device Simo 2 (CD2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Controlling the Device, 
(2) Reading Forward, (3) Reading Reverse, (4) Writing, (5) Erasing, and (6) Testing the Device. 

An Address Sel~ction Dial on each Tape Station permits manual selection of the current tape 
station symbol. Symbol select~on is group-limited in accordance with the Control to which 
the Tape Station is connected. The 24 possible tape stations are instruction addressed and 
identified by the Address Selection Dial on each tape station as follows: 

First2x12 Second 2 x 12 
First 2 x 6 Second 2 x 6 Third 2 x 6 Fourth 2 x 6 

Address 
Selection 

Address 
Selection 

Address 
Selection 

Address 
Selection 

Dial Dial Dial Dial 
Symbol Number Symbol Number Symbol Number Symbol Number 

1 01 9 11 A 21 I 31 

2 02 J 12 B 22 + 32 

3 03 It 13 c 23 33 

4 04 @ 14 D 24 ; 34 

5 05 ( 15 E 25 : 35 

6 06 ) 16 F 26 I 36 
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CONTROLLING THE DEVICE 

GENERAL DESCRIPTION 

The Control Device Simo 1 (CDl) or Control Device Simo 2 (CD2) instruction sets the re­
cording mode and/or density for a specified Magnetic Tape Station or causes the station to 
be rewound. Mode, density and rewind options may be selected in combination; however, 
only one of each class may be used at one time. Once the operation has been initiated, the 
rewind to BTC or L:>ad Point proceeds totally independent of the Processor, and the desig­
nated Simo Mode is free to execute other instructions. 

FORMAT 

OPERATION 2(CD1) or 3(CD2) 

N Specifies Magnetic Tape Station 

A ADDRESS Zero (0000). Not to be used by programming. 

B ADDRESS B
0 

B
1 

=Zero (00). Not to be used by programming. 

B
2 

B
3 

=designate control options as follows: 

Bit 
Character Position Symbol Control Option 

B2 2° = 1 1 Set RCA Mode 

B2 2 l = 1 2 Set Compatible Binary (odd parity) Mode 

B2 22= 1 4 Set Compatible BCD (even parity) Mode 

B2 23 = 1 ,8 Set for 200 characters/inch density 

B2 24 = 1 & Set for 556 characters/inch density 

B2 25 = 1 - Set for 800 characters/inch density 

B3 20 = 1 1 Rewind to BTC 

B3 21=1 2 Rewind to Load Point and disconnect 

B3 22 = 2 ' 4 Rewind one gap 

·DIRECTION OF OPERATION 

Tape movement is reverse on rewind options. 
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OUTLINE OF OPERATION 

With a rewind option if the Mode, Control and Tape Station are not busy or inoperable. the 
rewind command is sent to the Tape Station specified by N~ and the control function desig­
nated by B3 is performed, When a recording mode or density option is specified. the ap­
propriate condition is set up in the Control, and the instruction is terminated immediately, 

FINAL SETTINGS 

(S)f or (C)f == (A)i 

(T)f or (E)f == (B)i 

After a rewind to BTC or Load Point is indicated, the registers are available. 
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READING FORWARD 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction transfers a 
series of consecutive characters from magnetic tape, moving in a forward direction into 
HSM. Reading begins with the first character following a gap and ends when the next gap 
is sensed or the specified HSM area is filled. 

FORMAT 

OPERATION 4(RF1) or 5(RF2) 

N Specifies Magnetic Tape Station 

A ADDRESS HSM location to receive the first character. 

B ADDRESS HSM location to receive the last character. 

DIRECTION OF OPERATION 

Characters are transferred into HSM left to right. 

OUTLINE OF OPERATION 

Initially. a start signal is sent to the Tape Station specified by N, When the Control is ready 
to transfer characters. a demand is made on the Processor and two characters from the 
Data Register are transferred to a HSM diad, If the first character to be transferred ad­
dresses an odd diad position, only that character is transferred. The C or S Register is 
incremented by two to address the next diad, The cycle is repeated until a gap on tape is 
encountered or address equality occurs. If address equality occurs before a gap is reached, 
no further characters are transferred, but the tape continues to move to the next gap. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character read, 

EXAMPLE 

Instruction: 5 2 6001 6010 
Direction of Tape Motion 

Tape on f 
Station 2: ~ z 

before instruction after instruction 
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HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

6000 

1 

6000 

l 

6001 6002 

2 3 

6001 6002 

A B 

6003 6004 6005 

4 T u 

6003 6004 6005 

c D E 

6011 

XII-7 

6006 6007 6008 6009 6010 6011 

v w x y z 4 

6006 6007 6008 6009 6010 6011 

F G H I J 4 

6010 



READING REVERSE 

GENERAL DESCRIPTION 

The Read Reverse Simo 1 (RRl) or Read Reverse Simo 2 (RR2) instruction transfers a 
series of consecutive characters from magnetic tape moving in a reverse direction into 
the HSM. The transfer of characters begins with the first character following a gap and ends 
when the next .gap is sensed or the specified HSM area is filled. These instructions are applic­
able only when operating in the RCA Mode. 

FORMAT 

OPERATION 6(RR1) or 7(RR2) 

N Specifies Magnetic Tape Station, 

A ADDRESS HSM location to receive the first character. 

B ADDRESS HSM location to receive the last character. 

DIRECTION OF OPERATION 

Characters are transferred into HSM right to left. 

OUTLINE OF OPERATION 

Initially. a start signal is sent to the Tape Station specified by N. When the Control is ready 
to transfer characters, a demand is made on the Processor and two characters are transferred 
to a HSM diad, If the first character to be transferred addresse!? an even diad position, only 
that character is transferred. The S or C Register is decremented by two to address the next 
diad, The cycle is repeated until a gap on tape is encountered or address equality occurs. If 
address equality occurs before a gap is reached, no further characters are transferred but 
the tape continues to move to the next gap. 

FINAL SETTINGS 

(C) f or (S) f = HSM location one to the left of the last character read. 
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EXAMPLE 

Instruction: 6 3 8030 8021 

Tape on Station # 3 

~e:::rite hea: 
after instruction. 

HSM Before 

Execution: 

HSM After 

Execution: 

Final Settings: 

Direction of Tape Motion ----

CDEFGHI 

8021 8022 8023 8024 

0 0 0 0 

8021 8022 8023 8024 

0 B c D 

8021 

J A } 

L Read-Write head 
before instruction. 

8025 8026 8027 8028 

0 0 0 0 

8025 8026 8027 8028 

E F G H 

8021 
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8029 8030 8031 

0 0 0 

8029 8030 8031 

I J 0 



WRITING 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction transfers a specified series of 
consecutive characters from HSM to a Magnetic Tape Station. Writing of magnetic tape begins 
after a gap has been generated and ends when the last character has been transferred from 
the specified HSM area and is recorded on tape. 

FORMAT 

OPERATION 8(WR1) or 9(WR2) 

N Specifies Magnetic Tape Station 

A ADDRESS HSM location of first character to be written, 

B ADDRESS HSM location of last character to be written. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

Tape movement is forward, 

OUTLINE OF OPERATION 

Initially, a start signq,l is sent to the Tape Station specified by N, and the first character or 
diad of characters (depending on whether A Address is odd or even)· is transferred to the Data 
Register. After an up-to-speed delay, one character at a time is written to tape from the Data 
Register. When the Data Register requires further loading, a demand is made on the Processor 
for another diad of characters.· and the S or C Register is incremented by two to address the 
next diad. The cycle is repeated tintil address equality terminates the operation. 

FINAL SETTINGS 

(S)f or (C)f = HSM location one to the right of the last character written. 

EXAMPLE 

Instruction: 

HSM Before and 

After Execution: 

9 

6001 

A 

3 6001 

6002 6003 

B c 

6010 

6004 60Q5 6006 6007 6008 6009 6010 

D E F G H I J 
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----Direction of Tape Motion 

Tape on Station tt3 \ YL A B c D E F G H I J ti } 

Read-Write Head / Read-Write Head 

before instruction after instruction 

Final Settings: 6011 6010 
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ERASING 

_GENERAL DESCRIPTION 

The Erase Simo 1 (ERl) or Erase Simo 2 (ER2) instruction erases a portion of magnetic tape 
equivalent to the amount of tape utilized in writing the same amount of characters. Erasing 
is based on the 200 character/inch density. 

FORMAT 

OPERATION 

N 

A ADDRESS 

B ADDRESS 

*(ERl) or > (ER2) 

Specifies Magnetic Tape Station 

Beginning HSM location used for counting the number of characters to be 
erased, 

Ending HSM location used for counting the number of characters to be 
erased, 

DIRECTION OF OPERATION 

Tape movement is forward. 

OUTLINE OF OPERATION 

These instructions operate in the same manner aswrite instructions for magnetic tape with the 
following exception: No characters are actually written; the tape is merely moved for a period 
of time that the tape is specified to run while writing the number of characters specified by 
the A and B addresses. Erasing occurs during the period of time the tape is moving. When 
address equality is reached. the instruction is terminated immediately. All Read-After-Write 
errors are ignored. 

FINAL SETTINGS 

(S)f or (C)f ::: One to the right of the last HSM location used to count the erase distance. 

XIl-12 



iCSiiNG iHt DEViCE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of a specified Magnetic Tape Sta­
tion and transfers control if the condition or conditions being tested are present. When sensing_ 
indicators which are in the Control by mode, the Mode (Simo 1 or Simo 2) must be specified. 

FORMAT 

OPERATION - S 

N Specifies Magnetic Tape Station 

A ADDRESS Specifies function to be performed as follows: 

Character 

Ao 

Ao 

Ao 

Ao 

Ao 

A1 

A1 

A1 

A1 

A1 

A3 

A3 

Bit By 
Position Symbol Mode rest Function 

20 = 1 1 Is device inoperable? 

2 l = 1 2 Is tape in motion? 

22 = 1 4 Has ETW been sensed? 

23 = 1 8 Is tape positioned on BTC? 

24 = 1 & Is tape moving in reverse? 

20 = 1 1 v' Is there a Parity Error (PE) on Read or Write? 

2 l = 1 2 v' Is there a Magnetic Tape Alarm (MTA)? 

22 = 1 4 v' Have A/B Equality and no gap been sensed? 

23 = 1 8 v Is the EF/ED indicator set? 

24 = 1 & / Is Switch (cc or {3) busy? 

20 = 1 1 Simo 1 Mode or cc Switch 

2 l = 1 2 Simo 2 Mode or f3 Switch 
l 

A3 must be specified for those functions with a che'-ck ( .JJ in the "By Mode
1
" 

column. 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is(are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is(are) present. 
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OUTLINE OF OPERATION 

If the A3 character is ''zero", then the device indicators only are being tested. The device 
indicators are individually picked by the bits of the A0 character. To execute a TDV instruc­
tion to device indicators, it is required that the Tape Station, specified by the N character, 
be connected to the Processor through the Control switch. If the Tape Station is connected to 
the switch, the sense will be performed (operating or not). If the Tape Station is not busy, then 
it will be connected and the sense performed. The test cannot be executed if the Tape Station 
specified is not or cannot be connected at this time. If the test cannot be performed, the in­
struction will terminate immediately with a Busy or Inoperable interrupt. 

If the A3 character is not ''zero'', then the mode indicators only are being tested. The mode 
indicators are individuallypickedbythebitsofthe Ai character, To execute a TDV instruction 
to mode indicators, it is not required that the Tape Station, specified by the N character, be 
connected to the Processor through the Control switch. The N character will, in effect, select 

. the Control Module (each device on the Control Module would select the same Control Module). 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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TIMING 

Many variables are involved in magnetic tape timing. Two generalized formulas plus a speci­
fication chart are therefore provided for timing magnetic tape operations. 

READING, WRITING or ERASING 

Time (ms) = (# Records) Density G 
Characters/Record 

+ Start Time + RAW] 
Records/Block ape Speed (inches/ms.} 

REWINDING (independent operation) 

Time (ms) = (11 Records) 
[ 

Characters/Record Gap Size J 
Density + Records/Block 

--------~ (Tape Speed) (Rewind Multiplier) 

Factors Compatible Mode RCA Mode 

Density (characters~/inch) 200,556 or 800 200,556 or 800 

Start Time 3ms 3ms 

Read-After Write Stop Delay (RAW) 2ms 2ms 

Tape Speed (inches/ms.) .15 .15 

Nominal Gap Size .75 .75 

Rewind Multiplier 2 2 

When a Tape Station is positioned at BTC, the start time is approximately 50 milliseconds. 

ACCURACY CONTROL 

FEATURES 

Accuracy control features include: 

1. Automatic Read-After-Write. Checks the parity of the character on tape by reading 
character after it has been written. 

2. Lateral Parity Check. Each character on tape includes a lateral parity bit which is 
verified in the Control during reading. 

3. Longitudinal Check Character. In a Write operation, a longitudinal check character is 
developed in the Control and follows the block on tape. Each block is checked for longi­
tudinal parity in a Read operation. If any data bit track of the block including the check 
character is read as having an incorrect number of bits, a parity error results. 
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4. Write Lockout. Prevents writing or erasing of information except on designated reels 
of tape. 

5. Beginning and end of tape markers and detection logic. 

OPERABLE-INOPERABLE 

If during Instruction Access the Mode, Control or Tape Station is busy or inoperable, the 
instruction will terminate immediately with the Busy or Inoperable Interrupt Indicator set. 
The following conditions render the device inoperable: malfunction, device not connected, 
and power off, 

READ AND WRITE ERRORS 

When a read error occurs, the Control replaces the incorrect character with an Error Char­
actor (e). The corresponding Mode Terminated Abnormally Interrupt Indicator is set as the 

·first Error CharaQter is ·placed in HSM; however, the read continues with "e"s replacing 
all incorrect characters detected. If a Read-After-Write error occurs, the write is terminated, 
and the Mode Terminated Abnormally Interrupt Indicator is set. 

GUARD CHARACTER LOGIC (RCA MODE) 

As a block of characters is written, leading and trailing guard characters are automatically 
placed on tape by the Control. When reading, guard characters are not transferred to HSM. 
If the leading guard character is not present, information will not be transferred to HSM, 
and the appropriate register will not be stepped. At the end of the block of information, the 
Control will check for the trailing guard character. If neither are present, and the block 
does not exceed 15 characters, the block is treated as a gap, and the read continues. If the 
block exceeds 15 characters when neither guard characters are present, the tape is stopped, 
and the MT A and Mode Terminated Abnormally Interrupt Indicators are set. If the leading 
guard character was missing but the trailing one is present, the tape is stopped in the gap, 
and the instruction is terminated with the corresponding Mode Terminated Abnormally 
Interrupt Indicator set. 

When reading in reverse, the same guard cha-racter logic is used. 

EOF AND NOISE BLOCKS (COMPATIBLE MODE) 

On noise blocks of less than nine characters, the MT A and Mode Terminated Abnormally 
Interrupt Indicators are set, but the tape is not stopped until a valid gap is reached. On noise 
blocks of more than eight characters, the Parity Error and Mode Terminated Abnormally In­
terrupt Indicators are set, and the tape is stopped immediately. Noise blocks of more than 
eight characters are handled the same as blocks with incorrect parity. 

When a block is read that consists of only an EOF (17) 8 and is followed by a longitudinal 
check character, the EF /ED indicator is set. If what appears to be an incorrect parity, 
one-character block is followed by a longitudinal check character that has a value of (17) 

8
, 

the EF /ED, Parity Error and Mode Terminated Abnormally Interrupt Indicators will oe 
set. When this occurs, the probability is that the one-character block was an incorrect parity 
EOF and not noise. At this point, the program decides the course of action. 
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PAPER TAPE READER 

GENERAL DESCRIPTION 

The RCA 3301 features a variety of devices for reading and punching 5, 6, 7 or 8-channel 
paper tape. Gapless tape, tape with odd, even, or no parity, and tape with advanced sprocket 
holes may be read and punched. Paper tape reading and punching may be done simultaneously. 
These devices are offered at the following rates. 

Paper Tape Reader, 1000 CPS (Characters Per Second) 

Paper Tape Punch, 100 CPS 

Paper Tape Reader/Punch, 100 CPS 
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PAPER TAPE READER (1000 CPS) 

This reader accepts data punched on 5, 6 or 7-channel in-line sprocket paper tape. An option 
permits reading of 8-channel codes. Selection of the proper number of channels to be read is 
via a Code Level Switch. The device includes a pushbutton control for reading gapless tapes 
at 500 CPS. A ParitySwitchpermitsthe reading of tapes with odd, even or no parity. A special 
feature can be added to read tapes with advanced sprocket holes. This feature affords the 
option of reading advanced sprocket or conventional tape. 

PAPER TAPE PUNCH (100 CPS) 

This punch produces 7-channel punched paper tape. Options permit the additional punching of 
5 or 8-channel codes. Tapes with odd, even, or no parity may be produced. Switches are in­
cluded for channel and parity selection. An option permits the punching of only 6-channel 
advanced sprocket hole tape and precludes the punching of conventional tapes. 

PAPER TAPE PUNCH 
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PAPER TAPE READER/PUNCH 

PAPER TAPE READER/PUNCH (100 CPS) 

This device consists of a 100 CPS Paper Tape Reader and a 100 CPS Paper Tape Punch housed 
in the same cabinet. Reading and punching of 7-channel paper tape is permitted. Optional 
features permit the reading and punching of 5 and 8-channel codes. Gapless tapes and tapes 
with odd, even. or no parity may be read or punched. The device contains controls or switches 
for parity, channel, and gapless selection. Special features can be added to read and/or punch 
tapes with advanced sprocket holes. The punching feature excludes punching of conventional 
tapes; the reading feature does not. 
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CONTROL 

The Control can accommodate the following combinations of paper tape devices: 

Paper Tape Reader (1000 CPS) 

Paper Tape Reader (1000 CPS) and Paper Tape Punch (100 CPS) 

Paper Tape Reader/Punch (100 CPS) 

Paper Tape Punch (100 CPS) 

Paper Tape codes are inverted by the Control in transmitting to and from HSM. A "zero bit" 
in HSM becomes a hole on paper tape; a "one bit" in HSM is "no hole" on paper tape (see 
Figure XIII-1). Exceptions to thisprocessoccurwhen bits are supplied to HSM by the Control. 
as in the five-level and eight-level modes. 
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Figure XIII-1. Recording on Paper Tape 

The Control contains logic which recognizes the ED and the EF codes. Upon reading of either, 
the EF /ED Indicator in the Control is set. This indicator is reset by the next Input/Output 
instruction to the device. 
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In the 5-channel mode, a zero bit in the 25 position (not punched on 5-channel tape) is trans­
mitted to HSM as a zero bit by the Control. Parity is generated and transmitted to HSM. In 
the 6-channel mode, all six bits are inverted and transmitted to HSM. Parity is generated and 
transmitted to HSM. In the 7-channel mode, six information bits are inverted, and parity is 
transmitted to HSM. In the 8-channel mode, each character on tape requires two HSM loca­
tions. The 20 through the 25 bits are inverted and placed in an HSM location along with a gen­
erated parity bit. The 26 and 27 bits are inverted and placed in the next higher HSM location; 
the remaining four bit positions are filled with ''zero bits", and parity is generated. 

INSTRUCTIONS 

Instructions utilized for programming the paper tape devices are: 

Read Forward Simo 1 (RFl) Read Forward Simo 2 (RF2) 

Read Reverse Simo 1 (RRl) Read Reverse Simo 2 (RR2) 

Write Simo 1 (WR!) Write Simo 2 (WR2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Reading Tape Forward, 
(2) Reading Tape in Reverse, (3) Punching Tape, and (4) Testing the Device. 

XIIl-5 



READING TAPE FORWARD 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction reads punched 
paper tape beginning with the first character following a gap (unless gapless tape has been 
specified) and ends when the next gap is sensed or the specified HSM area is filled. 

FORMAT 

OPERATION - 4 (RFl) or 5 (RF2) 

N - K if first Paper Tape Reader; L if second Paper Tape Reader 

A ADDRESS - HSM location to receive the first character. 

B ADDRESS - HSM location to receive the last character 

DIRECTION OF OPERATION 

Characters are transferred into HSM left to right. 

Tape movement is forward. 

SPECIAL CONDITIONS 

If gapless tape has not been specified and A/B equality occurs before a gap is detected, an 
indicator is set which may be sensed by the TDV instruction. 

OUTLINE OF OPERATION 

One character is transferred to the HSM location specified by the S or C Register, and the 
register is incremented by one. The cycle is repeated until a gap on tape is encountered or 
address equality is reached. If address equality occurs before a gap is reached, no further 
characters are transferred, but the tape (unless gapless has been specified) continues to move 
to the next gap. 

FINAL SETTINGS 

(S) for (C) f = HSM location one to the right of the last character read. 
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READING TAPE IN REVERSE 

GENERAL DESCRIPTION 

The Read Reverse Simo 1 (RRl) or Read Reverse Simo 2 (RR2) instruction reads punched 
paper tape beginning with the first character following a gap (unless gapless tape has been 
specified) and ends when the next gap is sensed or the specified HSM area is filled. 

FORMAT 

OPERATION - 6 (RRl) or 7 (RR2) 

N - Kif first Paper Tape Reader, L if second Paper Tape Reader 

A ADDRESS - HSM location to receive the first character. 

B ADDRESS - HSM location to receive the last character. 

DIRECTION OF OPERATION 

Characters are transferred into HSM right to left. 

Tape movement is forward. 

SPECIAL CONDITIONS 

If gapless tape has not been specified and A/B equality occurs before a gap is detected, an 
indicator is set which may be sensed by the TDV instruction. 

OUTLINE OF OPERATION 

One character is transferred to the HSM location specified by the S or C Register, and the 
register is decremented by one. The cycle is repeated until a gap on tape is encountered or 
address equality is reached. If address equality occurs before a gap is reached, no further 
characters are transferred, but the tape (unless gap less has been specified) continues to move 
to the next gap. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the left of the last character read. 
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PUNCHING TAPE 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction is used for this function. Punching 
begins with the first character addressed and ends when the last character has been trans­
ferred from the specified HSM area and is punched on the paper tape. A three-character gap 
is automatically generated by the Control unless gapless tape has been specified. 

FORMAT 

OPERATION - 8 (WRl) or 9 (WR2) 

N - 0 if first Paper Tape Punch, P if second Paper Tape Punch. 

A ADDRESS - HSM location of first character to be written. 

B ADDRESS - HSM location of last character to be written. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

OUTLINE OF OPERATION 

One character is transferred from the HSM location specified by the Sor C Register to the 
device for punching. The S or C Register is incremented by one, and the cycle is repeated. 
The instruction terminates when address equality is reached. 

FINAL SETTINGS 

(S) f or (C) f = HSM location one to the right of the last character written. 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status and transfers control if the condi­
tion or conditions being tested are present. 

FORMAT 

OPERATION - S 

N - K if first Paper Tape Reader, L if second Paper Tape Reader 

0 if first Paper Tape Punch, P if second Paper Tape Punch 

A ADDRESS - Specifies function to be performed as follows: 

Device Character Bit Position Symbol Test Function 

Paper Ao 20 = l l Is device inoperable? 

Tape Ao 2 l = l 2 Is device operating (Busy)? 

Reader Ao 23 = l 8 Is there a parity error (PE)? 

A1 22 = l 4 Have A/B equality and no gap been 
sensed? 

A1 23 = l 8 Is the EF/ED Indicator set? 

Paper Ao· 20 = l l Is device inoperable? 

Tape Ao 2 l = l 2 I:> device operating (Busy)? 

Punch Ao 23 = 1 8 Is there a parity error (PE)? 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is(are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is(are) present. 

FINAL SETTINGS 

(A). 
l 

(B). 
l 
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SHARING HSM 

Simultaneity is achieved by permitting the operating modes to receive a machine cycle for 
HSM access when requested. This is accomplished through a technique known as ''time shar­
ing'' and is feasible since Input/Output instructions need to access High Speed Memory for 
only a fraction of the time they are in progress. For most of their execution times, Input/Output 
instructions must wait for some mechanical action in the Input/Output device to occur (e.g., 
card movement, tape movement, print drum revolution, etc.). The percent of time that each 
I/O device accesses HSM out of the total execution is given in the following table: 

DEVICE MEMORY ACCESS 3 

Card Reader Model 324 (Translate Mode) 0.12 

Card Reader Model 329 (Translate Mode) 0.19 

Card Punch 0.04 

100 CPS Paper Tape Reader/Punch O.Q2 

1000 CPS Paper Tape Reader 0.19 

100 CPS Paper Tape Punch 0.02 

120-Col umn On-Line Printer (Synchronous) 0. 19 

120-Column On-Line Printer (Asynchronous) 0.15 

160-Column On-Line Printer (Synchronous) 0.26 

160-Column On-Line Printer (Asynchronous) 0.21 

581 Tape Sta ti on 3.22 

582 Tape Station 6.43 

681 Tape Station 11.58 

3485 Tape Station 2.90 8.05 11.58* 

Data Drum Memory 14.38 

Console Typewriter .01 (Less than) 

* Percentages for 30, 83.4, and 120 KC respectively. 

For tape stations the percentage is based upon the character transfer rate only and does not in­
clude gap time. For random access devices the times are based on transfer rate only and do 
not include access time. 

INTERRUPT 

The time expended to store the status of the processor upon interrupt is 9. 43 usec. 

INSTRUCTION TIMING 

The total time required to process an instruction includes both Instruction Access and Instruc­
tion Execution. Instruction Access is constant for all instructions, and takes 1. 93 microsec­
onds, whereas Instruction Execution varies with the particular instruction. Instruction timing 
formulas as presented on the following pages include Instruction Access and the storage of 
ST A where applicable. Indirect addressing (3 usec per level) and indexing (1. 93 usec) are 
not included in the instruction timing formulas. 
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INSTRUCTION TIMING 

OP TIMING IN 
INSTRUCTION CODE MICROSECONDS** EXPOSITORY NOTES 

Float Dollar Sign to Non-Zero I 3.43n + 4.93 Non-zero numeric not found 
Numeric 3.43n + 6.43 Non-zero numeric found 

n = no. of HSM locations searched 

Locate Absence of Symbol K 1.93n + 6.43 n = no. of selected symbols searched 
D Left 
A Locate Absence of Symbol L 
T Right 
A Symbol Fill Sector J l.5n + 1. 93 n =no. of locations filled 

H Symbol Fill to Non-Zero I 3.43n + 4.93 Non-zero numeric not found 

A Numeric 3.43n + 3.43 Non-zero numeric found 

N Transfer by Count to Edit Field 4.93n +3.43m +4.93 n = no. of characters to be edited 
D m = no. of edit symbols encountered 
L Transfer by Count Left M 3n + 1.93 n = no. of characters transferred 
I Transfer by Count Right N 
N 
G Tran sf er by Symbol Left It 3n + 4.93 n = no. of characters transferred 

Transfer by Symbol Right p 

Transfer Decade by Count 10 ~n + 1.93 n = no. of decades transferred 

Translate by Table A 4.5n + 1.93 n = no. of characters to be translated 

Add Address } + 19.93 no zone correction 
Subtract Address - 22.93 zone correction 

A 
R Add Data + 4.5n + 4.93 

I Subtract Data - n =no. of characters in each operand 

T 
H L Divide + 1.65* Average time 

MO Logical "And" T 4.5n + l.93 n = no. of characters in each operand 
E G Logical Exclusive "Or" u 
T I Logical Inclusive "Or" Q 
I c 

Multiply T{ms) "" . 143* One significant digit in multiplier 
CA + 

L 
.250* Two significant digits in multiplier 

A 
.352* Thr.ee significant digits in multiplier 

N 
.455* Four significant digits in multiplier 

D 
.558* Five significant digits in multiplier 
.660* Six significant digits in multiplier 
.762* Seven significant digits in multiplier 
.85* Eight s·ignificant digits in multiplier 

Com_e_are Address - 19.93 
D 
E Comp are Data y 3.43n + 1.93 n = no. of characters compared 

Cc Conditional Transfer of Control w 1.93 No transfer of control 

lo 6.43 Transfer of control 

S N Control Interrupt Logic c 1.93 RAI options not specified 
I T 12.63 Return After Interrupt option specified 
0 R 

Halt 1.93 
N 0 

L Load Register CR 4.93 
A Programmed Interrupt 1.93 
N 

Repeat R 4.93 D 
Scan Interrupt < 3.43n + 4.93 n = no. of characters scanned 

*Average Time is in Milliseconds 
**Time includes Instruction Access & STA where applicable 
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INSTRUCTION TIMING (Cont'd) 

INSTRUCTION 
OP TIMING IN 

EXPOSITORY NOTES CODE MICROSECONDS** 

Cont. Store Register y 4.93 A Register 
6.85 Other than A Register 

Tally x 4.93 Tally quantity equal to zero 
9.86 Tally quantity greater than zero 
5.36 Incrementing only 

(Add l. 93 for each Index Field 
incremented) 

Unconditional Transfer of w 1. 93 
Control 

I Control Device Simo l 2 5.78 Physical tape rewind is independent 
N Control Device Simo 2 3 
p 

Test Device s 3.85 No transfer of control u 
T Transfer of control 

I Erase Simo 1 * Refer to device description in this 
0 Erase Simo 2 > section u Read Forward Simo l 4 
T Read Forward Simo 2 5 
p Read Reverse Simo 1 6 u Read Revers~ Simo 2 7 
T Write Simo 1 8 

Write Simo 2· 9 

**Time includes Instruction Access & STA where applicable 

1/0 DEVICE TIMING 

CARD READER 

Card reading can be performed at the rate of 67 milliseconds per card on the Model 324 Card 
Reader, and at the rate of 40,8 milliseconds on the Model 329 Card Reader, 

CARD PUNCH 

A card can be punched every 200 milliseconds. 

ON-LINE PRINTER 

Printing and single line paper advance are accomplished in 60 milliseconds in the Synchronous 
Mode. Printing and single line paper advance are accomplished in 75 milliseconds in the Asyn­
chronous Mode. Paper advancing after the first line is performed at the rate of 6.67 millisec­
onds per line. Characters are transferred bydiad from HSM to the buffer in eight microseconds 
per diad. 

MAGNETIC TAPE DEVICES 

Tape densities in characters per inch for Models 581, 582, and 681 are 333, 667 and 800, re­
spectively. Tape speeds, forward or reverse, in inches per second for Models 581, 582 and 
681 are 100, 100 and 150. respectively. Start times in milliseconds for Models 581, 582 and 
681 are 3.5, 5.5 and 7.33, respectively. 

Tape density in characters per inch for the Model 3485 is 200, 556, and soo·. Tape speed in 
inches per second for the Model 3485 is 150. The start time in milliseconds is 3. 
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PAPER TAPE DEVICES 

Tape density is ten characters per inch; gap size is three characters. Tape speeds in inches 
per second for the various paper tape devices are as follows: 

1000 CPS Paper Tape Reader 100 

1000 CPS Paper Tape Reader 50 (gapless tape) 

100 CPS Paper Tape Punch 10 

100 CPS Paper Tape Reader/Punch 10 

DATA DRUM MEMORY 

The transfer rate for the Data Drum Memory is 149KC. The average access time is 8. 6 milli­
seconds. 

CONSOLE TYPEWRITER 

The output rate is up to 924 characters per minute. 

XIV-4 



XV ERROR DETECTION AND RECOVERY 

INTRODUCTION ................................ . 

PROCESSOR .•................................. 

ERROR 

DETECTION 

AND 

RECOVERY 

PAGE 

INPUT /OUTPUT • • .. . . . . • . . . . . • . . . . . . . . . . . . . . . . . . 3 

DETECTION OF ABNORMAL 1/0 CONDITIONS . . . . . . . . . . 4 



INTRODUCTION 

The design of the RCA 3301 is based upon the philosophy of continuous computer operation. 
The interrupt facility enables the automatic execution of programmed error recovery pro­
cedures. 

PROCESSOR 

Processor errors are detected by parity checks performed in the HSM or MMM Memory 
Register, and the machine Status Level Register. One machine error causes the Systems 
Error Indicator to be set and interrupt to occur. A second machine error prior to the execu­
tion of the Control Interrupt Logic instruction causes the Processor to come to an orderly 
halt, the P Register to be stored at MMM location R, and the Error Indicator on the operator's 
console to light up, 

When an operation code which is illegal to a particular 3301 System is encountered, the Sys­
tems Error Indicator is set and interrupt occurs. 

When an address beyond the physical size of HSM is detected, during the transfer of data to 
HSM or extraction of data from HSM, the Memory Register Parity check is inhibited, the 
Systems Error Indicator is set, and interrupt occurs upon instruction termination. An attempt 
to transfer non-existent data (source address outside physical HSM) to HSM will result in the 
generation of parity errors in the destination HSM locations specified. An attempt to transfer 
data to non-existent HSM locations will not affect actual HSM locations. 

4 
Presence of a 2 bit in the LSD of an address will cause indirect addressing to occur. Excep-
tions to this are the UTC instruction, a "drop through" on the CTC instruction, and ''no op" 
conditions. 

During data transfer from right to left, decrementation of an address through 0000 will result 
in an address of 159,999 regardless of Processor HSM size. Conversely, wrap-around to 0000 
will occur only after an address of 159,999 has been achieved regardless of the Processor 
HSM size employed. 

If an invalid N character is used in a Load Register instruction, a drop through to the next 
instruction will result. If an invalid N character is used in a Store Register instruction, a 
Systems Error interrupt will occur. N characters invalid to the Load and Store instructions 
are: 

& Ampersand 

H 

Minus 

Q 

'' Quotation Mark 

y 

Comma 

% Per Cent 
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t 
Equal 

):( Lozenge 

0 Zero (Invalid to Load Register 
only) 



If a non-specified N Character is used in either the Conditional Transfer of Control or Control 
Interrupt Logic instruction, the instruction terminates, and a drop through to the next instruc­
tion occurs. 

When the N count in an instruction is specified as 0-45, and the symbol used is not as denoted 
in Appendix III, the effective count will be as noted below: 

SYMBOL COUNT SYMBOL COUNT SYMBOL COUNT 

J 10 + 20 [ 30 

It 11 21 $ 31 

@ 12 ; 22 * 32 

( 13 : 23 > 33 

) 14 , 24 < 34 

e 15 CR 25 10 35 

Exceptions to this are the arithmetics where the N characters ( · $ +) determine the operation 
(i.e., Multiply and Divide are N character variationR of the Add Data instruction). 

When the N count in an instruction is specified as 0-15, and the symbol used is not as denoted 
in Appendix IV; the effective count will be: 

COUNT SYMBOL 

0 & - II 

1 A J I 

2 B K s 
3 c L T 

4 D M u 
5 E N v 
6 F 0 w 
7 G p x 
8 H Q y 

9 I R z 
10 + c 
11 $ I 

12 ; * 3 

13 : > t 
14 I < = 

15 CR 10 tr 
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If the numeric portion (20 - 2
3 

bit positions) of any character entering an arithmetic operation 
is greater than the range of bit configurations for the digits 0-9 (i.e., 1010 to 1111 inclusive), 
the instruction is performed, an invalid result is produced, and no error indication is given. 

When the Tally instruction addresses a pre-stored tally quantity which ill1ally contains zone 
bits, a parity error may result since the 25 bit of the LSD and the 24 or 2 bits of the MSD of 
the tally quantity are not processed. 

When an N character greater than ''3'' is erroneously specified in the Scan Interrupt instruc­
tion, the N Character is repeatedly examined and decremented until N = 3; at which time the 
scanning of the Interrupt Indicators begins. However, since the B Register is incremented as 
the N Register is decremented, the wrong Mask character will be accessed. 

INPUT /OUTPUT 

Detection and recovery information for abnormal Input/Output conditions are covered in chart 
form by device on the following pages. 

If the N character of an instruction addresses an Input/Output device which is non-existent, 
or the device is not attached to the system, the instruction terminates, and the Busy or Inop­
erable Interrupt Indicator is set. 

If the TDV instruction is attempting to sense a Magnetic Tape Station and both Simo Mode 
indicators are erroneously specified (i.e., A3 2° = 1and2 l = 1), the instruction terminates, 
and the Busy or Inoperable Interrupt Indicator is set. 
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DETECTION OF ABNORMAL 1/0 CONDITIONS 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

CARD Inoperable (In attempt to address 
READER device) 

- Malfunction 
On attempted instruc-

- Control connected and 
tion execution At time detected When operable 

no device Busy or Inoperable 

- Power off 
- Card jam 
- Hopper empty 
- Stacker ful I 

Inoperable (During execution of 
instruction) 

- Malfunction Mode Terminated During execution of At time detected When operable 

- Power off Abnormally instruction 

- Card jam 
- Three pick failure 

Operating (Busy) On attempted instruc-

This includes mode busy. Busy or Inoperable tion execution At time detected When not busy 

Multi-Punch Error (MPE) Mode Terminated Upon completion of Upon completion of Next Read Instruction Automatic re-
Abnormally instruction Read Instruction to device jection of card 

Photo-Diode Failure (PDF) 

EF Indicator Mode Terminated Upon comp I et ion of Upon completion of Next Read Instruction 
Abnormally instruction Read Instruction to device 

CARD Inoperable (In attempt to address 
PUNCH device) 

- Malfunction 
- Control connected and Busy or Inoperable On attempted instruc- At time detected When operable 

no device tion execution 

- Power off 
- Card jam 

Inoperable (During physical 
punching) 

- Card jam Busy or Inoperable On attempted execu- At time detected When operable 

- Hopper empty tion of fol lowing in-
- Stacker full struction to device 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS 
INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

CARD Inoperable (During write to buffer) Mode Terminated During execution of At time detected When operable 

PUNCH Abnormally instruction 

(Cont) 

Operating (Busy) Busy or Inoperable On attempted instruc- At time detected When not busy 

This includes mode busy tion execution 

Punch Station ComEare Error (PCE) Busy or Inoperable On attempted execu- At time detected When 2
2 

of A 
2 

char- Automatic rejec'-
This is an off-line error. tion of second sue- acter is present in tion of 2 cards. 

ceeding Punch in- TDV instruction PCE wiil be 

struction to device inhibited if 
P. E. on previous 
cycle. 

Parity Error (PE) Busy or Inoperable On attempted execu- At time detected When 2
3 

of A
2 

char- Automatic re-

(Memory to buffer and buffer to tion of next Punch acter is present in j ection of card. 
punch error) instruction to device TDV instruction PCE will be 

inhibited. 

Buffer Avai I able Off-Line Operation At termination of When 2° of A 3 

Off-I ine punching complete Complete normal mode character is present 

instruction in TDV instruction 

PAPER Inoperable (On attempt to address 
TAPE device) 
READER - Malfunction 

Busy or Inoperable - Control connected and no On attempted execu- At time detected When operable 

device tion of instruction 

- Power off 
- Tape not threaded' 
- Tape broken 
- Supply reel exhausted 

Inoperable (During execution of 
instruction) 

- Malfunction Mode Terminated During execution of At time detected When operable 
- Power off Abnormally instruction 

- Tape broken 
- Supply reel exhausted 

Operating (Busy) Busy or Inoperable On attempted execu- At time detected When not busy 
This includes mode busy tion of instruction 

Parity Error (PE) Mode Terminated Upon completion of Upon completion of Next Read instruction 
Abnormally instruction Read Instruction to device 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

PAPER A/B Equality and No Gap Mode Terminated Upon completion of Upon completion of Next Read instruction Inhibited for 

TAPE Sensed Abnormally instruction instruction. Tape will to device gapless tape 
READER continue to gap 

(Cont) 
EF/ED Indicator Mode Terminated Upon completion of Upon completion of Next Read instruction Inhibited for 

Abnormally instruction instruction to device gapless tape 

PAPER Inoperable (On attempt to address 
TAPE device) 
PUNOI - Malfunction 

Busy or Inoperable On attempted execu- At ti me detected - Control connected and no When operable 

device tion of instruction 

- Power off 

Inoperable (During execution of Mode Terminated During execution of At time detected When operable 

instruction) Abnormally instruction 

- Malfunction 
- Power off 

Operating (Busy) Busy or Inoperable On attempted execu- At time detected When not busy 
This includes mode busy tion of instruction 

Peri ty Error (PE) Mode Terminated During execution of At time detected Next Write instruction The bad char-
Abnormally instruction to device acter wi 11 be 

punched. Oper-
ator wi 11 be re-
qui red to delete 
manually 

ON-LINE Inoperable (On attempt to address 
PRINTER device) Busy or Inoperable On attempted execu- At time detected When operable 

- Malfunction tion of instruction 
- Control connected and no 

device 
- Power off 
- Paper jam 
- Cover open 

Inoperable (During execution of Printing and 
instruction writing to buffer) Mode Terminated During execution of At time detected When operable Paper Advanc-

- Malfunction 
Abnormally instruction ing will pe 

- Power off 
inhibited 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS 
INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

ON-LINE Inoperable (During printing or Busy or Inoperable On attempted execu- At time detected When operable 
PRINTER paper advancing) tion of next Print and/ 
(Cont) - Malfunction or P.A. instruction to 

- Power off device 
- Paper jam 
- Cover open 

Operating (Busy) On attempted execu- When line is com-

- Line being printed 
Busy or Inoperable tion of instruction At time detected pletely printed 

- Buffer being loaded 

Low Paper Supply Mode Terminated At termination of Upon completion of When paper supply is Buffer will ac-
Abnormally following Write in- instruction replenished cept a Write 

struction to device .instruction 
while paper is 
advancing. 

Paper Advancing Does not cause When paper movement 

Off line 
interrupt ceases 

Parity Error (PE) On attempted execu- When 2 
3 

of A 2 char-

Memory to buffer and buffer to 
Busy or Inoperable tion of next Write in- At time detected acter is present in Line with error 

printer error 
structio-;Tc; device TDV instruction wil I be printed 

Buffer Available OH-Line Operation At termination of the When 2° of A
3 

character 
Off-line printing complete Complete Normal Mode instruc- is present in TDV in· 

ti on struction 

CONSOLE Inoperable (On Attempt to address Busy or Inoperable On attempted execu- At time detected 
AND device) tion of instruction When operable 
CONSOLE - Malfunction 
TYPE- - Control connected and no 
WRITER device 

- Power off 

Inoperable (During execution of 
instruction) Mode Terminated During execution of At time detected When operable 

- Malfunction 
Abnormally instruction 

- Power off 

Operating {Busy) Busy or Inoperable On attempted execu- At time detected When not busy 
tion of instruction 

Console Request Console Request At termination of the Next Read instruction 

Normal Mode instruc- to device 
ti on 



DETECTION OF ABNORMAL 1/0 CONDITIONS Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

INDICATOR SET INTERRUPT TERMINATION CLEARANCE COMMENTS 

CONSOLE Parity Error 
Mode Terminated 

AND During execution of At time detected Next 1/0 instruction 

CONSOLE 
On Read instruction Abnormally instruction to device 

TYPE-
WRITER 
(Cont) 

Parity Errors 
Mode Terminated During execution of Upon completion of Next 1/0 instruction Character '"e" 

On Write instruction Abnormally instruction instruction to device wi II be printed 
for error char. 

Message Cancel Mode Terminated During execution of At time detected Next 1/0 instruction 
Abnormally instruction to device 

Long Block 

A/B equality and '"Release" not Mode Terminated At termination of in- At time detected Next 1/0 instruction 
received. Abnormally struction to device 

MAGNETIC Inoperable (On attempt to address 
TAPE device) 

- Ma !function 
- Control connected and no Busy or Inoperable On attempted execu- At time detected When operable 

device tion of instruction 
- Power off 
- Device does not follow 
Inoperable (During execution of 
instruction) 

- Malfunction Mode Terminated During execution of At time detected When operable 

- Power off Abnormally instruction 

- Master Reel ring 

Operating 

Tape in forward or reverse Busy or Inoperable 
On attempted execu- At time detected When brake is applied 

motion 
tion of instruction 

ETW - Sensed during Write or Mode Terminated At termination of in- Upon completion of When Read Reverse 

Erase to 581 Tape Stations Abnormally struction instruction or rewind is received 
by the Control. 

ETW - Sensed during Write or Mode Terminated During execution of At time detected When marker has been On 582/681 T.S. 
Erase Instructions (582/681 only) Abnormally instruction passed over in reverse the splice in-

di cator wi II al so 
be set. This in-
dicotor will be 
reset when 
marker cl ears 
photo- sense area 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS 
INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

MAGNETIC ETW - Indicator set before at- Mode Terminated At termination of Upon completion of When marker has been On 582/681 
TAPE tempting to execute Write or Abnormally instruction instruction passed over in reverse T.S. the splice 
(Cont) Era!i.e instruction (582,681) On 581 when indicator wi II 

Read Reverse or re- al so be set. 
wind is received by This indicator 

the Control. wi 11 be reset 
when marker 
cl ears photo-
sense area. 

BTC - Tape positioned on BTC Busy or Inoperable On attempted execu- At time detected When off BTC If on BTC when 
when attempting to execute a tion of instruction a rewind to BTC Read Reverse or Rewind One Gap 
instruction is executed, or tape is executed, the 

·bositioned such that no data exists instruction will 
etween the head and B TC when terminate 

either of the above instructions is 
executed. normally. 

BTC-Tape positioned on Mode Terminated At termination of Upon completion of When off BTC 
BTC when attempting to Normally instruction instruction 

·execute a Read, Write or 
Erase instruction 

Splice - Detected during Write Mode Terminated During execution of At time detected When splice marker 

or Erase instruction Abnormally instruction clears photo-sense 
area 

Splice - Indicator set when Busy or Inoperable On attempted execu- At time detected When splice marker 
attempting to execute a Write tion of instruction clears photo-sense 
instruction area 

Splice - Indicator set when Mode Terminated At termination of Upon completion of 
attempting to execute an Erase Normally instruction instruction 
instruction 

(If splice marker 
cl ears photo-sense 
area at termination 
of instruction) 

Splice - Indicator set when Mode Terminated At termination of Upon completion of When splice marker 
attempting to execute an Erase Abnormally instruction instruction clears photo-sense 
instruction area 
(If splice marker 
does not clear 
photo-sense area at 
termination of 
instruction) 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION 
INTERRUPT TIME OF INSTRUCTION INDICATOR 

COMMENTS 
INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

MAGNETIC Paritl Error (PE) Mode Terminated Upon completion of Upon completion of Next 1/0 instruction to 
TAPE 

- On Read instruction 
Abnormally instruction instruction the same Control in 

(Cont) the same mode 

Parity Error (PE) 

On Write instruction (582/681 
Mode Terminated During execution of At time detected Next 1/0 instruction to 

Abnormally instruction the same Control in 
only) 

the same mode 

Magnetic Tape Alarm (MTA) Mode Terminated During execution of At time detected Next 1/0 instruction to 

CIG, MCP and Echo 
Abnormally instruction the same Control in 

Check (581 only) 
the same~ 

A/B Equality and No Gap Sensed Mode Terminated At termination of At time detected Next 1/0 instruction to 

Abnormally instruction same~ in the 
same mode 

EF/ED Mode Terminated At termination of At time detected Next 1/0 instruction to 
Abnormally instruction same Control in the 

same~ 

TDV Instruction 
Busy or Inoperable Before execution of At time detected If inhibit is on, 

Two tape stations operating and instruction instruction will 
sensing device indicators on a drop through as 
third unit. Device indicators are a no op. 
individually picked by the A0 
char. of the TDV instruction. 

DATA Inoperable on attempt to address 

EXCHANGE device) 

CONTROL 
- Malfunction Busy or Inoperable On attempted execution At time detected When operable 

- Control connected and no device 

- Power off 

Inoperable (During execution of 

instruction) 

- Malfunction Mode Terminated During execution of At time detected When operable 

- Power off Abnormally instruction 



DETECTION OF ABNORMAL 1/0 CONDITIONS (Cont'd) 

DEVICE DEVICE CONDITION INTERRUPT TIME OF INSTRUCTION INDICATOR COMMENTS 
INDICATOR SET INTERRUPT TERMINATION CLEARANCE 

DATA Parity Error 

EXCHANGE 
- In receiving computer Mode Terminated Upon completion of Upon completion of Next 1/0 instruction to CONTROL 

(Cont) Abnormally instruction instruction device 

Channel Request External Interrupt At the end of Normal When Read and Write 
Mode processing instr. instructions terminate 

in both computers 

Read A/B Equality before Write Mode Terminated Upon completion of At time detected Next Read instruction Write holds off 
terminates Abnormally Read instruction to device 

DATA Inoperable (On attempt to address Busy or On attempted execution At time detected When operable 
DRUM device) inoperable of instruction 
MEMORY - Malfunction 

- Control not connected 
- Power off 

Inoperable (During execution) Mode T ermi noted During execution of At time detected When operable 

Abnormally instruction 

- Head Address 
- Mal function 
- Power Off 

- Echo Check 

Operating (Busy) Busy or lnoperabl e On attempted execution At ti me detected On next legitimate 

of instruction Read, Write or 
- Read, Write, Select Select issued 

Parity Error (Read) Mode Termi noted During execution of Upon instruction On next select issued 

- Modulo 256 error Abnormally instruction termination 

Programming Error Mode T ermi noted On attempted execution At time detected On next legitimate 

Abnormally of instruction Select 

- lnval id drum address 

- Improper instruction 
sequence 

Programming Error Mode Terminated During execution of At ti me detected On next legitimate 

Abnormally instruction Select 

- Exceeding system capacity 
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GENERAL DESCRIPTION 

The RCA 3301 is designed to permit RCA 301 object programs to be run on an RCA 3301 Sys­
tem. This program compatibility is planned so that an RCA 301 user could immediately trans­
fer his existing operations to the more powerful RCA 3301 System, without experiencing the 
normally inherent growing pains. In addition, this program compatibility is implemented to 
permit 3301 users to immediately avail themselves of the software previously developed for 
RCA 301 Systems. 

Identical data representation exists on both systems. RCA 301 instructions are a subset of the 
RCA 3301 instruction repertoire. The following operation codes when programmed alike func­
tion identically on either of the systems: 

Code Instruction 

A Translate by Table 

K Locate Absence of Symbol Left 

L Locate Absence of Symbol Right 

M Transfer by Count Left 

N Transfer by Count Right 

# Tran sf er by Symbol Left 

p Transfer by Symbol Right 

J Symbol Fill Sector 

Halt (when N character is a period) 

Q Logical Inclusive OR 

T Logical AND 

u Logical Exclusive OR 

y Compare Data 

x Tally 

R Repeat 
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Minor incompatibilities, as later enumerated, occur upon execution of the following arithmetic 
instructions: 

Operation 
Code 

+ 

Instruction 

Add Data 

Subtract Data 

Implementation of the RCA 3301 as a more powerful EDP System, especially in the Input/Output 
and Real-Time areas, dictated the achievement of program compatibility by a combined 
software-hardware approach. This is accomplished by: 

1. 301 Compatibility Switch 

2. 3301 Interrupt System 

3, 301 Compatibility Program 

When the 301 Compatibility Switch is set, under certain conditions, the 3301 Interrupt System 
automatically transfers control from the 301 object program to a program which handles the 
minor incompatibilities. 

301 COMPATIBILITY SWITCH 

An option of the Control Interrupt Logic instruction is used to condition the 3301 to operate in 
the 301 Compatibility Mod,f, (20K) or (40K). When functioning in this mode, the procedure for 
adding or subtracting multi-character operands, with respect to the operands most significant 
digits, varies from the normal 3301 operations as follows: 

ADD DATA - SUBTRACT DATA 

When running in the 20K Mode, the execution of the Data Add or Data Subtract instructions 
will function as follows for multi-character operands: 

1. Valid results will be produced in the MSD range O - 19. 

2. No Overflow Interrupt will occur in the MSD range 0 - 19. 

3. The Overflow Indicator will be set if. the MSD result is in the range 10 - 19, but no Over­
flow Interrupt will occur. 

4. The Overflow Indicator will be set and Overflow Interrupt will occur if the MSD result is 
over 19. 

5. If an end-around-condition is produced from other than 4-character operands with zone 
bits in the MSD, no re-complementing will occur, the Overflow Indicator will not be set, 
and Overflow Interrupt will occur. When 4-character operands are present, the Com­
patibility program will re-complement the sum (or difference), set the PRI' s correctly, 
and immediately return control to the 301 program. 
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When running in the 40K Mode, the execution of the Data. Add or Data. Subtract instructions 
will function as follows for multi-character operands: 

1. Valid results will be produced in the MSD range 0-39. 

2. No Overflow Interrupt will occur in the MSD range 0-39. 

3. The Overflow Indicator will be set if the MSD result is in the range 10-39. 

4. The Overflow Indicator will be set and Overflow Interrupt will occur if the MSD result is 
over 39. 

5. If an end-around-condition is produced from other than 4-character operands with zone 
bits in the MSD, no re-complementing will occur, the Overflow Indicator will not be set, 
and Overflow Interrupt will occur. When 4-character operands are involved, the Com­
patibility program will re-complement the sum (or difference), set the PRI' s correctly, 
and immediately return control to the 301 program. 

For combinations of operands not mentioned above, the Overflow Indicator is not set and in­
terrupt does not occur. 

The PRI's are set to the sign of the result except when condition (5) occurs. 

INPUT/OUTPUT INSTRUCTIONS 

When the 301 Compatibility switch is set, the following OP Codes cause the instruction to ter­
minate before execution, cause the 301 Compatibility Interrupt Indicator to be set, and cause 
interrupt to occur. 

Operation Operation 
Code 301 Instruction Code Instruction 

0 Card Read Normal B Print and Paper Advance Normal 

1 Card Read Simo c Print and Paper Advance Simo 

2 Card Punch Normal D T rack Select 

3 Card Punch Simo E CMC 2!. Band Select Record File Mode 

4 Tape Read Forward Normal F Sector Read Disc Normal 

5 Tape Read Forward Simo G Sector Read Disc Simo 

6 Tape Read Reverse Normal H Sector Write Disc Normal 

7 Tape Read Reverse Simo I Sector Write Disc Simo 

8 Tape Write Normal * Record File Mode Read 

9 Tape Write Simo % Record File Mode Write 

Rewind to B TC, .2! Input/ s Input/Output Sense 
Output Control 
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DECISION AND CONTROL INSTRUCTIONS 

When the 301 Compatibility switch is set, the following options cause the instruction to ter­
minate before execution and set the 301 Compatibility Interrupt Indicator. 

OP N 

w 4 
w 8 
w 
v 2 
v 4 
v 8 

Any character 
other than • 

INTERRUPT SYSTEM 

Instruction Option 

CTC , Simo 1 Indicator 
CTC, Simo 2 EF /ED Indicator 
CTC, Simo 1 EF /ED Indicator 
Store A Register 
Store B Register 
Store S Register 
Halt 

The 3301 Interrupt System enables the 301 Compatibility Program to gain control of the 301 
object program when the 301 Compatibility Switch is set, and also when: 

1. An Input/Output operation terminates. 

2. A device is addressed and either the mode, control, or device referenced is busy or in­
operable. 

3. Operator intervention is requested via an interrupt from the Console Typewriter. 

4. Upon attempted execution of a Programmed Interrupt (301 Halt) instruction. 

5. Abnormal overflow condition. 

301 COMPATIBILITY PROGRAM 

The prime purpose of this program is to insure proper execution of the 301 Input/Output in­
structions. When a 301 I/O instruction is recognized, it is translated to the proper 3301 
format, the correct device character assignment is made, and the instruction is executed. If 
the instruction specifies the Normal Mode of the 301, a programmed delay retains control in 
the Compatibility Program until the instruction has been executed. Regardless of the 301 
mode specified, the proper registers, indicators, etc. , are set as required by the 301 pro­
gram upon instruction termination. 

Other functions of the Compatibility Program are: 

1. Type out an error message and halt if a compatibility interrupt is caused by any instruc­
tion for peripheral devices not accommodated by the Compatibility Program. 

2. Handle error conditions, as later specified under individual device write-ups. 

3. Type out a message and halt when a Programmed Interrupt (301 Halt) instruction is exe­
cuted or when an abnormal overflow condition occurs. 
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4. Simulate 301 IOS instructions which includes: 

Assignment of the proper 3301 device character 

Performance of the tests indicated 

Return of control to the proper location in the 301 program in accordance with the 
results of the conditions tested. 

301/3301 RESTRICTIONS AND INCOMPATIBILITIES 

1. 301 instructions must be decade oriented, i.e., occupy high speed memory positions 
XXXO-XXX9. The only exception is the 301 Execute function which will be accommodated. 

2. 301 Add or Subtract instructions function differently on the 3301 in that: 

Zone bits in any operand digit other than the LSD and MSD are ignored. 

If the numeric portion in any operand digit is invalid (not equal to 0-9), the instruc­
tion will be performed, an invalid result will be given, and no error condition will be 
indicated. 

The 24 bitin single character operands will be ignored. ~the single character arith­
metic results in a carry in the sum (or difference), the 2 bit is not set in the result, 
the Overflow Indicator is set, the Overflow Interrupt ~dicator is set, and interrupt 
occurs. The Compatibility Program will insert the 2 bit and return control to the 
interrupted 301 program. 

3. Model 305 (301 40K) Processor users cannot employ the CTC instruction to test for the 
presence of a second Overflow Indicator being set, with resultant instruction drop through. 

4. 3301 buffered 1/0 Operations (Card Punch, Printer) are not completed until the device, not 
mode is free. RCA 301 programs dependent upon a mode-free test to insure proper error 
recovery or program timing may have to change those instructions to test device , not 
mode , for being busy. 

5. 301 programs must not utilize memory wrap-around programming techniques, non-numeric 
tally quantities, or illogical operation codes; the latter may be executed as a logical opera­
tion on the 3301. 

6. 301 programs which read into the 301 standard memory area (0000-0229) cannot be exe­
cuted in the 3301. 

7. 301 programs utilizing the following devices will not be ·accommodated: 

Data Recorder File, Model 361 

MICH Sorter Reader, Model BlOl 

Communications Mode Control, Model 378 series 

Data Disc File, Model 366 

Data Exchange Control, Model 377 
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Magnetic Tape Station, Model 729 

Videoscan Document Reader, Model 5820 

Random Access Computer Equipment, Model 3488 

Programs encompassing the following RCA 301 Product line devices will be accommodated: 

Card Reader, Models 323, 324, 329, 330 

Card Punch, Model 330, 334 

Paper Tape Reader/Punch, Model 321 

Paper Tape Reader, Model 322 

Paper Tape Punch, Model 331 

Magnetic Tape Stations , Models 381, 382, 581, 582, 3485 

Monitor Printer, Model 338 

On-Line Printer, Models 333, 335 

Interrogating Typewriter, Model 328 

3301 peripheral devices are not always identical to the 301 devices being accommodated. 
Compatibility problems resultingfrom these hardware variations and from Compatibility Pro­
gram implementation are listed below, by I/O function. In addition to specifics cited, equip­
ment inoperability or non-recoverable read or write errors will result in error printouts to 
the operator. 

CARD READ 

1. Non-diad-oriented card read instructions are accommodated. 

2. 301 Card Release and Stacker Select options are ignored. 

3. Binary Mode read instructions are notexecuted;an error printout will occur if attempted. 

CARD PUNCH 

1. Non-diad-oriented card punch instructions are accommodated. 

2. The punching of other than an SO-character HSM image is handled. 

3. The Punch Release and Stacker Selection options are ignored. 

4. Binary Mode punch instructions are not executed; an error printout will occur if attempted. 
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PAPER TAPE READ 

1. The 25 bit position of a character read from 5-channel paper tape will appear in HSM as 
a zero. 

2. Repeated Tape Read Forward Normal instructions will be performed. 

MAGNETIC TAPE READ OR WRITE 

1. Read/Write rollback will be automatically performed. 

2. Repeated Tape Read Forward normal instructions will be executed. 

3. Erase and Backspace functions for the Model 3485 will not be accommodated. 

INTERROGATING TYPEWRITER 

1. Only the 3301 Console Typewriter may be substituted for the 301 Interrogating Typewriter. 

2. ED symbols will not cause a carriage return. 

3. I/O Sense instructions for the Interrogating Typewriter will be ignored. 

PRINTER 

Whentwoprintersarebeingused, theymustbeofthesame type; i.e., identical Model Numbers. 
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(TO BE SUPPLIED AT 
A LATER DATE) 

Data Drum Memory - Model 3465 

GENERAL DESCRIPTION 

The Data Drum Memory, Model 3465, provides large capacity, high speed storage for data and 
computer programs. The Drum is available in six different storage capacities as follows: 

Model 1 - 327, 680 characters 
Model 2 - 655, 3 60 characters 
Model 3 - 1, 310, 720 characters 
Model 4 - 1, 638, 400 characters 
Model 5 - 1, 966, 080 characters 
Model 6 - 2, 621, 440 characters 

The drum is attached to the processor thru a Control. The drum is approximately 10" in 
diameter and coated with a magnetic material. The drum contains from 128 to 1024 tracks, 
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each with its own read/write head, on which data can be read or written. Each track contains 
8 sectors with each sector capable of containing 320 characters. Any amount of data may be 
read or written. 

CONTROL 

The Control includes the addressing registers, decoding circuitry, necessary control inter­
face, and buffering. The Control may utilize Simultaneous Mode III. 

INSTRUCTIONS 

The instructions utilized to program the Data Drum Memory include: 

Read Forward Simo 1 (RFl) 
Write Simo 1 (WRl) 
Test Device (TDV) 

Read Forward Simo 2 (RF2) 
Write Simo 2 (WR2) 
Sector Select (SES) 

These instructions are described on the following pages under the headings: Sector Selection, 
Reading, Writing, and Testing the Device. 
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SECTOR SELECTION 

GENERAL DESCRIPTION 

FORMAT 

The Sector Select (SES) instruction transfers the address of the track and sector to be accessed 
to the Control. This instruction must precede every Read and Write instruction. A Read or 
Write instruction may be executed anytime after the Controlhas received the track and sector 
address. This is signified by the termination of the SES instruction. 

OPERATION - E 
N - c 
A ADDRESS - ZEROS (0000). Not to be used by programming 
B ADDRESS - 0000 - 8191 

The maximum address depends upon the number of tracks in the system. Address limits per 
the various capacities are as follows: 

128 tracks - 0000 to 1023 
256 - 0000 to 2047 
512 - 0000 to 4095 
640 - 0000 to 5119 
768 - 0000 to 6143 

1024 - 0000 to 8191 

OUTLINE OF OPERATION 

The instruction causes the address to be transferred to the Control. The Control will then 
condition the control electronics to activate the proper read/write head and condition other 
electronics to accept the next Read or Write instruction. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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READING 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction reads data from 
one or more sequential sectors to designated HSM locations. Any number of sequential charac­
ters may be read with one instruction with HSM size as the only restriction. 

FORMAT 

OPERATION - 4 (RFl) or 5 (RF2) 
N - c 
A ADDRESS - The even HSM address to receive the first character. 

, B ADDRESS - The HSM diad to receive the last two characters. 

DIRECTION OF OPERATION 

Characters are transferred to HSM left to right. 

OUTLINE OF OPERATION 

The contents of the sector designated by the previous SES instruction is transferred to a diad 
buffer in the Control and from there to the HSM location designated by the A Address. The S 
or C Register is incremented by two after each pair of characters is transferred. When the 
desired even number of characters has been read, the operation terminates. Any number of 
character locations may be included between the A and B Addresses. If the number of loca­
tions is not a multiple of 320, the remaining characters in the last sector accessed continue 
to be transferred to the control but not to HSM (see Accuracy Control). The Mode remains 
busy during this time. 

FINAL SETTINGS 

(S)f or (C)f = HSM location one to the right of the last character transferred. 

(T)f or (E)f = (B)i 
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WRITING 

GENERAL DESCRIPTION 

The Write Simo 1 (WR!) or Write Simo 2 (WR2) instruction writes data from specified HSM 
locations to one or more sequential sectors. Any number of sectors may be written with HSM 
size as the only restriction. 

FORMAT 

OPERATION - 8 (WR!) or 9 (WR2) 
N - c 
A ADDRESS - The even HSM address of the first character to be written. 
B ADDRESS - The HSM diad of the last two characters to be written. 

DIRECTION OF OPERATION 

Characters are transferred from HSM from left to right. 

OUTLINE OF OPERATION 

The HSM diad specified by the A Address is transferred to the Control and from there to the 
sector previously specified by the SES instruction. The Sor C Register is incremented by 
two, and the next diad is then transferred. The instruction terminates on Address Equality. 
Any number of character locations may be included between the A and B Addresses but the 
Control will fill the rest of the final sector accessed with zeros (0)2 . 

FINAL SETTINGS 

(S)f or (C)f = HSM location one to the right of the last character written. 

(T)f or (E)f = (B)i 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of the Data Drum Memory and trans­
fers control if the condition or conditions being tested are present. 

FORMAT. 

OPERATION - S 
N - c 
A ADDRESS - Specifies the test to be performed as follows: 

Bit 
Character Position Symbol Test Function 

AO 2°=1 1 Is the device inoperable? 

AO 2
1

=1 2 Is the device busy? 

AO 2
2

=1 4 Is there a programming error? 

Al 2°=1 1 ; Is there a sector parity error? 

- A2 A3 
= Zeros (00) 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being tested 
is (are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified in the A Address is (are) present. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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TIMING 

Access time consists of waiting for the drum to revolve to the point where data is to be read or 
written. Since the drum rotates at a speed of 3600 rpm (-3%), access, writing and reading 
rates are as follows: 

Access (maximum) - 17. 2 ms 
Access (average) - 8. 6 ms 
Read/Write one sector - 2. 15 ms 
Transfer rate - 149 kc 
HSM interrupt time - approximately 1 out of every 8 memory cycles. 

ACCURACY CONTROL 

1. Parity is checked in all character transfers to the drum by the Control. If an error is 
detected, the Mode Terminated Abnormally Interrupt Indicator is set, and interrupt oc­
curs immediately. The program sensible inoperable indicator is also set. 

2. A modulo 256 count is kept on all "1" bits as they are written to each sector on the drum. 
This count is written following each sector and is checked against the count created dur­
ing each Read operation. If the B Address of the Read instruction inhibits transfer of a 
complete sector to HSM, the Control must continue to access the sector so that this check 
may be performed. If the counts do not agree, the Mode Terminated Abnormally Interrupt 
Indicator is set, and interrupt occurs. The program sensible sector parity error indicator 
is also set. 

3. A read/write head address character precedes each sector. This is checked against the 
requested address prior to each Read or Write operation. If this check fails, the Mode 
Terminated Abnormally Interrupt Indicator is set, and interrupt occurs immediately. The 
program sensible inoperable indicator is also set. 

4. An echo check is performed on each character as it is written to the drum. If an error 
occurs, the Mode Terminated Abnormally Interrupt Indicator is set, and interrupt occurs 
immediately. The program sensible inoperable indicator is also set. 

5. Programming errors are detected by the Control. These consist of: 

a) An invalid drum address 
b) Exceeding the drum system capacity during a Read or Write operation. 
c) Issuing a Read or Write operation with no Drum Select preceding it. 

These errors cause the Mode Terminated Abnormally Interrupt Indicator to be set, and 
interrupt to occur. The program sensible program error indicator is also set. 

6. The Busy or Inoperable Interrupt Indicator is set, and interrupt occurs if A) the drum is 
inoperable prior to instruction execution or B) a Drum Select is issued while a Read or 
Write operation is in progress. The program sensible inoperable and busy indicators, 
respectively, are also set. 

7. The Mode Terminated Abnormally Interrupt Indicator is set, and interrupt occurs if the 
drum goes inoperable during a Read or Write operation. The program sensible inoperable 
indicator is also set. 
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(TO BE SUPPLIED AT 
A LATER DATE) 

Video Data Terminal - Model 6050 

GENERAL DESCRIPTION 

The Video Data Terminal (VT), Model 6050, is a remote terminal device which permits long 
distance communication between a VT operator and the 3301. Inquiries and transactions may 
be composed, visually verified and, if necessary, corrected before transmission. The re­
sponse from the 3301 will be displayed and may be retained as long as it is required. The 
operator of the Video Data Terminal controls all functions by use of a control panel and key­
board. · 

The VT is available in two models: 

Model 6050-1: This model interfaces the Bell System Data Set Model 202C or 202D and 
communicates with the 3301 via the Model 6010 Communication Buffer. 
Transmission rates are either 105 or 180 cps. 

Model 6050-2: This model interfaces the Bell System Data Set Model 103A or 103F and 
communicates with the 3301 via the Model 6020 Communication Buffer at 
a transmission rate of 10 cps. 

Both models operate with the American Standard Code for Information Interchange (ASCII). Each 
Video Data Terminal utilizes a 14" rectangular cathode ray tube (CRT) upon which 480 characters 
can be displayed in 15 lines of 32 characters per line. A movable cursor (displayed as an under­
score) provides the operator with a continuous indication of the position in which the next charac­
ter will be entered on the viewer. An associated control panel at each terminal conatins a con­
ventional 4-row keyboard, control keys and indicators. A display memory device provides 
storage for locally generated data, data received from the communication line, timing, and 
control information. Its capacity is 480 displayable character positions. A character gen­
erator converts the digital data received from the display memory into video signals for the 
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viewer. A line adapter interfaces the display memory and the Data Set by converting the bit­
parallel characters into bit serial format, adding the character framing bits and regulating 
the transmission rate. ' 

OPERATION 

Depression of the WRITE switch light places the VT in the Write Mode. The cursor is posi­
tioned to the upper left hand corner of the viewer and data is permitted to be written to display 
memory. (The switch remains illuminated and data is permitted to be entered until the TRANS­
MIT switch light is depressed. The depression of the WRITE switch does not affect display 
memory.) The desired data is entered through the keyboard. As each character is entered, 
it is written to display memory, displayed upon the viewer, and the cursor advances to the 
next character position. When the end of a line is reached, the cursor automatically ad­
vances to the first position of the next line. If it is desired to advance the cursor to the first 
position of the next line before reaching the end of a line, the operator may depress the RE­
TURN key on the keyboard or the RETURN switch on the control panel. The first operation 
transfers a RET control character to the display memory while the latter only positions the 
cursor. After the complete message has been entered, a DD2 (end of transmitted message 
character) is entered by the operator and the complete message may be visually verified. 

When the message is ready to be transmitted and the line connection has been established, the 
TRANSMIT switch light is depressed. A DDl is automatically generated and transmitted fol­
lowed by the message transmission. The transmission of the DD2 causes the Transmit switch 
light to be extinguished. The message does not appear on the viewer while transmission is in 
progress. When transmission is completed, the message reappears. If no response is re­
ceived in a reasonable time, transmission is repeated by again depressing the TRANSMIT 
switch light. 

The arrival of input data begins with a SOM (start of message character). This erases the 
display memory and returns the cursor to the beginning of the viewer. In the 6050-1 each 
character is stored in display memory and, when the complete message is received, displayed 
upon the viewer. When utilizing the 6050-2, the characters are displayed immediately as they 
are received. The receipt of a DDl (end of received message character) inhibits further in­
put from the line until a DD2 is again transmitted. The receipt of the DDl does not affect dis­
play memory or terminate the transmission line connection. 

Display memory may be erased and the viewer image erased by depressing the ERASE switch. 
The RESET switch causes the cursor to be returned to the beginning of the frame. ADVANCE 
and BACKSPACE keys are available for formatting purposes. Depression of the ADVANCE 
key moves the cursor one character position to the right. If the cursor is at the last position 
in the line, it will move to the first position of the next line. From the last position in the 
viewer, it will move to the first position L1 the viewer (upper left hand corner). Depression 
of the BACKSPACE key will move the cursor one character position to the left. From the 
first position in the line, it will disappear from the viewer. If depressed again, the cursor 
will reappear at the last position of the preceding line. From the first position of the viewer 
the BACKSPACE key must be depressed 4 times to make it appear at the last position of the 
viewer. The depression of either key does not affect the display memory. 

Note: DDl· and DD2 must be identical to those utilized by the 3301 processor. 

The following ASCII graphic characters are not displayed upon the viewer: 

[ - used as the SOM character. 

"- - reserved as the ESCAPE character which is used for the VT. (See Code 
Translator, Model 6042.) 

The ASCII control character CR is used as the RETURN character. 
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ACCURACY CONTROL 

All data is checked for even parity as it is read from the display memory. A parity error 
causes the character generator to produce a brightened area, equivalent to one character 
space, on the viewer in the position of the errored character. 

ASCII control characters other than CR are displayed as blanks and should not be present. 

Transmission does not commence when the TRANSMIT switch is depressed unless a DD2 has 
been previously entered. 
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KEYBOARD LAYOUT 

CD M CD CD (%\ (&'\ (-"\ CD CD (\ (*\ ()-~ 3 4 ~ ~ ~ 8 9 ~ ~ -

88008888®(!) 
808880808() 

fa;:\ 
~ 

8 8088000000 8 

Note: All characters shown, 
both upper and lower 
case, are displayed 
except for RETURN. 

SPACE 



XIX DATA EXCHANGE CONTROL 

DATA 

EXCHANGE 

CONTROL 

PAGE 

GENERAL DESCRIPTION ..•...•.....•....••..•. 

OPERATION (3301 TO 3301) . • • . . . . . . . . . . . . . . . • • . . ·1 

INSTRUCTIONS .•••.•..••..•...••...••.•••..• 

3301 - 301 COMMUNICATION • • . • . . . • . • • . • . . • . • • • . 6 

TIMING . . • • . . • • . . • • . . . • • . . . • • • . • . . . • • • . . . . 6 

ACCURACY CONTROL......................... 6 



GENERAL DESCRIPTION 

The Data Exchange Control (DXC) enables an RCA 3301 to communicate with either another 
RCA 3301 computer equipped with a Data Exchange Control or an RCA 301 computer equipped 
with a Data Exchange Co:itrol, Model 377. Data transmission may be in either direction but 
in only one direction at a time. Data transmission may be initiated by either computer. An 
RCA 3301 System may include a maximum of two Data Exchange Controls. Each may com­
municate with only one DXC in an interconnected system. The maximum distance between 
controls is 100 feet. 

OPERATION {3301 TO 3301) 

Communication between two computers via the Data Exchange Control is accomplished by 
standard 3301 input/output instructions, Several variations of the Test Device (TDV) instruc­
tion are used in the signaling computer to test and control the signaled computer. Test func­
tions determine the operability of the computer and DXC, the receive or transmit status of the 
DXC, and the validity of the data transmitted, 

The dual test and control function of the TDV instruction first tests if the signaled computer's 
DXC has pre-empted the channel. If it has not, the channel is assigned to the signaling com­
puter, and the External Interrupt Indicator is set in the signaled computer. The signaling 
computer then initiates a read or write in preparation to receive or send data and waits for 
a response. When interrupt occurs, the signaled computer responds to the signaling computer. 
Upon testing the status (sending or receiving) of the signaling computer, the signaled com­
puter initiates a response action in the form of a read or write. Transmission of data then 
occurs based on the action taken by both computers. 

INSTRUCTIONS 

The following instrucUons are utilized for programming the DXC: 

Read Forward Simo 1 (RFl) Read Forward Simo 2 (RF2) 

Write Simo 1 (WRl) Write Simo 2 (WR2) 

Test Device (TDV) 

These instructions are presented by function under the headings: (1) Testing and Controlling, 
(2) Sending, and (3) Receiving. 
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TESTING AND CONTROLLING 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests and/ or controls the interconnected computers. Con­
trol is transferred if the condition or conditions being tested are present. Options may be 
performed separately or in combination. 

FORMAT 

OPERATION s 

N if first DXC, , ,(comma) if second DXC 

A ADDRESS Specifies function to be performed 

Bit 
Character Position Symbol Test or Control Function 

Ao 20 = l l Is the signaled computer or DXC inoperable? 

Ao 21 = l 2 Is the signaled computer in a receive mode? 

Ao 22 = l 4 Is the signaled computer in a transmit mode? 

Ao 23 = l 8 Has 'a character with incorrect parity been received? (Sending or 
receiving computer may make test.) 

A1 20 = l l Has the signaled computer requested the channel? 

A1 22 = l 4 Has the receiving computer reached A/B equality before receiving 
a terminate signal from the sending computer. 

A3 20 = l l Assigns the channel to the signaling DXC and sets the External 
Interrupt Indicator in the signaled computer, if the channel has 
not been pre-empted by the signaled computer. 

Unused characters must be zeros and are not to be used by programming. 

B ADDRESS 

SPECIAL CONDITIONS 

HSM location of the next instruction to be executed if the condition(s) being 
tested is (are) present. 

STP is performed if the condition(s) specified by A Address is(are) present. 
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OUTLINE OF OPERATION 

The Ao Ai tests are performed, and if any one condition is met, control is transferred to the 
instruction specified by the B address. If no condition is met, the next instruction in sequence 
is performed. 

The A3, 2° = 1 option performs a command to the DXC and is used when a computer desires to 
initiate a data exchange. The channel is assigned to the requesting DXC, a channel-busy flip­
flop is set in both DXC's, and the External Interrupt Indicator is set in the signaled computer. 

When signaling may be performed by either computer, the A 1 2° = 1 test must be combined with 
the command option to insure channel availability. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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SENDING 

GENERAL DESCRIPTION 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction is used for sending data across 
the transmission channel to an interconnected computer which in conjunction initiates a read 
command commencing the actual .transmission of data. 

FORMAT 

OPERATION - 8 (WRl) of 9 (WR2) 

N + if first DXC, , (comma) if second DXC 

A ADDRESS HSM location of the first character to be sent. (Must be an even address) 

B ADDRESS HSM location of the last character to be sent. (Must be an even address) 

DIRECTION OF OPERATION 

Characters are transferred from RSM left to right. 

OUTLINE OF OPERATION 

When a write instruction is accessed, the transmit mode flip-flop is set in the DXC. When 
the receive mode flip-flop is set by a read instruction in the other DXC, transmission begins. 
Data is transferred from HSM a diad at a time until A/B equality is reached by the write 
instruction. If no errors occurred during transmission, the Mode Terminated Normally 
Interrupt Indicator is set in the sending computer. 

If the read instruction from the receiving computer terminates (resetting the receive mode 
flip-flop) before the write, the write instruction holds off until the receive mode flip-flop is 
set by initiation of another read. 

FINAL SETTINGS 

(S)f or (C)f = HSM location two to the right of the last character sent (Normally Bi + 2). 
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RECEIVING 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo ~ (RF2) instruction is used for re­
ceiving data across the transmission channel from the sending computer which in conjunction 
initiates a write command commencing the actual transmission of data. 

FORMAT 

OPERATION 4 (RF 1) or 5 (RF2) 

N if first DXC, , (comma) if second DXC 

A ADDRESS HSM location to receive the first character. (Must be an even address) 

B ADDRESS HSM location to receive the last character. (Must be an even address) 

DIRECTION OF OPERATION 

Characters are transferred into HSM left to right. 

OUTLINE OF OPERATION 

When the read instruction is accessed, the receive mode flip-flop is set in the DXC. When 
the transmit mode is set in the sending DXC, transmission begins. The read instruction ter­
minated normally if A/B equality occur3 in the sending computer, If the read terminates 
with A/B equality, but the write has not terminated, an abnormal termination results in the 
receiving computer; the write continues to occupy the channel until the receive mode flip­
flop is set by initiation of another read. 

FINAL SETTINGS 

(S)f or (C)f = HSM location two to the right of the last character received (Normally Bi + 2). 
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3301-301 COMMUNICATION 

The previous operation and instruction descriptions are amended in the following areas when 
communication is between an RCA 3301 and an RCA 301. 

1. The control options of the Test Device instruction set only the channel busy flip-flop in 
the 301 DXC, Model 377. However, whenthe301 originates the control option of the Input/ 
Output Sense instruction, an interrupt is effected by the 3301 DXC just as if the originating 
computer were a 3301. 

2, The error termination of a read or write instruction sets the appropriate error flip­
flops in the DXC which are sensed by program in the 301, and sets the Mode Terminated 
Abnormally Interrupt Indicator in the 3301. 

TIMING 

The data transfer rate is up to 311, 042 characters per second. 

ACCURACY CONTROL 

INOPERABLE 

If the DXC is inoperable on attempting to address the device, the Busy or Inoperable Interrupt 
Indicator is set. 

When the sending DXC becomes inoperable during data transmission, the following occurs 
in the: 

1. Sending DXC - The write terminates immediately and the Mode Terminated Abnormally 
Interrupt Indicator is set. 

2. Receiving DXC - The read is terminated through abnormal termination of the write, 
the Inoperable Indicator and the Mode Terminated Abnormally Interrupt Indicator are 
set. 

When the receiving DXC becomes inoperable during data transmission, the following occurs 
in the: 

1, Receiving DXC - The read terminates immediately, and the Mode Terminated Abnormally 
Interrupt Indicator is set. 

2, Sending DXC - The write terminates immediately through the inoperability of the read 
and sets the Mode Terminated Abnormally Interrupt Indicator and the Inoperable Indicator. 

PARITY ERRORS 

When a character with incorrect parity is detected by the receiving DXC; a special error 
character, subscript 10, (57)g is substitutedforthatcharacter before it is transferred to HSM; 
a parity error indicator (AO 23 = 1) sensible by either computer is set; and the Mode Termi­
nated Abnormally Interrupt Indicator is set in the receiving computer. Transmission proceeds 
with error characters (57) 8 replacing all incorrect characters. 
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GENERAL DESCRIPTION 

The Communications Mode Control (CMC) permits on-line data input/output transmission 
between the RCA 3301 computer and various remote devices utilizing standard communication 
line facilities. Each communication line terminates in a buffer unit that provides a proper 
interface to the CMC. This Control also gives an additional degree of simultaneity so that 
transfer pf data in either direction between communication lines and the Processor may be 
time-shared with other operations. The CMC permits the servicing of one to 160 buffer­
terminated communication lines. The CMC is available in line increments of 20. 

COMMUNICATION SYSTEM 

The RCA 3301 computer provides communication facilities via the Communications Mode 
Control (CMC), in conjunction with various Interface Units, Buffers, Data Sets, Transmission 
Lines and Remote sending/receiving devices (see Figure XX-1). 

CMC 

Interface Units 

Buffers 

Data Sets 

- Performs function of transferring data characters between various 
Buffers and the 3301 Computer 

Electronic devices used to connect multiple Buffer units. These de­
vices contain common elec~ronic circuitry by which Buffer units may ' 
communicate with the CMC. 

- Electronic devices which provide one-character storage areas for 
data being transferred between the transmission lines and the CMC. 

- Converter units that change d. c. data signals to a. c. tone signals and 
vice versa. 

Transmission Lines - Communications facilities for transferring data between buffers and 
remote devices. 

Remote Devices Units that transmit and/or receive data, such as teletypewriters, 
paper tape readers, printers, card transceivers, etc. 

CMC OPERATION 
Data is transmitted from the remote input device via a transmission line to the input line 
Buffer (Receiver) in bit-serial form; then to the CMC, in bit-parallel form. From the CMC, 
the data moves into HSM. During the output operation, data follows the same path but in a 
reverse direction. 

The CMC sequentially scans the communication line buffers to determine indi victual buffer 
status, i.e., whether it is in the input or output mode; whether it is in a Ready or Not Ready 
condition. If the Ready condition exists, one character is accepted from the buffer unit for 
transmission to the 3301, or from the 3301 for transmission to the buffer unit. The scanning 
is accomplished independently of the computer and the currently operating program. Only one 
buffer is scanned or serviced at any one time. 

Each buffer has an associated lOO":'character storage area in the 3301 HSM which is called 
a line slot. Each 100-character memory area holds data being receiveq from or transmitted 
to a particular line. When action by the program is required to service a line slot, the CMC 
places the address of the line slot into the Service Table in HSM and sets the CMC Service 
Request Interrupt Indicator causing an interrupt. Upon interrupt the program accesses the 
Service Table to obtain the address of the line slot which requires service. Refer to Figure 
XX-2. 
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ASR 
POLLING- HALF DUPLEX 

ASR ASR 

LEGEND 

SO SEND ONLY OPERATION 

RO RECEIVE ONLY OPERATION 

RD REMOTE DEVICE 

DATA SET LEASED TELEPHONE LINE OR DIAL TELEPHONE NUMBER 

KSR KEYBOARD SEND/RECEIVE 

ASR AUTOMATIC SEND/RECEIVE 

B BUFFER 

Figure XX-1. Sample Communication Network 
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READY 
BUFFER 

I INTERRUPT 
- - - -1._ ___ 1_N_D_1c_A_T_O_R_s __ __, 

HSM 

CMC ... SERVICE TABLE 

--. LINE SLOTS 

COMMUNICATION 
PROGRAM 

Figure XX-2. CMC - Processor Communication 

3301 
PROCESSOR 

BUFFER SCANNING 

The CMC tests each buffer to determine the following conditions: 

LINE SLOTS 

READY or NOT READY: Ready means that a character is available to be moved into 
the CMC from the buffer or that the buffer is prepared to receive a character from the 
CMC. Not Ready indicates that there is no character to be moved from the buffer to 
the CMC or that the buffer is not prepared to receive a character from the CMC. Upon 
finding the buffer Not Ready, the CMC will step to the next buffer in sequence. 

INPUT or OUTPUT: This test determines the input or output status of the buffer and 
is made simultaneously with the Ready-Not Ready test. If the buffer is found to be 
Ready, the CMC will perform the appropriate character transfer based on the input/ 
output status of the buffer. Following character transfer, the CMC then scans the next 
buffer in sequence. 

REMOTE OK: When the CMC receives a Ready signal from the buffer, it is also con­
ditioned to receive a Remote OK signal. This informs the CMC that the communications 
link between buffer and remote device is functioning normally, and that no error was 
detected on the previous transmission. If the Remote OK signal is not received, the 
CMC communicates this information to the program. 

Line slots are contiguous 100-character HSM segments which hold data being received from, 
or transmitted to, a particular buffer and line. Line slots for the CMC may be floated any­
where in HSM within a 40, OOOcharacter block. The first line slot must begin at a HSM address 
of XXOO and extend to an address of XX99. 
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Each 100-character line slot is organized as follows: 

LINE SLOT 
POSITIONS 

Positions 

00-01 

02 

03 

04-99 

SERVICE TABLE 

00 01 02 03 04 05 \ 
A2 A3 1, 12 3 
LI NE SLOT CONTROL 96 DATA POSITION 

DATA CHARACTERS 
ADDRESS 

The first two positions in the line slot are used by the CMC to store the two 
least significant characters (A2 A3) of the address where the next data charac­
ter is to be transferred to/from the line slot. The two most significant characters 
are determined by the CMC from the scan position, i.e., the particular buffer, 
being serviced. After a character is transferred, the CMC increments A2 A3 by 
one to establish the next character position to be accessed. The address XX99 
is not incremented but is automatically set to XX04. 

11 control character. This position can be considered as the CMC's method of 
communicating with the program. Generally, the presence of particular bits 
indicate that particular tests have been made which had a positive result. 

12 control character. This position can be considered as the program's method 
of communicating with the CMC. Generally, the presence of particular bits indi­
cate particular tests to be performed by the CMC. 

These locations are used to store up to 96 data characters. 

The CMC places in this table the two most significant characters of the address(es) of the 
line slot(s) which require servicing. A CMC with up to 100 lines uses a 100 character table. 
A CMC with more than 100 lines utilizes a 200 character table. The address of the Service 
Table must be a multiple of 1000 and is stored in the CMC. The two least significant digits 
of the address (A2 A3) determine where the CMC is to· make the next entry in the table. The 
CMC will increment A2 A3 by "02" after an entry is made; When an entry placed in the last 
location in the table, A2 A3 is automatically set to "0011

, and the next entry is placed in 
11 00-0111

• 

CMC RECOGNITION CAPABILITIES 

The CMC includes circuitry to recognize the following characters and conditions when re­
quested to do so by the 12 control character. 

NTH POSITION 

Upon request the CMC can recognize whenever a character has been transferred to/from the 
last data position in a line slot. In addition, the CMC may be plugboard-wired to recognize 
a data character transfer to/from a specific position in a line slot. Any data position may be 
used as· Nth, but this position is constant for all line slots within the system. Normally, Nth 
is chosen to minimize line slot servicing by the program by providing an adequate overflow 
area to insure that no incoming data is lost. 
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DATA DE LIMITERS 

Two characters may be selected by plugboard control which, upon request, will be recognized 
by the CMC when transferred. Any legitimate 3301 characters may be chosen but will remain 
constant for all line slots in the system. One use for Data Delimiters is to use them as start 
and end message indicators. 

SHIFT CHARACTERS 

ERRORS 

Five-level telegraph transmission codes use shift characters to increase the number of 
characters that may be represented. When requested, the CMC recognizes the shift charac­
ters and interprets the characters that follow them accordingly._ These characters are plug­
board selectable and remain constant throughout the system. 

Parity errors are recognized by the CMC upon request. Various remote/transmission errors 
are automatically recognized. 

INPUT/ OUTPUT 

The CMC and the program can regulate the flow of characters to/from the line slot via the 
control characters. The CMC will act accordingly. 

12 CONTROL CHARACTER 

In order to transfer a character either to or from a particular line slot, the CMC examines 
the I2 character for rules of operation. The bits of this character are set initially by the 
3301 program; therefore, the I2 character can be considered as the program's method of 
communicating with the CMC. Where a" 111 appears in a bit position, the operation associated 
with that bit position is required on that particular line. Bit combinations are permissible. 
The following tests are specified via the I2 character in position 11 03" of each line slot. 

Bit Position 

25 

24 

23 

22 

21 

20 

TEST FOR NTH POSITION (25) 

Description 

Test for Nth Position 

Test for Data Delimiter #2 (DD2) 

Test for Data Delimiter #1 (DDl) 

Test for Shift Status 

Test for Parity 

Output Status 

The CMC's ability to recognize Nth position on other than the 96th data position effectively 
divides a line slot into two parts which, in some cases, may be useful in the orderly handling 
of messages. Any data position may be designated as the Nth character position, but ·it must 
be consistent for all line slots. For example, if a given line were to use position "83" (80th 
data character) as Nth, then Nth would be 11 83" for the entire system. The Nth character posi­
tion is plugboard selectable. The 96th data position (position ·99) also functions as an Nth 
position. 

XX-5 



TEST FOR DATA DELIMITER #2 (24) 

The program can request notification from the CMC whenever a DD2 is recognized by setting 
this bit to "1". The bit configuration of DD2 is specified by plugboard and must be constant 
for all line slots in the system. If recognition is not called for, DD2 will be treated· as a data 
character. 

TEST FOR DATA DELIMITER #1 (23) 

The program can request notification from the CMC whenever a DDl is recognized by setting 
this bit to 11 111 • If recognition is not called for, DDl will be treated as a data character. The 
bit configuration of DDl is specified by plugboard and must be constant for all line slots in 
the system. · 

TEST FOR SHIFT STATUS (22) 

This bit is normally used with 5-level codes, such as the telegraph (Baudot) code, which em­
ploy shift characters (Letters and Figures) to effectively increase the number of distinct 
characters which can be represented. 

On data input, the need for Letters or Figures recognition by the CMC is to determine how 
the succeeding characters are to be interpreted. Since some figures and letters have the 
same five-bit configuration, their proper identity is determined by the shift character which 
preceded them. When this test is called for, the CMC places a 11 111 bit in the 25 of all charac­
ters following a Letters Shift Character and a "0" bit in the 25 of all characters following a 
Figures Shift Character. The shift characters are deleted from the input message. 

On data output, the 22 bit of the I2 character notifies the CMC that appropriate Letters and 
Figures Shift Characters must be inserted in the data as changes from upper to lower case, 
and vice-versa, are made. For example, characters in the line slot containing a "1" bit in 
the 25 position must be interpreted as letters, or lower case, characters. If the last shift 
character transmitted was Letters, the character (minus the 25 and parity bit) is transferred 
to the buffer. If the last shift character was Figures, a Letters Shift Character is generated 
by the CMC to precede the. data character, permitting the receiving equipment to respond 
properly. 

The bit configurations of the shift characters are specified by plugboard and must be constant 
for all line slots in the system. If recognition is not called for, shift characters are treated as 
data characters. 

An option is provided which permits operation with telegraph networks utilizing the 11 Unshift 
on Space and Letters" feature. In this case the space character acts as a Letters Shift 
Character except that it is transferred to/from memory. 

TEST PARITY (21) 

This test is used on codes with parity to determine the validity of incoming data. A special 
error character, subscript10 (57)g, is substituted and transferred to HSM for a character 
received with incorrect parity. 

OUTPUT STATUS (20) 

This bit enables the program to control the transfer data from a line slot to the CMC provided 
the buffer is output ready. A "0" in this bit position indicates that output is prohibited. The 
program may set this bit to "1" whenever output is permitted. The CMC, however, will reset 
this bit to "0" when any of the following conditions occur during an outgoing transmission: 

1. Error Recognized (REMOTE NOT OK) 
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2. DDl or DD2 Recognized 

3. Double Nth Condition Recognized (No program action was taken on the previous recognized 
Nth condition) 

4. Nth Condition Not Requested But Recognized (99th line slot position accessed and Nth 
recognition not requested) 

11 CONTROL CHARACTER 

The I1 control character can be considered as the CMC's means for communicating with the 
program and for storing information for its own use. As discussed under the description of 
the I2 character, the CMC can be requested to perform various tests; the results of these 
tests are recorded in the bits of the I1 character. Except for the 20 position, the bit-by-bit 
breakdown of the Il character has a "one for one" relationshiP. to the bits in the I2 character. 
For example, if the 25 bit of I2 requests an Nth test, the 25 bit of Il is set to 11 111 when an 
Nth condition is recognized. 

The bit positions of I1 are as follows: 

Bit Position 

25 

24 

23 

22 

21 

20 

NTH POSITION RECOGNIZED (25) 

Description 

Nth Position Recognized 

Data Delimiter #2 (DD2) Recognized 

Data Delimiter #1 (DDl) Recognized 

Shift Character Status 

Error Recognized 

Input Status 

The CMC sets this bit to "1" when the 96th data position or a specific Nth location has been 
serviced during an input or output operation. However, the Nth recognized bit will not be set 
on input when the Nth location contains a DD2 symbol and will not be set on output if it con­
tains a DDl or DD2 symbol. If this bit is set to" 1", the CMC Service Request Interrupt Indi­
cator is set, and interrupt occurs. 

DATA DE LIMITER #2 (DD2) Recognized (24) 

The CMC executes the following operations when a DD2 symbol is recognized; 

DD2 Symbol IN 

1. DD2 Recognized bit is set to "1." 

2. The Input Status bit is set to "1" (prohibit input). 

DD2 Symbol OUT 

1. DD2 Recognized bit is set to "1." 

2. The Output Status bit is set to" 0" (prohibit output). 
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Whenever a DD2 is recognized, the CMC Service Request Interrupt Indicator is set, and 
interrupt occurs. 

DATA DELIMITER #1 (DDl) RECOGNIZED (23) 

The CMC executes the following operations when a DDl symbol is recognized: 

DDl Symbol IN 

1. DDl Recognized bit is set to 11 111 ; all other 11 bits are set to 11 0. 11 

2. A 2 A3 is set to 11 04." 

3. DDl symbol is placed in the line slot at "04. 11 

4. A2 A3 is incremented by 11 01. 11 

DDl Symbol OUT 

1. DDl Recognized bit is set to 11 111 - all other 11 bits are set to "O. 11 

2. The Output Status bit is set to "011 (prohibit output). 

3. A2 A3 is set to "04. 11 

Whenever a DDl is recognized, the CMC Service Request Interrupt Indicator is set, and inter­
rupt occurs. 

SHIFT CHARACTER STATUS (22) 

This bit is set and reset by the CMC as follows: 

1. When a Letters Shift Character is recognized, the bit is set to "1." If the "Unshift on 
Space" option is used, and a space character is recognized, this bit is set to "1." 

2. When a Figures Shift Character is recognized, the bit is set to "O." 

By interrogating the current setting of this bit, the CMC can determine if an incoming data 
character is to be treated as a letters or figures character; or during outgoing transmission, 
if it is necessary to generate a Figures or Letters Shift Character. If a shift test is not re­
quested, this bit position is ignored. 

ERROR RECOGNIZED (21) 

This bit position is used by the CMC to record recognition of the following error conditions. 
Only a parity error condition need be requested to be recognized. 

1. Input parity error (if a parity check has been requested by program). In the event of a 
parity error, the CMC substitutes a (57) 8 for the incorrect character, and sets the Error 
Recognized bit to "1." 

2. REMOTE NOT OK response; i.e., failure of CMC to receive a Remote OK signal from the 
buffer unit. The CMC on a REMOTE NOT OK error takes the following action: 

Input (Receiving data from remote location) 

Place (57) 8 character in line slot. 

Set Error Recognized bit to "1." 
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· Output (Transmitting data to remote location) 

Set Error Recognized bit to "1." 

Prohibit further output from memory by setting Output Status bit (I22°) to "O." 

The CMC Service Request Interrupt bit is set tf REMOT~ NOT OK, and interrupt occurs. 

3. · A double Nth condition has arisen; i.e., an 11 Nth11 position has been recognized without the 
·program completing its operation of the previous Nth recognition. The CMC on a double 
Nth condition will take the following action: · 

Input 

Set Error Recognized bit to "1." 

Prohibit further input by setting I120 to "1. 11 

Output 

Prohibit further output by resetting I220 to a "0. 11 

The CMC Service Request Interrupt Indicator is set on a double Nth condition, and inter­
rupt occurs. 

. ·. . . -

4. Nth position accessed (line slot location 99), and program has n·ot requested an Nth test. 
The CMC takes the following action: · 

Set Error Recognized bit to "1." · 

Set Error Recognized bit to 1 ~1." 

Prohibit further output. from memory by setting Output Status bit (I22°) to "O. 11 

In both cases the CMC Servic~ Request Interrupt Indicator is set, and interrupt occurs. 

5. Two conditions, considered as CMC malfunctions, are detectable in the CMC and cause 
only the CMC Service Request Interrupt Indicator to be set. The first condition is the 
improper counting of status levels. The second is a buffer interface error indicating 
that a buffer has responded improperly to CMC signals for a prolonged period. When 
either condition occurs, a two-digit error code, 11 ee11 , (17) 8 (17)g, is placed in the Service 
Table instead of the line slot address, and the Error Recognized bit (21) is not set. 

INPUT STATUS (20) 

This bit position signifies whether or not a line slot is- ready to accept incoming traffic. It is 
used by the CMC to control transfer of data between the buffer and line slot. A "1" bit de­
notes that' input is prohibited; a "0" bit indicates that input is permitted. Although the program 
may set this bit to "0" to permit input, the CMC will reset this bit to "1" when any of the fol­
lowing conditions occurs during an incoming transmission: 

1. A double Nth condition. 

2. DD2 received. 
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PROGRAM - CMC COORDINATION 

When the program services the line slot, makingit available for continued access by the CMC, 
the new status must be communicated to the CMC. HSM access by the CMC is not under pro­
gram control, nor does the program have any means by which it can determine if the CMC is 
accessing a particular line slot at a given time. To a void conflicting operations by the program 
and the CMC in the setting and resetting of the I1 and I2 characters, the program must follow 
a strict resetting procedure. 

Initially, the 25, 24, and 23 bit positions (Nth, DD2 and DDl) of I1 and I2 are in a "0-1" con­
dition if these tests are desired. When the test is performed and found positive, the CMC 
creates a "1-1" condition. 

Whenever the program finds a "1-1" condition, it should set the I2 bit to "0. 11 The CMC is 
designed so that whenever it finds the 25, 24, or 23 bit positions in r1 and I2 in a "1-0" con­
dition, it resets 11 bit to "0" and the 12 bit to "1." Thus the CMC automatically creates the 
initial and desired condition; i.e., "0-1." If these procedures are not followed, invalid proc­
essing may result. 

The 1122 bit position (Shift Status) is set and reset by the CMC only and need not concern the 
program. The Errors Recognized bit (11 21) is reset to "0" by the program. The I1 and I2 20 
bits are reset at the program's discretion depending upon the application involved. 

CMC TIMING 

Several variables are involved in CMC timing considerations. Among these are memory ac­
cesses, CMC scan rates, and HSM interrupt rates. 

MEMORY ACCESSES 

The following memory accesses (l.93 µs) are required to transfer a character between the 
3301 and the CMC: 

1. Access A2 A3 I1 12 

2. Transfer character to/from HSM 

3. Replace A2 A3 I1 I2 

If a condition requiring interrupt occurs, this additional memory access is performed: 

4. Transfer AoA1 (Line Slot Address) to the Service Table 

SCAN RATES 

The CMC is available in either single or dual scan rate models. Since scan models service 
all buffers in a continuous sequence. Dual scan models are plugboard-wired to permit high 
speed lines to be serviced more frequently than low speed lines by: 

1. Specifying which contiguous scan positions (from 1 to 20) are to be scanned at' a higher 
rate. These must begin at the first scan position in the system. 

2. Selection of the number (1-15) of single scan rate positions to be scanned following each 
high speed scan. 
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For example, if the first eight scan positions are wired for the high servicing rate, and the 
number of single scan rate positions is set to 11, a 40-scan CMC unit would be serviced as 
follows: 

1-8, 9-19, 1-8, 20-30, 1-8, 31-40, 1-8, 9-19, etc. 

INTERRUPT RATES 

The CMC takes one out of every 6, 10 or 20 machine cycles. A HSM interrupt rate of 1/6, 
1/10 or 1/20 is plugboard selectable. 

SINGLE SCAN TRANSMISSION RATES 

To determine the approximate maximum transmission rate the CMC can handle, solve the 
following equation: 

Max. Transmission Rate 
(in characters per second) 

1,000,000 (Interrupt Rate) 
7. 72 (No. of Scan Positions) 

The above equation assumes that at every scan position a character is transferred to/from 
a line slot, and that a condition causing interrupt occurs. The constant (7. 72) represents four 
memory accesses of 1.93 µ.s each. The time needed to service a line slot does not decrease, 
however, if memory accesses are less than four. 

DUAL SCAN TRANSMISSION RATES 

The same equation used to find the Single Scan maximum transmission rates is used with the 
Dual Scan Series. Here, however, the problem is to find the appropriate interrupt rate. For 
example: if a system uses 16 300-character per second lines and 48 10-character per second 
lines, the two plugboard settings may be set as follows: 

High Speed Scan - 16 lines 

Low Speed Scan - 2 lines 

Since only 2 low speed lines are scanned after each high speed scan cycle, each of the 16 high 

speed lines is scanned 24 times while the 48 low speed lines are scanned once 018). With this 

24:1 ratio, the low speed lines are scanned more frequently than the transmission rate ratio 
(30:1) warrants. Therefore, timing based on the high speed lines sliould be used. For timing 
purposes this system contains 18 high speed lines (16 high speed+ 2 low speed per high speed 
scan cycle). By the equation: 

300 1,000,000 (X) 
7.72 (18) 

X = . 0416 which is less than 2
1
0 . 

Therefore a 2~ interrupt rate may be selected. 

INSTRUCTIONS 

The following instructions are utilized when using the C MC : 

Test Device (TDV) 

Control CMC (COC) 
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TEST DEVICE (TDV) 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction is used to determine if the CMC is stopped. Control is 
transferred if the condition tested is present. 

FORMAT 

OPERATION - S 

N - y 

A ADDRESS - A
0 

= 2 Is the CMC stopped? 

A1 A2 A3 must be zeros and are not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the CMC is stopped. 

SPECIAL CONDITIONS 

STP is performed if the condition specified by the A Address is present. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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CONTROL CMC (CCC) 

GENERAL DESCRIPTION 

FORMAT 

The Control CMC (COC) instruction is used to start the CMC, stop the CMC, and specify the 
location of the line slots and the Service Table in HSM. 

OPERATION - E 

N - y 

A ADDRESS - A
0

A
1 

= Beginning HSM address of last line slot (leftmost two characters). 

A
2

A
3 

= Beginning HSM address of first line slot (leftmost two characters). 

B ADDRESS - B0B1 = Beginning HSM address of Service Table (leftmost two characters). 

B2 = Zero (0). Not to be used by programming. 

B3 = 0 Start CMC 

B3 = 1 Stop CMC 

OUTLINE OF OPERATION 

A2 A3 must be specified when the start option is included. The Ao A1 characters are specified 
for programming and are not utilized by the CMC. The Service Table and the first line slot 
must begin at HSM addresses that are a multiple of 1000. 

FINAL SETTINGS 

(A)f = (A)i 

(B)f = (B)i 
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CMC BUFFER INTERFACE, MODEL 6025 

GENERAL DESCRIPTION 

This unit contains the transmitters and receivers which provide compatible interchange signals 
between the CMC and up to ten (10) buffer units. Each Buffer Interface Unit (BIU) is capable 
of pre-empting 10 CMC scan positions. Four models of the BIU are available as follows: 

Model 6025-10: Capable of including one Speed Set. 

Model 6025-15: Capable of including one Speed Set and one Timing Set. 

Model 6025-20: Capable of including two Speed Sets. 

Model 6025-25: Capable of including two Speed Sets and one Timing Set. 

Five Speed Sets are available for selection depending upon the models of buffers utilized: 

Speed Set #1: 45 and 50 bps 

#2: 56 and 74 bps 

#3: 74 and 110 bps 

#4: 1050 and 1800 bps 

#5: 1200 and 1800 bps 

CMC SEL signals can be limited to the actual number of buffers in sequence being served by 
the BIU via a lockout switch. Each BIU contains an Alarm Indicator which is illuminated when­
ever a buffer is malfunctioning or an error signal is received. A buzzer is associated with 
the Alarm Indicator which is activated by the same error conditions. 

One Timing Set is available for line frequencies of 100 ms. and 400 ms. using a 60 cycle 
power source. The Speed Set and Timing Set that must be utilized for associated buffers are 
as follows: 

Buffer Model 

6002 

6002 

6003 

6003 

6009 

6010 

6012-11,12 

6012-21,22 

6013 

6013 

6015 

6015 

6016 

6020 

Speed Set 

1 

2 

1 

2 

3 

4 or 5 

4 or 5 

1 

2 

1 

2 

3 
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Timing Set 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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TELEGRAPH BUFFER, MODEL 6002-6003 

GENERAL DESCRIPTION 

These buffer units transmit and/or receive data in 5-level code (Model 6002) or 6-level code 
(Model 6003) over standard telegraph lines. The telegraph transmission line connects the 
buffers with a remote station(s) equipped with standard telegraph transmitting and/or receiv­
ing equipment. One 100-character line slot is reserved in HSM to service each Model 6002 
buffer, and each occupies one CMC scan position. The Model 6003 buffer unit is comprised 
of two independent buffers. Each buffer occupies one scan position, utilizes one line slot, and 
is capable of transmitting and receiving data. 

Model 6002-11 

Handles data for domestic telegraph equipment operating at 6, 7. 5 or 10 characters per 
second. 

Model 6002-12 

Same as 6002-11, with an additional Clear-To-Send function. This function is used with 
multi-station lines and certain common carrier remote units that require a Clear-To­
Send signal before transmitting. 

Model 6002-21 

Handles data at 6. 7 characters per second for transmission via Telex circuits. 

Model 6003 

Handles data at 5. 3 or 6. 6 characters per second for special news wire service. 

OPERATION 

The buffer may operate in one of three modes (receive only, transmit only, or half duplex) 
determined by a switch setting located on the buffer unit. In each mode the CMC, telegraph 
buffer and remote equipment communicate with each other via the following control signals: 

CMC-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

DD2 Recognized (DD2R) 

DDl Recognized (DDlR) 

BUFFER-TO-CMC 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 

Remote OK (ROK) 

REMOTE EQUIPMENT-TO-BUFFER 

Receive Data (RD) 

Clear-To-Send (CTS) (Model 6002-12 only) 

BUFFER-TO-REMOTE EQUIPMENT 

Transmit Data (TD) 

XX-15 



RECEIVE FUNCTION 

Initially, an RD signal indicates to the buffer that data is arr1 vmg. The buffer collects the 
data and assembles it into a character. The CMC, when it advances its scan position to this 
buffer, sends a SEL signal to the buffer. If there is no complete character assembled, the 
buffer does not respond with a BRDY signal, and the CMC advances to its next scan position. 
When a complete character is present following a SEL signal, the buffer responds with BRDY, 
BSI and ROK signals. The CMC then interrogates the 11 character in the line slot to see if 
input is permitted. If not, the CMC advances its scan position and the character is not trans­
ferred to the CMC. If input is allowed, the CMC sends a CRDY signal to the buffer. The 
character is transferred to the CMC and from there to HSM. The above operations occur on 
a character-by-character basis until input data ceases. 

TRANSMIT FUNCTION 

The buffer periodically receives SEL signals from the CMC. If no data is being handled by 
the buffer, it responds with BRDY, BSO, and ROK signals. If the 12 character in the line slot 
does not permit output, the CMC advances to its next scan position. Should output be permitted, 
the CMC sends a CRDY signal and the character to the buffer. The buffer sends a TD signal 
to the remote device to indicate data is to be transmitted thus inhibiting input. 

When data is to be transmitted to a multi-station line via a Switching Control Unit, the Model 
6002-12 buffer transmits data only when a CTS signal is received from the control. If this 
signal is not present when a SEL is received, the BRDY signal is not sent to the CMC, and the 
CMC advances to its next scan position. Data is transmitted by the above operations on a 
character-by-character basis until line slot output is exhausted. 

HALF DUPLEX FUNCTION 

A line may be used for sending and receiving (separately) when the buffer is set to half duplex. 
The CMG-Buffer-Remote Device communications are the same as those listed in the Receive 
and Transmit mode. The buffer automatically switches from one mode to the other upon Data 
Delimiter Recognized signals received from the CMC. 

If the buffer is in the Receive mode, and a DD2R signal is received from the CMC, the buffer 
automatically switches into the Transmit mode. If the buffer is in the Transmit mode, and a 
DDlR signal is received from the CMC, the buffer automatically switches into the Receive 
mode. 

ACCURACY CONTROL 

The Remote OK signal is not sent to the CMC with the BRDY and BSl/BSO signals if there is 
an ''open" transmis'sion line condition or a common carrier equipment malfunction. These 
conditions are indicated by RD and TD signals that continue for at least "one-character-time'. 
When this occurs, the Interface Unit Buzzer is activated and the buffer inhibits. the BRDY sig­
nal to the CMC until the condition is corrected. The buffer then returns to its normal oper­
ating condition. 
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COMMUNICATIONS BUFFER MODEL 6010 

GENERAL DESCRIPTION 

The Communications Buffer, Model 6010, is used in conjunction with the CMC to couple a 3301 
computer to a standard 3KC "voice-grade" communication line, or equivalent, via a digital 
Data Set unit. Transmission rates range from 105 cps to 180 cps. This buffer may be used in 
half-duplex operations; it can receive and transmit data, but in only one direction at a time. 
The buffer occupies one CMC scan position and is associated with one HSM line slot. The 
transmission line code contains 10 bits per character (1 start bit, 8 information bits, and 1 
stop bit). The buffer is capable of handling 5, 6, 7, or 8-level codes via a switch setting lo­
cated on the buffer. When 7 and 8-level codes are used, a code translator must be used as an 
interface between the buffer and the Buffer Interface Unit. 

Sample remote equipment that may utilize this buffer are the Video Data Terminal, Model 
6050-1, and AT&T high speed paper tape terminals (105 cps) such as Dataspeed, Types I and II. 

BUFFER MODELS 

The Communications Buffer is offered in the following models: 

Model 6010-21: Utilizes an AT&T 202 Data Set for private-leased line operations and/ or 
manual dial applications. Transmission rates are up to 120 cps for a 
dialed call and 180 cps for a leased line connection. The Reverse Chan­
nel feature is an installation option available with this model. 

Model 6010-22: Utilizes an AT&T 202 Data Set in a dialing network. Dialing may be 
manual, or automatic if a common carrier Automatic Calling Unit is 
attached. Unattended Operation, Automatic Disconnect and Reverse 
Channel features are installation options available with this model. The 
transmission rate is up to 120 cps. 

AT&T Data Set model numbers are shown only as an example. Equivalent Data Sets of other 
manufacturers may be used. The Model 202 Data Set is asynchronous and speeds "up to" the 
values mentioned can be obtained. 

OPERATION 

The Communications Buffer, when operating in a half-duplex mode, is ready to transmit or 
receive data. If, while in its neutral state, signals are received from the transmission line, 
the buffer automatically switches to its Receive Mode. Conversely, if while in a neutral state, 
the CMC recognizes that output is permitted from the HSM Line Slot, the buffer automatically 
switches to the Transmit Mode. 

The CMC, Communications Buffer, and Data Set communicate with each OLner by the following 
signals: 

CMC-TO-BUFFER 

Select (SE L) 

CMC Ready (CRDY) 

DD2 Recognized (DD2R) 

DD! Recognized (DDlR) 

Parity OK (POK) 
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BUFFER-TO-CMC 

Remote OK (ROK) 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 



DATA SET-TO-BUFFER 

Received Data (RD) 

Clear-To-Send (CTS) 

Supervisory Received Data (SRD) 

RECEIVE FUNCTION 

BUFFER-TO-DA TA SET 

Request Send (RS) 

Transmit Data (TD) 

Supervisory Transmitted Data (STD) 

Initially, an RD signal indicates to the buffer that data is arriving. The buffer collects the 
data and assembles it into a character. The CMC, as it advances its scan position, sends a 
SEL to the buffer. If a complete character is not assembled, the CMC advances to its next 
scan position. If a complete character is present following a SEL signal, the buffer responds 
with BRDY, BSI, and ROK signals. The CMC then interrogates the Ii character in the line 
slot to see if input is permitted. If not, the CMC advances its scan position and the character 
is not transferred to the CMC. If input is allowed, the CMC responds with a CRDY signal and 
the character is transferred. The above operations occur on a character-by-character basis 
until a DD2 is recognized by the CMC. The DD2R signal from the CMC automatically reverts 
the buffer to its neutral condition. 

TRANSMIT FUNCTION 

The buffer periodically receives SEL signals from the CMC. If no data is being handled, the 
buffer responds with BRDY, BSO, and ROK signals. The CMC then examines the I2 charac­
ter in the line slot and, if output is not permitted, advances its scan position. If output is 
permitted, the CMC sends a CRDY signal and the data character to the buffer. An RS signal 
is now sent by the buffer to the Data Set and, when a CTS signal is returned, the data charac­
ter is sent to the Data Set and onto the transmission line. The above operations occur on a 
character-by-character basis until a DDl or DD2 is recognized by the CMC. The DD2R or 
DDlR signal from the CMC ~utomatically reverts the buffer to its neutral condition. 

AUTOMATIC DISCONNECT 

To terminate the line connection when utilizing the Model 6010-22 buffer, a TERM and DD2 
signals are transmitted. The DD2R signal from the CMC then causes the line connection to be 
broken at both the transmitting and receiving stations. The TERM character can be any plug­
board selectable data character. 

DIALING 

Before data may be transferred over the lines , a dialing function must be performed to con­
nect the sending and receiving equipment.. (If a private line is used with a point-to-point con­
nection, this may not be necessary.) The dialing of the remote equipment may be done man­
ually or automatically, depending on the type of Data Set utilized. Should 19 seconds elapse 
after a line connection has been established , and nothing is received from the line , the buffer 
reverts to its neutral condition. 

MANUAL DIALING 

When the sending station has data to transmit, the operator dials the remote location by means 
of a telephone attachment on the Data Set. The operator at the receiving station answers the 
phone attached to his Data Set and both operators place their respective Data Set in a "DA TA" 
mode by means of a switch. Data transmission may then occur. When data transmission is 
complete, the operators are notified to hang up their telephones, thus breaking the connection. 
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The receiving equipment may be placed in an "Unattended" mode by means of a Data Set switch 
(AUTO). With this switch set, the connection is made automatically without operator inter­
vention at the receiving station. 

AUTOMATIC DIALING 

An optional dialing feature permits the Transmit mode of the station to use a common carrier 
Automatic Calling Unit (ACU). This unit is an additional piece of equipment used with the 
AT&T Data Sets that permits the communication program to automatically dial the remote 
station when both Data Sets are in the DATA mode. 

Automatic dialing message format is as follows: 

AAA - 3-digit area code (if required) 

TTTTTTT - 7-digit telephone number 
The last digit 24 must be a "one" bit. 

ACCURACY CONTROL 

During each CMC selection period, when a buffer is ready, the buffer returns an ROK signal 
to the CMC unless any of the following error conditions have been detected: 

1. *A loss of various signals that indicate that the Data Set is not functioning correctly. 

2. *When a no-data timeout occurs. This occurs when there is an interruption of the flow of 
input data during the data portion of a message. 

3. The proper line connection cannot be made when using the Automatic Calling Unit. 

4. Receipt of a SRD error signal when using the Reverse Channel Feature: After a line con·· 
nection is established, the transmitting buffer must recognize a SRD "remote device 
operable" signal before transmitting. After transmission is in progress, SRD signals 
are interpreted as error signals by the transmitting buffer. These error signals are 
generated by the receiving equipment when an input error is recognized. 

On error recognition, the buffer inhibits the ROK signal from the CMC on the next SEL only. 
The buffer then reverts to its neutral condition. 

*These conditions activate the buffer error light and the Buffer Interface Unit Buzzer. These 
Indicators are extinguished either manually, upon re-transmission, upon receiving data, or 
when the communication line is disconnected. 
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COMMUNICATIONS BUFFER MODEL 6012 

GENERAL DESCRIPTION 

The Communications Buffer is used in conjunction with the CMC to couple a 3301 computer to 
a standard 3KC "voice grade" communication line, or equivalent, via a Data Set unit. Trans­
mission rates range from 150 cps to 300 cps. 

This buffer is used in half duplex operation; it can receive or transmit data but in only one 
direction at a time. The buffer occupies one CMC scan position and is associated with one 
HSM line slot. 

The transmission line code contains 8 bits per character (6 information bits, 1 parity bit, and 
1 control bit). The control bit is added by the buffer to characters received from the computer 
and deleted from characters which are to be sent to the computer. The transmission line code 
uses even parity and is the complement of the 3301 computer code. For example, the 3301 
character 1000000 is equivalent to the transmission line character 0111111. This code con­
version from transmission line code to 3301 code, and vice versa, is handled by hardware. 

This buffer may communicate with another Communications Buffer or with the Model 3376 
Communications Control Unit, as shown in Figure :XX-3. 

BUFFER MODELS 

The Communications Buffer is offered in the following models: 

Model Dialing . Data Set (*) Dialed Call Rate Leased Line Rate 

6012-11 Manual Model 201 250 cps 300 cps 
6012-21 Manual Model 202 150 cps 225 cps 
6012-12 Automatic Model 201 250 cps Not Used 
6012-22 Automatic Model 202 150 cps Not Used 

*A common carrier digital Data Set is required to connect the transmission line 
and buffer. Although AT&T Data Set models are shown in the above chart and de­
scribed in this section, equivalent Data Sets of other manufacturers may be used. 
The Model 202 Data Set is asynchronous and accommodates speeds up to the value 
shown, with minor hardware modification. The Model 201 Data Set is synchro­
nous and operates at a specific speed (sync. supplied by Data Set). 

OPERATION 

The Communications Buffer may operate in a half duplex mode ready to transmit or receive 
data. If, while in its neutral state, signals are received from the transmission line, the buffer 
automatically switches to its Receive mode. Conversely, if while in a neutral state, the CMC 
recognizes that output is permitted from the HSM line slot, the buffer automatically switches 
to the Transmit mode. 

The CMC, Communications Buffer and Data Set communicate with each other with the follow­
ing signals: 
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CMC-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

DD2 Recognized (DD2R) 

DD! Recognized (DDlR) 

DATA SET-TO-BUFFER 

Received Data (RD) 

Clear-To-Send (CTS) 

Terminate Transmission (TERM) 

RECEIVE FUNCTION 

BUFFER-TO-CMC 

Remote OK (ROK) 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 

BUFFER-TO-DATA SET 

Request Send (RS) 

Initially, a RD signal indicates to the buffer that data is arriving. The buffer collects the data 
and assembles it into a character. The CMC, as it advances its scan position, sends a SEL 
to the buffer. If there is no complete character assembled, the buffer does not respond with 
a BRDY signal, and the CMC advances to its next scan position. If a complete character is 
present following a SEL signal, the buffer responds with BRDY, BSI, and ROK signals. The 
CMC then interrogates the Ii character in the line slot to see if input is permitted. If not, 
the CMC advances its scan position, and the character is not transferred to the CMC. If input 
is allowed, the CMC responds with a CRDY signal, and the character is transferred to the 
CMC. 

The above operations occur on a character-by-character basis until a DD2 is recognized by 
the buffer. The next character received is a Block Parity character which is checked by the 
buffer. If correct, the DD2 is transferred to the CMC, the CMC sends a DD2R signal to the 
buffer, and the buffer switches to the Transmit mode. The buffer now transmits an acknowl­
edge signal to the Data Set and line. The next character the CMC delivers to the buffer is a 
DD!. The DDlR signal returns the buffer to the Receive mode. 

TRANSMIT FUNCTION 

The buffer periodically receives SEL signals from the CMC. If no data is being handled, the 
buffer responds with BRDY, BSO, and ROK signals. The CMC then examines the I2 character 
in the line slot and, if output is not permitted, advances its scan position. If output is per­
mitted, the CMC sends a CRDY signal and the data character to the buffer. A RS signal is 
now sent by the buffer to the Data Set and, when a CTS signal is returned, the data character 
is sent to the Data Set and onto the transmission line. 

The above operations continue on a character-by-character basis until a DD2 is transmitted 
and a DD2R signal is received by the buffer. Block Parity is now transmitted by the buffer, 
and the buffer switches to a Receive mode. A 1.4 second timer is set, and an acknowledge 
signal is received by the buffer within this time if no error has occurred. 

A 19 second timer is set simultaneously with the 1. 4 second timer. If a DD! is received, and 
a DDlR signal is returned to the buffer within this time, the buffer is again switched to the 
Transmit mode. 

To return the transmitting and rece1vmg buffers to the neutral conditions, the transmitting 
computer must send a DD! to the remote equipment which indicates the end of transmission. 
The DDlR signal from the CMC turns the buffer into a Receive mode in the transmitting com­
puter and to the Transmit mode in the receiving computer. If TERM and DD! characters are 
returned, the line is disconnected, and the buffers revert to their neutral conditions. 
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BLOCK PARITY 

When a message is transmitted by the Communications Buffer, a Block Parity character is 
generated automatically and transmitted immediately after the DD2 character. The receiving 
buffer, in turn, develops its own Block Parity character by checking the bit positions of the 
data as it is received. The receiving buffer then verifies its Block Parity character with the 
Block Parity character generated by the transmitting buffer. 

Block Parity is a single character that contains an indication as to the number of "1" bits (odd 
or even) that appeared in the 20 - 25 positions of the characters in the message. Block parity 
is based on an "even" number of bits. For example, if the number of "1" bits in the 20 posi­
tions amounted to 43, the 2° position of the Block Parity character would be "1". 

DIALING 

Before data may be transferred over the lines, a dialing function must be performed to con­
nect the sending and receiving equipment. If a private line is used with a point-to-point con­
nection, this may not be necessary. The dialing of the remote equipment may be done manually 
or automatically. 

MANUAL DIALING 

When the sending computer has data to transmit, it informs the operator by a printout. The 
operator then dials the remote location by means of a telephone attachment to the Data Set. 
The operator at the remote location answers the phone attached to his Data Set, and both oper­
ators place their respective Data Sets in a Data mode by means of a switch. The Data mode 
switch conditions the Data Set to convert the a.c. tone signals into d. c. data signals. Data 
transmission between computers may then occur. When data transmission is complete, the 
operators are notified via a printout to hang up their telephones, thus breaking the connection. 

The receiving equipment may be placed in an UNATTENDED mode by means of a Data Set 
switch (AUTO). With this switch set, the connection is made automatically without operator 
intervention. 

AUTOMATIC DIALING 

An optional dialing feature permits the Transmit mode of the buffer to use a common carrier 
Automatic Dialing Unit (ADU). This unit is an additional piece of equipment used with the 
AT&T Data Set that permits the communication program to automatically dial the remote sta­
tion when the Data Set is in the Data mode. 

Automatic dialing message format: 

AAA - 3-digit area code (if required) 

TTTTTTT - 7-digit telephone number. 

The 24 bit of the last digit must be "1". 

X - DD2 symbol 

ACCURACY CONTROL 

During each CMC buffer scan, if the buffer is Ready, it responds to the CMC's Select Signal 
(SEL) with a Remote OK signal. If the CMC does not receive this Remote OK response, an 
error condition is indicated. The following conditions will cause the absence of a Remote OK 
signal from the buffer. 
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1. If, when using the Automatic Dialing Unit, the rece1vmg .station does not answer the call 
within 40 seconds, or there is a 40 second delay between digits of the phone number as it 
is received from the CMC. 

2. No acknowledge signal has been received from the remote station buffer within 1. 4 sec­
onds after the transmitting buffer has sent the Block Parity character. 

3. A DDl is not received from the remote location within 19 seconds after a DD2 was trans­
mitted to the remote station. 

4. A parity error is found in a character coming from the transmission line or from the CMC. 

5. A Block Parity error is detected for a message received from the transmission line. 

6. A DDl is not received from the CMC within 19 seconds after a DD2 is received. 

7. Nothing is received from the line within 19 seconds after a DDl is transmi~ted. 

8. When receiving data from the transmission line, a "no-data" timeout occurs. That is , 
more than one character time has elapsed between the completion of one character and 
the start of the next character. 

9. Loss of various signals that indicate that the Data Set is functioning abnormally. 

These conditions activate the Interface Unit Buzzer for the duration of the detected condition. 
After the above action takes place, the buffer returns to its neutral condition. If the buffer is 
receiving data when the error occurs, further data will not be transferred to the CMC until 
the start of the next message. 
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TELEGRAPH POLLING BUFFER, MODEL 6013 

GENERAL DESCRIPTION 

This buffer unit can transmit and/or receive data in 5-level code over standard telegraph lines 
at rates of 6, 6. 7: 7. 5, or 10 characters per second. The buffer may be connected by a tele­
graph transmission line to standard telegraph transmitting and/or receiving stations or, if a 
"polling'' operation is desired, to an AT&T Out Station Unit, used in an 83Bl-2 switching sys­
tem, or a similar device. Polling is the process by which a remote device on a multi-station 
line is connected to the processor at the exclusion of the other remote devices. 

The basic buffer unit is comprised of two independent buffers. Each of the two buffers occupies 
one CMC scan position, and each is associated with one CMC line slot. Moreover, each buffer 
can be used for transmitting and receiving data independently of the other. 

OPERATION 

The buffer unit is quiescently in a "neutral" state ready to transmit or receive data, but in 
only one direction at a time. It may operate in one of three modes (Receive only, Transmit 
only, or Half Duplex). In each mode the CMC, telegraph buffer and remote equipment com­
municate with each other via the following control signals: 

CMC-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

BUFFER-TO-CMC 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 

Remote OK (ROK) 

REMOTE EQUIPMENT-TO-BUFFER 

RECEIVE FUNCTION 

Receive Data (RD) 

Clear-To-Send (CTS) 

BUFFER-TO-REMOTE EQUIPMENT 

Transmit Data (TD) 

Initially, a RD signal indicates to the buffer unit that data is arriving. The buffer collects the 
data and assembles it into a character. The CMC, when it advances its scan position to this 
buffer, sends a SEL signal to the buffer. If there is no complete character assembled, the 
buffer does not respond with a BRDY signal, and the CMC advances to its next scan position. 
When a complete character is present following a SEL signal, the buffer responds with BRDY, 
BSI and ROK signals. The CMC then interrogates the I 1 character in the line slot to see if 
input is permitted. If not, the CMC advances its scan position, and the character is not trans­
ferred to the CMC. If input is allowed, the CMC sends a CRDY signal to the buffer. The 
character is then transferred to the CMC and from there to HSM. The above operations occur 
on a character-by-character basis until input data ceases. This is indicated to the buffer by 
a time span longer than one "character time" during which no data has arrived. The buffer 
then reverts to its neutral condition. 
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TRANSMIT FUNCTION 

The buffer unit periodically receives SEL signals from the CMC. If no data is being handled 
by the buffer, it responds with BRDY 1 BSO, and ROK signals. If the I2 character in the line 
slot does not permit output, the CMC advances to its next scan position. Should output be 
permitted, the CMC sends a CRDY signal and the character to the buffer. The CRDY signal 
causes the buffer to prohibit input by sending a TD signal to the remote device to indicate data 
is to be transmitted. 

The buffer unit may be wired at installation time to transmit data only when a CTS signal is 
received from the line. If this signal has not been received when a SEL is received, the BRDY 
signal is not sent to the CMC, and the CMC advances to its next scan position. 

Data is then transmitted by the above operations on a character-by-character basis until line 
slot output is exhausted. This is indicated to the buffer by a time span longer than one "char­
acter time" during which no data has been received from the CMC. The buffer then reverts 
to a neutral condition. 

Data Delimiters are not transmitted by the buffer to the line. 

HALF DUPLEX FUNCTION 

The buffer unit may be used for sending or receiving (separately). If used in this way, polling 
of remote devices on multi-station lines is permitted when the proper remote equipment is 
present. Depending upon the remote controlling equipment, various codes may be transmitted 
by the 3301 indicating: 

1. That certain remote devices may begin to transmit data to the 3301, or 

2. That line contact is being made so that the remote devices may receive data from the 
Processor. 

ACCURACY CONTROL 

The Remote OK signal is not sent to the CMC with the BRDY and BSI/BSO signals if there is 
an "open" transmission line condition or a common carrier equipment malfunction. These 
conditions are indicated by RD and TD signals that continue for at least one "character time". 
When this occurs, the Interface Unit Buzzer is activated and the buffer inhibits the BRDY sig­
nal to the CMC until the condition is corrected. The buffer then returns to its neutral mode. 

The Line Monitor Feature is an available installation time option which provides monitor ac­
tivity on input transmission. A timer is activated every time a DDlR signal is received by 
the buffer from the CMC. As each character is received following a DDlR, the time is set 
again. It is deactivated whenever a DD2R signal is received. If time should tun out (one 
"character time") after receiving a DDlR signal and before receiving a DD2R signal, the ROK 
signal is not sent to the CMC when the next SEL signal is received. The buffer then imme­
diately reverts to its neutral condition. 
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TELEGRAPH POLLING BUFFER, MODEL 6015 

GENERAL DESCRIPTION 

This buffer unitcan transmit and/or receive datain5-level code over standard telegraph lines 
at rates of 6, 6. 7, 7. 5 or 10 characters per second. The buffer may be connected by a full 
duplex telegraph transmission line to standard telegraph transmitting and/or receiving stations 
or, if a "polling" operation is desired, to an AT&T Out Station Unit, used in an 81Dl switch­
ing system, or a similar device. Polling is the process by which a remote device on a multi­
station line is connected to the processor at the exclusion of the other remote devices. 

The buffer unit is comprised of a receive and a transmit section. It occupies two CMC scan 
positions and is associated with two contiguous HSM line slots. 

OPERATION 

The Telegraph Buffer may operate in a Receive only, Transmit only, or Full Duplex mode. 
In each mode the CMC, telegraph buffer and remote equipment communicate with each other 
via the following control signals: 

CMC-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

DD2 Recognized (DD2R) 

DDl Recognized (DDlR) 

BUFFER-TO-CMC 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 

Remote OK (ROK) 

REMOTE EQUIPMENT-TO-BUFFER 

Receive Data (RD) 

BUFFER-TO-REMOTE EQUIPMENT 

Transmit Data (TD) 

RECEIVE FUNCTION 

Initially, an RD signal indicates to the buffer unit that data is arr1vmg. The buffer collects 
the data and assembles it into a character. When the CMC advances its scan position to this 
buffer, it sends a SEL signal to the Buffer. If a complete character is not assembled, the 
buffer does not respond with a BRDY signal, and the CMC advances to its next scan position. 
When a complete character is present following a SEL signal, the buffer responds with BRDY, 
BS! and ROK signals. The CMC then interrogates the I1 character in the line slot to see if 
input is permitted. If not, the CMC advances its scan position, and the character is not trans­
ferred to the CMC. If input is allowed, the CMC sends a CRDY signal to the buffer. The 
character is transferred to the CMC and from there to HSM. 

TRANSMIT FUNCTION 

The buffer unit periodically receives SEL signals from the CMC. If no data is being handled 
by the buffer, it responds with BRDY, BSO, and ROK signals. If the r2 character in the line 
slot does not permit output, the CMC advances to its next scan position. Should output be 
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permitted, the CMC sends a CRDY signal and the character to the buffer. The buffer sends. 
a TD signal to the remote device to indicate data is to be transmitted. Data is then trans­
mitted by the above operations on a character-by-character basis until line slot is exhausted. 
Data Delimiters are not transmitted by the buffer to the line. 

Whenever a DD2R signal is received from the CMC, a 500-700 ms timer is set. The BRDY 
is not sent to the CMC during this time. 

FULL DUPLEX FUNCTION 

The buffer may be used for simultaneous sending and receiving. Device communications are 
identical to those listed for the Receive and Transmit functions. 

ACCURACY CONTROL 

The Remote OK signal is not sent to the CMC with the BRDY and ·BSI/BSO signals if there is 
an "open" transmission line condition or a common carrier equipment malfunction. These 
conditions are indicated to the buffer by RD and TD signals that continue for at leastone 
"character time". When this occurs, the Interface Unit Buzzer is activated and the buffer 
inhibits the BRDY signal to the CMC until the condition is corrected. The buffer then returns 
to its normal operating condition. 

The Line Monitor Feature is an available option at installation time which provides monitor 
activity on input transmission. This feature activates a buffer timer every time a DDlR sig­
nal is received by the buffer from the CMC. As each character is received, it is set again. 
A DD2R signal deactivates the timer. If time should run out (one "character time") after re­
ceiving a DDlR signal and before receiving a DD2R signal, the ROK signal is not sent to the 
CMC when the next SEL signal is received. The buffer then reverts immediately to its normal 
input status. 

XX-28 



PARALLEL BUFFER, MODEL 6016 

GENERAL DESCRIPTION 

This buffer is used to transfer data from a data generating unit, such as a Time Generator, 
to 3301 HSM via the CMC. This buffer occupies one CMC scan position and requires the allo­
cation of one HSM line slot. 

OPERATION 

This buffer is used in an "input mode" only. The following signals are used between the CMC, 
buffer, and data generating unit: 

CMG-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

Parity OK (POK) 

BUFFER-TO-CMG 

Buffer Status Input (BSI) 

Buffer Ready (BRDY) 

Remote OK (ROK) 

DATA GENERA TING UNIT-TO-BUFFER 

Data Available (DA) 

If data is not available in the data generating unit, a BRDY signal is not given in response to 
the periodic SEL signals received from the CMC. The CMC then advances. to its next scan 
position. Upon receipt of. a DA signal from the data generating unit, the buffer responds to 
the next CMC SEL signal with BSI, BRDY, and ROK signals. The CMC then interrogates the 
Il control character to see if input is allowed. If not, the CMC advances to its next scan posi­
tion. If input is allowed, the data is transferred, bit parallel by character, thru the buffer 
and CMC to HSM. If the parity is correct, the CMC sends a POK signal-to the buffer. These 
operations occur on a character-by-character basis until all the data has been transferred. 

ACCURACY CONTROL 

Absence of the ROK signal from the buffer indicates that an error has occurred. This occurs 
when a POK signal has not been received by the buffer within a 1. 08 second time span, or the 
Data Generator is not functioning properly. These conditions activate the Interface Unit Buz­
zer until they are corrected and the buffer inhibits the BRDY signal to the CMC until the condi­
tion is corrected. The buffer then reverts to its input mode. Parity checks must be requested 
by the program. --

DATA GENERATING UNIT 

TIME GENERA TOR - MODEL 6041 

The Time Generator is an electronic clock which generates time messages. The time is rep­
resented by six Decimal digits as follows: 

xx/\xxxx HOURS 

Where the LSD is a multiple of 360 ms. 
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Each time message consists of the six data characters and is preceded by one control char­
acter. The control character alternates between a DDl and an ISS for each message. A new 
time message is generated every 360 ms. It is at this time the DA signal is sent to the Par­
allel Buffer. 

The time may be set manually to all zeros by means of a switch on the Time Generator Unit. 
Moreover, the leftmost four data digits may be set individually to any digit (0-9) by means of 
four dials. 

An example of the Time Generator data as it appears in HSM is as follows. 

Time: 11:36:42 AM 

LINE SLOT 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 

xx 
Az A3 I, 12 DDl l l 6 l l 7 • l l 6 l l 6 

Latest Time 
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COMMUNICATIONS BUFFER - MODEL 6020 

GENERAL DESCRIPTION 

The Communications Buffer, Model 6020, is used in conjunction with the CMC to couple a 
3301 computer to a standard 3KC "voice-grade" communication line, or equivalent, via a 
digital Data Set unit. The transmission rate is up to 18 cps. This buffer is used in half-duplex 
operation; it can receive or transmit data, but in only one direction at a time. The buffer oc­
cupies one CMC scan position and is associated with one HSM line slot. The transmission 
line code contains 11 bits per character (1 start bit, 8 information bits, and 2 stop bits). The 
buffer is capable of handling 5, 6, 7, or 8-level codes. When 7 and 8-level codes are used, 
a code translator must be used as an interface between the Buffer and the Buffer Interface Unit. 

Sample remote equipment that may utilize this buffer include the Video Data Terminal, Model 
6050-2, and Teletype Corp., Model 33 and 35 Teletypewriters. 

BUFFER MODELS 

The Communications Buffer is offered in the following models: 

Model 6020-11: utilizes an AT&T 103F Data Set in private-leased line operations and/or 
manual dial applications. A "No Data" timer is an optional feature 
available with this model. 

Model 6020-12: utilizes an AT&T 103A Data Set in a dialing network. Dialing may be 
manual, or automatic if a common carrier Automatic Dialing Unit is at­
tached. Unattended Operation, Automatic Disconnect, Answer Back, 
and a "No Data" timer are optional features available with this model. 

AT&T Data Set model numbers are shown only as an example. Equivalent Data Sets of other 
manufacturers may be used. The Model 103 Data Set is asynchronous and speeds "up to" the 
values mentioned can be obtained. 

The Model 6020 Communications Buffer may be utilized for telegraph type operations without 
requiring Data Sets. 

OPERATION 

The Communications Buffer may operate in a half-duplex mode ready to transmit or receive 
data. If, while in its neutral state, signals are received from the transmission line, the buffer 
automatically switches to its Receive Mode. Conversely, if while in a neutral state, the CMC 
recognizes that output is permitted from the HSM Line Slot, the buffer automatically switches 
to the Transmit Mode. 

The CMC, Communications Buffer, and Data Set communicate with each other with the fol­
lowing signals: 

CMC-TO-BUFFER 

Select (SEL) 

CMC Ready (CRDY) 

DD2 Recognized (DD2R) 

DDl Recognized (DDlR) 
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BUFFER-TO-CMC 

Remote OK (ROK) 

Buffer Status (BSI/BSO) 

Buffer Ready (BRDY) 



DATA SET-TO-BUFFER 

Received Data (RD) 

Clear-To-Send (CTS) 

RECEIVE FUNCTION 

BUFFER-TO-DATA SET 

Request Send (RS) 

Transmitted Data (TD) 

Initially, an RD signal indicates to the buffer that data is arriving. The buffer collects the 
·data and assembles it into a character. The CMC, as it advances its scan position, sends a 
SEL to the buffer. If a complete character is not assembled, the CMC advances to its next 
scan position. If a complete character is present following a SEL signal, the buffer responds 
with BRDY, BSI, and ROK signals. The CMC then interrogates the I1 character in the line slot 
to see if input is permitted. If not, the CMC advances its scan position and the character is 
not transferred to the CMC. If input is allowed, the CMC responds with a CRDY signal and 
the character is transferred. The above operations occur on a character-by-character basis 
until a DD2 is recognized by the CMC. The resultant DD2R signal from the CMC automatically 
reverts the buffer to its neutral condition. 

TRANSMIT FUNCTION 

The buffer periodically receives SEL signals from the CMC. If no data is being handled, the 
buffer responds with BRDY, BSO, and ROK signals. The CMC then examines the I2 character 
in the line slot and, if output is not permitted, advances its scan position. If output is per­
mitted, the CMC sends a CRDY signal and the data character to the buffer. An RS signal is 
now sent by the buffer to the Data Set and, when a CTS signal is returned, the data character 
is sent to the Data Set and onto the transmission line. The above operations occur on a char­
acter by character basis until a DD! or DD2 is recognized by the CMC. The DD2R or DDlR 
signal from the CMC automatically reverts the buffer to its neutral condition. A DD2 is ab­
sorbed by the buffer and not transmitted. 

AUTOMATIC DISCONNECT 

To terminate the line connection when utilizing the Model 6020-12 buffer, the ASCII (American 
.§tandard Qode for !nformation Interchange) End of Transmission character (EOT) is utilized 
as a one character terminate sequence. When transmitted by either the remote device or the 
computer, the EQT causes the line connection to be broken at both the remote. terminal and 
the processor. When the computer is receiving, the EQT is not transferred to the CMC, but 
the preceding DD2 reverts the buffer to its neutral condition. 

DIALING 

Before data may be transferred over the lines, a dialing function must be performed to con­
nect the sending and receiving equipment. (If a private line is used with a point-to-point con­
nection this may not be necessary.) The dialing of the remote equipment may be done man­
ually or automatically, depending on the type of Data Set utilized. Should 19 seconds elapse 
after a line connection has been established, and nothing is received from the line, the buffer 
reverts to its neutral condition. 

MANUAL DIALING 

When the sending station has data to transmit, the operator dials the remote location by means 
of a telephone attachment on the Data Set. The operator at the receiving station answers the 
phone attached to his Data Set and both operators place their respective Data Set in a "DATA" 
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Mode by means of a switch. Data transmission may then occur. When data transmission is 
complete, the operators are notified to hang up their telephones, thus breaking the connection. 

The receiving equipment may be placed in an "unattended" mode by means of a Data Set switch 
(AUTO). With this switch set, the connection is made automatically without operator inter­
vention at the receiving station. 

AUTOMATIC DIALING 

An optional dialing feature permits the transmit mode of the station to use a common carrier 
Automatic Calling Unit (ACU). This unit is an additional piece of equipment used with the 
AT&T Data Sets that permits the communication program to automatically dial the remote 
station when both Data Sets are in the DATA mode. 

Automatic dialing message format is as follows: 

AAA - 3-digit area code (if required) 

TTTTTTT - 7-digit telephone number 

The last digit 24 bit, must be a "one" bit 

ANSWER-BACK OPTION 

The "Answer-Back" option is used with certain dialed systems containing Teletype Corp., 
Model 33 or 35 Teletypewriters. Immediately after the transmission line connection has been 
made, the buffer generates a DD2 character and transfers it to the CMC and 3301. This in­
dicates to the program that the remote terminal has initiated the line connection and has data 
to transmit to the processor. After the processor indicates that transmission may proceed, 
the Remote terminal transmits its messages to the processor as described previously. 

ACCURACY CONTROL 

During each CMC selection period, when a buffer is Ready, the buffer returns a ROK signal 
to the CMC unless any of the following error conditions has been detected: 

1. A loss of various signals that indicate that the Data Set or the remote equipment is not 
functioning correctly. This condition activates the buffer error light and the Buffer Inter­
face Unit Buzzer. These indicators are extinguished manually, upon retransmission, 
upon receiving data, or when the communication line is disconnected. 

2. The proper line connection cannot be made when using the Automatic Calling Unit. 

3. If, when utilizing the "No-Data" timer option, a no-data timeout occurs. This occurs 
when there is an interruption of the flow of input data during the data portion of a message. 

On error recognition, the buffer inhibits the ROK signal from the CMC on the next SEL only. 
The buffer then reverts to its neutral condition. 
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CODE TRANSLATOR MODEL 6042 

GENERAL DESCRIPTION 

The Code Translator: Model 6042; modifies ASCII (American Standard Code for Information 
Interchange) transmission line code to a code acceptable to the CMC when the computer is re­
ceiving data. The opposite modification occurs when the computer is transmitting to a remote 
device. The Code Translator acts as an interface between all buffer models that accommo­
date ASCII codes (the Model 6010 buffer: for example) and the Buffer Interface Unit (BIU). 
This unit is connected to the BIU and a group of up to 10 buffers. The unit is capable of han­
dling transmission line speeds of up to 300 cps. 

REMOTE 
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Characters are transferred from the buffer to the Code Translator one character at a time. 
When a character is received from the buffer the 25 and 26 bits are compared in the Code 
Translator. If unequal, signifying an ASCII graphic character, the 25 bit is deleted and the 
remaining 6 bits are transferred to the BIU. When a parity bit is present, the 25 bit is de­
leted, the correct parity is generated, and 7 bits are transferred to the BIU. The operation 
handling either odd or even transmission line parity, which is determined by the remote equip­
ment, is selectable by plugboard. 

When the 25 and 26 bits are equal, signifying an ASCII control character, an ESCAPE char­
acter is generated and transferred to the BIU. Immediately following this operation the 25 
bit is deleted, and the remaining 6 bits (7 bits if parity is present) are transferred to the BIU. 
The ESCAPE character is uniqueforthe system; itmustbe chosenfrom one of the 64 graphics, 
and it is plugboard selectable. 

The reverse procedure is followed when the BIU transfers data to the Code Translator for 
transfer to the buffer. 
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GENERAL DESCRIPTION 
The Communication Control (CC) permits long distance communications via standard 3KC 
"voice-grade" telephone lines between an RCA 3301 and a 301 or 3301 computer. The remote 
computer must have an associated CC or a CMC - Communication Buffer, Model 6012. The 
line can be used for sending and receiving, but not simultaneously. Transmission rates may 
vary from 150 to 5100 characters per second. Transmission line code consists of 8 bits per 
character (6 data bits, 1 parity bit, and 1 control bit). The CC has the responsibility of adding 
the control bit to transmitted characters and deleting it from incoming characters. A maximum 
of two Communication Controls may be connected to a 3301 Processor. 

A Data Set is necessary as an interface between the CC and the transmission line. Dialing 
functions may be performed manually via the Data Set, or automatically if an AT&T Automatic 
Calling Unit is attached. If the line is a private leased line which allows a point-to-point con­
nection, dialing is not necessary. Table XXI-1 presents the CC Models that are available, in 
conjunction with various Data Set models and transmission rates. 

Transmission Rate 

cc Date Dialing (Characters /Second) 

Model Set Function Dialed Call Leased Line 

11. 112 201 Manual 250 300 

12, 122 201 Automatic 250 ---
21, 212 202 Manual 150 225 

22, 222 202 Automatic 150 ---
34, 342 301-B Leased Line --- 5100 

Table XXI-1 

AT&T Data Set models are listed only as examples. Other equivalent Data Sets may be used. 
The Model 202 Data Set is asynchronous allowing speed up "up to" the values shown. The Model 
301-B and 201 Data Sets are synchronous and operate at a fixed speed. The Model 301-B Data 
Set utilizes a communications line with a nominal band width of 48KC. 

OPERATION 
Three special control characters, selectable by plugboard, are used to coordinate the 
transmitting/receiving operation. 

Data Delimiter 

Data Delimiter 

Terminate Code 

#1 (DDl) 

#2 (DD2) 

(TERM) 

Note: When a CC is used to communicate exclusively with other CCs any character may be 
used for TERM. If used to communicate \\ith a 6012 buffer, TERM must be discrete, 
non-data code. 

The method by ·which the CC transfers data between the 3301 and the Data Set are as follows: 

RECEIVE FUNCTION 

A DD2 and Block Parity (BP) received from the transmission line indicate that the remote 
station is requesting to transmit data. The CC checks character and block parity and, if cor­
rect, transmits an acknowledge signal to the Data Set and line. The DD2 does not enter HSM, 
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but a DD2 Recognized indicator is set (A0 21) and the External Interrupt Indicator is set 
in the Interrupt Register and interrupt occurs. Recognizing that the remote station has data 
to transmit, the program accesses a Write instruction which causes a DDl to be transmitted 
to the Data Set and line. This allows the remote station to begin transmission. Upon the I/O 
Mode Terminated normally interrupt, a Read instruction is accessed so that the data may be 
transferred to HSM. The message is then received ending in DD2 and BP. The DD2 does not 
enter HSM but causes the CC to check BP. If character parity was correct during the message 
and if BP was correct, the

1 
CC transmits an acknowledge signal to the line and sets the DD2 

recognized indicator (Ao 2 ) . A Write instruction is accessed, a DDl transmitted, and the 
cycle is repeated for each message. 

When a DDl is received, the DDl does not enter HSM but causes a DDl Recognized indicator 
to be set (Ao 24) and the External Interrupt indicator to be set in the Interrupt Register. This 
is interpreted by program as the sending computer has no more data to send. If the receiving 
computer has data to transmit, a DD2 is written to the CC, and the stations are reversed in 
functions. To terminate the line connection, a TERM and DDl characters are written to the 
CC and the transmission line. 

TRANSMIT FUNCTION 

When data is available for transmission, a Write instruction is accessed and a DD2 is written 
to the CC and transmission line. The remote station considers this DD2 as a 11 request-to­
transmit11 signal and, if acceptable, replies with a DDl. The DDl, when received, is not 
transferred to HSM but causes a DDl Recgnized indicator to be set (Ao 24) and the External 
Interrupt indicator to be set in the Interrupt Register. A Write instruction is accessed and 
the message is written to the CC followed by a DD2. An External Interrupt condition, with the 
DDl Recognized indicator set, signifies that the message was received properly at the remote 
station. The next message is now written to the CC and the cycle is repeated. 

BLOCK PARITY 

The block parity character is generated with a bit configuration such that, when included with 
the data characters of each block, an even number of bits in each level results. 

When a message is transmitted by the remote location, a Block Parity character is generated 
automatically by the CC and transmitted immediately after the DD2 character. The receiving 
Communications Control, in turn, develops a Block Parity character by checking the bit posi­
tions of the data characters as the message is received. It then compares its Block Parity 
character with the Block Parity character received from the remote location. 

DIALING 

Before data may be transferred over the lines, a dialing function must be performed to connect 
the sending and receiving equipment. If a private line is used with a point-to-point connection, 
this may not be necessary. The dialing of the remote equipment may be done manually or 
automatically. 

MANUAL DIALING 

When the sending computer has data to transmit, it informs the operator by a printout. The 
operator then dials the remote location by means of a telephone attachment to the Data Set. 
The operator at the remote location answers the phone attached to his Data Set, and both op­
erators place their respective Data Set in a Data mode by means of the data switch. Data 
transmission may then occur. When data transmission is complete, the operators should be 
notified via a printout to hang up their telephones, thus breaking the connection. 
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The receiving equipment may be placed in an UNATTENDED mode by means of a Data Set 
switch (AUTO). With this switch set, the connection is made automatically without operator 
intervention. 

AUTOMATIC DIALING 

An optional dialing feature permits the transmit mode of the buffer to use a common carrier 
Automatic Calling Unit (ACU). This unit is an additional piece of equipment used with the 
AT&T Data Sets that permits the communication program to automatically dial the remote 
station when the Data Set is in the DATA mode. 

Automatic dialing message format: 

AAA - 3-digit area code (if required) 

TTTTTTT - 7-digit telephone number 

The 24 bit of the last digit must be" 111 • 

X - DD2 symbol (used as the request to transmit signal) 

INSTRUCTIONS 
The Communication Control uses the following instructions: 

READ FORWARD SIMO 1 (RFl) 

WRITE SIMO 1 (WRl) 

TEST DEVICE (TDV) 

READ FORWARD SIMO 2 (RF2) 

WRITE SIMO 2 (WR2) 

The N character of each instruction selects the appropriate communication control as follows: 

(74) 8 = % 

(75)g =. 
Models 3376-11, 12, 21, 22, and 34 

Models 3376-112, 122, 212, 222, and 342 

The instructions are presented by function under the headings: 

1. TESTING THE DEVICE 

2. SENDING 

3. RECEIVING 
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TESTING THE DEVICE 

GENERAL DESCRIPTION 

FORMAT 

The Test Device instruction (TDV) tests the status of the CC and transfers control of the 
condition(s) being tested is (are) present. 

OPERATION - S 

N - % or • (ISS) 

A ADDRESS - Specifies the test to be performed (See table on next page). 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is (are) present. 

Tests To Be Performed 

Character Bit Position Symbol Test 

Ao 20 1 Is the Data Set inoperable? 
Has there been a CONFLICT? 

AO 
21 2 Has a DD2 been recognized? 

Has the previous transmitted message 
been acknowledged within 1. 4 
seconds? 

AO 22 4 Has a No-Data timeout occured? 
Has a 1. 4 second timeout occurred? 

AO 23 8 Has a character or block parity error 
been detected? 

Has the previous transmitted message 
failed to be acknowledged within 1. 4 
seconds? 

AO 24 ·-

& Has a DDl been recognized? 

Al 20 1 Has an error occurred during the 
-- "dialing" procedures? 

Al 21 2 Has a 19 second timeout occurred? 

Al 22 4 Is there a long block error? 

Used character positions are zero and are not be be used by programming. 
-·· 

The A020 indicator is reset by the depression of the TALK switch on the Data Set and the 
Master Reset switch on the CC. The other indicators are reset by the next I/O instruction 
directed to the CC. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is (are) present. 

FINAL SETTINGS 
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SENDING 

GENERAL DESCRIPTION 

FORMAT 

The Write Simo 1 (WRl) or Write Simo 2 (WR2) instruction transfers data from HSM to a 
communication line. 

Operation - 8 (WRl) or 9 (WR2) 

N - % or• (ISS) 

A Address - HSM location containing the first character to be transmitted. 

B Address - HSM location containing the last character to be transmitted. 

DIRECTION OF OPERATION 

Characters are transferred from HSM left to right. 

SPECIAL CONDITIONS 

ST A is performed. 

OUTLINE OF OPERATION 

When the CC is capable of receiving a character, a demand is made on the processor and the 
character specified by the S or C register is transferred to the CC. The S or C register is 
incremented by one. The cycle is repeated until address equality is reached. 

FINAL SETTINGS 

(S)f or (C)f = HSM location one to the right of the last character written. 

(T)f or (E)f = (B)i 
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RECEIVING 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction accepts informa­
tion from the communication line and places the information into HSM. 

FORMAT 

Operation - 4 (RFl) or 5 (RF2) 

N - % or • (ISS) 

A Address - HSM location to receive the first character 

B Address - HSM location to receive the last character 

DIRECTION OF OPERATION 

Characters are transferred into HSM from left to right. 

SPECIAL CONDITIONS 

STA is performed. 

OUTLINE OF OPERATION 

When the CC has received a complete character, a demand is made on the processor and the 
character is transferred to the HSM address specified by the S or C register. The S or C 
register is incremented by one. The cycle is repeated until a DD2, DDl, or address equality 
ii::i reached. 

FINAL SETT IN GS 

(S)f or (C)f = HSM location one to the right of the last character read. 

(T)f or (E)f = (B)i 
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ACCURACY CONTROL 
The Communication Control will recognize the following error conditions and set appropriate 
indicators which can be sensed by the Test Device instruction: 

TRANSMIT MODE 

The following causes the 1/0 Mode Terminated Abnormally indicator in the Interrupt Register 
to be set and interrupt to occur: 

1. Data Set inoperability -This causes the A0 2° indicator to be set. 

2. CONFLICT-Le., If, immediately after a remote station has established the line con­
nection and prior to the External Interrupt indicator being set, a Write instruction to 
the CC is accessed, a CONFLICT condition occurs. This causes the A0 20 indicator 
to be set. 

3. Character parity error - This causes the A0 2
3 indicator to be set. 

4. Dialing function error - This causes the A1 2° indicator to be set. 

The following causes the External Interrupt indicator in the Interrupt Register to be set and 
interrupt to occur: 

1. The last transmitted message was not acknowledged by the remote station within 1.4 
seconds. This causes the Ao 23 indicator to be set. 

2. 19 second timeout- No program acknowledgment (DDl) of the previo~sly transmitted 
message has been received within 19 seconds. This causes the A1 2 indicator to be 
set. 

RECEIVE MODE 

The following causes the 1/0 Mode Terminated Abnormally indicator to be set in the Inter­
rupt Register and interrupt to occur: · 

1. Subset inoperability - This causes the A0 20 indicator to be set. 

2. Block parity error - This causes the A0 21 and A0 2
3 indicators to be set. 

3. No-Data Timeout This occurs when no data is received for more than one 
"character-time" during the text of the message. This causes the Ao 22 indicator to 
be set. 

4. 1.4 second timeout - No data is received for 1.4 seconds following the transmission of 
a DDl and the access of a Read instruction. This causes the Ao 22 indicator to be set. 

5. Character parity error - This cause the A0 23 indicator to be set. 

6. Long block - Address equality is achieved before the message is completely re­
ceived. This causes the A1 22 indicator to be set. 

The following causes the External Interrupt indicator to be set in the Interrupt Register and 
interrupt to occur. 

1. 19 second timeout - No DDl is received from the processor for 19 seconds after a 
DD2 has been received. This causes the Ai 21 indicator to be set. 

2. "Request to transmit'' error - The DD2 is received in error. This causes the Ao 21 

indicator to be set along with another appropriate error indicator. 
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GENERAL DESCRIPTION 

Increased computational capabilities are available through the High Speed Arithmetic Unit 
which features a family of powerful instructions for ''wired in'' fixed and floating point 
arithmetic. The High Speed Arithmetic Unit consists of an addressable Accumulator and a 
Product Remainder Register, two non-addressable operand registers, and a high speed 
parallel adder. Four fixed-point and four floating-point instructions have been added to perform 
the basic arithmetic operations. In addition, two other instructions are available to facilitate 
the usage of arithmetic operations. 

The unit may be incorporated with any of the 3301 memory sizes and is available as a field 
modification. An additional feature of this unit is that all existing 3301 programs will continue 
to run without modification; i.e., existing arithmetic operations will be executed in the identt­
cal manner without utilizing the High Speed Arithmetic Unit. 

ACCUMULATOR AND PRODUCT REMAINDER REGISTER 

The addressable portion of the Arithmetic Unit is comprised of two parts: The Accumulator and 
the Product Remainder Register (PR Register). These are 16 positions in length and are not 
contained in High Speed Memory. The upper (most significant) eight positions are the Ac­
cumulator, and the remaining eight are the Product Remainder Register. The result of every 
arithmetic operation appears in the Accumulator as well as in HSM, if indicated. The Ac­
cumulator normally contains the result, but in some cases, the Product Remainder Register 
will also contain pertinent information. The contents of the Accumulator may be addressed, 
stored, or shifted via the ten instructions. In addition, the Product Remainder Register 
may be stored and shifted through use of the Store Accumulator and Shift Accumulator in­
structions. 

DATA FORMATS 

Arithmetic operations performed via the High Speed Arithmetic Unit are word oriented; an 
eight-character word for Fixed Point Arithmetics, and ten-character word for Floating Point 
Arithmetics. 

The fixed point operand must be located in the eight leftmost locations of a decade (XXXO to 
XXX7). This operand may be addressed by any address in the range XXXO to XXX9. The 
entire eight characters are transferred to or from memory in one machine cycle (1. 93 us). 
A fixed point result, if stored in HSM, will be stored as the eight leftmost locations of a decade, 
(XXXO to XXX7). In storing results, the transfer is made in two machine cycles (3. 0 us.) 

The floating point operand must be located within a decade (XXXO to XXX9). This operand may 
be addressed by any address in the range XXXO to XXX9. The two-character exponent is 
transfered in one machine cycle (1. 5 us), and the eight-character mantissa is transferred in 
one machine cycle (1. 93 1 us). A floating point. result, if stored in HSM, will occupy a decade. 
The transfer is made in two machine cycles (3. 0 us). 
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FIXED POINT DATA FORMAT 

Character Ca C7 c6 C5 C4 C3 C2 Cl 

20-2 3 bits DATA DATA DATA DATA DATA DATA DATA DATA 

24 bit Ignored Ignored Ignored Ignored Ignored Ignored Ignored Ignored 

25 bit Ignored Ignored Ignored Ignored Ignored Ignored Ignored Negative 

The data format for a fixed point word consists of eight digits; character C1 through Cs. The 
characters should be numeric with the exception of the C1 character when the 25 bit indicates 
a negative quantity. 

All other zone bits (24 and 25) are ignored by the arithmetic unit since only the numeric por­
tion of each character enters the arithmetic unit and is converted to a six-bit numeric charac­
ter upon being returned to HSM. 

ADDRESSING 

The fixed point word is located in the eight leftmost locations of a decade (XXXO to XXX7) and 
may be addressed by any address in the range XXXO to XXX9. 

OVERFLOW 

Overflow causes the Overflow Indicator to be set, the Overflow Interrupt Indicator to be set, 
and interrupt to occur. The 24 bit in the Cg character is not set by overflow. 

ROUNDING 

To facilitate double precision programs, rounding of fixed point arithmetic results is optional 
depending on the 2° bit of the N Character. If 2° is zero, results are not rounded; if 2° is one, 
the resuits are rounded. 

FLOATING POINT DATA FORMAT 

Characters C10 C9 Ca C7 c6 C5 C4 C3 C2 Cl 

20-23 bits DATA DATA DATA DATA DATA DATA DATA DATA DATA DATA 

24 bit Ignored Ignored Ignored Ignored Ignored Ignored Ignored Ignored Ignored Ignored 

25 bit Ignored Ignored Ignored Ignored Ignored Ignored Ignored Negative Ignored Negative 

"----------------- ------------~..__./---------------- ~ 

MANTISSA EXPONENT 
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The data format for a floating point word consists of 10 digits (C 1 through C 10); an eight­
character mantissa and a two-character exponent, The mantissa indicates the numerical 
value, and the exponent indicates the magnitude of the number. 

EXPONENT 

The range of the exponent may be± 99, This is expressed in the numeric portion (20 - 23 bits) 
of the exponent digits. A "one" in the 25 bit position of the C1 character indicates that the 
exponent is negative. 

All other zone bits are ignored by the arithmetic unit since only the numeric portion enters 
the unit and is converted to a six-bit numeric character upon being returned to HSM. 

MANTISSA 

The mantissa should be a pure numeric quantity with the exception of the C3 character. A 
"one" bit in the 25 position of C3 indicates that the mantissa is negative. 

Overflow is not possible in the mantissa. If a floating point operation should cause the man­
tissa to attempt to overflow, this would automatically be corrected by the Accumulator shift­
ing right one position, inserting a decimal ''one'' in the MSD of the mantissa (C 10), and ad­
justing the exponent accordingly. All other zone bits are ignored by the arithmetic unit since 
only the numeric portion enters the unit and is converted to a six-bit numeric character upon 
being returned to HSM. 

ZERO MANTISSA 

Floating point zero is represented as all zeros in the mantissa and -99 in the exponent. A 
floating point operand which has all zeros in the mantissa must have -99 in the exponent. 
Otherwise, an Arithmetic Error Interrupt will occur. 

NORMALIZATION AND ROUNDING 

All floating point operands must be normalized* before being used in arithmetic operations or 
an Arithmetic Error Interrupt will occur. The only exception to this rule is a Floating Point 
Add of an unnormalized operand to a floating point zero. The result will be the operand in 
normalized form. This provides an efficient method of floating a fixed point number. The re­
sult of all floating point arithmetic operations are automatically normalized. Rounding of the 
result is optional and may be specified by the N Character. If 2° of N is zero, results are not 
rounded, If 2° of N is one, and the MSD of the Product Remainder Register is five or greater, 
the absolute value of the result will be increased by one. 

* Normalize: To adjust the exponent and mantissa of a non-zero floating point operand or result so 
that the MSD of the mantissa is non-zero, 
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ADDRESSING 

The floating point word must be located within a decade (XXXO to XXX9). This operand may 
be addressed by any address in the range X:XXO to XXX9. 

EXAMPLES 

The magnitude of any number expressed in the floating point format must lie between the 
limits of 10-100 and .99999999 x 1099 or must be zero. Examples of the floating point format 
are: 

NUMBERS 3301 FLOATING POINT FORMAT 

+0.12345678=+.12345678xl00 1234567800 

+ 123.45678=+. 12345678x 10 3 1234567803 

- 123.45678=-. l 2345678x 103 1234567803 

0 =0x100 0000000099 * 

+0.00012345=+.12345xl0·3 1234500003 

-0.00000001=-. lx10"7 1000000007 

+. 12345678x 10 79 1234567879 

*The conventional format for floating point zero is 0000000000. The 3301 format indicated above 

was adopted in order to be consistent with the RCA 301. 

EXPONENT OVERFLOW 

In the exponent, overflow causes the Overflow Indicator to be set, the Overflow Interrupt 
Indicator to be set, and interrupt to occur. The 24 bit in the C2 character is not set by over­
flow. 

INSTRUCTIONS 

The instruction format of the new program instructions is consistent with the ten-character 
instruction format of the 3301 System. The ten new instructions are the following: 

Operation Code 

@ 

& 

Instruction Name 

Fixed Point Add 

Fixed Point Subtract 

Fixed Point Multiply 

Fixed Point Divide 
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$ 

" 
I 
z 

N CHARACTER 

Floating Point Add 

Floating Point Subtract 

Floating Point Multiply 

Floating Point Divide 

Store Accumulator 

Shift Accumulator 

The N Character in each of the arithmetic instructions is used for designating the following 
options: 

1. Rounding or non-rounding of result. 
2. Algebraic or absolute arithmetic. 
3. Storage of results. 
4. Location of operand. 

Options may be specified in any combination and are designated as follows: 

Six-Bit N Character 

2° - Indicates Rounding or Non-Rounding of Result 

2° = 1 Result rounded. 
2° = O Result not rounded. 

2
1 

- Indicates Algebraic or Absolute Arithmetic 

21 
= 1 Absolute Arithmetic performed on both operands producing an algebraic re­

sult. 
2

1 
= 0 Algebraic Arithmetic performed on both operands producing an algebraic 

result. 

2
2 

- Ignored 

2
3 

- Indicates Storage of Result 

2
3 = 1 Result stored in Accumulator. 

2
3 = 0 Result stored in both Accumulator and location specified by A Address 

2 
4 

- Indicates B Operand Location 

2 
4 = 1 B operand appears in the Accumulator. 

24 
= O B operand is located at the address appearing in the B Address. 

2
5 

- Indicates A Operand Location 

25 = 1 A operand appears in the Accumulator 
25 = 0 A operand is located at the address appearing in the A Address. 
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FIXED POINT ADD (FXA} 

GENERAL DESCRIPTION 

This instruction performs decimal addition producing a non-zero suppressed sum in the 
Accumulator. Depending upon the conditions as specified by the N character, the operands 
may appear in HSM or in the Accumulator. The sum may be placed in HSM if indicated. 
Arithmetic may be algebraic or absolute, and rounding of the result is optional. The op­
erands are eight characters in length and obey the rules concerning addressing, sign, and 
overflow as described in the fixed point word format description. 

FORMAT 

OPERATION - @ 

N - as discussed previously. 

A ADDRESS - HSM address of the augend and/or sum. 

B ADDRESS - HSM address of addend. 

DIRECTION OF OPERATION 

Right to left 

OUTLINE OF OPERATION 

An eight decimal parallel addition is performed on the operands, producing a non-zero sup­
pressed sum in the Accumulator. The addition is performed by algebraic rules or on ab­
solute values of the operand. The sign is indicated by the 2 bit of the least significant digit 
(LSD) of the operands and the result. PRI' s will be set according to the sign of the result. 

If execution causes Overflow in the result, the Overflow Indicator is set, the Overflow In­
terrupt Indicator is set, and interrupt occurs. The Overflow Indicator is initially reset by 
this instruction. If algebraic arithmetic is indicated, and operands have unlike signs, and 
the operand addressed by the B Register is larger (absolute value), the "end around" condi­
tion (EAC) occurs. 

FINAL SETTINGS 
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ACCf =Sum, 

PRf =Zero. 

PRP is set if the sum is positive. 

PRZ is set if the sum is zero. 

PRN is set if the sum is negative. 

EXAMPLE 

Instruction: @ 0 

HSM Before Execution: 

2000 2001 2002 2003 2004 2005 2006 2007 

8 2 3 4 l 0 2 1 

HSM After Execution: 

2000 2001 2002 2003 2004 2005 2006 2007 

8 6 0 1 8 8 0 1 

Accumulator After Execution: 

8 8 0 

PRP is set. 

2007 2017 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

x x 0 3 6 7 7 7 8 0 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

x x 0 3 6 7 7 7 8 0 
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FIXED POINT SUBTRACT {FXS) 

GENERAL DESCRIPTION 

This instruction performs decimal subtraction producing a non-zero suppressed difference 
in the Accumulator. Depending upon the conditions as specified by the N character, the op­
erands may appear in HSM or in the Accumulator. The difference may be placed in HSM if it 
is indicated. Arithmetic may be algebraic or absolute, and rounding of the result is optional. 
The operands are eight characters in length and obey the rules concerning addressing, sign, 
and overflow as described in the fixed point word description. 

FORMAT 

OPERATION -

N - as described previously 

A ADDRESS - HSM address of the minuend and/or difference. 

B ADDRESS - HSM address of the subtrahend. 

DIRECTION OF OPERATION 

Right to left 

OUTLINE OF OPERATION 

An eight decimal digit parallel subtraction is performed by the operands producing a non­
zero- suppressed difference in the Accumulator. The subtraction is performed by algebraic 
rules or on absolute values of the operands. The sign is indicated by the 25 bit of the least 
significant digit (LSD) of the operands and the result. PRI' s will be set according to the sign 
of the result. 

If execution causes Overflow in the result, the Overflow Indicator is set, the Overflow In­
terrupt Indicator is set, and interrupt occurs. The Overflow Indicator is initially reset by this 
instruction. 

If algebraic arithmetic is indicated, and operands have like signs, and the operand addressed 
by the B Register is larger (absolute value), the "end around" condition (EAC) occurs. 

FINAL SETTINGS 
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ACCf =Difference. 

PRf =Zero 

PRP is set if the difference is positive. 

PRZ is set if the difference is zero. 

PRN is set if the difference is negative. 

EXAMPLE 

Instruction: 8 3360 3370 

HSM Before Execution: 

3360 3361 3362 3363 3364 3365 3366 3367 

3 7 4 3 0 7 8 9 

HSM After Execution: 

3360 3361 3362 3363 3364 3365 3366 3367 

3 7 4 3 0 7 8 9 

Accumulator After Execution: 

PRP is set. 

3368 3369 

x x 

3368 3369 

x x 
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6 1 3 4 3 2 1 R 

3370 3371 3372 3373 3374 3375 3376 3377 
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FIXED POINT MULTIPLY (FXM) 

GENERAL DESCRIPTION 

This instruction performs decimal multiplication producing a non-zero suppressed product 
in the Accumulator and the PR Register. The LSD of the product will be in the LSD position 
of the PR Register. The sign of the product will be indicated by both the 25·bit of the LSD 
of the PR Register and the 25 bit of the LSD of the Accumulator. 

Depending on the conditions as specified by the N character, the operands may appear in the 
HSM or in the Accumulator. Theproductmaybe placed in HSM if it is indicated. The operands 
are eight characters in length and obey the rules concerning addressing as described in the 
fixed point word description. Arithmetic may be algebraic or absolute, and rounding of the 
result is optional. 

FORMAT 

OPERATION - ) 

N - as described previously. 

A ADDRESS - HSM address of the multiplicand and/or product. 

B ADDRESS - HSM address of the multiplier. 

DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

If either operand is zero, the result is zero. This requires no execution time. 

If neither operand is zero, this instruction performs decimal multiplication producing a 
non-zero suppressed product. The LSD of the product will be in the LSD position of PR. 
The sign of the product will be indicated by the 25 bit of the LSD of PR and the LSD of the 
Accumulator. Overflow in the result cannot be generated. PRI's are set according to the 
sign of the result. 

FINAL SETTINGS 

Af =Ai. 

Bf=Br 
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ACC f = 8 MSD of the Product. 

PRf = 8 LSD of the Product. 

PRP is set if the product is positive. 

PRZ is set if the product is zero. 

PRN is set if the product is negative. 

EXAMPLE 

Instruction: 0 4600 4610 

HSM Before Execution: 

00 01 02 03 04 05 06 07 08 09 10 11 
46 

2 l 0 3 4 2 9 L x x 6 8 

HSM After Execution: 

00 01 02 03 04 05 06 07 08 09 10 11 
46 

1 4 3 7 5 4 1 p x x 6 8 

Contents After Execution: 

12 

3 

12 

3 

~ 

Accumulator -------------­PR Register 

PRN is set. 

XXII-11 

13 14 15 16 17 

4 2 7 6 5 
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FIXED POINT DIVIDE (FXD) 

GENERAL DESCRIPTION 

This instruction performs decimal division producing a non-zero suppressed quotient in the 
Accumulator and remainder in the PR Register. The sign of the quotient will be indicated by 
the 25 bit of the LSD of the Accumulator. The sign of the dividend will be retained and in­
dicated by the 25 bit of the LSD of the PR Register. If the decimal point of the operands are 
aligned, the decimal point of the quotient will precede the MSD. 

Depending on the conditions as specified by the N character, the operands may appear in 
HSM or in the Accumulator. The quotient maybe placed in HSM if it is indicated. The operands 
are eight characters in length and obey the rules concerning addressing as described in the 
fixed point word description. Arithmetic may be albegraic or absolute, and rounding of the 
result is optional. 

FORMAT 

OPERATION - & 

N - as described previously. 

A ADDRESS - HSM address of the dividend and/ or quotient. 

B ADDRESS - HSM address of the divisor. 

DIRECTION OF OPERATION 

Right to ·left. 

OUTLINE OF OPERATION 

If the divisor is a zero, the Arithmetic Error Interrupt Indicator is set, and interrupt occurs. 
If the dividend is a zero, the result is zero. 

If neither operand is zero, this instruction performs decimal division on eight character 
operands producing a non-zero suppressed quotient. ·The sign of the quotient is indicated by 
the 25 bit of the LSD. The PRl's are set in accordance with the sign of the quotient. The sign 
of the dividend is retained and indicated by the 25 bit of the LSD of the remainder in the PR. 
If the decimal point of the operands are aligned, the decimal point of the quotient will precede 
the MSD. 

The absolute value of the dividend must be less than that of the divisor. If this rule is violated, 
the Arithmetic Error Interrupt Indicator is set, and interrupt occurs. 

FINAL SETTINGS 

Af =Ai" 

Bf= Bi. 

XXII-12 



ACC f =Quotient 

PR f =Remainder 

PRP is set if the quotient is positive. 

PRZ is set if the quotient is zero. 

PRN is set if the quotient is negative. 

EXAMPLE 

Instruction: & 0 4580 4570 

HSM Before Execution: 

70 71 72 73 74 75 76 77 78 79 80 81 

45 
0 0 0 3 2 l 0 0 x x 0 0 

HSM After Execution: 

70 71 72 73 74 75 76 77 78 79 80 81 
45 

0 0 0 3 2 l 0 0 x x 2 l 

Contents After Execution: 

82 

0 

82 

1 

Accumu I a tor PR Register 

PRP is set. 

83 

0 

83 

4 
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FLOATING POINT ADD (FLA) 

GENERAL DESCRIPTION 

This instruction performs floating point decimal addition producing a normalized floating 
point sum in the Accumulator. Depending upon the conditions specified by the N character, 
the operands may appear in HSM or in the Accumulator. The sum may be placed in the HSM 
if it is indicated. The operands are ten characters in length and obey the rules concerning 
addressing, sign, and overflow as described in the floating point data format description. 
Mantissa arithmetic may be algebraic or absolute, and rounding of the result is optional. 

FORMAT 

OPERATION - $ 

N - as described previously 

A ADDRESS - HSM address of the augend and/or sum. 

B ADDRESS - HSM address of the addend. 

DIRECTION OF OPERATION 

Right to left 

OUTLINE OF OPERATION 

If either mantissa is zero and its exponent is not -99, or if one operand mantissa is not nor­
malized and the other operand is not a floating point zero, the Arithmetic Error Interrupt Indi­
cator is set in the Interrupt Register, and interrupt occurs. If the exponents have like signs, 
and the B operand exponent is larger (absolute value) than the A operand exponent, an "end 
around" condition (EAC) occurs. If algebraic arithmetic is indicated, and the mantissas have 
unlike signs, and the B operand is larger (absolute value) than the A operand, an ''end around" 
conditfon (EAC) occurs. An exception to this rule is when mantissa alignment is required 
in which case the EAC is performed during alignment. 

Since the result is normalized, overflow can occur only in the exponent. Overflow in the 
exponent result sets the overflow indicator, the Overflow Interrupt Indicator, and interrupt 
occurs. The PRI indicators are set in accordance with the sign of the result. 

FINAL SETTINGS 
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EXP f = Exponent Result. 

PRP is set if the sum is positive. 

PRZ is set if the sum is zero. 

PRN is set if the sum is negative. 

EXAMPLE 

Instruction: $ 4609 4619 

HSM Before Execution: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
46 

4 6 7 0 3 4 6 9 0 4 3 4 5 6 7 3 4 5·0 l 

HSM After Execution: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
46 

4 6 7 3 8 0 3 6 0 4 3 4 5 6 7 3 4 5 0 l 

Accumulator After Execution: 

Exponent Register After Execution: 

PRP is set. 
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FLOATING POINT SUBTRACT (FLS) 

GENERAL DESCRIPTION 

This instruction· performs floating point decimal subtraction producing a normalized floating 
point difference in the Accumulator. Depending upon the conditions specified bythe N Char­
acter, the operands may appear in HSM or in the Accumulator. The difference may be placed 
in HSM if it is indicated. The operands are ten characters in length and obey the rules concern­
ing addressing, sign, and overflow as described in the floating point data format. Mantissa 
arithmetic may be algebraic or absolute, and rounding of the result is optional. 

FORMAT 

OPERATION -

N - as described previously. 

A ADDRESS - HSM address of the minuend and/or difference. 

B ADDRESS - HSM address of the subtrahend. 

DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

If either mantissa is zero and its exponent is not -99, or if one operand mantissa is not nor­
malized and the other operand is not a floating point zero, the Arithmetic Error Interrupt In­
dicator is set, and interrupt occurs. 

If the exponents have like signs, and the B operand exponent is larger (absolute value) than 
the A operand exponent, an ''end around" condition (EAC) occurs. If the mantissas have like 
signs, and the B operand is larger (absolute value) than the A operand, an "end around" 
condition (EAC) occurs~ An exception to this rule is when mantissa alignment is required in 
which case the EAC is performed during alignment. 

Since the result is normalized, overflow can occur only in the exponent. Overflow in the ex­
ponent result sets the Overflow Indicator, the Overflow Interrupt Indicator, and interrupt oc­
curs. The PRI indicators are set in accordance with the sign of the result. 

FINAL SETTINGS 

Af =Ar 

Bf= Br 
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EXP f = Exponent Re suit. 

PRP is set if the difference is positive. 

PRZ is set if the difference is zero. 

PRN is set if the difference is negative. 

EXAMPLE 

Instruction: 9 5830 5820 

HSM Before Execution: 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
58 

1 3 6 7 3 2 0 0 0 K 8 7 3 2 1 0 1 3 0 3 

HSM After Execution: 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
58 

1 3 6 7 3 2 0 0 0 K 8 7 3 2 1 0 1 3 0 3 

Accumulator After Execution: 

Exponent Register After Execution: 

PRP is set. 
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FLOATING POINT MULTIPLY (FLM) 

GENERAL DESCRIPTION 

This instruction performs floating point decimal multiplication producing a normalized floating 
point product in the Accumulator. Depending upon the conditions specified by the N character, 
the operands may appear in HSM or in the Accumulator. The product may be placed in HSM 
if it is indicated. The operands are ten characters in length and obey the rules concerning 
addressing and sign as described in the floating point data format description. The product, 
when stored in memory, will contain 8 digits. Mantissa arithmetic may be algebraic or ab­
solute, and rounding of the result is optional. 

FORMAT 

OPERATION - 11 

N - as described previously. 

A ADDRESS - HSM address of the multiplicand and/or product. 

B ADDRESS - HSM address of the multiplier. 

DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

If a mantissa is zero and its exponent is not -99, or if either operand mantissa is not normal­
ized, the Arithmetic Error Interrupt Indicator is set, and interrupt occurs. If the exponent 
signs are unlike, and the B operand exponent is larger, an "End Around" condition (EAC) 
occurs. If there is an exponent overflow, the Overflow Indicator is set, the Overflow Interrupt 
Indicator is set, and interrupt occurs. The PRI' s are set in accordance with the sign of the 
result. 

FINAL SETTINGS 

Af =Ai. 

Bf =Br 
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EXP f =Exponent Result. 

PRP is set if the product is positive, 

PRZ is set if the product is zero. 

PRN is set if the product is negative. 

EXAMPLE 

Instruction: 0 6739 6749 

HSM Before Execution: 

30 31 32 33 34 35 36 37 38 39 40 41 42 43 
67 

6 3 1 5 6 7 8 9 0 7 3 4 5 6 

HSM After Execution: 

30 31 32 33 34 35 36 37 38 39 40 41 42 43 
67 

2 1 8 3 1 9 7 3 0 9 3 4 5 6 

Contents After Execution: 

------------­Accumu I a tor ----------­PR Register 

PRP is set. 
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FLOATING POINT DIVIDE (FLO) 

GENERAL DESCRIPTION 

This instruction performs floating point decimal division producing a normalized floating point 
quotient in the Accumulator. Depending upon the conditions specified by the N character, the 
operands may appear in HSM or in the Accumulator. The quotient may be placed in HSM if it is 
indicated. The operands are ten characters in length and obey the rules concerning addressing 
and sign as described in the floating point data format description. Mantissa arithmetic may be 
algebraic or absolute, and rounding of the result is optional. 

FORMAT 

OPERATION - / 

N - as described previously. 

A ADDRESS - HSM address of the dividend and/or quotient. 

B ADDRESS - HSM address of the divisor. 

DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

If either mantissa is zero and its exponent is not -99, or if the divisor (B operand) is zero, 
the Arithmetic Error Interrupt Indicator is set, and interrupt occurs. If the exponent signs 
are alike and the magnitude of the exponent of the B operand is larger, an "End Around" con­
dition (EAC) occurs. If the exponent overflows, the Overflow Indicator is set, the Overflow 
Interrupt Indicator is set, and interrupt occurs. Overflow in either operand is ignored. The 
PRI' s are set in accordance with the result. 

FINAL SETTINGS 

Af =Ar 

Bf =Br 
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EXP f =Exponent Result. 

PRP is set if the quotient is positive. 

PRZ is set if the quotient is zero. 

PRN is set if the quotient is negative. 

EXAMPLE 

Instruction: I 0 1009 

HSM Before Execution: 

00 01 02 03 04 05 06 07 08 09 

10 
8 3 4 3 2 l 0 l 0 2 

HSM After Execution: 

00 01 02 03 04 05 06 07 08 09 
10 

2 3 0 4 6 7 0 0 0 2 

PRP is set. 

1019 

10 11 12 13 14 15 16 17 18 19 

3 6 2 0 l 3 2 2 0 l 

10 11 12 13 14 15 16 17 18 19 

3 6 2 0 l 3 2 2 0 l 
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STORE ACCUMULATOR (SAC) 

GENERAL DESCRIPTION 

This instruction places the contents of the Accumulator, the PR Register and the Exponent 
Register, as designated by the N character, into HSM. The sign is stored. 

FORMAT 

OPERATION - Z 

N 2
3

=1 Indicates Accumulator and the PR Register (16 characters) are to be 
stored. 

=10 Ignored (unless PR Register is to be stored). 

2
4 

= 1 Indicates both Accumulator and exponent (10 characters) are to be 
stored as a floating point word. 

= 0 Ignored (unless PR Register is to be stored). 

2
5 = 1 Indicates Accumulator (8 characters) is to be stored. 

0 Indicates the PR Register is to be stored. (23 and 24 must also be 
''zero''). 

If the 2
3

, 2
4

, and 25 are erroneously contradictory, the following priority is followed: 2
3 

bit 
overrides 24 and 25; 24 overrides 25. 

A ADDRESS - HSM address where designated portion is to be stored. 

B ADDRESS - Zero (0000). Not to be used by programming. 

DIRECTION OF OPERATION 

Right to left. 

OUTLINE OF OPERATION 

The instruction stores the contents of the Accumulator, PR Register, and Exponent Register 
starting at the HSM address designated by the A Address. The N Character is examined to 
determine which data is to be stored. 

If the 2
3 

bit is one, the Accumulator and PR Register characters are stored. The eight 
characters of the PR Register are stored in the leftmost eight positions of the decade specified 
by the A Address. The eight characters of the Accumulator are stored in the leftmost eight 
positions of the decade preceding the decade specified by A. 

If the 2
4 

bit is one, the Accumulator (eight characters) and Exponent Register (two characters) 
are stored as a floating point word. If the 25 bit is one, the AccumWator is stored. If bits 
(23, 24, and 25) are all zero, the PR Register (eight characters) is stored. 
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FINAL SETTINGS 

EXAMPLE 

A. - 10, if Accumulator is stored or if PR Register is stored. 
l 

A. - 10, if Accumulator and Exponent Register are stored. 
l 

A. - 20, if Accumulator and PR Register are stored. 
l 

B. 
l 

Instruction: z 8 4570 0000 

HSM Before 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 

Execution: 

Contents Before 

Execution: 

HSM After 

Execution: 

Af 4550 

Bf 0000 

45 

z 

60 

45 
1 

z z z z z 

Accumulator 

61 62 63 64 65 

8 2 9 3 0 

z z z z z z z z z z 

PR Register 

66 67 68 69 70 71 72 73 74 75 

4 1 z z 5 2 6 3 7 4 
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SHIFT ACCUMULATOR (SHA) 

GENERAL DESCRIPTION 

This instruction shifts the Accumulator and the PR Register a specified number of times in 
either direction. In most cases, eight places will be the maximum shifts desired since this 
number permits the shifting of the entire contents of the Accumulator or PR Register. In 
rare cases where more than eight places are desired to be shifted, up to 15 places may be 
shifted by indicating the number of places in binary notation (use 3301 N Count). Shifts are 
performed one character at a time. Characters are shifted off the end of the Accumulator and 
lost, while vacated positions on the other end are filled with zeros. The sign positions in 
the Accumulator and PR Register are not affected by shifting. · 

FORMAT 

OPERATION 

N 

= (Equals) 

3 . 
2 = 1 Couple Accumulator and the PR Register (shift as one unit) 

. = 0 Uncouple Accumulator· and the PR Register (shift separately) 

4 
2 = 1 Shift Right 

= 0 Shift Left 

2
5 = 1 Shift Accumulator 

= 0 Shift PR Register 

3 5 
2 = 1 and 2 = 1, contents of PR Register, including sign, are shifted into 

Accumulator. 

A ADDRESS - Zero (0000). Not to be used by programming. 

B ADDRESS - B
0

, B
1

, B
2 

- Zero (000). Not to be used by programming. 

B
3 

= Number of shifts. 

DIRECTION OF OPERATION 

As specified by the 2 
4 

bit of the N character. 

OUTLINE OF OPERATION 

B3 of the B Address is transferred to a 4 bit binary Counter where the number of shifts are 
tallied. The N character is examined, and if 25 bit is a "one" and the 23 bit is a "one", the 
quantity in the Counter is ignored, and the contents of the PR Register including sign are moved 
to the Accumulator. The instruction then terminates. If 23 bit of N is "one" and 25 bit of N 
is "zero", the Accumulator and PR Register are coupled and shifted as one unit. If the 23 bit 
of N is "zero", the Accumulator and PR Register are shifted separately, the 25 bit of N de­
termining which of the two is to be shifted. When the 25 bit of N is "one", the Accumulator is 
indicated. When the 25 bit of N is "zero", the PR Register is indicated. The Counter is re­
duced by one in each shift status level. If the 24 bit of N is "one", all shifts are made to the 
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right. If the 24 bit of N is "zero", all shifts are made to the left. When the counter reaches 
zero, the instruction is terminated. 

FINAL SETTINGS 
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TIMING 

Instruction times vary due to the numerous options, conditions, and operand locations that are 
available. Table XXII-2 reflects the base execution times for the instructions associated with 
the High Speed Arithmetic Unit, Variances are depicted in Table XXII-3 and must be added, 
where applicable, to the figures in Table XXII-2 to develop total instruction times. Table 
XXII-4 contains a timing summary for fixed and floating point operations. 

Execution of fixed point and floating point functions operate with a time pulse interval of 147 
nanoseconds. A combination of either 4 (. 588 msec.) or 5 (. 735 msec.) time pulses comprise 
the High Speed Arithmetic Unit status levels and do not require any access of High Speed mem­
ory. Input/Output instructions may use all memory cycles concurrently without delaying 
these operations. The high speed arithmetic instruction will synchronize with HSM at the be­
ginning of the next memory cycle after execution. This time will vary from 0 to 1 machine 
cycle (1. 93 msec). 

Table XXII-2. Base Execution Times 

INSTRUCTION TIME (In Microseconds) 

Fixed Point Add .735 

Fixed Point Subtract .735 

Fixed Point Multiply 14.48 (avg.) 

Fixed Point Divide 29.99 (avg.) 

Floating Point Add (Mantissa only} .735 

Floating Point Subtract (Mantissa only} .735 

Floating Poin! Multiply (Mantissa only) 14.48 (avg.) 

Floating Point Divide (Mantissa only} 

Divisor Larger than Dividend 29.99 (avg.) 

Divisor Smaller than Dividend 28.52 (avg.) 

Shift Accumulator .588N + 1.50 

Shift PR Register .588N + 2.088 

Shift Accumulator & PR Register Coupled 

Right Shift 1. 176N + 2.088 

Left Shift 1. 176N + 1.50 

Shift PR to Accumulator 0.00 

Store Accumulator 3.00 

Store PR Register 3.00 

Store Accumulator and PR Register 6.00 

Store Accumulator and Exponent Register 3.00 

N =Number of characters shifted 
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Table XXII-3. Timing Additions 

ADDITIONAL TIME FACTORS 

Instruction access 

Fetching of operand from Accumulator 

Storing result in Accumulator 

Fetching of fixed point operand from HSM 

Storing of fixed point result to HSM 

Fetching of floating point operand from HSM 

Storing of floating point result.to HSM 

Indirect addressing 

Address modification per operand 

Alignment of floating point operand 

Floating point add 

Floating point subtract 

Normalization of floating point add or subtract 

l character to be normalized and rounded 

l character to be normalized - no rounding 

) l character to be normalized 

Normalization of floating point multiply 

Normalization of floating point divide 

Rounding 

Fixed multiply and floating (add, subtract, multiply) 

Rounding 

Fixed divide and floating divide 

End-around-condition 

Fixed (add and subtract) and floating (add and subtract) 

End-around-condition for exponent arithmetic 

Ex_e_onent arithmetic 

N =number of characters shifted. 

TIME (In Microseconds) 

1. 93 

0.00 

0.00 

1.93 

3.00 

3.43 

3.00 

3.00 

1. 93 

.588N 

.588(N- 1) + . 735 

.735 

.588 

.588N 

.588 

.588 

.735 

2.793 

.735 

0.00 

1.50 

Normalization and rounding in floating point add, floating point subtract, and floating point 
multiply executions occur simultaneously. If both are performed in the same operation, the 
longer time applies. 

Table XXII-4. Timing Summary (Minimum time in microseconds) 

OPERATION 
FIXED POINT FLOATING POINT 

ADD/SU BT MPY DIV ADD/SU BT MPY DIV 

A o B -7 ACC 5.53 20.27 35.78 9.53 28.27 37.31 

A o B -7 ACC, A 8.53 23.27 38.75 12.53 26.27 40.31 

A (or B) • ACC -7 ACC 4.6 18.34 33.85 6.1 19.84 33.88 

A (or B) • ACC -7 ACC, A 7.6 21.34 36.85 9.10 22.84 36.88 

ACC • ACC -7 ACC 2.67 16.41 31.92 2.67 16.41 30.45 

ACC • ACC -7 ACC, A 5.67 19.41 34.92 5.67 19.41 33.45 

The above times include instruction access, fetching of operands (when applicable), and 
execution timing only. 
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GENERAL DESCRIPTION 

Simo 3 provides a third simultaneous I/O mode as an option on the RCA 3301 System. Its 
use is restricted to Magnetic Tape and Random Access devices. Specific devices which may 
utilize Simo 3 mode are: 

Model 581 Magnetic Tape Station 

Model 582 Magnetic Tape Station 

Model 681 Magnetic Tape Station 

Model 3485 Magnetic Tape Station 

Data Drum Memory 

If a Simo 3 instruction is directed to any device other than above, it will result in a Busy or 
Inoperable interrupt. The five input/output instructions utilized are: 

OP Code Instruction Name Mnemonic 

B Control Device Simo 3 (CD3) 

D Read Forward Simo 3 (RF3) 

F Read Reverse Simo 3 (RR3) 

H Write Simo 3 (WR3) 

% Erase Simo 3 (ER3) 

Format for these instructions will be identical to the input/output instructions for Simo 1 and 
Simo 2 Modes. 

PROCESSOR ADDITIONS 

The inclusion of Simo 3 into an RCA 3301 System involves additions and modifications to 
the following areas of the Computer: (1) Registers, (2) Micro Magnetic Memory, (3) Inter­
rupt Indicators, and (4) Instructions. 

REGISTERS 

Additional registers used by Simo Mode 3 are: 

Simultaneous Operation Register 3(SOR3) - Holds the operation code. 

F Register - Receives four-character A Address. 

G Register - Receives four-character B Address. 

XXIII-1 



MICRO MAGNETIC MEMORY 

The F Register, G Register, and the last Simo 3 instruction accessed are stored in Micro 
Magnetic Memory at the following locations: 

Location Symbol MMM Contents 

> F Register 

< G Register 

$ Op and N 

[ A Address 

* B Address 

These additional Micro Magnetic Memory locations are addressable through the Load Regis­
ter and Store Register instructions. 

INTERRUPT INDICATORS 

Interrupt Indicators for Simo 3 are: 

Symbol Condition 

12 Simo 3 Terminated Abnormally 

15 Simo 3 Terminated Normally 

These indicators may be addressed (by symbol) with the Scan Interrupt instruction. 

MAGNETIC TAPE CONTROL MODULES 

In Magnetic Tape Control Modules the two channels are shared by the three Simo Modes as 
shown in Figure XXIII-1. Simo 1 instructions execute through switch a, Simo 2 instructions 
through switch (3 and Simo 3 instructions will execute through a or /3 depending upon which 
switch is available. If both switches are available at the same time, Simo 3 will always select 
a. 

It is possible to program in such a manner as to get a Busy or Inoperable interrupt from the 
Tape Control Module with only a single Tape Station operating. For example, if a Simo 3 in­
struction is utilizing switch a, a Simo 1 instruction to the same Control Module would cause 
Busy or Inoperable interrupt. However, a Simo 2 instruction would execute. 
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PROCESSOR CONTROL MODULE TAPE STATIONS 

SIMO l 

SIMO 3 --
SIMO 2 -

Figure XXIII-1. Functional Diagram of 2x6 Dual Tape Channel 

INSTRUCTIONS 

The Test Device instruction to the Magnetic Tape Control Module operates in the following 
manner: 

If the A3 character is "zero", then the device indicators only are being tested. The device 
indicators are individually picked by the bits of the Ao cparacter. To execute a TDV instruc­
tion to device indicators, it is required that the Tape Station, specified by the N character. 
be connected to the Processor through the Control switch. If the Tape Station is connected 
to the switch, the sense will be performed (operating or not). If the Tape Station is not busy. 
then it will be connected and the sense performed. The test cannot be executed if the Tape 
Station specified is not or cannot be connected at this time. If the test cannot be performed. 
the instruction will terminate immediately with a Busy or Inoperable interrupt. 

If the A3 character is not i: zero", then the mode indicators only are being tested, The mode 
indicators are individually picked by the bits of the A1 character. To execute a TDV instruc­
tion to mode indicators, it is not required that the Tape Station, specified by the N character. 
be conn~cted to the Processor through the Control switch. The N character will, in effect. 
select the Control Module (each device on the Control Module would select the same Control 
Module). 

To facilitate use of the Simo 3 Mode, the ability to test via the TDV instruction the a or {3 path 
of the Magnetic Tape Control Module switch is provided in the following manner: 

A1 Character A3 Character Test Function 

24 = l 20 = l Is a switch busy? 

24 = l 21 = l Is {3 switch busy? 

The TDV instruction includes the ability to sense "mode indicators" for Simo 3. The indi­
cators are the same as Simo 1 and 2 with the exception of the switch busy test. This sensible 
condition does not exist in the Simo 3 Mode indicators. To specify Simo 3 Mode indicators 
the following test function is provided: 

Character Bit Position Symbol Test Function 

A3 22= l 4 Simo 3 Mode 

The Conditional Transfer of Control (CTC) instruction is modified to include testing the con­
dition of Simo 3 Mode. The N character is K. Implementation is identical to that of the Simo 1 
and Simo 2 modes. The Indicator for Simo 3 is not sensible by the CTC instruction but can be 
sensed by the Test Device instruction. 
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GENERAL DESCRIPTION 

The Digital Clock is a peripheral device which transmits, upon program demand, the time of 
day to High Speed Memory. The output of the Digital Clock is six digits representing tens and 
unit hours, minutes and seconds and is based upon 24 hour time. 

Each output digit consists of four bits. The output of the clock to the Control is bit parallel, 
digital serial. When a "Read Clock" instruction is accessed, the clock presents the six digits 
by diad to the Control. 

Time settings and adjustments are made by dialing the desired time to the nearest second on 
a set of six switches. A "Hold Button" gives the facility to manually stop and set the Digital 
Clock. 

CONTROL 

The Digital Clock does not have its own Control but utilizes the Control of the Console Type­
writer. The Console Typewriter Control modification required for this logic sharing is 
identified as Special Feature 168. The Control is responsible for: 

1 . Transferring the time indication to HSM. 

2. Code translation (four to six-bit plus parity). 

3. Providing program sensible indicators for the busy and operable conditions. 

INSTRUCTIONS 

The Control shares the logic of the Console Typewriter which contains the necessary logic to 
initiate, control, and provide terminal information for the following instructions: 

Read Forward Simo 1 (RFl) 

Read Forward Simo 2 (RF2) 

Test Device (TDV) 

Instructions are presented by function under these headings: (1) Reading the Clock, and (2) 

Testing the Clock. 
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READING THE CLOCK 

GENERAL DESCRIPTION 

The Read Forward Simo 1 (RFl) or Read Forward Simo 2 (RF2) instruction performs this 
function. A time representation of six digits are entered into HSM through use of these in­
structions. The time, 5: 15:32 P .M., is represented as 17: 15:32. 

FORMAT 

OPERATION - 4 (RFl) or 5 (RF2) 

N - Z (Denotes Digital Clock) 

A ADDRESS - HSM location to receive the first digit. (Must be an even location.) 

B ADDRESS - Zero (0000). Not to be used by programming. 

DIRECTION OF OPERATION 

Digits are transferred into HSM left to right. 

OUTLINE OF OPERATION 

When a Read instruction is accessed, the Clock Control will interrogate the N character to 
determine if the instruction is addressed to the Digital Clock. If such is the case, the Control 
informs the Clock that a read out of the time has been requested. The two four-bit code per­
taining to the hours are converted into two six-bit plus parity codes and are transmitted by 
diad to the Processor. This cycle is repeated three times until all six digits have been 
transmitted. 

FINAL SETTINGS 

Sf or Cf = HSM location one to the right of the last digit transferred. 

Tf or Ef =Bi 

EXAMPLE 

Instruction: 4 Z 0600 0000 

HSM 
Before 

Execution: 

HSM 
After 

Execution: 

0600 

0 

0600 

0 

0601 

0 

0601 

8 

Final Settings: Cf = 0606 

0602 0603 

0 0 

0602 0603 

5 7 

Ef = 0000 

0604 

0 

0604 

2 
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TESTING THE CLOCK 

GENERAL DESCRIPTION 

The Test Device (TDV) instruction tests the desired status of the Digital Clock. Control is 
transferred if the condition or conditions tested for are present. 

FORMAT 

OPERATION - S 

N - Z (denotes Digital" Clock) 

A ADDRESS - Specifies the test to be performed as follows: 

Character Bit Position Symbol Test 

Ao 20 = 1 1 Is Digital Clock operable? 

Ao 21 = 1 2 Is Digital Clock busy? 

Unused characters are zero and not to be used by programming. 

B ADDRESS - HSM location of the next instruction to be executed if the condition(s) being 
tested is (are) present. 

SPECIAL CONDITIONS 

STP is performed if the condition(s) specified by the A Address is (are) present. 

FINAL SETTINGS 

Af = A i 

Bf = B i 
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TIMING 

The output rate of the Digital Clock is33,333 digits per second. When the Clock is undergoing 
a time change, it will be inaccessible for approximately 70 microseconds. 

ACCURACY CONTROL 

Since there exists a common Control for the Console Typewriter and Digital Clock, it will 
be impossible to read the Clock if the Control is servicing the Console Typewriter-. The 
Control Module ''Busy" indicator will be set when the Control is servicing either the Type­
writer or the Clock. Subsequently, addressed instructions to the Control will be subject to 
a Busy or Inoperable interrupt if the Control is busy servicing either device. The Control 
is in a Busy status during time changes. 
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APPENDIX I - GLOSSARY OF TERMS 

Access Time. A time interval which is characteristic of a storage device, and is essentially 
a measure of the time required to communicate with that device. The time interval be­
tween (1) the instant at which information is called for from storage and the instant at 
which it is delivered or (2) the instant at which information is ready for storage and the 
instant at which it is stored. 

Address (noun). An expression, which designates a particuhtr location in a storage or mem­
ory device or other source or destination of information. 

Absolute Address (Direct Address). The specific label assigned by the machine designer 
to a particular storage locahon. To code in absolute means to write a sequence of 
instructions in a computer code. 

Indirect Address. The address of four consecutive memory locations whose contents con­
tain the address of another memory location to be accessed. 

Instruction Address. (Line Number, Location). An expression usedincodingto denote the 
address of a stored instruction. NOT a part of the instruction itself. 

Symbolic Address. A label expressed inapseudo-code. To code using symbolic addresses 
implies that the sequence of instructions must be translated into absolute before 
being executed by a computer. Relative addresses are those symbolic addresses which 
are translated into absolute by sequencing from some specific "reference" address. 

Batch. Several groups of items in sequence, each separated by a sentinel. 

Beginning of Tape Control (BTC). A "window" placed at the beginning of a magnetic tape, 
where recording of data is not possible and which can be sensed photo-electrically. 

Binary Code. A code composed of a combination of entities each of which can assume one of 
two possible states. Each entity must be identifiable in time or space. 

Binary Notation. A system of positional notation in which the digits are coefficients of powers 
of the base two. 

Binary-to-Decimal Conversion. The mathematical process of converting a binary number to 
the equivalent quantity in decim~l notation. For example: 001 =1, 010 =2, 011 =3, 100 =4, 
101=5, etc. 

Bit. A single binary digit having a value of either zero or one. The word is a contraction of 
- "Binary Digit". 

Block. A group of consecutive d~ta considered or transferred as a unit, particularly with 
---reference to input and output. On magnetic and paper tape a block is a grm.ip of at least 

three characters preceded and followed by an unrecorded area called a ''gap''. 

Buffer. A storage device used to compensate for a difference in rate of flow of information 
or in time of occurrence of events when transmitting information from one device to 
another, as from an input. device to the High Speed Memory, or from the High Speed 
Memory to an output device. 
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Bus. A main circuit, channel, or path for the transfer of information. 

Card. Any card adapted for being punched in an intelligent array of holes for the storage of 
information. 

Card Column. One of a number of columns in a card into which information is entered. 

Card Feed. A mechanism which moves cards one by one into a processing device. 

Card Punch. A mechanism which punches cards. An automatic card punch punches cards 
according to a stored program. 

Card Reader. A mechanism that reproduces the information on cards in another form, usually 
electrical signals. 

Card Stacker. A mechanism that stacks cards after they have passed through a machine. 

Carry. (1) A condition occurring during addition when the sum of two digits in the same col­
---u:mn eqµals or exceeds the base number. (2) The digit to be added to the next higher 

column. 

Character. One of a set of elementary symbols which may be arranged in ordered aggregates 
to express information. These include numerics, alphabetics, punctuation marks, control 
symbols and any other symbols which a computer may read, store or write. 

Code (noun). A system of symbols and rules for their use in representing information. A lan­
guage. 

Operation Code. The code representing an operation (add, subtract, transfer, etc.) built 
into the hardware of the computer. 

Complement (noun). A quantity which is derived from a given computer quantity by the follow­
ing rules: 

a. Complement on n (as in tens complement). Subtract each digit of the given quantity 
from n-1, add unity to the least significant digit, and perform all resultant carries. 

b. Complement on n-1 (as in nines complement). Subtract each digit of the given quan­
tity from n-1. 

c. Complement on Binary Digits (ones complement} is via inversion (i.e., 1 to 0, 
0 to 1). 

Constant. A number is said to be a constant if it has the same value under all conditions. For 
example, in the formula (area of a circle) =Pi (radius) 2, Pi is a constant, equal to 3.14159 
which applies to all circles. 

Control Symbol. A character used to indicate the beginning or the end of unit of data (item, 
record, file, etc.). 

Counter. A device (register or storage location) for storing integers, permitting these in­
tegers to be increased or decreased by units or by an arbitrary integer, and capable of 
being reset to zero or to an arbitrary integer. 
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Criterion (Key). A group of characters, usually comprising an item, used to identify a record. 

CTC. Conditional transfer of control. 

Decade. A unit consisting of 10 consecutive HSM locations beginning at XXXO and ending 
with XXX9. 

Diad. A unit consisting of two consecutive HSM locations. Each diad begins with an "even" 
--decimal address and ends with the next consecutive "odd" address. 

Digit. One of the n symbols of integral value ranging from 0 to n-1, inclusive, in a scale 
--numbering of base n. Examples of various types of digits are: Binary Digits are 0 to 1; 

Octal Digits are 0 through 7; Decimal Digits are 0 through 9. 

Direct Address. The specific label assigned by the machine designer to a particular storage 
location. Synonymous with Absolute Address. 

EB. End of Block Symbol. 

ED. End of Data Symbol. A symbol which the computer interprets as meaning there is no data 
following the symbol. For example, the last character on a magnetic tape is the End Data 
Symbol. 

Edit. To rearrange information. Editing may involve the deletion of unwanted data, the selec­
tion of pertinent data, the insertion of invariant symbols such as page numbers and type­
writer characters, and the application of standard processes such as zero suppression. 

EDP. Electronic Data Processing. 

EF. End of File Symbol. A symbol which the computer interprets as meaning all Data pertain­
--ing to a file precedes the symbol. For example, the last character in a file is the End 

File Symbol. 

EI. End of Information Symbol. 

End-Around-Carry. A carry in which the overflow from the column of highest order is added 
to the column of lowest order. 

End of Tape Warning (ETW). A warning generated by a metal strip or window on the tape in­
dicating that the end of usable tape is near. 

Erase. 1. To expunge, wipe out, or destroy stored information, usually without destroy­
ing the storage media. 

2. To replace all the binary digits in a storage cell by binary zeros. 

f. Used as subscript to denote final. 

Field. A set of one or more characters which is treated as a whole; a unit of information. 

File. The complete group of records to be processed. For example, the data relative to one 
employee in a payroll application is a record; the total records for all employees con­
stitute a file. 
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Flip-Flop. A device having two stable states and two output terminals (or types of input sig­
nals), each of which corresponds to one of the two states. (The two states may be con­
sidered as corresponding to "off" and "on" or to binary 0 and 1.) The circuit remains 
in either state until it is caused to change to the other state by application of the corres­
ponding signal. 

Gap. An unrecorded area on magnetic or paper tape. The gap is used to separate records, 
blocks or other units of data. 

Hardware. The physical equipment such as the mechanical, magnetic, electrical and elec­
tronic devices from which a computer is fabricated; the material forming a computer, 
as distinct from routines. 

High Speed Memory (HSM). Magnetic core storage in the Computer. See also Storage. 

High Speed Memory (HSM) Location. A unit of magnetic core storage (High Speed Memory) 
which can store (hold, remember) one character. 

h Used as subscript to denote initial. 

Indirect Address. The address of a memory location whose contents contain the address of 
another memory location to be accessed. 

Input. (1) Information transferred into the computer. (2) The device by means of which in­
--formation is fed into the computer. 

Instruction. Information which conveys to a machine where the operands are obtained, what 
operations to perform, what to do with the result, and sometimes, where to obtain the 
next instruction. 

Instruction Access. The process of bringing an instruction out of HSM and placing the com­
ponents into the proper registers for execution. 

Instruction Code. An artificial language for expressing the instruction to be carried out by a 
machine. 

Interrupt. An automatic operation performed by computer hardware that causes a temporary 
break in the operating sequence enabling software to service selected functions. Machine 
conditions are automatically stored at the time of interrupt and restored upon return 
after interrupt. 

Item. An item consists of such characters as are necessary to specify a particular unit of 
information (a numerical quantity, an alphabetic name, a street address, a stock number, 
etc.). In many cases an item is preceded by a symbol to define the beginning of each item. 

Item Separator Symbol (ISS). Control symbol which may be used to designate the beginning of 
an item. 

Justify. Shift an operand to effect right or left columnar alignment. 

KC. Thousand characters per second. 

Key. See Criterion. 
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Line. A line is composed of the characters that are to be printed on a single line on the On­
Line Printer or Monitor Printer. Each character space to appear in the printed line de­
creases the maximwn line capacity by one. 

Line Printer. A printing device capable of printing an entire line of characters at one time. 

Location. Memory storage positions. 

LPM. Lines printed per minute. 

LSC. Least Significant (rightmost) Character 

LSD. Least Significant (rightmost) Digit. 

L to R. Left to Right. 

Machine Language. The system of coding which a computer "understands" internally. 

Magnetic Storage. Any device which makes use of the magnetic properties of materials for 
the storage of information. 

Magnetic Tape. A ribbon of plastic, coated or impregnated with magnetic material on which 
information may be stored in the form of magnetically polarized areas. 

Mask. A pattern consisting of 0 and/or 1 bits, used to alter the bit configuration of an oper­
and. 

Memory. See Storage. 

Message. The data relative to a single item to be processed. For example, all data relative to 
a single inventory item is a message. See Record. 

Micro Magnetic Memory (MMM). Magnetic core device used for selective register storage 
and temporary storage during interrupt and other logical operations. 

Microsecond. A millionth of a second. 

Millisecond. A thousandth of a second. 

Mnemonic Code. A pseudo-code in which information, usually instructions, is represented 
by symbols or characters which are readily identified with the information. 

MSC. Most Significant {leftmost) character. 

MSD. Most Significant {leftmost) Digit. 

~ Number of characters {used in timing). 

Nano second. A billionth of a second. 

Operand. Any one of the quantities entering into an operation. 
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Output, (1) Information transferred from the computer to external storage. (2) The device 
to which the computer delivers information. 

PA. Paper Advance, 

PC. Page Change. 

PRI' s. Previous Result Indicators. 

PRN. Previous Result Negative Indicator. 

PRP. Previous Result Positive Indicator. 

PRZ. Previous Result Zero Indicator. 

Random Access. Access to storage under conditions in which the next position from which 
information is obtained, or to which it is delivered, is in no way dependent on the pre­
vious one. 

Real-Time. The performance of a computation during the actual time that the related physi­
cal process transpires in order that results of the computations be useful in guiding the 
physical process. 

Record. A record consists of one or more related items with the amount of information in a 
record being completely variable. 

Register. A storage device with a specifically assigned function and a given unit capacity. 
Registers in the computer in the RCA 3301 System are of one, two, four or ten character 
capacity. 

Relative Address. An address which specifies a location sequentially relative to a group of 
addresses but not a specific storage location. 

Rewind. Move a tape in a backward direction to BTC or Load Point. 

Routine. A set of instructions arranged in proper sequence to cause a machine to perform a 
desired operation, 

R to L. Right to Left. 

Sector, Consists of the contiguous HSMlocations between any two HSM addresses, or the small­
est addressable storage element of a random access device. 

Sign Position. The sign of each operand is indicated by the 2
5 

bit of the least significant digit 
(LSD) of each operand. When a "one" bit is present in the 25 position, the sign is nega­
tive, otherwise it is assumed positive, 

Simultaneity. The ability of the computer to execute 'more than one instruction at the same 
time. 

Software. The totality of programs and routines used to implement the capabilities of com­
puters, such as generators, compilers, assemblers and operating system. 
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Status Level Register. Keeps the code of the status level being executed. 

STA, Store A Register. The automatic storage of the final contents of the A Register. 

Start Time. Time between the command to start an input-output device and the reading or 
writing of the first character. 

Storage (Memory). A device into which units of information can be transferred, which will 
hold this information, and from which the information can be obtained at a later time. 

STP. Store P Register. The automatic storage of the final contents of the P Register. 

System. An assemblage of equipment units or instructions, or routines, designed to operate 
as a whole. 

Unwind. Move a tape in the forward direction. 

Working Storage. A portion of the internal storage reserved for intermediate and partial re­
sults during computation. 
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APPENDIX lI - MEMORY LOCATIONS AND ADDRESSES 

MEMORY LOCATIONS ADDRESSES MEMORY LOCATIONS ADDRESSES 

0000 to 9999 0000 to 9999 
10000 to 10999 &000 to &999 50000 to 50999 &&00 to &199 

11000 to 11999 AOOO to A999 51000 to 51999 A&OO to Al99 

12000 to 12999 BOOO to B999 52000 to 52999 B&OO to Bl99 

13000 to 13999 cooo to C999 53000 to 53999 C&OO to Cl 99 

14000 to 14999 0000 to D999 54000 to 54999 D&OO to 0199 

15000 to 15999 EOOO to E999 55000 to 55999 E&OO to El99 

16000 to 16999 FOOO to F999 56000 to 56999 F&OO to Fl99 

17000 to 17999 GOOO to G999 57000 to 57999 G&OO to Gl99 

18000 to 18999 HOOO to H999 58000 to 58999 H&OO to HI 99 

19000 to 19999 I 000 to 1999 59000 to 59999 I &00 to I 199 

20000 to 
0

20999 -000 to -999 60000 to 60999 -&00" to -199 

21000 to 21999 JOOO to J999 61000 to 61999 J&OO to JI 99 

22000 to 22999 KOOO to K999 62000 to 62999 K&OO to Kl 99 

23000 to 23999 LOOO to L999 63000 to 63999 L&OO to LI 99 
' M999 64000 64999 M&OO Ml 99 24000 to 24999 MOOD to to to 

25000 to 25999 NOOO to N999 65000 to 65999 N&OO to Nl99 

26000 to 26999 0000 to 0999 66000 to 66999 0&00 to 0199 

27000 to 27999 POOO to P999 67000 to 67999 P&OO to Pl99 

28000 to 28999 QOOO to Q999 68000 to 68999 Q&OO to QI 99 

29000 to 29999 ROOD to R999 69000 to 69999 R&OO to Rl99 

30000 to 30999 11 000 to 11 999 70000 to 70999 11 &00 to 11 199 
31000 to 31999 /000 to /999 71000 to 71999 /&00 to /199 
32000 to 32999 SOOD to S999 72000 to 72999 S&OO to s 199 

33000 to 33999 TOOO to T999 73000 to 73999 T&OO to Tl99 

34000 to 34999 uooo to U999 74000 to 74999 U&OO to Ul99 

35000 to 35999 vooo to V999 75000 to 75999 V&OO to VI 99 

36000 to 36999 WOOD to W999 76000 to 76999 W&OO to WI 99 

37000 to 37999 xooo to X999 77000 to 77999 X&OO to XI 99 

38000 to 38999 YOOO to Y999 78000 to 78999 Y&OO to Yl99 

39000 to 39999 zooo to Z999 79000 to 79-999 Z&OO to ZI 99 

..10000 to 40999 0&00 to 0199 80000 to 80999 0-00 to OR99 

41000 to 4 ~999 1&00 to 1 199 81000 to 81999 1-00 to 1 R99 

42000 to 42999 2&00 to 2199 82000 to 82999 2-00 to 2R99 

43000 to 43999 3&00 to 3199 83000 to 83999 3-00 to 3R99 

44000 to 44999 4&00 to 4199 84000 to 84999 4-00 to 4R99 

45000 to 45999 5&00 to 5199 85000 to 85999 5-00 to 5R99 

46000 to 46999 6&00 to 6199 86000 to 86999 6-00 to 6R99 

47000 to 47999 7&00 to 7199 87000 to 87999 7-00 to 7R99 

48000 to 48999 8&00 to 8199 88000 to 88999 8-00 to 8R99 

49000 to 49999 9&00 to 9199 89000 to 89999 9-00 to 9R99 
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{Cont'd) 

MEMORY LOCATIONS ADDRESSES MEMORY LOCATIONS ADDRESSES 

90000 to 90999 &-00 to &R99 130000 to 130999 &11 00 to &Z99 
91000 to 91999 A-00 to AR99 131000 to 131999 A11 00 to AZ99 
92000 to 92999 B-00 to BR99 132000 to 132999 B11 00 to BZ99 
93000 to 93999 C-00 to CR99 133000 to 133999 C11 00 to CZ99 
94000 to 94999 D-00 to DR99 134000 to 134999 D11 00 to DZ99 
95000 to 95999 E-00 to ER99 135000 to 135999 E11 00 to EZ99 
96000 to 96999 F-00 to FR99 136000 to 136999 f1100 to FZ99 
97000 to 97999 G-00 to GR99 137000 to 137999 G11 00 to GZ99 
98000 to 98999 H-00 to HR99 138000 to 138999 H1100 to HZ99 
99000 to 99999 1-00 to I R99 139000 to 139999 I 11 00 to I Z99 

100000 to 100999 --00 to -R99 140000 to 140999 - 11 00 to -Z99 
101000 to 101999 J-00 to JR99 141000 to 141999 J 11 00 to JZ 99 
102000 to 102999 K-00 to KR99 142000 to 142999 K11 00 to KZ99 

103000 to 103999 L-00 to LR99 143000 to 143999 L 11 00 to LZ99 

104000 to 104999 M-00 to MR99 144000 to 144999 M11 00 to MZ99 

105000 to 10 5999 N-00 to NR99 145000 to 145999 N" 00 to NZ99 

106000 to 106999 0-00 to OR99 146000 to 146999 0 11 00 to OZ99 

107000 to 107999 P-00 to PR99 147000 to 147999 p 11 00 to PZ99 

108000 to 108999 Q-00 to QR99 148000 to 1-48999 Q 11 00 to QZ99 

l 09000 to 109999 R-00 to RR99 149000 to 149999 R 11 00 to RZ99 

110000 to 110999 11-00 to 11R99 150000 to 150999 111100 to 11 Z99 
111000 to 111999 /-00 to /R99 151000 to 151999 / 11 00 to /Z99 
112000 t9 112999 S-00 to SR99 152000 to 152999 S11 00 to SZ99 
113000 to 113999 T-00 to TR99 153000 to 153999 T" 00 to TZ99 
114000 to 114999 U-00 to U R99 154000 to 154999 u11 00 to UZ99 
115000 to 115999 V-00 to VR99 155000 to 155999 V11 00 to VZ99 
116000 to 116999 W-00 to WR99 156000 to 156999 w11 00 to WZ99 
117000 to 117999 X-00 to XR99 157000 to 157999 x11 00 to XZ99 
118000 to 118999 Y-00 to YR99 158000 to 158999 Y11 00 to Y Z99 
119000 to 119999 Z-00 to ZR99 159000 to 159999 z11 00 to ZZ99 

120000 to 120999 0 11 00 to OZ99 

121000 to 121999 1 11 00 to 1Z99 

122000 to 122999 2 11 00 to 2Z99 

123000 to 123999 3 11 00 to 3Z99 

124000 to 124999 4 11 00 to 4Z99 

125000 to 125999 5 11 00 to 5Z99 

126000 to 126999 6 11 00 to 6Z99 

127000 to 127999 7 11 00 to 7Z99 

128000 to 128999 8 11 00 to 8Z99 

129000 to 129999 9 11 00 to 9Z99 
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APPENDIX Ill - SYMBOLS USED FOR N· CHARACTER COUNTS 
EXCEPT IN REPEAT, SHIFT, WRITE INSTRUCTIONS 

N Count Symbol N Count Symbol N Count Symbol N Count Symbol 

0 0 11 A 22 K 33 T 

l l 12 B 23 L 34 u 

2 2 13 c 24 M 35 v 

3 3 14 D 25 N 36 w 

4 4 15 E 26 0 37 x 

5 5 16 F 27 p 38 y 

6 6 17 G 28 Q 39 z 

7 7 18 H 29 R 40 

8 8 19 I 30 II 41 , (Comma) 
~ 

9 9 20 - {Minus) 31 I 42 3 

10 & 21 J 32 s 43 t 
44 = 

45 !:! 

APPENDIX IV - SYMBOLS USED FOR N CHARACTER COUNTS 

IN REPEAT, SHIFT, WRITE INSTRUCTIONS 

N Count Symbol N Count Symbol N Count Symbol N Count Symbol 

0 0 4 4 8 8 12 @ 

l l 5 5 9 9 13 ( 

2 2 6 6 10 :J 14 ) 

3 3 7 7 11 # 15 e 
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APPENDIX V - N CHARACTER SYMBOLS FOR 1/0 DEVICES 

DEVICE N CHARACTER SYMBOLS 
DESCRIPTION 

First Control Second Control Third Control Fourth Control 

Magnetic Tape l 9 A I 
2 X 6 Dual Tape 2 :J B + 
Channel 3 # c 

4 @ D ; 
5 ( E : 
6 ) F I 

Magnetic Tape l A 
2 X 12 Dual Tape 2 B 
Channel 3 c 

4 D 
5 E 
6 F 
9 I 
:J + 
# 
@ ; 
( : 
) I 

Card Reader - J 

Card Punch M N 

Paper Tape Reader K L 

Paper Tape Punch 0 p 

On-Line Printer Q R 

Console 
Typewriter = 

Communications 
Mode Control 

y 

Communications 
Control % • 

Data Exchange 
Control ' 

Data Drum 
Memory El (52)8 
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OP 
CODE MNEMONIC 

2 CDl 
3 CD2 
4 RFl 
5 RF2 
6 RRl 
7 RR2 
8 WRl 
9 WR2 
# TSL 
@ FXA 
( FXS 
) FXM 
& FXD 
A TBT 
B CD3 
D RF3 
E coc 
E SES 
F RR3 
H WR3 

+ ADT 

+ AAD 

+ MPY 

+ DVD 
HLT 
PIN 

: FLS 

CR LDR 

- SDT 
- SAD 

- CAD 
J SFS 
K LAL 
L LAR 
M TCL 
N TCR 
p TSR 
Q LIO 
R RPT 

c CIL 
$ FLA 

* ER 1 

> ER2 

< SIN 
10 TDC 
II FLM 
I FLD 
s TDV 
T LAN 
u LEO 
v STR 
w CTC 
w UTC 
x TLY 
y CDT 
z SAC 

TCE 

' 
SFN 

' 
FDN 

3 ER3 
= SHA 

APPENDIX VI - RCA 3301 INSTRUCTION LISTING 
BY OPERATION CODE 

PAGE 
INSTRUCTION NAME COMMENTS REF. 

Control Device Simo 1 Index - 1 

Control Device Simo 2 Index - 1 
Read Forward Si mo 1 Index - 3 
Read Forward Simo 2 Index - 3 
Read Reverse Simo 1 Index - 3 
Read Reverse Si mo 2 Index - 3 
Write Simo 1 Index - 4 
Write Simo 2 Index • 4 
Transfer by Symbol Left V- 15 
Fixed Point Add Scientific XXll-6 
Fixed Point Subtract Scientific XXll-8 
Fixed Point Multiply Sci enti fi c XXI 1-10 
Fixed Point Divide Scientific XXll-12 
Translate by Table V-21 
Control Device Simo 3 Simo 3 XXlll-1 
Read Forward Simo 3 Simo 3 XXlll-1 
Control CMC CMC XX-13 
Sector Select DDM XVll-3 
Read Reverse Si mo 3 Simo 3 XXlll-1 
Write Simo 3 Simo 3 XXlll-1 
Add Data Vl-3 
Add Address Vl-1 
Multiply Vl-15 
Divide Vl-5 
Halt Vll-9 

Programmed Interrupt VI 1-12 
Floating Point Subtract Scientific XXll-16 
Load Register VII~ 10 
Subtract Data Vl-20 
Subtract Address Vl-18 
Compare Address Vll-1 
Symbol Fi 11 Sector V-7 
Locate Absence of Symbol Left V-3 
Locate Absence of Symbol Right V-5 
Transfer by Count Left V-10 
Trans fer by Count Right V- 11 
Trans fer by Symbol Right V-17 
Logical Inclusive "OR" Vl-13 
Repeat Vll-13 
Control Interrupt Logic Vll-7 
Floating Point Add Scientific XXI 1-14 
Erase Simo 1 Index 2 
Erase Simo 2 Index 2· 
Scan Interrupt Vll-14 
Transfer Decade by Count V-19 
Floating Point Multiply Scientific XXll-18 
Floating Point Divide Scientific XXI 1-20 
Test Device Index 4 
Logical 11 AND 11 Vl-9 
Logical Exclusive 11 0R 11 Vl-11 
Store Register Vll-17 
Conditional Transfer of Control Vll-5 
Unconditional Transfer of Control Vll-21 
Tally Vll-19 
Compare Data Vll-3 
Store Accumulator Sci en ti fi c XXll-22 
Transfer by Count to Edit Field V- 13 
Symbol Fi 11 to Non-Zero Numeric V-8 
Float Dollar Sign to Non-Zero Numeric V-1 
Erase Simo 3 Simo 3 XXlll-1 
Shift Accumulator Sci enti fi c XXll-24 
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APPENDIX VII - SUMMARY OF INSTRUCTIONS {DATA HANDLING) 

MNEM- OP INSTRUCTION SPECIAL 
ONIC CODE NAME N CHARACTER A ADDRESS B ADDRESS CONDITIONS 

FDN , (Comma) Float Dollar Sign to $ Leftmost HSM location to Rightmost HSM location STA 
Non-Zero Numeric be searched to be searched PRI 

LAL K Locate Absence of Specified Symbol Leftmost HSM location to Rightmost HSM location STA 

Symbol Left be searched to be searched PRI 

LAR L Locate Absence of Specified Symbol Rightmost HSM location Leftmost HSM location STA 

Symbol Right to be searched to be searched PRI 

SFS J Symbol Fill Sector Specified Symbol Leftmost HSM location to Rightmost HSM location 

be fi I led to be filled 

SFN , (~omma) Symbol Fill to Non- Specified Symbol Leftmost HSM location to Rightmost HSM location STA 

Zero Numeric (except$) be searched to be searched PRI 

TCL M Trans fer by Count Left No. of characters HSM location of leftmost HSM location of leftmost REP 

(0-45) char. in sending area char. in receiving area 

TCR N Transfer by Count No. of characters HSM location of rightmost HSM location of rightmost REP 

Right (0-45) char. in sending area char. in receiving area 

ICE Trans fer by Count to No. of characters HSM location of rightmost HSM location of rightmost STA 

Edit Field _(0-45) char. of the edit char. of the non-edited PRI 

(receiving) field (sending) field 

TSL # Transfer by Symbol Left Symbol after which to HSM location of leftmost HSM location of leftmost STA 
-- stop transferring char. in sending area char. in receiving area REP 

TSR p Transfer by Symbol Sym bo I after which to HSM location of rightmost HSM location of rightmost STA 

Right stop transferring char. in sending area char. in receiving area REP 

TDC 10 Transfer Decade by No. of decades HSM location of leftmost HSM location of leftmost REP 

(Sub 10) Count (0-45) decade in sending area decade in receiving area 

TBT A Translate by Table No. of characters HSM 'location of leftmost HSM location of leftmost REP 

(0-45) char. to be translated and char. of translate table 
the result area (must end in 00) 



APPENDIX VII - SUMMARY OF INSTRUCTIONS (ARITHMETIC AND LOGICAL) 

MNEM- OP INSTRUCTION SPECIAL 
ONIC CODE NAME N CHARACTER A ADDRESS B ADDRESS CONDITIONS 

AAD + Add Address +(Plus) HSM location of LSD of HSM location of LSD of REP 
augend and sum addend PRI 

ADT + Add Data No. of characters r.ISM location of LSD of HSM location of LSD of REP 
(0-45) augend and sum addend PRI 

DVD + Divide • (Period) HSM location of LSD of HSM location of LSD of PRI 
dividend and quotient divisor 

LAN T Logical "And" No. of characters HSM location of right- HSM location of right- REP 
(0-45) most char. of original most char. of modifier PRI 

operand and result 

LEO u Logical No. of characters HSM location of right- HSM location of right- REP 
Exclusive "Or" (0-45) most char. of original most char. of modifier 

operand a;1d result 

LIO Q Logical No. of characters HSM location of right- HSM location of right- REP 
Inclusive "Or" (0-45) most char. of original most char. of modifier 

operand and result 

MPY + Multiply $ HSM location of LSD of HSM location of LSD of PRI 
multiplicand multiplier and LSD of the 

8 most significant digits 
of the product 

SAD - (Minus) Subtract Address + (Plus) HSM location of LSD of HSM location of LSD of REP 
the minuend and difference subtrahend PRI 

SDT - (Minus) Subtract Data No. of characters HSM location of LSD of HSM location of LSD of REP 
(0-45) minuend and difference subtrahend PRI 



APPENDIX VII - SUMMARY OF INSTRUCTIONS (DECISION AND CONTROL) 

MNEM- OP INSTRUCTION SPECIAL 
ONIC CODE NAME N CHARACTER A ADDRESS B ADDRESS CONDITIONS 

CAD - (Minus) Compare Address . (Period) HSM location of rightmost HSM location of rightmost PRI 
char. of minuend char. of subtrahend 

CDT y Compare Data No. of characters HSM location of leftmost HSM location of leftmost PRI 
(0-45) char. of first (minuend) char. of second {subtra-

operand hend) operand 

CTC w Conditional Transfer of Indicator or switch to be Address of next instruction Address of next instruction STP 
Control sensed when condition exists when condition exists 

CIL [ (Open Control Interrupt Logic Specifies function 0000 (Not to be used) 0000 (Not to be used) 
Bracket) 

HLT . {Period) Halt . (Period) Unused Unused 

LDR CR (Credit) Load Register MMM location symbol Rightmost HSM diad con- 0000 {Not to be used) 
taining contents to be stored 

PIN . (Period) Programmed Interrupt Any symbol except a period Unused Unused 

RPT R Repeat No. of repeats Even=No instruction access Even=No instruction access 
(0-15) of A Addr. when instruction of B Addr. when instruction 

is repeated is repeated 
Odd=lnstruction access of A Odd=lnstruction access of B 
Addr. Addr. 

SIN < (Less) Scan Interrupt Designates Interrupt AoA3 To be set initially by HSM location of leftmost STA 
lndi cators programmer char. of inhibit mask 

A1A2 00 

STR v Store Register MMM location symbol Rightmost HSM diad to re- Address of next instruction 
ceive contents if P is stored; otherwise 

0000. 

TLY x Tally 
Incrementing HSM Location of diad contain- Address of next instructi.on if STP 

ing quantity to be tested or 0000 quantity has not been exhausted 
Options if only incrementing or 0000 if only incrementing 

UTC w Unconditional Transfer (Period) 0000 (Not to be used) HSM location of next in-
of Control struction to be executed 



APPENDIX VII - SUMMARY OF INSTRUCTIONS (INPUT /OUTPUT) 

MNEM- OP INSTRUCTION SPECIAL 
ONIC CODE NAME N CHARACTER A ADDRESS B ADDRESS CONDITIONS 

CDl 2 Control Device Device Symbol 0000 (Not to be used) BoB1 B2 = 000 (Not to be used) 
Simo l 

CD2 3 Control Device Card Reader 

Simo 2 B3 = 0 Translate Mode 

B3 = l Binary Mode 

Magnetic Tape 

B3 = l Rewind to BTC 

B3 = 2 Rewind to Load Point and 
disconnect 

B3 = 4 Rewind l gap 

ERl * Erase Simo l Magnetic Tape Beginning HSM location used for Ending HSM location used for 

ER2 > Erase Simo 2 Station Symbol counting the no. of chars. to be counting the no. of characters to 

(Greater) erased be erased 

RFl 4 Read Forward Device Symbol HSM" location to receive first Paper Tape, Magnetic Tape and 
Simo l char. Must be even for Card Console T:teewriter 

RF2 5 Read Forward Reader. 
HSM location to receive last 

Simo 2 character 

Card Reader 

0000 (Not to be used) 

RRl 6 Read Reverse Paper Tape or HSM location to receive first HSM location to receive last 
Simo l Magnetic Tape char. character 

RR2 7 Read Reverse Station Symbol 

Simo 2 

TDV s Test Device Device Symbol Specifies the test, set or reset Address of next instruction to STP 
function to be performed be executed if the condition(s) 

being tested are present 



APPENDIX VII - SUMMARY OF INSTRUCTIONS (INPUT /OUTPUT} Cont'd 

MNEM- OP INSTRUCTION SPECIAL 
ONIC CODE NAME N CHARACTER A ADDRESS B ADDRESS CONDITIONS 

WRl 8 Write Simo 1 Device Symbol HS.M location of first character to Paeer Taee, Magnetic Taee & 

WR2 9 Write Simo 2 be written, typed or punched. Must Console Tyeewriter 
be even for card punching and 
printer buffer loading HSM location of last character to 

be written. 
Paper Advancing -
0000 (Not to be used) Card Punch 

Bo Bl B2 = 000 (Not to be used) 

B3 = 0 Tran slate Mode 

B3 = 1 Binary Mode 

On-Line Printer 

Bo = 0 Paper advance via count 
in B2 

Bo = 1 Loop-controlled vertical 
tabulation 

Bo = 2 Loop-controlled page 
change 

Bl = 0 Asynchronous mode 
printing 

Bl = l No printing 

B1 = 2 Synchronous modeprinting 

B2 = Number of I in es 
(0-15) to advance 

B3 = 0 No HSM to Buffer Trans fer 

B3 = 1 Print 120 characters 

B3 = 2 Print 160 characters 

B3 = 4 Print Table to Buffer 



APPENDIX VIII - RCA 3301 CODES 

CHARACTER MACHINE CODE 
CARD CODE PRINTED p ZONE NUMERIC PUNCHED 

DESCRIPTION CODE SYMBOL 
26 23 22 20 ROWS 25 24 21 

Zero 0 0 l 0 ·o 0 0 0 0 0 

One l l 0 0 0 0 0 0 l l 

Two 2 2 0 0 0 0 0 l 0 2 

Three 3 3 l 0 0 0 0 l l 3 

Four 4 4 0 0 0 0 l 0 0 4 

Five 5 5 l 0 0 0 l 0 l 5 

Six 6 6 l 0 0 0 l l 0 6 

Seven 7 7 0 0 0 0 l l l 7 

Eight 8 8 0 0 0 l 0 0 0 8 

Nine 9 9 l 0 0 l 0 0 l 9 

Space Sp ] l 0 0 l 0 l 0 

Number # # 0 0 0 l 0 l l 3,8 

At The Rate Of @ @ l 0 0 l l 0 0 4,8 

Open Parenthesis ( ( 0 0 0 l l 0 l 5,8 

Close Parenthesis ) ) 0 0 0 l l l a 6,8 

Error e e* l a a l l l l 7,8 

Ampersand & & 0 a l 0 0 0 0 y 

A A A l 0 l 0 0 0 l Y, l 

B B B l 0 l 0 0 l 0 Y,2 

c c c 0 0 l 0 0 l 1 Y,3 

D D D 1 0 1 0 1 0 0 Y,4 

E E E 0 0 1 0 1 0 1 Y,5 

F F F 0 0 1 0 1 1 0 Y,6 

G G G 1 0 l 0 1 1 1 Y,7 

H H H 1 0 1 1 0 0 0 Y,8 

I I I 0 0 1 1 0 0 1 Y,9 

Plus + + 0 0 1 l 0 1 0 Y,2,8 

Period 1 0 1 1 0 1 1 Y,3,8 

Semicolon ; ; 0 0 1 1 1 0 0 Y,4,8 

Colon : : 1 0 1 l 1 0 1 Y,5,8 

Apostrophe I I 1 0 1 1 l l 0 Y,6,8 

Plus zero +O CR 0 0 1 1 l 1 1 Y,O 

*Printed only by typewriter. 
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APPENDIX VIII - RCA 3301 CODES (Cont'd) 

CHARACTER MACHINE CODE 
CARD CODE PRINTED p ZONE NUMERIC PUNCHED SYMBOL 

DESCRIPTION CODE 26 25 24 23 22 21 20 
ROWS 

Minus - - 0 1 0 0 0 0 0 x 
J J J 1 1 0 0 0 0 1 x, 1 

K K K 1 1 0 0 0 1 0 X,2 

L L L 0 1 0 0 0 1 1 X,3 

M M M 1 1 0 0 1 0 0 X,4 

N N N 0 1 0 0 1 0 1 X,5 

0 0 0 0 1 0 0 1 1 0 X,6 

p p p 1 1 0 0 1 1 1 X,7 

Q Q Q 1 1 0 1 0 0 0 X,8 

R R R 0 1 0 1 0 0 1 X,9 

End Information El [ 0 1 0 1 0 1 0 X,2,8 

Dollar $ $ 1 1 0 1 0 1 1 X,3,8 

Asterisk * * 0 1 0 1 1 0 0 X,4,8 

End Data ED > 1 1 0 1 1 0 1 X,5,8 

End File EF < 1 1 0 1 1 1 0 X,6,8 

Subscript 10 10 10 0 1 0 1 1 1 1 X,7,8 

Quotation Mark I( II 1 1 1 0 0 0 0 x,o 
Virgule I I 0 1 1 0 0 0 1 0, 1 

s s s 0 1 1 0 0 1 0 0,2 

T T T 1 1 1 0 0 1 1 0,3 

u u u 0 1 1 0 1 0 0 0,4 

v v v ·1 1 1 0 1 0 1 0,5 

w w w 1 1 1 0 1 1 0 0,6 

x x x 0 1 1 0 1 1 1 0,7 

y y y 0 1 1 1 0 0 0 0,8 

z z z 1 1 1 1 0 0 1 0,9 

End Block EB 1 1 1 1 0 1 0 0,2,8 

Comma 
' ' 

0 1 1 1 0 1 1 0,3,8 

Percent 3 3 1 1 1 1 1 0 0 0,4,8 

I tern Separator • t 0 1 1 1 1 0 1 0,5,8 

Equal = = 0 1 1 1 1 1 0 0,6,8 

Loze_nge !:( ):( 1 1 1 1 1 1 1 0,7,8 
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APPENDIX IX GLOSSARY OF EQUIPMENT NOMENCLATURE 

Model No. 

321 
322 
324 
329 
331 
333 
335 
347 
581 
582 
681 
3303 

3304 

Fea 164 
3313-2 
3321 
3329 
3333 
3335 
3336 
3361-2 

3361-3 

3361-4 

3361-5 

3361-6 

3361-7 

3376-11 
3376-12 
3376-21 
3376-22 
3376-34 
3376-112 
3376-122 
3376-212 
3376-222 
3376-342 
3377 
3378-21 

3378-41 

3378-61 

3378-81 

Description 

Paper Tape Reader/Punch 
Paper Tape Reader (1, 000 CPS) 
Card Reader 
Card Reader 
Paper Tape Punch 
On-Line Printer (120 Columns) 
On-Line Printer (160 Columns) 
Tape Switching Unit 
Tape Station (33 KC) 
Tape Station (66 KC) 
Tape Station (120 KC) 
Processor-With 40, 000 Char-

acters High-Speed Storage 
Processor-With 40, 000 Char­

acters High-Speed Storage and 
High Speed Arithmetic Unit 

Simultaneous Mode #3 
Supplemental Power Supply 
Paper Tape Control 
Card Reader Control 
Printer Buffer and Control 
Printer Buffer and Control 
Card Punch Buffer and Control 
High-Speed Storage-Expands to 

60 , 000 chars. 
High-Speed Storage-Expands to 

80, 000 chars. 
High-Speed Storage-Expands to 

100, 000. chars. 
·High-Speed Storage-Expands to 

120 , 000 chars. 
High-Speed Storage-Expands to 

140, 000 chars. 
High-Speed Storage-Expands to 

160, ooo chars. 
Communications Control 
Communications Control 
Communications Control 
Communications· Control 
Communications Control 
Communications Control 
Communications Control 
Communications Control 
Communications Control 
Communications Control 
Data Exchange Control 
Communications Mode Control, 

Sgl. Scan (20 line) 
Comm\Ulications Mode Control, 

Sgl. Scan (40 line) 
Communications Mode Control, 

Sgl. Scan (60 line) 
Communications Mode Control, 

Sgl. Scan (80 line) 

Model No. 

3378-101 

3378-121 

3378-141 

3378-161 

3378-22 

3378-42 

3378-62 

3378-82 

3378-102 

3378-122 

3378-142 

3378-162 

3383-6 
3383-12 
3385-6 
3385-12 
3387-6 
3387-12 
3'388-4 
3416 
3425 
3426 
3436 
3465-1 
3465-2 
3465-3 
3465-4 
3465-5 
·3465-6 
3485 
3488-1 
3488-2 
6002-11 
6002-12 
6002-21 
6003 
6010-21 
6010-22 
6012-11 
6012-12 
6012-21 
6012-22 
6013 
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Description 

Communications Mode Control, 
Sgl. Scan (100 line) 

Communications Mode Control, 
Sgl. Scan (120 line) 

Communications Mode Control, 
Sgl. Scan (140 line) 

Communications Mode Control, 
Sgl. Scan (160 line) 

Communications Mode Control, 
Dual Scan (20 line) 

Communications Mode Control, 
Dual Scan ( 40 line) 

Communications Mode Control, 
Dual Scan (60 line) 

Communications Mode Control, 
Dual Scan (80 line) 

Communications Mode Control, 
Dual Scan (100 line) 

Communications Mode Control, 
Dual Scan (120 line) 

Communications Mode Control, 
Dual Scan (140 line) 

Communications Mode Control, 
Dual Scan (160 line) 

Dual Tape Channel 
Dual Tape Channel 
Dual Tape Channel 
Dual Tape Channel 
Magnetic Tape Control 
Magnetic Tape Control 
Channel 
Digital Clock 
Tapewriter 
Tapewriter-Verifier 
Card Punch (300 CPM) 
Data Drum Memory 
Data Drum Memory 
Data Drum Memory 
Data Drum Memory 
Data Drum Memory 
Data Drum Memory 
Tape Station (30/83/120 KC) 
File 
File Expansion Assembly 
Telegraph Buff er 
Telegraph Buffer 
Telegraph Buffer 
Telegraph Buffer 
Communication Buffer 
Communication Buffer 
Communication Buffer 
Communication Buffer 
Comm uni ca ti on Buffer 
Communication Buffer 
Telegraph Buffer 



Model No. Description Model No. Description 

6015 Telegraph Buffer 6025-411 Buffer Interface Unit 
6016 Parallel Buffer 6025-421 Buffer Interface Unit 
6020-11 Communications Buffer 6025-431 Buffer Interface Unit 
6020-12 Communications Buffer 6027 Line Termination 
6025-100 Buffer Interface Unit Assembly 
6025-101 Buffer Interface Unit 6041 Time Generator 
6025-210 Buffer Interface Unit 6042 Code Translator 
6025-211 Buffer Interface Unit 6050-1 Video Data Terminal 
6025-220 Buffer Interface Unit 6050-2 Video Data Terminal 
6025-221 Buffer Interface Unit 6071 Communications Rack 
6025-400 Buffer Interface Unit 6072 Buffer Frame 
6025-401 Buffer Interface Unit 6080 Power Supply 
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~ 
N 
N 

#3425 
Tapewriter 
#3426 
Tapewriter-Verifier 

#3313-2 
Supplemental 
Power Supply 

I I 

Digital 
Clock 
#3416 

r----------t-------L--,---- - -
_J_ I 

Power Supply 
Model #6080 

For Buffer Interface Units 
Model 6025 and 
Various Buffers 

Buffer Frame* #6072 
Contains Wiring for 
2 Buffers 

*Required for Model 6002 Buffers Only. 
With all other buffer models the frame 
is included. 

Communications Rack 
Model #6071 
Up to 24 Lines 

Line Termination Assembly 
#6027 
Up to 24 Various 
Type Buffers 

Communications Mode Control 
Available in 16 Models from 20 Line 
Single Scan to 160 Line Dual 

Includes Special Feature 168, 
Console Typewriter Control 
Modification, at no Extra Charge 

Central Processor Unit 
Model 3303 (40K) 

Model 3304 (40K) Same as 
Model 3303 with Addition of 
High Speed Arithmetic Unit 

Console 
With 
Typewriter 

Additional Storage in 20K Increments 
Available up to a Max. of 160K 

I 
L----, 

Special 
Feature· 
11164 
Simo #3 

r-
1 

___ J 

Model 3383-6 Max of 4 per System 
Model 3383-12 Max of 2 per System 

Dual Tape Channel 

Model 3383-6 
Controls up to Six Tape Stations 
Model 3383-12 
Controls up to Twelve Tape Stations 
Enables Processor to Operate any 
Mixture of Model 581, 582, or 681 
Tape Stations 

Model 3385-6 Max of 4 per System 
Model 3385-12 Max of 2 per System 

Dual Tape Channel 
Model 3385-6 
Up to Six Model 3~85 
Tape Stations 

Model 3385-12 
Up to Twelve Model 
3485 Tape Stations 

3378-21 Single Scan 
3378-22 Dual Scan 
3378-41 Single Scan 
3378-42 Dual Scan 
3378-61 Single Scan 
3378-62 Dual Scan 
3378-81 Single Scan 
3378-82 Dual Scan 
3378-101 Single Scan 
3378-102 Dual Scan 
3378-121 Single Scan 
3378-122 Dual Scan 
3378-141 Single Scan 
3378-142 Dual Scan 
3378-161 Single Scan 
3378-162 Dual Scan 

(20 Line) 
(20 Line) 
(40 Line) 
(40 Line) 
(60 Line) 
(60 Line) 
(80 Line) 
(80 Line) 
(100 Line) 
(100 Line) 
(120 Line) 
(1~0 Line) 
(140 Line) 
(140 Line) 
(160 Line) 
(160 Line) 

I- Paper Tape Control 
I Model #3321 

Paper Tape 
Reader-Punch 
Model #321 

T 
I 
l 

Time Generator 
Model #6041 

Generates Time Messages 
in Appropriate Units for 
Transfer to a Processor 

I 
I 
I 
I 
I 
I 
I 

(100 CPS) 

: 
t------i 

Paper Tape 
Reader #322 

(1000 CPS) 

Up to 
10 Buffers Buffer Interface Units Parallel Buffer 1-----r---------

~==~:::~6 Buffer Interface I 
1 Per Interface 6025-100 

Code Translator 
Model #6042 

Used with Communication 
Buffers for Translation 
of 7 or 8 Level Code 

T 
I 
I 
I 
I 
I 
L 

Communication Buffers 

6025-101 
6025-210 
6025-211 
6025-220 
6025-221 
6025-400 

Unit, and a CMC to Transfer Data I Printer Buffer and 
from a Time Generator Model #6041 I Control #3333 
to a 3301 Processor I (120 Char Per Line) 

6025-401 
6025-411 
6025-421 
6025-431 

T 
I 
I 
I 
I 

...L 

Telegraph Buffers 

6002-11 
5002-12 
6002-21 
6003 
6013 

Communications Contro 
Model#3376 
Single Channel 
Max. of 2/system 

Data Exchange Control 
Model #3377 

Maximum of Two 
Per System 

I 
I 
I 

--1 
I 
I 
I 
I 

1----I 
I 
I 
I 

On-Line Printer. 
#333 (1000 LPM) 

On-Line Printer 
#335 (1075 LPM) 

Card Reader 
Model #324 

(900 CPM) 

Card Reade 
Model #329 
(1470 CPM) 

6010-21 
6010-22 
6012-11 
6012-12 
6012-21 
6012-22 
6020-11 
6020-12 

6015 I 
I 

Video Data Terminal 
.---------------------1 Model 6050-1 

Legend 

- - - - Optional· 

__ Required 

Maximum of 
160 Buffers 
Per System 

The Video Data Terminal is a visual display device utilized as Model 6050-2 
a remote terminal in on-line communications inquiry systems.~----~ 

Data Drum Memory Model 3465-1 
<II thru 6; 327,680 to 2,621,440 Char 

Up to 160 Per System 

Max. of 24 tapes 
per system 

n 
:c 
)> 
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