
5PEI I 
RADIO CORPORATION OF AMERICA • ELECTRONIC DATA PROCESSING 

SYSTEMS INFORMATION MANUAL 

@RADIO CORPORATION o F AMERICA 
70-00-601 



The information contained herein 
is subject to change without notice. 
Revisions may be issued to advise 
of such changes and/or additions. 

First Printing: December, 1964 



CONTENTS 

Page 

SYSTEMS DESCRIPTION 

Introduction 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 

Systems Structure 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 

RCA Model 70/15 Processor 0 0 0 0 0 0 0 • 0 0 0 • 

RCA Model 70/25 Processor 0 0 0 0 0 0 0 0 0 0 0 • 

RCA Model 70/45 Processor 0 0 0 0 0 0 0 • 0 0 •• 

RCA Model 70/55 Processor 0 0 0 0 0 0 • 0 0 0 0 • 

Input-Output Devices 0 ••• 0 • 0 0 0 0 • 0 0 0 ••• 0 • 

Systems Characteristics 0 0 0 0 0 0 0 0 0 0 0 • 0 • 0 0 0 • 

Design Philosophy 0 0 0 0 • 0 ••• 0 0 0 0 0 0 • 0 0 0 0 • 

Expandabili ty o. 0 0 •• 0 0 0 0 0 0 0 0 0 0 0 0 0 •• 0 0 0 • 

Compatibility o. 0 0 0 0 0 •• 0 0 0 0 0 • 0 0 • 0 0 0 • 0 0 • 

Programming Systems o. 0 0 0 0 •• 0 0 ••••••• 

Code Structure. 0 0 00 ••••• 0000000000 •••• 

Machine Addressing ..... 0 •••• 0 • 0 ••••• 0 • 

Instruction Format 0 0 • 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 • 

Arithmetic Operations 0 • 0 ••• 0 0 0 0 •••• 0 • 0 • 

Interrupt 00000 0000.00.00.000 •• 000.0 ••• 

Processor States o. 0 0 0 ••••• 0 0 0 0 0 0 0 •••• 0 • 

Input-Output Channels 0 •••• 0 0 • 0 0 0 • 0 •• 0 • 

Communications 0 ••••• 0 0 0 0 0 •• 0 •• 0 0 ••• 0 • 

Memory Protect 0 0 0 •• 0 0 0 0 0 0 0 • 0 • 0 0 •• 0 ••• 

Direct Control .... 0 • 0 •••••••••••••••••• 

Elapsed Time Clock 0 •••••••••••••••••• 

Multisystem Operation ...... 0 0 0 •••••••••• 

EQUIPMENT DESCRIPTION ........... . 

1 

1 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
6 
6 
7 
7 

9 

RCA Model 70/15 Processor 0 0 0 0 0 • 0 ••••• o. 9 
General .. 0 •• 0000000000.000000. 0 000 •• o. 9 
High-Speed Menlory o. 00000000000000 0 ~ o. 9 
Program Control o. 00 •• 0000000000.0 •• o. 9 
Input-Output Control 0 • 0 0 0 0 • 0 0 •• 0 • 0 • 0 • •• 9 
Instruction Formats and Timing 0000.000. 10 

RCA Model 70/25 Processor 0 0 0 0 0 0 0 0 0 • 0 • •• 11 
General 000000. 000000. 0000000. 0 o ••• 0 .0. 11 
High-Speed Memory o. 0 0 0 0 • 0 0 0 0 0 • 0 • 0 • •• 11 
Program Control 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 • 0 0 •• o. 11 
Input-Output Control o. 0 0 • 0 •• 0 0 • 0 0 0 0 0 • o. 12 
Instruction Formats and Timing 0 0 • 0 • 0 • o. 12 

RCA Model 70/45 Processor 0 0 0 0 0 0 0 0 0 0 0 • o. 13 
General 0000000.0000. 0 0 00000000.0000.0. 13 
Main Memory .. 0 •••••••••••••• 0 0 0 • 0 0 •• 13 
Scratch-Pad Memory 0 ••• 000.000.000000. 13 
Read Only Control Memory . 0 •• 0 0 0 0 0 0 • o. 13 
Non-Addressable Memory 0 0 0 0 0 • 0 0 • 0 • 0 0 •• 13 
Program Control .... 0 • 0 • 0 ••••• 0 •••• 0 • •• 14 
Input-Output Control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 •• 15 
Instruction Formats and Timing . 0 • 0 0 0 0 •• 16 

RCA Model 70/55 Processor 0 0 0 0 0 0 0 0 0 • 0 0 •• 21 
General 000000. 000. 000000000000.00000 •• 21 
Main Memory . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 • 0 0 •• 21 
Scratch-Pad Memory 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 

iii 

Page 

Non-Addressable Memory 0 0 •• 0 0 0 0 0 •• 0 0 0 0 21 
Program Control 0 0 0 0 0 0 0 0 • 0 0 • 0 • 0 0 0 0 0 0 •• 21 
Input-Output Control o. 0 ••• 0 0 0 0 • 0 •• 0 0 • o. 23 
Instruction Formats and Timing 0 • 0 •• 0 0 o. 23 

Input-Output Devices 0 00 o •• 0 0 0 0 0 00 0 00 00 0" 27 
Model 70/97 Console and Typewriter .. 00 27 
Model 70/214 Interrogating Typewriter 00 27 
Model 70/216 Interrogating Typewriter 0 0 27 
Model 70/221 Paper Tape Reader/Punch 0 27 
Model 70/234 Card Punch 0 0 0 0 0 0 0 0 • 0 0 0 0 0 29 
Model 70/236 Card Punch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29 
Model 70/237 Card Reader 0000. 000 •• 00. 29 
Model 70/242 Printer, Medium-Speed . 0 0 0 31 
Model 70/243 Printer, Hi-Speed 0 0 • 0 0 0 0 0 31 
Model 70/249 Bill Feed Printer 0 0 0 • 0 0 •• 31 
Model 70/251 Videoscan Document Reader 33 
Model 70/432 Magnetic Tape Unit .00000 33 
Model 70/442 Magnetic Tape Unit .. 0 .00 34 
Model 70/445 Magnetic Tape Station 0 0 0 0 34 
Model 70/472-108, -116 Tape Controller 

(Single Channel) 0 00 o. 00 00 0 0 0 0 0 000.0 0 35 
Model 70/472-208, -216 Tape Controller 

(Dual Channel) . 0 ••• 0 0 • 0 0 0 0 0 0 0 • 0 •• 0 • 0 35 
Model 70/551 Random Access Controller. 35 
Model 70/564 Disc Storage Unit 00000000 36 
Model 70/565 Drum Memory Unit ...... 36 
Model 70/568 Mass Storage Unit 000000. 36 
Model 70/627 Data Exchange Control 38 
Model 70/652 Communication Control 38 
Model 70/653 Communication Control 0 0 0 38 
Model 70/664 Communication Buffer 

Control 0.0 000 0 0 0 00 00 000 0 00 o. 00 00 00 00 39 
Model 70/672 Communication Multiplexor 

Channel .. 0. 000.00.000000000000000 •• 39 
Model 70/710 Telegraph Buffer .. 0000000 40 
Model 70/720 Communication Buffer 40 
Model 70/721 Communication Buffer o. 0 0 40 
Model 70/722 Communication Buffer 000. 41 
Model 70/723 Autodin Buffer o. 0 • 0 0 • 0 0 • 0 41 
Model 6050 Video Data Terminal . 0 0 .00. 41 
Model 6051 Video Data Interrogator 0... 41 
Model 6077 Interrogator Control Terminal 42 

PROGRAMMING SYSTEMS DESCRIPTION 43 

RCA 70/15 Programming Systems 00000000. 43 
System Concept o. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 • 0 43 
Assembly System 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 • 0 0 o. 43 
Loader Routines 00000000000000000000000 44 
Input-Output Control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 44 
Test Routines ... 0 0 0 0 0 0 0 0 0 • 0 • 0 •••• 0 •• o. 44 
Utility Routines 0 00 0 0 00 .0 o •• 0 o ••• 00 00. 0 45 
Communication Control System .. 0 0 •••• 0 0 45 
System Library Maintenance Routines 0 0 0 0 45 



CONTENTS (Cont.) 

Page 

Report Program Generator ............. 45 
Sort/Merge ........................... 45 

RCA 70/25 Programming Systems ......... 46 
System Concept ....................... 46 
Tape Operating System 16 .............. 47 

The Executive. . . . . . . . . . . . . . . . . . . . . .. 48 
The Monitor ........................ 48 
Assembly System .................... 48 
File Control Processor ................ 48 
Report Program Generator . . . . . . . . . . .. 49 
Sort/Merge. . . . . . . . . . . . . . . . . . . . . . . . .. 49 
Peripheral Control System ............ 50 
Communication Control System . . . . . . .. 50 
System Library Maintenance Routines " 50 

Tape Operating System 32 .............. 51 
The Executive ....................... 51 

The Role of the Executive ............... 51 
RCA 70/45-55 Programming Systems ..... " 54 

System Concept . . . . . . . . . . . . . . . . . . . . . . .. 54 
Tape Operating System 16 . . . . . . . . . . . . .. 56 

The Executive ...................... 56 
The Monitor ........................ 56 
Basic Assembly System ............. " 56 
File Control Processor . . . . . . . . . . . . . . .. 56 
Report Program Generator ........... 57 
COBOL ............................. 57 
FORTRAN ......................... 57 
Sort/Merge ......................... 58 
Peripheral Control System ............ 58 
Communication Control System ....... 58 

iv 

Page 

System Library Maintenance Routines 59 
Compatibility Support System . . . . . . . .. 59 

Tape Operating System 32 .............. 59 
The Executive ....................... 60 
Extended Assembly System ............ 60 
File Control Processor . . . . . . . . . . . . . . .. 60 
Random Access File Maintenance 

Routines .......................... 60 
Tape Operating System 65 .............. 60 

COBOL ............................. 61 
FORTRAN ......................... 61 

Disc Operating System 65 . . . . . . . . . . . . . .. 61 
Communication Control System ........ 61 
System Library Maintenance Routines .. 62 

Disc Operating System 262 .. . . . . . . . . . . .. 62 
The Role of the Executive . . . . . . . . . . . . . .. 62 

APPENDICES 

A. Input-Output Timing Summary . . . . . .. 66 
B. Extended Binary-Coded-Decimal 

Interchange Code (EBCDIC) ...... 68 
C. American Standard Code for 

Information Interchange .......... 69 
D. Optical Character Code ... . . . . . . . . . .. 70 
E. Paper Tape Codes . . . . . . . . . . . . . . . . . .. 71 
F. Console Typewriter Code ............ 72 
G. Character Code Table ............... 73 
H. Hexadecimal Table .................. 78 
I. Powers of Two Table . . . . . . . . . . . . . . .. 79 
J. Hexadecimal-Decimal Number 

Conversion Table. . . . . . . . . . . . . . . . .. 80 



LIST OF ILLUSTRATIONS 

Figure Figure 
No. Title Page No. Title Page 

1. RCA 70/15 System ................ 8 8. Model 70/237 Card Reader . ....... 30 
2. RCA 70/25 System ................ 8 9. Model 70/243 Printer . ............ 32 
3. RCA 70/45 System ................ 20 10. Model 70/432 Magnetic Tape Unit .. 32 
4. RCA 70/55 System ................ 20 11. Model 70/568 Mass Storage Unit ... 37 
5. Model 70/97 Console and Typewriter 28 12. Control Flow During an 
6. Model 70/221 Paper Tape Input-Output Operation (70/25) .. 53 

Reader/Punch ....... ........... 28 13 . Control Flow During an 
7. Model 70/236 Card Punch ......... 30 Input-Output Operation (70/45-55) 64 

LIST OF TABLES 

Table 
No. Title Page 

1. 70/15 Instruction Formats ......... 10 
2. 70/15 Instruction Timing .......... 10 
3. 70/25 Instruction Formats ......... 12 
4. 70/25 Instruction Timing .......... 12 
5. 70/45 Processor State Registers .... 14 
6. 70/45 Interrupt Conditions ........ 14 

v 

Table 
No. Title Page 

7. 70/45 Instruction Formats ......... 16 
8. 70/45 Instruction Timing .......... 17 
9. 70/55 Processor State Registers .... 22 

10. 70/55 Interrupt Conditions ........ 22 
11. 70/55 Instruction Formats ......... 24 
12. 70/55 Instruction Timing .......... 24 



~. 



SYSTEMS DESCRIPTION 

INTRODUCTION 
The RCA Spectra 70 Series provirles an open­

ended family of compatible data processing sys­
tems. Spectra 70 with its wide range of system 
configurations and all-purpose design meets the 
requirements of the user in all areas of com­
mercial, scientific, multisystem, control, and com­
munications applications. Through the use of the 
RCA Standard Interface (standard input-output 
packaging), new devices for general or special 
applications can be added without undergoing 
major redesign costs. In addition, the RCA Stand­
ard Interface permits the extension of possible 
system configurations at an extremely favorable, 
cost-performance basis. 

The RCA Spectra 70 Series is a multilingual 
system capable of accepting and processing a wide 
variety of industry accepted codes and program­
ming languages. The high-order models feature 
micromagnetic memories for nanosecond process­
ing power and extensive instruction complements. 
Internal circuitry consists of the latest develop­
ments in the state of the art. As an example, two 
models USe full third-generation circuitry featur­
ing monolithic integrated circuits that produce 
the best combination of reliability and physical 
size yet achieved by the industry. Design has been 
left open-ended to permit the addition of subse­
quent advanced concepts as they become available. 

SYSTEMS STRUCTURE 
The RCA Spectra 70 Series consists of a line 

of extremely fast and powerful processors with 
the capability to process a variety of diverse 
applications. An unexcelled throughput rate is 
ensured by offering a complete range of input­
output devices that can be applied throughout 
the series. 

Presently there are four processors offered 
within the Spectra 70 Series ; Models'70/15, 70/25, 
70/45, and 70/55. The common code structure is 
based on the Extended Binary Coded Decimal 
Interchange Code (EBCDIC) of eight bits plus 
parity. The standard memory unit is termed a 
byte. Memory access ranges from two micro­
seconds down to 0.84 microsecond. Transfer at 
these access speeds varies from one to four bytes, 
depending upon the model processor used. 

Memory storage capability starts at 4,096 bytes 
and extends to 524,288 bytes. The user is provided 
with extensive memory overlap between models; 
thus, system growth can be directed towards 
increased me'mory requirements and/or increased 
processing power. 
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In the area of system throughput, simultaneom;; 
input-output processing is provided by the use of 
input-output channels. A selector channel is capa­
ble of addressing up to 256 devices, one at a time. 
The number of selector channels depends upon 
the processor. In addition, a mUltiplexor channel 
capable of simultaneously addressing up to 256 
input-output devices is available on Models 70/25, 
70/45 and 70/55 Processors. The mUltiplexor pro­
vides simultaneous operation of devices by time­
sharing the channel. 

RCA Model 70/15 Processor 
The RCA Model 70/15 is a small-scale processor 

that allows the user to handle varied applications. 
It can stand alone as a data processor, function 
as satellite support for larger systems, or operate 
as a remote communication terminal. 

Memory is available in either 4,096 bytes or 
8,192 bytes. Memory-cycle time is two micro­
seconds to access one byte of information. 

RCA Model 70/25 Processor 
The RCA Model 70/25 is a small-to-medium 

size processor that accommodates a wide-range of 
applications. It may be used as a free standing 
data processor or as a subsystem of a multisystem 
complex. 

High-throughput rate is facilitated by fast 
memory cycle time and a high degree of input­
output simultaneity. The 70/25, equipped with 
selector channels and a multiplexor channel, con­
currently operates up to eight slow-speed devices 
in addition to eight high-speed devices. 

Memory storage is expandable from 16,384 
bytes to 32,768 bytes or 65,536 bytes. Memory­
cycle time is 1.5 microseconds to access four bytes 
information. 

RCA Model 70/45 Processor 
The Model 70/45 is a medium-scale processor 

with a high performance capability for business, 
scientific, communications, and real-time applica­
tions. A complete and powerful instruction com­
plement with floating-point operation as an option 
is available to the 70/45 user. 

The 70/45, equipped with a comnlunication 
mUltiplexor, addresses up to 256 communications 
lines in addition to a full range of peripherals. 
Thus, the 70/45 is an ideal system central for a 
multisystenl operation and/or a powerful com­
munication switching system up to 259-way simul­
taneity is possible. 



Memory storage is expandable from 16,384 
b~·tes to 32,768 bytes to 65,536 bytes to 131,072 
bytes to 262,144 bytes. Memory-cycle time is 1.44 
microseconds to access two bytes of information. 

RCA Model 70/55 Processor 
The RCA Model 70/55 is a medium-to-large 

scale processor with excellent performance char­
acteristics. Though capable of the most demand­
ing scientific applications, the 70/55 maintains a 
high- throughput capability with up to 14-way 
simultaneity, thereby offering a total solution to 
all data-processing requirements. 

Memory storage is expandable from 65,536 
bytes to 131,072 bytes to 262,144 bytes to 524,288 
bytes. Memory-cycle time is 0.84 microsecond to 
access four bytes of information. 

Input-Output Devices 
Input-output devices in the Spectra 70 Series 

are systems-oriented towards the processing task 
to be performed: 

• Card punches are fully buffered and punch 
at either 100 or 300 cards pel' minute. 

• Three models of printers are offered. A 
medium-speed printer prints up to a rate of 
600 lines pel' minute, and a high-speed printer 
prints up to a rate of 1,250 lines pel' minute, 
both printers contain a 132 pI'int-position 
carriage. A bill-feed printer is also available 
which prints at a speed of 600 lines pel' 
minute on continuous forms and a print rate 
of 800 cards per minute on card documents. 
A read-compare feature is optional. To ensure 
maximum system capability, all printers are 
fully buffered. 

• Card reading up to 1,435 cards pel' minute 
is performed photoelectrically. Optional mark 
reading is available. 

• Paper-tape capability of 5, 6, 7 or 8-channel 
operation is offered at a reading rate of 200 
characters pel' second and a punching rate 
of up to 100 characters per second. 

• Three versions of magnetic tape units are 
available. Tape speeds are 30, 60, or 120 
kilobytes per second. In a numeric mode, tape 
reading and writing are performed up to 
240,000 digits pel' second. All units are 
industry-compatible and contain extensive 
accuracy control features. Either 7 or 9-
channel tape code can be read in eithel' the 
forward or reverse direction. 

• Within the Spectra 70 Series, a complete 
complement of auxiliary storage devices capa-
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ble of use on either a random or serial basis 
is available including: 

a. High-speed drum with an average access 
time of 8.6 milliseconds and a capacity of 
up to one-million bytes. 

b. Interchangeable disc-storage units storing 
up to 7.25 million bytes with a transfer 
rate of 156 kilobytes per second. 

c. Mass storage units capable of accessing 
multi-billion bytes of information in the 
millisecond range. 

• The growing importance of optional-character 
reading is recognized in the Spectra 70 Series 
by the inclusion of the Videoscan Document 
Reader capable of reading up to 1,300 docu­
ments per minute on demand. An optional 
feature allows the Videoscan to function as 
a slow -speed card reader. 

• In addition, a wide range of special-purpose, 
input-output devices is offered to the Spectra 
70 user. 

SYSTEMS CHARACTERISTICS 

Design Philosophy 
The prime design criteria of the Spectra 70 

Series was to engineer a group of data processing 
systems utilizing the latest RCA technological 
developments. This concept produced an advanced 
series of computing systems which can be effec­
tively and efficiently used to solve present and 
future problems. The inclusion of highly advanced 
circuitry in the Spectra 70 Series provides speed, 
accuracy, and reliability at lower cost. 

The use of monolithic integrated circuits in the 
RCA Models 70/45 and 70/55 safeguards system 
longevity by producing a series of data processors 
with the highest order of compactness and relia­
bility. Circuits are produced by advanced photo­
graphic and thin-film techniques and are hermet­
ically sealed to ensure optimum efficiency in their 
operating environment. Circuits that formerly 
required a full board for construction are now 
placed on a 4-millimeter square. Coupled with 
reliability, this compactness illustrates the signif­
icance of the monolithic integrated circuit. 

The internal speed of the processors in the 
series is another achievement in the overall 
advanced-system design. The ability to combine 
internal processing speeds and potential data 
throughput rates with the various peripheral 
devices allows for the creation of a systems series 



which provides an ideal balance between process­
ing capacity and cost. Scratch-pad memories in 
the higher range models operating at billionths of 
a second speed provide intermediate storage for 
registers and interrupt control. 

The accuracy and reliability of data are main­
tained through the system by continued parity 
checking. Each memory access embodies a parity 
check to assure accuracy. If an error occurs, the 
processor interrupts processing until parity is 
restored. 

Expandability 
The RCA Spectra 70 Series provides memory 

expansion and peripheral expansion in both 
throughput capabilities and in the number of 
input-output devices. Fourteen separate processors 
are offered within the series, ranging from a 4,096-
byte memory and expanding to a 524,288-byte 
memory. This model array allows the user up to 
a threefold-horizontal increase in processing power 
within a given memory size, and a vertical in­
crease in memory size within an individual 
processor model. 

Input-output simultaneity is a function of the 
selector and mUltiplexor channels in a system. 
The user can adjust the throughput capability of 
a Spectra 70 system by the addition of extra 
channels. Depending upon the series model, up 
to eight selector channels and one multiplexor 
channel can be added. 

A variety of input-output devices varying in 
speed and capacity allows for peripheral expan­
sion. This is accomplished by the use of the RCA 
Standard Interface which permits interchange­
ability of peripherals between processors without 
a penalty of increased control costs or abridge­
ment of the device-rated speed. 

Compatibility 
The Spectra 70 Series features program com­

patibility between individual models. Equipment 
compatibility may be upward as in the 70/15 to 
70/25, 70/25 to 70/45 and 70/55, or upward and 
downward as in the 70/45 and 70/55. Program 
compatibility requires that the ensuing model have 
at least the configuration of its predecessor, and 
that timings, both internal and external, are not 
adversely effected. 

Spectra 70 program compatibility offers the 
user the advantages of systems back-up, ease in 
system growth, and reduction in the personnel 
training between series models. 
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Programming Systems 
Advanced-programming systems including in­

put-output control systems, operating systems, 
generative systems, multiprocessing, COBOL, and 
FORTRAN IV are offered within the Spectra 
70 Series. 

The level of programming-system support is 
classified primarily by available memory in addi­
tion to the input-output orientation of the partic­
ular series model. Provisions are made for the 
user to elect either a completely programmed 
operating environment or one where the system 
is under operator supervision or a combination 
of both. 

Code Structure 
The Spectra 70 Series coding structure is based 

on the widely used Extended Binary Coded Deci­
mal Interchange Code (EBCDIC). The series also 
offers the facilities for generating and using the 
American Standard Code for Information Inter­
change (ASCII). 

To facilitate efficient manipulation of alpha­
numeric data, an 8-bit byte is used to represent 
each character. This allows the Spectra 70 Series 
to accept most present or future character codes. 
An 8-bit byte may represent one alphanumeric 
character, two decimal digits 01' eight binary 
digits (bits). 

Fixed-length data of 16, 32, or 64 bits may be 
processed. Variable-length data of up to 256 char­
acters in eight bit bytes may be processed. For 
purposes of data description the terms character, 
halfword, word, and double word are used. These 
are defined as one, two, four, and eight bytes 
respectively. 

Machine Addressing 
The Spectra 70 Series uses a two-part system 

of memory addressing consisting of a base address 
and a displacement address. A standard 12-bit 
instruction enables the programmer to address up 
to 4,096 bytes. This part is termed the displace­
ment. A base address, stored in a General Regis­
ter, consis~s of a maximum 32 bits and addresses 
memory beyond the capacity of the displacement 
address. Thus, the base address, in effect, sub­
divides memory into 4,096 bytes in that the dis­
placement addresses the individual byte within 
the 4,096-byte module. The memory capacity of 
the Model 70/15 Processor obviates the need for 
a base address in that the displacement has the 
necessary addressing range by the addition of a 
high-order bit to permit addressing of up to 
8,192 bytes. 



Instruction Format 
The Spectra 70 Series uses a variable-instruc­

tion format consisting of 2, 4, or 6-byte instruc­
tions. Each instruction contains an operation 
halfword (two bytes), and one or two register 
and/or memory addresses as required. Each ad­
dress may be indexed by any of the General­
Purpose registers in combination with the Base 
Address register. 

The smaller processors contain instruction com­
plements which are functional subsets of the 
larger 70/45 and 70/55 instruction complements. 
Floating-point operation is standard on the 70/55 
and optional on the 70/45. Direct-control and 
memory-protect are optional features on both the 
70/45 and 70/55. There are provisions for expand­
ing the instruction complement to 256 order codes. 

Arithmetic Operations 
Complete flexibility in handling arithmetic 

operations is offered in the Spectra 70 Series. 
Decimal and binary operations are available 
throughout the series model. Floating-point opera­
tions are available on the 70/45 and 70/55 
Processors. 

Decimal operations are performed on variable 
or fixed-signed fields in packed format (two digits 
per byte). The maximum field size permitted is 
31 digits plus sign and the operation is performed 
storage to storage. 

Binary or fixed-point arithmetic operations uses 
either storage or registers for computation dp.­
pending on the series model. In the 70/15 and 
70/25, a 127-bit field plus sign is permissible. In 
the 70/45 and 70/55 the limit is a 31-bit field 
(plus sign) and arithmetic is performed in the 
registers (registers may be coupled to preserve 
precision) . 

Where floating-point arithmetic operations are 
provided, four additional double-length registers 
are provided for computation and storage of 
results. Both short and long precision, four and 
eight bytes respectively, are provided for either a 
speed or precision option. Limits of floating-point 
values are 2.4 x 10- ifl to approximately 7.2 x 10'''. 

Interrupt 

The Spectra 70 Series includes a comprehensive 
set of system interrupts. These interrupts allow 
the particular series model to respond to various 
internal and external conditions affecting systems 
operation. Processing at the time of the interrupt 
may be terminated, suppressed, or completed, 
depending on the cause of the interrupt. Processor 
interrupts, in general, may be controlled by the 
program through the use of interrupt masks. 
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Interrupts are divided into the following classi­
fications: 

Program Interrupts - program errors such a~ 
overflows and illegal operation codes. 

External Interrupts - servicing remote and 
operator-controlled devices, such as console 
intervention and requests from display or 
analog devices. 

Supervisor Call Interrupts - interrupts caused 
by the user's program to request various 
functions in the operating system. 

Input-Output Inte1"rupts - input-output serv­
icing of devices, such as terminations, 
transfer errors, and inoperable conditions. 

Machine Interrupts - equipment malfunctions 
such as parity error or power shut-down. 

If more than one interrupt occurs simultane­
ously, the interrupts will be serviced in a fixed­
order of priority. After servicing of the interrupt 
condition, linkage will be provided to the pre­
interrupt conditions, if desired. 

Processor States 
Concurrent with the interrupt mechanism, 

Spectra 70 Systems may have up to four processor 
states. These processor states facilitate program 
control of interrupt conditions and normal proc­
essing operations. In effect, processor states reflect 
the particular status of a system at a given time 
in relation to the functions being performed. 

These processor states deal with normal proc­
essing, interrupt mechanism, operating systems, 
and machine malfunctions. The 70/15 and 70/25 
contain two processor states while the 70/45 and 
70/55 contain four processor states. 

In the 70/45 and 70/55 the combinations of 
interrupt and processor states are carried to theil· 
logical extension in that each state contains its 
own complete interrupt system. The effect of each 
state having its own masks, registers, and instruc­
tion sets facilitates the servicing of the inter­
rupt mechanism with a minimum of program 
manipUlation. 

Input-Output Channels 

The control of the transmission of data between 
the processor and an associated peripheral device 
is accomplished through channels and the RCA 
Standard Interface. A channel may be considered 
as an independent unit controlling data flow to 
and from the processor, and releasing control to 
the input or output device. This release allO\\"s 
the proceSS0r to function simultaneously with the 
input-output operation. 



Each channel utilizes its own set of commands 
to perform input-output operations. These com­
mands, referenced as channel commands, control 
the device once a start command has been given 
by the processor. Chaining of channel commands 
provides a means by which several operations, 
such as multiple reads, may be completed inde­
pendently of the processor. 

The RCA Standard Interface functions as a 
connector between the channel and a device con­
trol. The interface establishes an identical rela­
tionship with each input-output device in that any 
nevice may be connected to the interface regard­
less of type, size, or speed. The number of chan­
nels and interfaces connected varies with the 
processor model. Within the Spectra 70 Series 
there are two types of channels: selector channels 
and multiplexor channels. 

Selector Channel 

The selector channel in the Spectra 70 Series 
controls the transfer of data to and from a periph­
eral device. These selector channels operate inne­
pendently of the processor. A selector channel has 
from one to four trunks, depending upon the pro­
cessor model. A controller determines the numbel' 
of devices that can be connected to a trunk. For 
example, a tape controller controls as many as 16 
tape devices. Channels can operate concurrently 
l'esulting in the overlap of input-output opera­
tions. The transfer rate of the selector channel 
nepends upon the speed of the particular processor. 

Multiplexor Channel 

The multiplexor channel provides a unique 
method through which varying speed peripheral 
devices may be attached. Speed variances are 
accommodated by having available two different 
transmission modes: Multiplex mode and Burst 
mode. 

The Multiplex mode is used when low-speed 
devices are attached to a processor and the chan­
nels data track is time-shared by all of the low­
speed devices connected to the multiplexor. In 
this instance, every low-speed device may be oper­
ated simultaneously by the multiplexor channel 
sending and receiving the required data. The 
devices in the slow-speed range are printers, card 
readers, card punches, paper-tape reader-punch, 
and display terminals. 

The Burst mode must be used when high-speed 
devices are operated via the multiplexor; how­
ever, in the Burst mode, only a single input-output 
device may use the channel at one time. Tape 
drive, disc, drum, and mass memory equipment 
are devices which must operate in the Burst mode. 
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The mUltiplexor channel normally runs multiple 
devices on a time-sharing basis. A Burst mode 
occurs automatically under certain conditions or 
is specified by a modification of the input-output 
command. The Burst mode is limited to the Model 
70/45 and 70/55 Processors. The multiplexor 
channel divides the data track into sub-channels 
over which the data will flow. Each sub-channel 
may be individually addressed by the program. 
The multiplexor channel may contain up to eight 
input-output trunks from which up to 256 devices 
may be connected. 

Communications 

In the normal execution of today's business, 
data communications is becoming an integral part 
of the information interchange between opera­
tions, administrative, and managerial groups. 
Efficient operation is a result of using the most 
current ann accurate information available. The 
integration of communications and processing 
provides the means for gathering, processing, ann 
disseminating data to the indivinuals and groups 
concerned with its use. Message switching, inquiry 
and response, data collection, and management 
information systems are indicative of the divel'si­
fled communications capabiliti8s of the Spectra 
70 Series. 

To meet the nemands of these systems, RCA 
has designen a comprehensive range of processors 
and communications equipment in the Spectra 70 
Series. The design criteria employed in the series 
Inakes it possible for RCA to tailor systems 
specifically to fit the user's needs. 

Each processor in the series has communica­
tions capabilities when equipped with the appro­
priate communication equipment. This equipment 
provides single and mUltiple-circuit handling; 1m:\' 
and high-speed transmission rates; short ancl 
long-distance communications capabilities; and 
the performance characteristics required to oper­
ate with small unsophisticated systems as well as 
large complex systems. 

Communication Control 

The communication control provides single­
channel, long-distance, processor-to-processor com­
munication via telephone lines. Large volumes of 
data can be transmitted between processors at 
distant locations making it possible to shorten 
reporting and data delivery cycles as well as 
ensuring the delivery of the most current infor­
mation available. Speed ann accuracy are the 
prime considerations in the design and operation 
of this device. 



Data Exchange Control (DXC) 

The Data Exchange Control (DXC) enables 
two RCA processors to communicate with each 
other. Data transmission may be in either direc­
tion, but in only one direction at a time. The DXC 
facilitates transmission of data at high rates 
dependent upon the type of channel used and the 
number of simultaneous active devices attached 
to the transmitting and receiving processors. 

The DXC is a powerful tool for multisystem 
applications. Large volumes of data can be ex­
changed between processors for storage, further 
processing, and/or other peripheral action. In a 
real-time system, status information, and queue 
tables are transmitted to the backup processor. 
This data is used by the backup processor in the 
event of a change in operational tasks. The 
utilization of a DXC in a multiprocessor system 
affords flexibility and an extension of processing 
capabilities. 

Communication Multiplexor Channel 

Multiple-channel communications capabilities 
are provided by the Communication MUltiplexor 
Channel (CMC). The CMC performs input and 
output functions in the 70/45 System by exchang­
ing timing, control, and data over the RCA Stand­
ard Interface with the appropriate controls and 
devices. The CMC is completely flexible with 
respect to the number of lines, the type of lines, 
the mixture of speeds, and the variety of remote 
devices it can communicate with. 

The 70/45 Processor equipped with a CMC 
addresses up to 256 devices. These devices are not 
limited to communications devices but can be 
standard input-output peripherals. Any combina­
tion of peripheral and communication devices 
may be connected to the CMC up to the maximum 
capacity. Inclusion of a communication multi­
plexor channel, replaces the standard mUltiplexor 
channel. 

Single station and multistation circuit opera­
tions are accommodated by the CMC and its 
associated control and buffering equipme'nt. De­
pending upon the system characteristics and the 
operational requirements, a combination of com­
munication equipment and program provide direc­
tion, coordination, and the data-handling capacity 
necessary for the Model 70/45 Processor to func­
tion as a powerful communications center. 

The CMC operates with a wide range of devices 
at a variety of speeds. Both high-speed and low­
speed devices may be serviced concurrently. The 
maximum data rate of the CMC is 62 kilobytes 
per second. 
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Communications Buffers 

The Spectra 70 Series includes a wide range of 
communications buffers capable of interfacing 
telegraph as well as data-communications devices 
and systems. The operational and performance 
characteristics of these buffers are selectable. 
They are dependent upon the requirements of 
the particular device or system for which they are 
designed to interface. 

Each buffer in the series operates at a specific 
range of transmission speeds, code levels, and 
with specific communications devices and systems. 
The buffer is the interface between the communi­
cation line and the communication buffer control. 
This control enables the 70/45 Processor, equipped 
with a communication multiplexor channel, to 
receive and transmit data. 

Memory Protect 

The protection of memory segments from 
destruction by programming or input devices is 
provided in the Models 70/45 and 70/55 Pro­
cessors through the memory-protect feature. 

Memory-protect feature can, depending upon 
availability of memory, protect up to 15 memory 
segments or programs from address interaction. 
The basic segment consists of 2,048 bytes and is 
increased in mUltiples of 2,048 bytes. Memory­
protect feature is a processor function and does 
not require memory allocation nor does it increase 
instruction timing. 

Memory-protect feature consists of a set of 
registers which are constantly scanned during 
instruction addressing to ascertain that the ad­
dress falls within preset limits (segments). When 
an address is detected that exceeds the allowable 
limitation, an interrupt condition is set and 
appropriate action is taken. 

This feature greatly enhances the capability 
for multiprogramming in the Spectra 70 Series. 

Direct Control 

The optional direct-control feature offered in 
the Models 70/45 and 70/55 Processors provides 
control and synchronizing information between 
the processors and/or special external devices. 
This direct-control feature provides two instruc­
tions that implement the transfer of one byte of 
information between the memory and an external 
device. The direct control also provides six ex­
ternal-signal lines effecting an external interrupt. 



Elapsed-Time Clock 
An elapsed-time clock for real-time control is 

available in the Spectra 70 Series. This feature 
is standard in the 70/25 system and optional in 
the 70/45 and 70/55 Systems. The timer is main­
tained on either a 50 or 60 cycle-per-second-rate 
providing an interrupt capability every 16.67 milli­
seconds or at the termination of the timer's full 
cycle. The elapsed-time clock can be reset by the 
programmer at any time. 
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MULTISYSTEM OPERATION 
Multisystem operation is available in the Spec­

tra 70 Series. Through the use of shared input­
output devices and/or data exchange controls (for 
memory-to-memory transmission), the expansion 
of a given processor's power for multisystem com­
munication is provided. In addition, mUltisystem 
capability is an added advantage for enhancing 
system reliability in real-time applications. 
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Figure 1. RCA 70/15 System 
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Figure 2. RCA 70/25 System 
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EQUIPMENT DESCRIPTION 

RCA MODEL 70/15 PROCESSOR 

General 
The RCA Model 70/15 Processor, smallest 

member of the Spectra 70 Series, is a powerful 
data processing system designed specifically for 
small-scale data applications and low-cost remote 
and satellite operations. The prime objective of 
this system is to satisfy the ever-increasing need 
for low-cost off-line processing. Simultaneity is 
provided through a read-auxiliary command for 
card readers and magnetic tapes. Peripheral de­
vices such as the card punch and printer are 
fully buffered. 

To fulfill the growth requirements of the user, 
the 70/15 is upward compatible within the Spectra 
70 Series. 

The 70/15 is a byte-organized, two-address 
serial processor consisting of high-speed memory, 
program control, and input-output control. 

High-Speed Memory 
High-speed memory consists of planes of mag­

netic cores. These planes are 64 x 64 strings; each 
string is one byte in depth resulting in a basic 
block of 4,096 bytes of separately addressable core 
memory. High-speed memory is field-expandable 
from the basic 4,096 bytes to 8,192 bytes. The 
byte is the smallest addressable unit in the Model 
70/15 Processor. 

The basic memory-cycle time is 2.0 micro­
seconds. This is the time to transfer one byte from 
the 70/15 memory to the Memory register and to 
regenerate the byte in storage. 

The first 50 bytes of high-speed memory are 
reserved for use by the processor. They are used 
as utility registers and intermediate storage media 
in the handling of input-output operations and 
interrupt processing. 

Program Control 
The function of the program control unit in the 

Model 70/15 Processor is to interpret and execute 
the instructions stored in high-speed memory. 
Necessary registers and indicators are provided 
by the program control unit to monitor sequence 
of operations, to perform automatic accuracy 
checks, and to communicate with the RCA Stand­
ard Interface in the control of input-output de­
vices. 

Two processor states, each having its own pro­
gram counter, are present in the Model 70/15 
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Processor. They provide fast interrupt servicing 
and facilitate program system control. The pro­
cessor states and their functions are as follows: 

Processing State (PI) - executes the user's 
program and is capable of being inter­
rupted. Once interrupted, the conditions 
existing at the time of interrupt are auto­
matically stored and control is transferred 
to the Interrupt State (P >I) • 

Interrupt State (P2 ) - analyzes an interrupt 
condition and determines the action to be 
taken. Control is then transferred back to 
the Processing State (PI) where the inter­
rupt is serviced. This state may not be 
interrupted. 

Program interruption capabilities are provided 
in the Model 70/15 Processor as follows: 

1. Request interrupt for an input-output device -
interruption of normal processing takes place 
upon request from the interrogating type­
writer, communications control, or data ex­
change control to process remote inquiries or 
data transmissions. 

2. Internal operation code trap - an interrupt 
occurs when an undefined operation code in the 
70/15 instruction set is recognized. This pro­
vides the facility to simulate operations not 
included in the standard 70/15 instruction set. 

When an interrupt signal is received by the 
processor, the actual interrupt takes place as soon 
as the current instruction terminates. 

All interrupts (except internal operation code 
trap) may be inhibited if desired. If, however, 
the interrupt is not inhibited, control will auto­
matically be transferred to the Interrupt State 
(P2 ). At this time, conditions existing in the Proc­
essing State (PI) are stored by hardware so that 
an orderly return may be affected once the inter­
rupt has been serviced. 

Input-Output Control 
The Model 70/15 Processor communicates with 

all input-output devices through the RCA Stand­
ard Interface. The input-output channel transmits 
data to or from a single peripheral device and is 
capable of handling high-speed input-output de­
vices. Up to six standard interface trunks may be 
connected to the channel and each trunk can con­
trol up to 16 input-output devices. 



Instruction Formats and Timing 

The Model 70/15 Processor includes a standard 
set of 25 instructions. This instruction repertoire 
performs arithmetic, data handling, decision, con­
trol, and input-output operations. 

All instructions must start on halfword bound­
aries (even-numbered byte location). The basic 
format of the instruction set is two, four, or six 
bytes long (see table 1). Twenty instructions 
have a two-address format and are six bytes in 
length. Three single-address instructions are in 
the instruction set and are four bytes long. Halt 
and Post Status instructions require only two 
bytes. Direct addressing is used up to the maxi­
mum of 8,192 bytes. 

TABLE 1. INSTRUCTION FORMATS 

Halfword Halfword Halfword 

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

8 8 16 16 
Op Code L Dl D2 

8 4 4 16 16 
Op Code Ll L2 Dl D2 

8 4 4 16 16 
Op Code T U Dl D~ 

8 8 16 
Op Code M Dl 

8 4 4 
Op Code T U 

8 8 
Op Code M 

Numbers in upper right corners of blocks indicate number 
of bits used. 

Legend: 

Dl - address of leftmost byte of first operand. 

D2 - address of leftmost byte of second operand. 
L - one less than length of first and/or second operand 

(0-255). 
Ll - one less than length of first operand (0-15). 

L2 - one less than length of second operand (0-15). 
M - mask for Branch On Condition, Test Under Mask, and 

Halt. 
T - input-output trunk referenced. 

U - input-output device referenced. 

A list of the 70/15 standard instruction set and 
corresponding staticizing and execution timing 
is tabulated in table 2. For input-output instruc­
tion timing, refer to Appendix A. 

10 

TABLE 2. INSTRUCTION TIMING 

Instruction 
Staticizing Execution 

(,us) (,us) 

ARITHMETIC 
INSTRUCTIONS 

Add Decimal 20 18 + 4Nl + 2N2 

Add Binary 20 18 + 4Nl + 2N~ 
Subtract Decimal 20 18 + 4Nl + 2N~ 
Subtract Binary 20 18 + 4Nl + 2N2 

And 20 6N 

Or 20 6N 

Exclusive Or 20 6N 

DATA HANDLING 
INSTRUCTIONS 

Move 20 4N 

Edit 20 41 + 4F + 6D 

Pack 20 16 + 2Nl + 2N2 

Unpack 20 16 + 2Nl + 2N~ 
DECISION AND CONTROL 

Branch on Condition 16 Branch = 4 
No Branch = 2 

Compare Decimal 20 16 + 4Nl + 2N2 

Compare Logical 20 6B 

Set P2 Register 16 6 

Test Under Mask 16 2 

Halt 12 2 

INPUT-OUTPUT 
Read Forward 20 

Read Reverse 20 

Read Auxiliary 20 

Write 20 See 

Write Control 20 
Appendix A 

Erase 20 

Sense 20 

Post Status 12 

Legend: 

B - number of bytes compared before an inequality 
occurs. 

D - number of digits inserted. 
I - number of edit characters inserted. 

F-number of fill characters inserted. 
N - number of bytes. 

Nt - number of bytes in first operand. 
N2 - number of bytes in second operand. 



RCA MODEL 70/25 PROCESSOR 

General 
The RCA Model 70/2.5 Processor, the second 

member of the Spectra 70 Series, is a small-to­
medium scale computer designed to satisfy a wide 
variety of data-processing requirements. The 70/ 
25 is organized as a powerful data processor with 
the capability to concurrently perform up to 16 
input-output operations. This input-output simul­
taneity, coupled with its communications capa­
bilities, makes the 70/25 a highly efficient vehicle 
for high-speed remote processing. Provision is 
made for program compatibility between the 
Model 70/25 Processor and the larger processors 
in the Spectra 70 Series. 

The 70/25 is a word-organized, variable-data 
format processor consisting of high-speed memory, 
program control, and input-output control. 

High-Speed Memory 
High-speed memory consists of planes of mag­

netic cores. These planes are 64 x 64 strings; each 
string is four bytes in depth resulting in a basic 
block of 16,384 bytes of separately addressable 
core memory. High-speed memory is field-expand­
able from 16,384, 32~768, or 65,536 bytes. The byte 
is the smallest addressable unit in the Model 70/25 
Processor. Four 8-bit bytes are accessed in 
one memory cycle of 1.5 microseconds. Memory 
time is the time required to transfer a four-byte 
word from the 70/25 memory to the Memory 
register and to regenerate the word in storage. 

The first 50 bytes of high-speed memory are 
reserved for use by the processor. They are used 
as hardware registers and intermediate storage 
media in the handling of input-output operations 
and interrupt processing. The last 100 bytes of 
high-speed memory are reserved for 15 General­
Purpose registers, a Timer register, and Utility 
registers. In addition to these two memory areas, 
the inclusion of a multiplexor channel in the RCA 
70/25 requires that high-speed memory immedi­
ately preceding the last 100 bytes be reserved for 
Multiplexor Channel Device registers. The amount 
of memory required for this purpose is dependent 
upon the number of devices associated with the 
multiplexor channel. 

Program Control 
The function of the program control unit in 

the Model 70/25 Processor is to interpret and 
execute the instructions stored in high-speed 
memory. The required registers and indicators 
are provided by the program control unit to moni­
tor sequence of operations, to perform automatic 
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accuracy checks, and to communicate with the 
RCA Standard Interface in the control of input­
output devices. 

Two processor states, each having its own pro­
gram counter, are present in the Model 70/25 
Processor. They provide fast interrupt servicing 
and facilitate program system control. The pro­
cessor states and their functions are as follows: 

Processing State (P) - executes the user's 
program and is capable of being inter­
rupted. Once interrupted, the conditions 
existing at the time of interrupt are auto­
matically stored and control is transferred 
to the Interrupt State (P z). 

Interrupt State (Pz) - analyzes an interrupt 
condition and determines the action to be 
taken. Control is then transferred back to 
the Processing State (PI) where the inter­
rupt is serviced. This state may not be 
interrupted. 

Program interruption capabilities are provided 
in the Model 70/25 as follows: 
1. Request or termination interrupt by an input­

output device - interruption of normal proc­
essing takes place upon request from the 
interrogating typewriter, communications con­
trol, or data exchange control to process remote 
inquiries or data transmissions. An interrupt 
also occurs upon termination of an input-output 
operation. 

2. Internal operation code trap - an interrupt 
occurs when an undefined operation code in the 
70/25 instruction set is recognized. This pro­
vides the facility to simulate operations not 
included in the standard 70/25 instruction set. 

3. Arithmetic overflow or divide exception - an 
interrupt occurs on all arithmetic-overflow con­
ditions. When a Divide instruction is executed 
and the quotient is less than one or exceeds 29 
digits (plus sign), an interrupt also takes place. 

4. Timer interrupt - the timer may be set or 
altered to provide for interruption of normal 
processing when a specified amount of time 
has elapsed. 

When an interrupt signal is received by the 
processor, the actual interrupt takes places as 
soon as the current instruction terminates. 

All interrupts (except internal operation code 
trap) may be inhibited if desired. If the interrupt 
is not inhibited, control will automatically be 
transferred to the Interrupt State (Pz). At this 
time, conditions existing in the Processing State 
(PI) are stored by hardware so that an orderly 
return may be affected once the interrupt has 
been serviced. 



Input-Output Control 
The Model 70/25 Processor communicates with 

all input-output devices through the RCA Stand­
ard Interface. Up to eight selector channels (two 
of which may be high speed) plus a mUltiplexor 
channel may be connected to the system, provid­
ing a high degree of simultaneity. Four selector 
channels (medium-speed) are standard. Each se­
lector channel can control up to 16 devices. A set 
of registers is provided for each selector channel, 
making simultaneous operation of all channels 
possible. Each device (up to 115) on the multi­
plexor channel has its own sub-channel register. 
Up to eight of these devices may time-share the 
channel. It is possible for selector channels and 
mUltiplexor channel-connected devices, in any 
combination, to operate simultaneously with 
computing. 

Instruction Formats and Timing 

A comprehensive repertoire of instructions is 
provided with the Model 70/25 Processor. Thirty­
one instructions permit a full range of data­
processing capability including powerful arith­
metic, data handling, decision, control, and input­
output facilities. 

All instructions must start on halfword bound­
aries (even-numbered byte locations). The basic 
format of the instruction set is two, four, or six 
bytes in length. Table 3 illustrates these formats 
and their construction. 

TABLE 3. INSTRUCTION FORMATS 

Halfword Halfword Halfword 

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

8 8 4 12 4 12 
Op Code L Bl Dl B2 D2 

8 4 4 4 12 4 12 
Op Code Ll L2 Bl Dl B2 D2 

8 4 4 4 12 4 12 
Op Code T U Bl Dl B2 D2 

8 8 4 12 
OpCode M B2 D2 

8 4 4 
Op Code T U 

8 8 
OpCode M 

Numbers in upper right corners of blocks indicate number 
of bits used. 

Legend: 
Bl - register containing base address of first operand. 
B2 - register containing ba.se address. of second operand. 
Dt - address of leftmost byte of first operand. 
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Legend: (Cont.) 

Dz - address of leftmost byte of second operand. 
L - one less than length of first and/or second operand 

(0-255). 
Lt - one less than length of first operand (0-15). 
Lz - one less than length of second operand (0-15). 
M - mask for Branch On Condition, Test Under Mask, and 

Halt. 
T - input-output trunk referenced. 
U - input-output device referenced. 

A list of the 70/25 standard instruction set and 
corresponding staticizing and execution timing is 
tabulated in table 4. Staticizing times shown are 
maximum and can be reduced if instructions are 
on fullword boundaries. For input-output instruc­
tion timing, refer to Appendix A. 

TABLE 4. INSTRUCTION TIMING 

Instruction 
Staticizing Execution 

{/LsI {/LsI 

ARITHMETIC 
INSTRUCTIONS 

Add Binary 13.5 8.25 + 2.25Nt + 1.5Nz 

Add Decimal 13.5 8.25 + 2.25Nl + 1.5Nz 

Subtract Binary 13.5 8.25 + 2.25Nt + 1.5Nz 

Subtract Decimal 13.5 8.25 + 2.25Nt + 1.5Nz 

Multiply Decimal 13.5 12.75 + 9Nt -1.5Nz + 
C[3.75 (Nt - N z) + 
3] 3.75 (Nt - Nz) + 
3 

Divide Decimal 13.5 9 + 29.25Nt - 27Nz + 
37.5N!! (Nt - Nz) 

AND 13.5 3.75N 

OR 13.5 3.75N 

Exclusively OR 13.5 3.75N 

DATA HANDLING 
INSTRUCTIONS 

Edit 13.5 21 + 2F + 3D 

Move 13.5 3W + 3B 

Pack 13.5 6 + 1.5Nt + 3Nz 

Unpack 13.5 7.5 + 3Nt + 1.5Nz 

Translate 13.5 6.75N 

DECISION AND 
CONTROL 
INSTRUCTIONS 

Branch and Link 9 3.75 

Branch On Condition 9 Branch = 2.25; 
No Branch = 0.5 

Branch On Count 9 Branch = 6.75; 
No Branch = 2.25 

Compare Decimal 13.5 6 + 1.5N1 + 2.25Nz 



TABLE 4. INSTRUCTION TIMING (ContJ 

Staticizing Execution 
Instruction 

IllS) (p.s) 

DECISION AND 
CONTROL 
INSTRUCTIONS Cont. 

Compare Logical 13.5 1.5 + 3B 

Halt 4.5 1.5 

Load Multiple 9 3.75R 

Set P 2 Register 9 3 

Store Multiple 9 3.75R 

Test Under Mask 9 1.5 

INPUT/OUTPUT 
INSTRUCTIONS 

Erase 13.5 

Post Status 9 

Read Forward 13.5 

Read Reverse 13.5 See Appendix A. 

Sense 13.5 

Write 13.5 

Write Control 13.5 

Legend: 
B - number of bytes processed 

(or number of bytes outside fullword boundaries). 
C - sum of multiplier digits. 
D - number of digits inserted. 
F-number of fill characters inserted. 
I - number of edit symbols inserted. 
N - total number of bytes. 
Nl - number of bytes in first operand. 
N2 - number of bytes in second operand. 
R - number of registers. 
W - number of four-byte words. 

RCA MODEL 70/45 PROCESSOR 

General 
The RCA Model 70/45 Processor, the third 

member of the Spectra 70 Series, is a powerful, 
solid-state, general-purpose, digital processor. It 
is the main element of a system handling medium­
large data processing applications. Because of its 
large storage capacity, fast data transmission, 
and computation rates, this processor is highly 
efficient as both a data processor and a scientific­
problem solver. The internal logic is controlled by 
elementary operations stored in a read only control 
memory. 

All instructions, character codes, interrupt 
facilities, and programming features are func­
tionally the same as corresponding features on the 
Model 70/55. Programs may be interchanged 
between processors provided: 
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1. Systems features are equivalent. 
2. Programs are written independently of strict 

timing considerations. 

3. Programs are restricted to specified functions 
and "tIo not utilize unspecified characteristics 
peculiar to the hardware of either processor. 

The 70/45 is a diad-organized, variable-format 
processor consisting of main memory, scratch-pad 
memory, read only control memory, non-addTess­
able memory, program control, and input-output 
control. 

Main Memory 
Main memory consists of expandable magnetic 

core storage available in sizes of 16,384, 32,768, 
65,536, 131,072, or 262,144 bytes. The basic mem­
ory-cycle time is 1.44 microseconds. This is the 
time to transfer two bytes from the main memory 
to the Memory register and to regenerate the bytes 
in storage. A byte may consist of a character, 
two digits, or eight bits. The processor normally 
operates on two 8-bit bytes at a time although 
the minimum addressable data unit is one byte 
and the maximum addressable data unit is 8 bytes. 

Scratch-Pad Memory 
The scratch-pad memory, a fast micromagnetic 

storage device, contains the General-Purpose, 
Floating-Point, and various other registers to 
facilitate processor and program control. This 
memory consists of 128 four-byte words. Access 
time is 300 nanoseconds per word. Locations in 
the scratch-pad memory are uniquely addressed 
by the Load-Scratch-Pad and Store-Scratch-Pad 
instructions. 

Four double word Floating-Point registers and 
16 General-Purpose registers are contained in the 
scratch-pad memory. The Floating-Point registers 
are used in floating-point arithmetic operations. 
The General-Purpose registers are used in base 
addressing, indexing, and utility operations. 

Read Only Control Memory 
The read only control memory contains the 

internal logic for the elementary operations of the 
processor. Memory-cycle time is 480 nanoseconds 
permitting significant reduction in the instruction 
execu tion timing. 

Non-Addressable Memory 
This memory is a portion of the main memory 

that cannot be addressed by programming. A set 
of registers that services the devices attached to 
a multiplexor channel is contained in the non­
addressable main memory. The size of this memory 



will vary in accordance with the capacity of the 
main memory selected by the user. Non-address­
able memory is in addition to the main memory 
capacity of the system. 

Program Control 
The Model 70/45 Processor has four distinct 

processor states to provide extremely fast inter­
rupt servicing. Combined with the program sys­
tems control, these processor states provide an 
extremely efficient interrupt handling. The four 
processor states are: 

Processing State (PI) - interprets and exe­
cutes the user's program. This processing 
state is the problem-oriented state. 

Interrupt Response State (Pz) - performs spe­
cific program tasks as dictated by the 
Interrupt Control State (Ps)' 

Interrupt Control State (Ps) - is automatically 
entered upon recognition of an interrupt 
other than one caused by a machine check 
or power failure. This state is responsible 
for performing a detailed analysis of the 
cause of interrupt and establishing its 
priority. Once these functions have been 
performed, linkage is provided to the 
proper interrupt processing routine in the 
Interrupt Response State (Pz). 

Machine Condition State (P~) - is entered 
whenever a machine check or power failure 
occurs. This state analyzes the cause of 
a machine interrupt and establishes its 
priority. Control is then transferred to the 
Interrupt Response State (Pz) so that an 
indication of the cause of interrupt may be 
given to the operator. 

Table 5 summarizes the type and number of 
registers uniquely assigned to each processor 
state. 

TABLE 5. PROCESSOR STATE REGISTERS 

Processor State 
Register 

PI P2 P3 P4 

Program Counter 1 1 1 1 

General-Purpose Registers 16 16 6 5 

Floating-Point Registers 8 * * * 
Interrupt-Status Register 1 1 1 1 

Interrupt-Mask Register 1 1 1 1 

* Floating-point instructions executed in these states use 
the floating-point registers of the Processing State (Pl ). 
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Since each processing state has its own General­
Purpose registers, Interrupt Status register, and 
Interrupt Mask register, the need for storing and 
reloading registers during interrupt processing is 
virtually eliminated. 

Program interrupts occur as a result of errors 
in data or instruction specifications, input-output 
operations, external signals, equipment malfunc­
tions, or arithmetic errors. The instruction being 
executed at the time of interrupt may be com­
pleted, suppressed, or terminated depending on 
the cause of the interrupt. 

Any interrupt may be inhibited or permitted 
in any state through programming. If an interrupt 
occurs and is permitted, conditions existing in the 
interrupted state will be automatically stored. 
Control is then passed to the Interrupt Control 
State (Ps) or Machine Condition State (PI) 
depending upon the cause of the interrupt. The 
priority of the interrupt is established and an 
analysis is made to determine the proper linkage 
to the Interrupt Response State (Pz) so that the 
interrupt may be processed. Once interrupt proc­
essing has been completed, control is returned to 
the state which was last interrupted and normal 
processing is resumed. 

If several interrupts occur 'at the same time, the 
one having the highest priority will be processed. 
The remaining interrupts will be processed in 
turn depending upon their priority. 

Table 6 summarizes all of the interrupt condi­
tions, their respective priorities, the interrupt 
state which each initiates, and a brief description 
of the cause of interrupt. 

TABLE 6. INTERRUPT CONDITIONS 

Priority Condition 
State 

Initiated Explanation 

1 Power Failure 4 Power failure in proc-
essor or memory. 

2 Machine Check 4 Parity error or equip-
ment malfunction. 

3 External Signal 1 3 

4 External Signal 2 3 
Signal received on 

5 External Signal 3 3 one of the six ex-
ternalIines associated 

6 External Signal 4 3 with the direct-

7 External Signal 5 3 control feature. 

8 External Signal 6 3 

9 Not Specified 



TABLE 6. INTERRUPT CONDITIONS (Cont.) 

Priority Condition 
State 

Explanation 
Initiated 

10 Selector 1 3 
Terminate 

11 Selector 2 3 A device on the asso-

Terminate ciated selector chan-
nel has terminated. 

12 Selector 3 3 
Terminate 

13 Not specified 

14 Not specified 

15 Not specified 

16 Multiplexor 3 A device on the multi-
Terminate plexor channel has 

terminated. 

17 Elapsed Time 3 Elapsed time count has 
Clock expired. 

18 Console Request 3 Manual request for in-
terrupt by the operator. 

19 Not specified 

20 Not specified 

21 Supervisor Call 3 Result of execution of 
Supervisor Call instruc-
tion to utilize pro-
grammed routines. 

22 Privileged 3 Privileged instruction 
Operation attempted in non-

privileged mode. 

23 Op-Code Trap 3 Op Code attempted 
which is invalid for 
this model. 

24 Address Error 3 Invalid address, speci-
fication, or memory 
protect violation. 

25 Data Error 3 Signal of operand in-
correct in decimal 
arithmetic and editing, 
or incorrect field over-
lap. 

26 Exponent Overflow 3 Result characteristic of 
floating-point operation 
is greater than 127. 

27 Divide Error 3 Rules pertaining to Di-
vide instruction have 
been violated. 

28 Significance Error 3 Result of floating-point 
add or subtract has 
zero fraction. 

29 Exponent Overflow 3 Result characteristic of 
floating-point operation 
is less than zero. 

30 Decimal Overflow 3 Resul t field is too small 
to contain the result of 
a decimal operation. 
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TABLE 6. INTERRUPT CONDITIONS (ContJ 

Priority Condition 
State 

Explanation 
Initiated 

31 Fixed-Point 3 High-order carry or 
Overflow high-order significant 

bits lost in fixed-point 
operation. 

32 Test Mode 3 Allows program con-
trol over processor dur-
ing program testing. 

Input-Output Control 
The Model 70/45 Processor communicates with 

all input-output devices through the RCA Stand­
ard Interface. 

One mUltiplexor channel is available on the 
70/45. It can be either a standard multiplexor 
channel (contained in the basic processor) or a 
communication multiplexor channel. 

A total of 128 input-output devices can be 
attached to the standard multiplexor and a total 
of 256 can be attached to the communication multi­
plexor. A set of sub-channel registers services the 
devices permitting these devices to time-share 
the channel. The number of sub-channel registers 
per mUltiplexor and the number of devices con­
nected to the multiplexor are determined by the 
capacity of main memory selected by the user. 

In addition, up to three selector channels may 
be included in the system. Each selector channel 
has two standard interface trunks and is capable 
of addressing up to 256 devices one at a time. A 
set of registers is provided in scratch-pad memory 
for each s,elector channel making simultaneous 
operation of all channels possible. 

Selector channels and mUltiplexor channel-con­
nected devices, in any combination, may be oper­
ating simultaneously with computing provided the 
total system transfer rate has not been exceeded. 

Registers are provided in scratch-pad memory 
and non-addressable memory to control input­
output operations while other processing is being 
performed. Input-output instructions, as they are 
commonly understood, do not exist in the 70/45 
Processor. An input-output operation takes place 
as follows: 

A Channel Address Word ( CAW) is defined 
by the user's program and contains the main 
memory address of the Channel Command 
Word (the. first Channel Command Word in 
a sequence). 

A Channel Command Word (CCW) is defined 
by the user's program and is stored in main 
memory (64 bits). It indicates the specific oper­
ation to be performed and the data address to be 
referenced. One or more CCW's may be used 



to define a desired sequence of input-output 
operations. This results in the ability to "chain" 
input-output operations. Any number of se­
quences may be defined. 

Prior to a program request for input-output 
initiation, the proper Channel Address Word is 
stored in a standard area of main memory. 

When a request for input-output initiation is 
issued, the Channel Address Word is auto­
matically stored in the Channel Address Regis­
ter (CAR) in scratch-pad memory. The Channel 
Command Word (addressed by the Channel 
Address Word) is automatically stored in the 
Channel Command Register (CCR) in scratch­
pad memory. 

The Channel Command Register now con­
tains the information required to perform the 
input-output operation. One Channel Command 
Register and one Channel Address Register 
are provided for each selector channel and for 
the multiplexor chllnnel in scratch-pad memory. 

Once the CAR and CCR have been loaded, 
control of the specific input-output operation is 
given over to hardware, and the processor is 
free to perform other tasks until the input­
output operation terminates. At that time, con­
trol is returned to the program via the proper 
channel termination interrupt. 

Instruction Formats and Timing 
The 70/45 instruction set is made up of 144 

instructions (including the optional floating-point 
instructions). This instruction repertoire per­
forms decimal, fixed-point and floating-point 
(optional) commands as well as data handling, 
decision, and control operations. 

There are five basic instruction formats. All 
instructions must start on halfword boundaries 
(an even-numbered byte location). Basic formats 
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of the instructions are 2, 4, or 6 bytes long (see 
table 7). 

TABLE 7. INSTRUCTION FORMATS 

1 st Halfword 2nd Halfword 3rd Halfword 
Format 

Byte 1 Byte 2 Byte 3 Byte 4 ByteS Byte 6 

8 4 4 4 12 4 12 
SS Op Code LI L~ Bl DI B~ D~ 

8 8 4 12 
S1 Op Code J., Bl D, 

8 4 4 4 12 
RS Op Code RI R3 Bz D~ 

8 4 4 4 12 
RX Op Code RI Xz B~ D2 

8 4 4 
RR Op Code RI R. 

Numbers in upper right corners of blocks indicate number 
of bits used. 

Legend: 
BI - register containing base address of first operand. 
Bz - register containing base address of second operand. 
DI - address of leftmost byte of first operand. 
D~ - address of leftmost byte of second operand. 
It - immediate operand. 
LI - one less than length of first operand (0-15). 
L~ - one less than length of second operand (0-15). 
RI - register operand 1. 
R~ register operand 2. 
R3 - register operand 3. 
X2 - index register. 

In addition to the standard instruction set, 
optional features are available which allow for 
protection from inadvertent overlay of specified 
blocks of storage and for direct control of special 
external devices. Commands pertinent to these 
optional features are included as a separate cate-
"gory in the instruction list and timing summary 
tabulated in table 8. 



TABLE 8. INSTRUCTION TIMING 

Instruction Format Timing· I/Ls) Instruction Format Timing· I/Ls) 

BRANCHING FIXED-POINT 
INSTRUCTIONS INSTRUCTIONS Cont. 
Branch and Link RR Branch = 3.84, Multiply Halfword RX 39.84 

No Branch = 2.88 
Multiply Word RX 72.84 

Branch and Link RX 6.24 
Multiply Word RX 78.12 

Branch on Condition RR Branch = 3.84, 
No Branch = 2.88 Divide RR 118 

Branch on Condition RX Branch = 6.24, 
Divide RX 123.28 

No Branch = 5.76 Compare Halfword RX 9.12 

Branch on Count RR Branch = 5.76, 
No Branch = 4.8 

Compare Word RR 4.8 

Compare Word RX 9.6 
Branch on Count RX Branch = 8.64, 

No Branch = 7.68 Convert to Binary RX 97.2 

Branch on Index High RS Branch = 11.76, Convert to Decimal RX 23.82 to 96.96 
No Branch = 11.04 Load and Test RR 5.28 

Branch on Index RS Branch = 11.52, 
Low or Equal No Branch = 11.28 

Load Complement RR 5.28 

Execute RX 6.24 + ED 
Load Halfword RX 9.12 

DECIMAL 
Load Multiple RS 6.0 + 2.88R 

INSTRUCTIONS Load Negative RR 6.72 
Add Decimal SS 14.8 + 1.56Ll + 0.66L2 

Load Positive RR 6.72 
Subtract Decimal SS 14.8 + 1.56L1 + 0.66L~ 

Load Word RR 5.28 
Multiply Decimal SS 31.7 + 28.5Ll - 24.3L2 + 

2.7L2 (Ll - Lz) Load Word RX 9.26 

Divide Decimal SS 26.0 + 43.6Ll - 40.75Lz + Shift Left Double RS Under 16 = 11.28 + O.96N 
6.85L (Ll - Lz) Shift Left Single RS Under 16 = 6.72 + 0.48N 

Compare Decimal SS 15.9 + 1.08L1 + 0.42Lz Shift Right Double RS Under 16 = 9.12 + 0.96N 
Move With Offset SS 11.04 + 1.92Ll + 0.96L~ Shift Right Single RS Under 16 = 8.16 + O.48N 
Pack SS 12.72 + 1.92L1 + 0.48Lz Store Halfword RX 6.24 
Unpack SS 12.0 + 0.96Ll + 0.96k Store Multiple RS 6.0 + 2.88R 
Zero And Add SS 14.6 + 0.96Ll + 0.54Lz Store Word RX 8.16 
FIXED-POINT 
INSTRUCTIONS 
Add Halfword RX 9.12 

FLOATING-POINT (All floating-point in-
INSTRUCTIONS structions are optional.) 
Add Normalized (Long) RR 

Add Logical RR 5.28 Add Normalized (Long) RX 

Add Logical RX 9.6 Add Normalized (Short) RR 

Add Word RR 5.28 Add Normalized (Short) RX 

Add Word RX 9.6 Add Unnormalized 

Subtract Halfword RX 9.12 

Subtract Logical RR 5.28 

(Long) RR 
To be supplied 

Add Unnormalized at a later date. 
(Long) RX 

Subtract Logical RX 9.6 Add Unnormalized 

Subtract Word RR 5.28 
(Short) RR 

Add Unnormalized 
Subtract Word RX 9.6 (Short) RX 

Legend: See page 19. 
.., All times are average and include staticizing time. 

Subtract Normalized 
(Long) RR 
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TABLE 8. INSTRUCTION TIMING (Cont.) 

Instruction Format Timing* IlLs) Instruction Format Timing* IlLs) 

FLOATING-POINT FLOATING-POINT 
INSTRUCTIONS Cont. INSTRUCTIONS Cont. 
Subtract Normalized Load Positive (Long) RR 

(Long) RX 

Subtract Normalized 
( Short) RR 

Load Positive (Short) RR To be supplied 

Store (Long) RX at a later date. 

Subtract Normalized Store (Short) RX 

( Short) RX LOGICAL 

Subtract Unnormalized 
(Long) RR 

INSTRUCTIONS 
AND RR 5.28 

Subtract Unnormalized AND RX 9.6 

(Long) RX AND SI 6.96 
Subtract Unnormalized 

(Short) RR 
AND SS 9.18 + 2.22L 

Subtract Unnormalized OR RR 5.28 

(Short) RX OR RX 9.6 
Multiply (Long) RR OR SI 6.96 
Multiply (Long) RX 

OR SS 9.18 + 2.22L 
Multiply (Short) RR 

Exclusive OR RR 5.28 
Multiply (Short) RX 

Exclusive OR RX 9.6 
Divide (Long) RR 

Exclusive OR SI 6.96 
Divide (Long) RX 

Exclusive OR SS 9.18 + 2.22L 
Divide (Short) RR 

Divide (Short) RX 
To be supplied 
at a later date. 

Compare Logical RR 4.8 

Compare Logical RX 9.6 
Compare (Long) RR 

Compare Logical SI 6.0 
Compare (Long) RX 

Compare Logical SS 9.24 + 1.44B 
Compare (Short) RR 

Edit SS 7.04 + 4.08Ll - 0.72K 
Compare (Short) RX 

Edit and Mark SS 9.44 + 4.08Ll - 0.72K 
Halve (Long) RR 

Insert Character RX 6.72 
Halve (Short) RR 

Load Address RX 9.12 
Load (Long) RR 

Move SI 5.04 
Load (Long) RX 

Move SS 9.12 + 1.44L 
Load (Short) RR 

Move Numerics SS 10.12 + 2.22L 
Load (Short) RX 

Move Zones SS 10.12 + 2.22L 
Load and Test (Long) RR 

Shift Left Double 
Load and Test (Short) RR Logical RS Under 16 = 11.28 + 0.96N 

Load Complement Shift Left Single 
(Long) RR Logical RS Under 16 = 6.72 + O.48N 

Load Complement Shift Right Double 
(Short) RR Logical RS Under 16 = 9.12 + O.96N 

Load Negative (Long) RR Shift Right Single 

Load Negative (Short) RR 
Logical RS Under 16 = 8.16 + O.48N 

Store Character RX 6.24 
Legend: See page 19. 

* All times are average and include staticizing time. 
Test Under Mask SI 6.48 
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TABLE 8. INSTRUCTION TIMING (ContJ 

Instruction Format Timing* (ILS) 

LOGICAL 
INSTRUCTIONS Cont. 
Translate SS 12.0 + 4.8L 

Translate and Test SS 12.36 + 4.32L 

INPUT-OUTPUT 
INSTRUCTIONS 
Start Device SI 26.4 + CRT 

Halt Device SI 6.0 + CRT 

Test Channel SI 2.88 

Test Device SI 6.0 + CRT 

PROCESSING STATE 
CONTROL 
INSTRUCTIONS 
Set Program Mask RR 2.4 

Supervisor Call RR 2.4 

* All times are average and include staticizing time. 

Legend: 
B* - total number of bytes processed. 
CRT - channel response time. 
EAC - end around carry. 
ED - external delay. 
K - number of control characters in pattern field. 
L - total number of bytes specified by the L field. 
Ll - number of bytes in first operand field. 
L~ - number of bytes in second operand field. 
M - number of 2-bit shifts. 
N 
P 

- total number of bits to be shifted. 
- number of 4-bit shifts. 
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Instruction Format Timing* (ILS) 

PRIVILEGED 
INSTRUCTIONS 
(STANDARD) 
Diagnose SI not applicable 

Load Scratch Pad SS 6.72 + 2.88R 

Idle SI 4.56 

Program Control SI 6.0 

Store Scratch Pad SS 6.72 + 2.88R 

PRIVILEGED 
INSTRUCTIONS 
(OPTIONAL) 
Insert Storage Key RR 

Set Storage Key RR To be supplied 

Read Direct SI 
at a later date. 

Write Direct SI 

Q - number of 1-bit shifts. 

R - number of registers specified. 

S * * - [( Ll - L2) -7- 4] 
S (N) - 1 if N = 0; S (N) = 0 if N = O. 

T** - (L~ -7- 4) 
WI - total number of words in first operand field (in­

cl uding partial field). 

W2, - total number of words in second operand field (in­
cluding partial field). 

* This term occurs if an instruction terminates before the 
L count is reached. 

** If the result is a mixed number the next highest integel' 
is used. 



Figure 3. RCA 70/45 System 

Figure 4. RCA 70/55 System 
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RCA MODEL 70/55 PROCESSOR 

General 
The RCA Model 70/55 Processor, fourth and 

largest of the open-ended Spectra 70 Series, satis­
fies the mo·st sophisticated data processing or 
scientific problem-solving requirements. Its order 
code is implemented by processor logic, resulting 
in extre'mely fast data transmission and instruc­
tion execution rates. 

All instructions, character codes, interrupt 
facilities, and programming features are func­
tionally the same as corres.ponding features on 
the Model 70/45. Programs may be interchanged 
between the processors provided: 

1. Systems features are equivalent. 

2. Programs are written independent of strict 
timing considerations. 

3. Programs are restricted to specified functions 
and do not utilize unspecified characteristics 
peculiar to the hardware of either processor. 

The 70/55 is a word-organized, variable-format 
processor. Three types of memory are included in 
the processor: main memory, scratch-pad memory, 
and non-addressable memory. In addition, the pro­
cessor contains program control and input-output 
control. 

Main Memory 
Main memory of the 70/55 is the central stor­

age. medium for both the data to be processed and 
the controlling instructions. Main memory consists 
of expandable magnetic core storage available in 
sizes of 65,536, 131,072, 262,144, or 524,288 
bytes. Four bytes are accessed and regenerated in 
one memory cycle of 0.84 microsecond. Although 
the processor normally operates on fields of four 
bytes, data may be addressed in units of from 
one to eight bytes,. 

Scratch-Pad Memory 
The scratch-pad memory, a fast micromagnetic 

storage . device, contains the General-Purpose, 
Floating-Point, and various other registers to 
facilitate processor and program control. The 16 
General-Purpose registers are used in base­
addressing, indexing, and utility operations. 

The scratch-pad memory has a capacity of 128 
words (512 bytes) and requires 300 nanoseconds 
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to access and regenerate one word (4 bytes). 
Each word has a discreet address which is not 
treated as a main memory address. 

Non-Addressable Memory 
N on-addressable memory provides strict control 

over the operation of time-shared multiplexor 
channel input-output devices. It consists of 256 
registers, each having a 4-byte capacity. Non­
addressable memory is in addition to main mem­
ory capacity of the system. The sub-channel 
registers contained in this memory may not be 
accessed by programming. 

Program Control 
The Model 70/55 Processor has four distinct 

processor states to provide control of system and 
program interrupts. Combined with program sys­
tems control, these processor states allow much 
faster interrupt servicing than could be achieved 
if control were provided by program systems 
alone. The four processor states are: 

Processing State (PI) - interprets and exe­
cutes the program logic defined by the user. 
This processing state is the problem­
oriented state. 

Interrupt Response State (Pz) - performs spe­
cific program tasks as dictated by the 
Interrupt Control State (P 3)' 

Interrupt Control State (P3) - is automatically 
entered upon recognition of an interrupt 
other than one caused by a machine check 
or power failure. This state is responsible 
for performing a detailed analysis of the 
cause of interrupt and establishing its 
priority. Once these functions have been 
performed, linkage is provided to the 
proper interrupt processing routine in the 
Interrupt Response State (Pz). 

The Machine Condition State (P,) - is entered 
whenever a machine check or p<,lwer fail­
ure occurs. This state analyzes the cause 
of a machine interrupt and establishes its 
priority. Control is then transferred to the 
Interrupt Response State (P,J so that an 
indication of the cause of interrupt may 
be given to the operator. 

Table 9 summarizes the type and number of 
registers uniquely assigned to each processor state. 



TABLE 9. PROCESSOR STATE REGISTERS 

Processor State 
Register 

PI P2 P3 P4 

Program Counter 1 1 6 5 

General-Purpose Registers 16 16 6 5 

Floating-Point Registers 8 * * * 
Interrupt Status Register 1 1 1 1 

Interrupt Mask Register 1 1 1 1 

* Floating-point instructions executed in these states use 
the floating-point registers of the Processing State (Pd. 

Since each processor state has its own General­
Purpose registers, Interrupt Status register, and 
Interrupt Mask register, the need for storing and 
reloading registers during interrupt processing is 
virtually eliminated. 

Program interrupts occur as a result of errors 
in data or instruction specifications, input-output 
operations, external signals, equipment malfunc­
tions, or arithmetic errors. The instruction being 
executed at the time of interrupt may be com­
pleted, suppressed, or terminated depending on 
the cause of the interrupt. 

Any interrupt may be inhibited or permitted in 
any state through programming. If an interrupt 
occurs and is permitted, conditions existing in the 
interrupted state will be automatically stored. 
Control is then passed to the Interrupt Control 
State (P3 ) , or Machine Condition State (P4) , 

depending upon the cause of the interrupt. The 
pri<wity of the interrupt is established and an 
analysis is made to determine the proper linkage 
to the Interrupt Response State (Pst) so that the 
interrupt may be processed. Once interrupt proc­
essing has been completed, control is returned to 
the state which was last interrupted, and normal 
processing is resumed. 

If several interrupts occur at the same time, 
the one having the highest priority will be proc­
essed. The remaining interrupts will be processed 
in turn depending upon their priority. 

Table 10 summarizes all of the interrupt condi­
tions, their respective priorities, the interrupt 
state which each initiates, and a brief description 
of the cause of interrupt. 

Priority 

1 

2 

3 

<1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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TABLE 10. INTERRUPT CONDITIONS 

Condition 
State 

nitiated Explanation 

Power Failure 4 Power failure in pro-
cessor or memory. 

Machine Check 4 Parity error or equip-
ment malfunction. 

External Signal 1 3. 

External Signal 2 3 
Signal received on 

External Signal 3 3 one of the six ex-
ternal lines asso-

External Signal 4 3 ciated with the di-

External Signal 5 3 rect-control feature. 

External Signal 6 3 

Not Specified 

Selector 1 
Terminate 3 

Selector 2 
Terminate 3 

Selector 3 
Terminate 3 

A device on the asso-
Selector 4 ciated selector or 
Terminate 3 multiplexor channel 

has terminated. 
Selector 5 
Terminate 3 

Selector 6 
Terminate 3 

Multiplexor 
Terminate 3 

Elapsed Time Clod 3 Elapsed time count has 
expired. 

Console Request 3 Manual request for 
interrupt by the oper-
ator. 

Not Specified 

Not Specified 

Supervisor Call 3 Result of execution of 
Supervisor Call in-
struction to utilize pro-
grammed routines. 

Privileged 3 Privileged instruction 
Operation attempted in non-

privileged mode. 

Op-Code Trap 3 Op Code attempted 
which is invalid for 
this model. 

Address Error 3 Invalid address, speci-
fication, or memory 
protect violation. 

Data Error 3 Sign of operand incor-
correct in decimal 
arithmetic and editing, 
or incorrect field over-
lap. 



TABLE 10. INTERRUPT CONDITIONS (Conf.) 

Priority Condition 
State 

Explanation 
Initiated 

26 Exponent Overflow 3 Result characteristic 
of floating-point oper-
ation is greater than 
127. 

27 Divide Error 3 Rules pertaining to 
Divide instruction have 
been violated. 

28 Significance Error 3 Result of floating-point 
or subtract has zero 
fraction. 

29 Exponent Result characteristic 
!Underflow 3 of floating-point oper-
I ation is less than zero. 

30 Decimal Overflow 3 Result field is too small 
to contain the result of 
a decimal operation. 

31 Fixed-Point High-order carry or 
Overflow 3 high-order significant 

bits lost in fixed-point 
operation. 

32 Test Mode 3 Allows program con-
trol over processor 
during program test-
ing. 

Input-Output Control 

The Model 70/55 Processor communicates with 
all input-output devices through the RCA Stand­
ard Interface. 

One multiplexor channel is available on the 
70/55. A total of 128 input-output devices can be 
attached to the multiplexor channel. A set of sub­
channel registers services the devices permitting 
these devices to time-share the channel. 

In addition, up to six selector channels may be 
included in the system providing a high-degree 
of simultaneity. Each selector channel has four 
standard interface trunks and is capable of con­
trolling up to 256 devices one at a time. A set of 
registers is provided in scratch-pad memory for 
each selector channel, making simultaneous opera­
tion of all channels possible. 

Selector channels and multiplexor channel-con­
nected devices, in any combination, may be oper­
ating simultaneously with computing provided the 
total system transfer rate has not been exceeded. 

Registers are provided in scratch-pad memory 
and non-addressable memory to control input­
output 0'perations while other processing is being 
performed. Input-output instructions, as they are 
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commonly understood, do not exist in the 70/55 
Processor. An input-output operation takes place 
as follows: 

A Channel Address Word ( CAW) is defined 
by the user's program and contains the main 
memory address of the Channel Command 
Word (the first Channel Command Word in a 
sequence) . 

A Channel Command Word (CCW) is de­
fined by the user's program and is stored in 
main memory (64 bits). It indicates the spe­
cific 0'peration to be performed and the data 
address to be referenced. One 0'r more CCW's 
may be used to define a desired sequence of 
input-output operations. This results in the 
ability to "chain" input-output operations. Any 
number of sequences may be defined. 

Prior to a program request for input-output 
initiati0'n, the proper Channel Address Word 
is stored in a standard area of main memory. 

When a request for input-output initiation is 
issued, the Channel Address Word is automat­
ically stored in the Channel Address Register 
(CAR) in scratch-pad memory. The Channel 
Command Word (addressed by the Channel 
Address Word) is automatically stored in the 
Channel Command Register ( C CR) in the 
scratch-pad memory. 

The Channel Command Register now con­
tains the information required to perform the 
input-0'utput operation. One Channel Command 
Register and one Channel Address Register are 
provided for each selector channel and for the 
multiplexor channel. 

Once the CAR and CCR have been loaded, 
control of the specific input-output operation is 
given over to hardware, and the processor is 
free t0' perform other tasks until the input­
output operation terminates. At that time, con­
trol is returned to the program via the proper 
channel termination interrupt. 

Instruction Formats and Timing 
The 70/55 instruction set is made up of 144 

instructi0'ns providing virtually unlimited data 
processing and scientific problem-solving capabil­
ities. These standard instructions include compre­
hensive floating-point, decimal, and fixed-point 
commands, as well as data handling, decision, and 
control 0'perations. 

There are five basic instruction formats. All 
instructions must start on halfword boundaries 
(an even-numbered byte location). Basic formats 
of the instructions arc 2, 4, or 6 bytes long. 



Table 11 illustrates the basic formats and their 
construction. 

TABLE 11. INSTRUCTION FORMATS 

1st Halfword 2nd Halfword 3rd Halfword 
Format 

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 

8 4 4 4 12 4 12 
SS Op Code Ll L2 Bl Dl B2 D2 

8 8 4 12 
SI Op Code 12 Bl Dl 

8 4 4 4 12 
RS Op Code Rl Ra B2 D2 

8 4 4 4 12 
RX Op Code Rl X2 B2 D2 

8 4 4 
RR Op Code Rl R2 

Numbers in upper right corners of blocks indicate number 
of bits used. 

Legend: 
BI - register containing base address of first operand. 
B2 - register containing base address of second operand. 
DI - address of leftmost byte of first operand. 
Dz - address of leftmost byte of second operand. 
12 - immediate operand. 
LI - one less than length of first operand. 
Lz - one less than length of second operand. 
RI - register operand 1. 
Rz - register operand 2. 
Ra - register operand 3. 
X 2 - index register. 

In addition to the standard instruction set, 
optional features are available which allow for 
protection from inadvertent overlay of specified 
blocks of storage and for direct control of special 
external devices. Commands pertinent to these 
optional features are included as a separate cate­
gory in the instruction list and timing summary 
tabulated in table 12. 

TABLE 12. INSTRUCTION TIMING 

Instruction Format Timing* II's) 

BRANCHING 
INSTRUCTIONS 

Branch and Link RR Branch = 2.52, 
No Branch = 2.04 

Branch and Link RX 2.70 

Branch on Condition RR Branch = 1.98, 
No Branch = 1.62 

Branch on Condition RX Branch = 2.10, 
No Branch = 1.74 

Branch on Count RR Branch = 2.40, 
No Branch = 1.92 

Branch on Count RX Branch = 2.58, 
No Branch = 2.22 

Legend: See page 26. 
* All times are average and include staticizing time. 

TABLE 12. INSTRUCTION TIMING (ContJ 

Instruction Format Timing* II's) 

BRANCHING 
INSTRUCTIONS Cont. 

Branch on Index High RS Branch = 3.72, 
No Branch = 3.36 

Branch on Index Branch = 3.72, 
Low or Equal RS No Branch = 3.36 

Execute RX 3.90 + ED 

DECIMAL 
INSTRUCTIONS 

Add Decimal SS 5.40 + 0.96Wz + 
1.92Wt + 0.48Lt 

Subtract Decimal SS 5.40 + 0.96Wz + 
1.92Wt + 0.48Lt 

Multiply Decimal SS 8.88 + 1.20WI + 
1.08Wz + 5.16Lz + 
8.88S + 3.12SLl + 
0.72 (Lt - Lz) 

Divide Decimal SS 11.28 + 1.20Wt + 
0.36LI + 0.72S + 
0.60Wz + 0.72Lz + 
4.2T (Lt - k) + 
1.08 (LI - L2 ) + 
0.96S (Lt - Lz) 

Compare Decimal SS 5.40 + 0.96Wz + 
1.08Wt + 0.48L 

Move with Offset SS 4.92 + 1.80WI + 
O.60Wz + 0.72 (Lt + L2 ) 

Pack SS 4.56 + 1.80W, + 
0.60Wz + 0.72LI + 
0.36Lz 

Unpack SS 4.80 + 1.80WI + 
O.60W 2 + 0.36Lt + 
O.72Lz 

Zero and Add SS 6.96 + 0.96Wl + 
O.96Wz + 0.48Lt 

FIXED-POINT 
INSTRUCTIONS 

Add Halfword RX 3.98 

Add Logical RR 1.92 

Add Logical RX 2.58 

Add RR 1.92 

Add RX 2.58 

Subtract Halfword RX 2.58 

Subtract Logical RR 1.92 

Subtract Logical RX 2.58 

Subtract RR 1.92 

Subtract RX 2.58 

Multiply Halfword RX 12.28 

Multiply RR 12.12 

Multiply RX 12.78 
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TABLE 12. INSTRUCTION TIMING (Cont.) TABLE 12. INSTRUCTION TIMING (Cont.) 

Instruction Format Timing* (Its) Instruction Format Timing* (Its) 

FIXED-POINT FLOATING-POINT 
INSTRUCTIONS (Cont. INSTRUCTIONS (Cont.\ 

Divide RR 19.20 

Divide RX 19.86 
Subtract Normalized 

(Long) RR 9.12 
Compare Halfword RX 2.58 Subtract Normalized 

Compare RR 1.92 
(Long) RX 10.50 

Subtract Normalized 
Compare RX 2.58 ( Short) RR 6.48 

Convert to Binary RX 5.34 to 26.34 Subtract Normalized 

Convert to Decimal RX 5.70 to 23.82 
(Short) RX 7.62 

Subtract U nnor-
Load and Test RR 1.98 mali zed (Long) RR 8.40 

Load Complement RR 1.92 Subtract Unnor-
malized (Long) RX 9.78 

Load Halfword RX 2.58 Subtract Unnor-
Load Multiple RS 2.10 + 0.84R malized (Short) RR 6.12 

Load Negative RR 1.92 Subtract Unnor-
malized (Short) RX 7.26 

Load Positive RR 1.92 Multiply (Long) RR 43.20 

Load RR 1.98 Multiply (Long) RX 44.58 

Load RX 2.46 Multiply (Short) RR 17.28 

Shift Left Double RS 2.10 + 0.72 (P + Q) + Multiply (Short) RX 18.42 

0.72S(N) Divide (Long) RR 73.92 

Shift Left Single RS 2.10 + 0.36 (P + Q) + Divide (Long) RX 75.30 
0.36S(N) Divide (Short) RR 21.72 

Shift Right Double RS 2.10 + 0.72 (P + Q + Divide (Short) RX 22.86 
M) + 0.72S(N) Compare (Long) RR 6.00 

Shift Right Single RS 2.10 + 0.36 (P + Q + 
M) + 0.36S(N) 

Store Halfword RX 4.38 

Compare (Long) RX 7.38 

Compare (Short) RR 5.52 

Compare (Short) RX 6.66 
Store Multiple RS 2.10 + 1.20R Halve (Long) RR 2.40 
Store RX 2.70 Halve (Short) RR 1.80 

FLOATING POINT Load (Long) RR 2.58 
INSTRUCTIONS 

Add Normalized Load (Long) RX 4.02 

(Long) RR 9.12 Load (Short) RR 1.98 

Add Normalized Load (Short) RX 2.46 
(Long) RX 10.50 

Load and Test 
Add Normalized (Long) RR 2.58 

(Short) RR 6.48 
Load and Test 

Add Normalized (Short) RR 1.98 
(Short) RX 7.62 

Load Complement 
Add U nnormalized (Long) RR 2.58 

(Long) RR 8.40 
Load Complement 

Add Unnormalized (Short) RR 1.98 
(Long) RX 9.78 

Load Negative 
Add Unnormalized (Long) RR 2.56 

(Short) RR 6.12 
Load Positive 

Add Unnormalized (Short) RR 1.98 
(Short) RX 7.26 

Store (Long) RX 4.50 
Legend: See page 26. 
* All times are average and include staticizing time. 

Store (Short) RX 3.30 
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TABLE 12. INSTRUCTION TIMING (Cont.) 

Instruction Format Timing* '.us) 

LOGICAL 
INSTRUCTIONS 

AND RR 1.92 

AND RX 2.58 

AND SI 3.18 

AND SS 3.'84 + 1.80Wl + 
0.96W:z + 0.48L 

OR RR 1.92 

OR RX 2.58 

OR SI 3.18 

OR SS 3.84 + 1.80Wl + 
0.96W:z + 0.48L 

Exclusive OR RR 1.92 

Exclusive OR RX 2.58 

Exclusive OR SI 3.18 

Exclusive OR SS 3.84 + 1.80Wl + 
0.96W2 + 0.48L 

Compare Logical RR 1.92 

Compare Logical RX 2.58 

Compare Logical SI 2.46 

Compare Logical SS 3.24 + 0.96Wl + 
0.96W2 + 0.48B 

Edit SS 3.72 + 1.80Wl + 
0.60W2 + O.36Ll + 
0.96L2 + 0.36K 

Edit and Mark SS 6.00 + 1.80Wl + 
0.60W2 + O.36Ll + 
0.96L2 + 0.36K 

Insert Character RX 2.70 

Load Address RX 2.10 

Move SI 3.18 

Move SS 5.76 + 0.84Wl + 
0.96W2 + O.36L 

Move Numeric SS 3.84 + 1.80W1 + 
0.96Wz + O.36L 

Move Zones SS 3.84 + 1.80W 1 + 
0.96W2 + 0.36L 

Shift Left Double 2.10 + 0.72 (P + Q) + 
Logical RS 0.72S(N) 

Shift Left Single 2.10 + 0.36 (P + Q) + 
Logical RS 0.36S(N) 

Shift Right Double 2.10 + 0.72 (P + Q + 
Logical RS M) + 0.72S(N) 

Shift Right Single 2.10 + 0.36 (P + Q + 
Logical RS M) + 0.36S(N) 

Store Character RX 3.18 

* All times are average and include staticizing time. 
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TABLE 12. INSTRUCTION TIMING (Cont.) 

Instruction Format Timing* (.us) 

LOGICAL 
INSTRUCTIONS (Cont.) 

Test Under Mask SI 2.82 

Translate SS 3.24 + 1.20W I + 2.88L 

Translate and Test SS 4.56 + 1.20WI + 1.80B 

INPUT-OUTPUT 
INSTRUCTIONS 

Start Device SI 14.46 + CRT 

Halt Device SI 7.14 + CRT 

Check Channel SI 2.70 

Test Device SI 7.14 + CRT 
"-

PROCESSING 
STATE CONTROL 
INSTRUCTIONS 

Set Program Mask RR 1.80 

Supervisor Call RR 3.36 

PRIVILEGED 
INSTRUCTIONS 
(STANDARD) 

Diagnose SI Not Applicable 
Idle SI 3.66 
Load Scratch Pad SS 3.60 + 0.96R 
Program Control SI 3.66 
Store Scratch Pad SS 3.60 + 1.20R 

PRIVILEGED 
INSTRUCTIONS 
(OPTIONAL) 

Insert Storage Key RR 

Set Storage Key RR To be supplied at 

Read Direct SI 
a later date. 

W rite Direct SI 

Legend: 

B* - total number of bytes processed. 
CRT - channel response time. 
EAC - end around carry. 
ED - external delay. 
D - number of control characters in pattern field. 
L - total number of bytes specified by the L field. 
LI - number of bytes in first operand field. 
L" - number of bytes in second operand field. 
M - number of 2-bit shifts. 
N - total number of bits to be shifted. 
P - number of 4-bit shifts. 
Q - number of 1-bit shifts. 
R - number of registers specified. 
S** - [(Ll - L2 ) -7- 4] 
S (N) - 1 if N = 0; S (N) = 0 if N = O. 
T** - (L" -7- 4) 
WI - total number of words in first operand field (in­

cluding partial field). 
W" - total number of words in second operand field (in­

cluding partial field). 
----

* This term occurs if an instruction terminates before the 
L count is reached. 

** If the result is a mixed number the next highest integer 
is used. 



INPUT - OUTPUT DEVICES 
The RCA Spectra 70 Series includes a wide­

range of input-output devices to assist the user 
in solving all of his data-processing requirements. 

Model 70/97 Console and Typewriter 
The Model 70/97 Console and Typewriter, 

available with the RCA Model 70/45 and 70/55 
Processors, is a free-standing, self-contained unit 
which provides sufficient control to enable system 
operation in conjunction with the operating sys­
tem programs. The operator has complete control 
of the system and communication with the system 
via a set of control switches and a console type­
writer. 

The set of control switches on the console allows 
for loading programs or data into memory, start­
ing programs, displaying current processing state, 
and interrupting processor operation. 

A console typewriter mounted on the console 
enables the operator to communicate with the 
operating system programs and vice versa. 

Control electronics permits communication with 
the processor via the RCA Standard Interface. 
The control electronics for the console typewriter 
generates a parity bit for each character sent to 
the processor and performs a bit-by-bit echo check 
on the characters sent to the typewriter. 

The following optional feature is available with 
the console typewriter: 

Pin Feed Platen - provides for non-slip con­
tinuous-form feeding on the typewriter. 

Model 70/214 Interrogating Typewriter 
The Model 70/214 Interrogating Typewriter is 

a send-receive device capable of operating at a 
speed of up to 10 characters per second. 

Bi-directional communication is possible be­
tween the typewriter and a Model 70/15 Pro­
cessor. Up to 72 characters may be printed on a 
line and one carbon copy can be prepared. 

Accuracy control is provided by generating a 
parity bit for each character sent to the processor 
and by performing a bit-by-bit echo check on the 
characters sent to the printer. 

The interrogating typewriter provides the facil­
ity to manually interrupt the processor. This fea­
ture allows for manual insertion of parameters 
or interrogation information. 

The following optional feature is available with 
this interrogating typewriter: 

Pin Feed Platen - provides for non-slip con­
tinuous-form feeding. 
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Model 70/216 Interrogating Typewriter 
The Model 70/216 Interrogating Typewriter is 

a send-receive device capable of operating at a 
speed of up to 10 characters per second. 

Bi-directional communication is possible be­
tween the typewriter and a Model 70 /25Processor. 
Up to 72 characters may be printed on a line and 
one carbon copy can be prepared. 

Accuracy control is provided by generating a 
parity bit for each character sent to the processor 
and performing a bit-by-bit echo check on the 
characters sent to the printer. 

The interrogating typewriter provides the facil­
ity to manually interrupt the processor. This fea­
ture allows for manual insertion of parameters 
or interrogation information. 

The following optional feature is available with 
the interrogating typewriter. 

Pin Feed Platen - provides for non-slip con­
tinuous form feeding. 

Model 70/221 Paper Tape Reader/Punch 
The Model 70/221 Paper Tape Reader/Punch 

consists of a 200 character-per-second reader and 
a 100 character-per-second punch. Manual con­
trols are provided for selecting the width of the 
paper t~pe to be processed. Both the reader and 
the punch are capable of handling 5, 6, 7 or 8-
channel paper tape. Either gap or gapless tape 
may be processed. 

Parity checking is performed by the reader 
and the punch to control the accuracy of data. 
The paper tape reader has a switch which can be 
set to select odd, even, or no-parity checking. A 
character on paper tape that has bad parity will 
be replaced in high-speed memory with the sys­
tems error byte. 

The reader/punch handles 11/16-inch, 7/8-inch 
or I-inch paper tape and provides spooling capa­
bility for reels up to 1,000 feet in length. Paper 
tape strips may also be read by this device. 

The following optional features are available 
with the paper tape reader/punch: 

EBCDIC Mode - provides the ability to punch 
and read a modified EBCDIC code with 
8-channel tape. The EBCDlC code from 
the processor is modified on punching so 
that even parity is placed on the paper 
tape. Facility to translate the paper-tape 
code is contained in the reader. 

6-level Advanced Sprocket - provides the abil­
ity to read and punch 6-1evel advanced 
sprocket-hole tape. 



Figure 5 . Model 70/97 Console and Typewriter 

Figure 6. Model 70/221 Paper Tape Reader/Punch 
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Model 70/234 Card Punch 
The Model 70/234 Card Punch is an 80-column 

row-oriented card punch. The unit is capable of 
feeding, punching, and checking cards at a rate 
up to 100 cards per minute. 

The device contains a 900-bit storage buffer 
which provides temporary storage for punched 
data. This storage buffer allows card-punching 
operations to be performed independently of the 
processor. 

Transmission of data between the buffer and 
the punch is checked for parity to ensure data 
integrity. A read-after-punch feature is provided 
to give a hole-count accuracy check on the punched 
data. Card-operated switches indicate hopper­
empty or stacker-full conditions to the operator. 
Both the input hopper and output stacker have a 
capacity up to 800 cards and can be loaded while 
the device is operating. 

A translation process is performed by the card 
punch to translate the Extended Binary-Coded­
Decimal Interchange Code (EBCDIC) character 
configurations to the Extended Hollerith card 
code. 

The following optional features are available 
with this card punch: 

Column Binary Feature - provides the ability 
to punch all possible punch-configurations 
with a single card. 

Scored Card Feature - provides the ability to 
accept cards which have been scored for 
subsequent separation into two or more 
cards. 

Model 70/236 Card Punch 
The Model 70/236 Card Punch is an 80-column 

row-oriented card punch capable of feeding, 
punching, and checking 80-column cards at a rate 
of up to 300 cards per minute. An 80-byte storage 
buffer which is loaded asynchronously at rates up 
to 120 kilobytes per second permits card punch­
ing to be performed independently of the 
processor. 

Data is constantly monitored during transmis­
sion from the processor to the buffer and from the 
buffer to the punch. A read-after-punch-feature 
is provided to give a hole-count accuracy check on 
punched data. 

A translation process is performed by the card 
punch to translate the Extended Binary-Coded­
Decimal Interchange Code (EBCDIC) character 
configurations to the Extended Hollerith card 
code. All 256 possible code configurations can 
be punched. 
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The input hopper capacity is 1,000 cards and 
the two selectable output stackers have a capacity 
of 850 cards each. The device may be loaded while 
it is operating. 

The following optional features are available 
with this card punch: 

Reader Punch Featu1'e - permits punch-read­
feed for a single card. 

Column Binary F.eature - provides the ability 
to read and/or punch all possible punch 
configurations from a single card. 

Scored Card Feature - provides the ability to 
accept cards which have been scored for 
subsequent separation into two or more 
cards. 

Model 70/237 Card Rea,der 
The Model 70/237 Card Reader reads standard 

80-column punched cards at a rate of up to 1,435 
cards per minute. Cards are read column-by­
column and maximum speeds can be obtained on 
a demand-basis. 

The hopper has a capacity of 2,000 cards. Cards 
may be routed under program control to one of 
two selectable output stackers. Each stacker holds 
up to 2,000 cards. Loading and unloading of the 
reader is permitted while the device is running. 

This reader is a self-powered device containing 
all necessary reading, timing, control, and accu­
racy-checking circuitry. The reader translates 
the Extended Hollerith card code to the Ex­
tended Binary-Coded-Decimal Interchange Code 
(EBCDIC). Any punched hole combination for 
which there exists no corresponding machine code 
byte causes the systems error byte to be gen­
erated and transferred to high-speed memory. 

The following optional features are available 
with this card reader: 

Optical Mark Read - provides the capability 
of reading pencil-mark data from an 80-
column card. With this option the reader 
has the following possible modes of opera­
tion: 

a. Read punched-hole data only (CR). 

b. Read pencil-mark data only (MR). 

c. Read punched-hole and pencil-mark data 
(CR and MR). 

The mode of operation is selected at 
the operator's console and anyone of 
the above three modes is possible in any 
one document pass. 



Figure 1. Model 10/236 card punch 

Figure 8. Model 10/231 Card Reader 
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51-Column Stub Read - permits the feeding, 
reading, and processing of either 80 or 51-
column cards depending upon the setting 
of a manual switch on the card reader and 
manual adjustment to the hopper and 
stackers. 

Card-Read Column Binary - permits punched­
hole information to be transferred to high­
speed memory without translation. Each 
card column represents two-memory byte 
locations. 

Model 70/242 Printer, Medium Speed 
The Model 70/242 Printer, Medium Speed, is 

a fully buffered, drum-type printer which pre­
pares printed output documents at rates up to 
600 lines per minute. A single data line contains 
132-print positions. A selected 64-character subset 
of the Extended Binary-Coded-Decimal Inter­
change Code (EBCDIC) may be printed. 

A control electronics unit in the printer pro­
vides the means for communicating between the 
printer, print buffer, and the RCA Standard 
Interface. On command from the processor, a data 
line (any number of characters up to 132) is 
transferred to the buffer. When the buffer is 
loaded, printing is performed independently of 
the processor. 

Vertical paper movement can be accomplished 
by loop control, program control, or a combina­
tion of both. Single line paper-advance time is less 
than 12 milliseconds and vertical tab rate is 27 
inches per second. 

The printer is capable of handling edge-perfo­
rated, fan-fold paper and card stock. Form widths 
may be 4 inches to 18% inches including margins. 

Data is checked during transmission from the 
processor to the buffer and from the buffer to the 
printer. An indication is sent to the processor 
when a low-paper condition is detected or when 
a character which is not included in the 64-char­
acter subset is detected in the buffer. 

Model 70/243 Printer, Hi-Speed 
The Model 70/243 Printer, Hi-Speed, is a fully 

buffered, drum-type printer which prepares 
printed documents at rates up to 1,250 lines per 
minute. A single line contains 132-print posi­
tions. A selected 64-character subset of the Ex­
tended Binary-Coded-Decimal-Interchange Code 
(EBCDIC) may be printed. 

A control electronics unit in the printer pro­
vides the means for communicating between the 
printer, print buffer, and the RCA Standard 
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Interface. On command from the processor, a data 
line (any number of characters up to 132) is 
transferred to the buffer. When the buffer IS 

loaded, printing is performed independently of 
the processor. 

Vertical paper movement can be accomplished 
by loop control, program control, or a combina­
tion of both. Single-line, paper-advance time is 
less than 12 milliseconds and vertical-tab rate is 
27 inches per second. 

The printer is capable of handling edge-perfo­
rated, fan-fold paper and card stock. Form widths 
may be 4 inches to 18% inches including margins. 

Data is checked during transmission from the 
processor to the buffer and from the buffer to 
the printer. An indication is sent to the processor 
when a low-paper condition is detected or when a 
character which is not included in the 64-character 
subset is detected in the buffer. 

Model 70/249 Bill Feed Printer 
The Model 70/249 Bill Feed Printer prints on 

continuous forms at rates up to 600 lines per 
luinute; or on card documents at rates up to 
800 lines per minute (400 cards for each of two 
feed channels). 

A movable print unit allows the operator to 
easily change from continuous-forms feeding to 
card-document feeding. Conveniently located con­
trols, hoppers, and stackers, all accessible from 
the front, permit easy operation. 

The bill feed printer can process cards ranging 
from a single 51-column card to an 80-column 
card with an 80-column stub. It can also process 
any two cards that range in size from 51 to 80 
columns each at one time. 

The hopper and stackers can accommodate 
1,200 standard tab cards. Twenty-five lines of 
data, either from processor storage or the card 
itself, can be printed on a card. A ·standard 48-
character set consisting of 26 alphabetic, 10 nu­
meric, and 12 special characters may be printed. 

The following optional features are available 
with this printer. 

Interchangeable Print Chains - pe.rmits chang­
ing of printable graphics. 

Read Compare - of up to 30 columns from the 
160 (2 cards) columns is available as an 
optional feature. Selection of the desired 
30 columns is accomplished by means of 
an operator-wired plugboard. 



Figure 9. Model 70/243 Printer, Hi-Speed 

Figure 10. Model 70/432 Magnetic Tape Unit 
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Model 70/251 Videoscan Document Reader 
The Model 70/251 Videoscan Document Reader 

is a high-speed, on-line optical-character reader 
capable of reading (on-demand) a single line of 
printed characters from a document at a rate of 
up to 1,300 documents per minute. If synchronous 
feeding is specified by program, a rate of up to 
1,800 documents per minute can be achieved. 
The printed characters may be produced by a 
standard electric typewriter or a drum-type 
printer equipped with the RCA N -2 type font. 
Offset or letterpress printed characters in this 
font may also be read. The following RCA N-2 
characters can be read and will be translated to 
their equivalent Extended Binary-Coded-Decimal 
Interchange Code (EBCDIC): 

Zero 
One 
Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 
Period 
Dash 
Dollars 
Asterisk 
Blank 

RCA 
IN-2 Chars.l 

o 
1 
2 
3 
lja 

5 

b 
7 

8 
g 

$ 

In addition, a long vertical mark (LVM) which 
may be preprinted or made with a pencil stroke 
will be recognized and translated to an "at the 
rate of" symbol @. 

The following document sizes can be handled 
by the transport: 

Width - 2.5 inches - 8.5 inches 
Height - 2.5 inches - 4.0 inches 
Thickness - 0.003 inch - 0.01 inch 

Characters are placed on the document 10 to 
the inch with a maximum of 80 characters on a 
single document. 

The input hopper has a capacity of approxi­
mately 17.5 inches. Two output stackers are pro-
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vided (accept and reject) each with a capacity 
of 153,4 inches. Both the input hopper and the 
two output stackers may be loaded or unloaded 
while the reader is operating. 

An off-line select feature permits properly 
marked documents to be directed to a specific 
output stacker. 

All characters scanned are converted to video 
signals which are processed and transferred to 
the Spectra 70 Processors through the RCA Stand­
ard Interface. If an unreadable character is de­
tected, a substitute character (systems error 
byte) will be sent to high-speed memory. Other 
accuracy controls are provided for detecting 
double-fed documents and a jam condition. 

The following special features are available 
with the Videoscan Document Reader: 

Mark Reading - permits vertical or slant 
marks made with an ordinary lead pencil 
to be read. Mark-read grid options of 10, 
12, or 12-row binary are available. 

Card Reading - permits reading of standard 
80-column punched cards at a rate of up to 
500 cards per minute. The reader trans­
lates the Extended Hollerith card code to 
the Extended Binary-Coded-Decimal Inter­
change Code (EBCDIC). A binary card­
read option is also available. 

Model 70/432 Magnetic Tape Unit 
The Model 70/432 Magnetic Tape Unit consists 

of two tape stations contained in one rack. The 
Model 70/432-1 permits single tape station opera­
tion while the Model 70/432-2 permits simultane­
ous operation (read-read, read-write, and write­
write) of both tape stations. This tape unit can 
be physically connected to other 70/432 or 70/442 
Magnetic Tape Units to make a grouping of four 
tape stations. Alternatively, it can be connected 
to one or two Model 70/445 Tape Stations to 
make a grouping of three or four tape stations. 

Each Model 70/432 Tape Station is capable of 
reading and writing Y2 inch, 9-channel, magnetic 
polyester tape at the rate of 30,000 by~s or 60,000 
decimal-digits per second. Reading is possible in 
the forward or reverse direction. Writing and 
erasing may be accomplished in the forward 
direction only. The Model 70/432 Magnetic Tape 
Unit is completely compatible with all IBM* 2400 
Series Tape Units. 



70/432 Characteristics 

Tape Speed: 
37.5 inches per second 

Tape Rewind Speed: 
100 inches per second 

Recording Density: 
800 bits per inch 

Nominal Gap Size: 
0.6 inch 

Reel Dimensions: 
10.5 inches 

Number of Feet per Reel: 
2,400 

Accuracy controls provided include: remote 
lockout, local lockout, write lockout, read-after­
write, lateral-parity check, longitudinal-parity 
check, and cyclical-redundancy check. 

The following optional feature is available with 
this tape unit: 

7-Channel Tape Feature - permits reading and 
writing 7 -channel tape in IBM binary or 
BCD mode. Recording density can be spec­
ified at 200, 556, or 800 bits per inch 
providing a 7,500, 20,800 or 30,000 char­
acter-per-second transfer rate respectively. 
Odd or even parity may be specified. 

Model 70/442 Magnetic Tape Unit 
The Model 70/442 Magnetic Tape Unit consists 

of two tape stations contained in one rack. The 
Model 70/442-1 permits single tape station opera­
tion while the Model 70/442-2 permits simultane­
ous operation (read-read, read-write, write-write) 
of both tape stations. This tape unit can be phys­
ically connected to other Model 70/442 or 70/432 
Magnetic Tape Units to make a grouping of four 
tape stations. Alternatively, it can be connected 
to one or two Model 70/445 Tape Stations to 
make a grouping of three or four tape stations. 

Each Model 70/442 Tape Station is capable of 
reading and writing Y2 inch, 9-channel, magnetic 
polyester tape at the rate of 60,000 bytes or 
120,000 decimal-digits per second. Reading is pos­
sible in the forward or reverse direction. Writing 
and erasing may be accomplished in the forward 
direction only. The Model 70/442 Magnetic Tape 
Unit is completely compatible with all IBM 2400 
Series Tape Units. 
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70/442 Characteristics 

Tape Speed: 
75 inches per second 

Tape Rewind Speed: 
150 inches per second 

Recording Density: 
800 bits per inch 

Nominal Gap Size: 
0.6 inch 

Reel Dimensions: 
10.5 inches 

Number of Feet per Reel: 
2,400 

Accuracy controls provided include: remote 
lockout, local lockout, write lockout, read-after­
write, lateral-parity check, longitudinal-parity 
check, and cyclical-redundancy check. 

The following optional feature is available with 
this tape unit: 

7-Channel Tape Feature - permits reading and 
writing 7 -channel tape in IBM binary or 
BCD mode. Recording density can be spec­
ified at 200, 556, or 800 bits per inch pro­
viding a 15,000, 41,700, or 60,000 charac­
ter-per-second transfer rate respectively. 
Odd or even parity may be specified. 

Model 70/445 Magnetic Tape Station 
The Model 70/445-1 Magnetic Tape Station is 

capable of reading and writing 112 inch, 9-channel, 
magnetic polyester tape at the rate of 120,000 
bytes or 240,000 decimal digits per second. The 
Model 70/445-2 Magnetic Tape Station is iden­
tical to the 70/445-1 with the exception that it is 
included in a simultaneous tape grouping (read­
read, read-write, write-write). This tape station 
can be physically connected to another Model 
70/445 to make a grouping of up to four tape 
stations. Alternatively, it can be connected to a 
Model 70/432 or 70/442 Magnetic Tape Unit to 
make a group of three or four tape stations. 

Reading and writing are possible in the for­
ward or reverse direction. W ri ting and erasing 
may be accomplished in the forward direction 
only. The Model 70/445 Magnetic Tape Station is 
completely compatible with all IBM 2400 Series 
Tape Units. 



70/445 Characteristics 

Tape Speed: 
150 inches per second 

Tape Rewind Speed: 
300 inches per second 

Recording Density: 
800 bits per inch 

Nominal Gap Size: 
0.6 inch (reading), 0.65 inch (writing) 

Reel Dimensions: 
10.5 inches 

Number of Feet per Reel: 
2,400 

Accuracy controls provided include: remote 
lockout, local lockout, write lockout, read-after­
write, lateral-parity check, longitudinal-parity 
check, and cyclical-redundancy check. 

The following optional feature is available with 
this tape station: 

7-Channel Tape Feature - permits reading and 
writing 7 -channel tape in IBM binary or 
BCD mode. Recording density can be spec­
ified at 200, 556, or 800 bits per inch pro­
viding a 30,000, 83,400 or 120,000 charac­
ter-per-second transfer rate respectively. 
Odd or even parity may be specified. 

Model 70/472.108, ·116 
Tape Controller (Single Channel) 

The Model 70/472-108, -116 Tape Controller 
(single-channel) controls the operation of up to 
8 (Model 70/472-108) or 16 (Model 70/472-116) 
Tape Stations. Any combination of Model 70/445 
Tape Stations, 70/432, or 70/442 Tape Units can 
be o*perated by this controller. 

All accuracy checks and controls associated with 
tape station operation are indicated to the pro­
cessor by the tape controller. These accuracy con­
trols include: read-after-write, longitUdinal-parity 
check, lateral-parity check, cyclical-redundancy 
check (9-level) and re-read with error correction 
(9-level) . 

The following optional features are available 
with these tape controllers: 

7-Channel Tape Feature - permits operation of 
both 7 and 9-channel tape stations or tape 
units in any combination. 

Pack-Unpack Feature - converts four 6-bit 
characters on tape to three 8-bit characters 
in high-speed memory when reading and 
vice versa when writing. 
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Model 70/472.208, ·216 
Tape Controller (Dual Channel) 

The Model 70/472-208, -216 Tape Controller 
( dual-channel) controls the operation of up to 8 
(Model 70/472-208) or 16 (Model 70/472-216) 
Tape Stations. Read-read, read-write, or write­
write simultaneity is possible on any two tape 
stations serviced by this controller. Model 70/ 
445-2 Tape Stations, 70/432-2, or 70/442-2 Tape 
Units in any combination can be utilized. 

All accuracy check and controls associated with 
tape station operation are indicated to the pro­
cessor by the tape controller. These accuracy con­
trols include: read-after-write, longitudinal-parity 
check, lateral-parity check, cyclical-redundancy 
check (9-level) and re-read with error correction 
(9-level) . 

The following optional features are available 
with these tape controllers: 

7-Channel Tape Feature - permits operation 
of both 7 and 9-channel tape stations or 
tape units in any combination. 

Pack-Unpack Feature - converts four 6-bit 
characters on tape to three 8-bit characters 
in high-speed memory when reading and 
vice versa when writing. 

Model 70/551 Random Access Controller 
The Model 70/551 Random Access Controller 

operates all random-access devices in the Spectra 
70 Series. The following devices are presently 
available to be operated by the controller. 

Model 70/564 Disc Storage Unit 
Model 70/565 Drum Memory Unit 
Model 70/568 Mass Storage Unit 

Up to 8 devices may be operated by one con­
troller. Intermixing of different devices on one 
controller is permitted but from a programming 
viewpoint all devices look the same. The controller 
has a standard set of commands which it trans­
lates into specific commands for each of the dif­
ferent devices. The seeking or selecting of specific 
locations within a file is performed independently 
of the processor. Facilities for searching or locat­
ing a particular data record are also provided by 
the controller. 

The open-ended design of the Model 70/551 
Controller allows for inclusion of any new devices 
should the need arise. 

The controller maintains a comprehensive accu­
racy check on data being read and written. The 



data integrity is assured by the addition of two­
check characters to the trailing end of each 
recorded block. 

The following optional special features are 
available with this controller: 

Off-Line Scan - provides an automatic rapid 
search of the random-access file for a spe­
cific identifier or condition. 

Record Overflow - allows a logical record to 
overflow from one track to another track. 
This feature is highly useful in achieving 
greater data packing efficiency and in 
formatting records which exceed the capac­
ity of the track. 

Model 70/564 Disc Storage Unit 
The Model 70/564 Disc Storage Unit provides 

random-access storage for 7.25 million bytes of 
information on an interchangeable disc pack. The 
operation of this device is controlled by the Model 
70/551 Random Access Controller and up to eight 
units may be attached to one controller. 

The dis,c storage unit consists of 203 tracks per 
read/write head and has 10 heads providing a 
total disc-pack capacity of 2,030 tracks. With a 
packing density of 1,100 bits per inch, each track 
contains 3,660 bytes producing a total informa­
tion capacity of 7.25 million bytes per disc pack. 

The disc pack is removable and interchange­
able. Interchangeability denotes the capability of 
any disc-storage unit to read disc-pack informa­
tion previously written by any other disc storage 
unit. The disc pack weighs about 10 pounds and 
can be changed in less than one minute. 

Data is transferred between the processor and 
the disc pack at the rate of 156,000 bytes per 
second. The track-to-track access is 30 milli­
seconds. The average seek time is 85 milliseconds 
with a maximum of 145 milliseconds. Since the 
discs rotate at 2,400 RPM there is an average 
latency of 12.5 milliseconds. 

All accuracy control and data validity checking 
for the Disc Storage Unit are performed in con­
junction with the Model 7!0/551 Random Access 
Controller. 

Model 70/565 Drum Memory Unit 
The Model 70/565 Drum Memory Unit consists 

of a magnetic data drum and associated control 
electronics. The operation of the device is con-
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trolled by the Model 7,0/551 Random Access 
Controller. The drum provides random-access 
storage up to a maximum of 1 million 8-bit bytes. 

The drum consists of 16 cylinders, each cyl­
inder containing 32 tracks. A packing density 
of 570 bits per inch provides a track-storage 
capacity of 2,020 bytes per track. The drum has 
512 read/write heads (one per track) thus mak­
ing each track individually addressable. A drum 
speed of 3,600 RPM produces an average access 
time of 8.6 milliseconds. Data is transferred at 
approximately 936,000 bits/sec of 117,000 bytes/ 
sec. 

All accuracy-control and data-validity checking 
for this device is performed in conjunction with 
the Model 70/5,51 Random Access Controller. 

Model 70/568 Mass Storage Unit 
The Model 70/568 Mass Storage Unit consists 

of a mass storage, retrieval unit, and associated 
control electronics. The operation of this device 
is controlled by the Model 70/551 Random Access 
Controller. The Model 70/568-1 consists of from 
one to eight removable magazines. The Model 
70/568-2 Extension Assembly can be added to the 
mass storage unit to increase the magazine capac­
ity to 16. The mass-storage unit and the expansion 
assembly are serviced by one read/write station. 
Up to 8 read/write stations may be attached to a 
Model 70/551 Random Access Controller, provid­
ing multi-billion byte-storage capacity in the milli­
second access range. 

The basic storage elements of the mass memory 
unit is a 16-inch by 4Y2 inch magnetic card. Data 
is recorded on one side of the card only. Each 
Model 70/568 card contains 18 separately ad­
dressable tracks of 960 bytes each. There are 256 
cards housed in each magazine. 

A card is removed from a magazine and enters 
a raceway over which it is transported to a read/ 
write station (revolving capstan). At the read/ 
write station the card passes beneath a set of 
eight read/write heads where data is either read 
or recorded. The read/write station includes a 
gate which controls the recirculation or return 
of the card to its associated magazine. 

All accuracy control and data validity checking 
for the Mass Storage Unit is performed in con­
junction with the Model 70/551 Random Access 
Controller. 



Figu,re J J . Model 70/568 Mass S'orage Un;' 

37 



Model 70/627 Data Exchange Control 
The Model 70/627 Data Exchange Control 

(DXC) enables any two RCA Spectra 70 Series 
Processors 70/15, 70/25, 70/45 or 70/55 to com­
municate with each other. Data transmission may 
be in either direction but only in one direction at 
a time. 

This unit provides two sets of cables, each of 
which connects to a processor via the RCA Stan­
dard Interface. Data is transmitted between the 
DXC and a processor in bursts of 8 bytes at the 
maximum rate of the interconnecting channel. 
The average data rate depends on the type of 
channel used and the number of simultaneously 
active devices attached to the transmitting or 
receiving processor. 

Character-parity checking is performed to en­
sure the accuracy of the data transmitted. 

An installation feature is available which per­
mits the user to assign initiation priority to one 
of the processors. This ensures proper control 
over the possibility of two processors attempting 
to initiate transmission simultaneously. 

Model 70/652 Communication Control 
(Single Channel) 

The Model 70/652 Communication Control en­
ables the RCA Model 70/15 Processor to transmit 
and receive data via 3KC voice-grade communica­
tions lines. With this control unit, the RCA Model 
70/15 Processor can exchange data over long dis­
tances with another Spectra 70 Series Processor, 
an RCA 301 System Processor, or an RCA 3301 
System Processor. 

When interconnected to an RCA 301 System 
Processor the following equipment is required: 
a Model 376 Communication Control or a Model 
378 Communication Mode Control and a Model 
6012 Communication Buffer. 

When interconnected to an RCA 3301 System 
Processor the following equipment is required: 
Model 3376 Communication Control or a Model 
3378 Communication Mode Control and a Model 
6012 Communication Buffer. 

The communication control unit performs both 
the transmit function and the receive function, 
one function at a time, over a single telephone 
line as in a half-duplex operation. This control 
unit can operate with public telephone network 
systems, leased-lines, or private telephone net­
work systems. Digital subsets are required to 
interface the communications lines. Manual or 
automatic dialing and automatic answering tech­
niques may be employed. 
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Data 
Model Data Rate 

No. Service Set bits/sec 

70/652-26 Message Netwol'k- AT&T 201A3 2000 
Auto. Dial 

70/652-25 Message Network- AT&T 201A3 2000 
Manual Dial 

70/652-25 Private Line AT&T 201B 2400 
70/652-25 Private Line W.D.2241 2400 
70/652-25 Broad-band Switching- W.D.2241 2400 

Manual Dial 

Transmission rate is at 250 or 300 characters 
per second for message network and private-wire 
facilities, respectively. 

The communication control interfaces the dig­
ital subset and does character framing and serial­
ization of the data being exchanged. Channel 
coordination functions are effected by program 
control through this control unit. 

Character-parity checking is performed as the 
data is exchanged with the subset. The transmis­
sion line code is eight bits per character (6 infor­
mation bits, 1 parity bit, and 1 control bit) with 
even parity (excluding the control bit). 

As an installation option, this control unit can 
be readily adapted to exchange 9-level code. 

Model 70/653 Communication Control 
(Single Channel) 

The Model 70/653 Communication Control en­
ables the RCA Model 70/25, 70/45, or 70/55 
Processors to transmit and receive data via 3KC 
voice-grade communications lines or a line having 
a nominal band-width of 48KC. This control en­
ables data to be exchanged over long distances 
with another RCA Spectra 70 Series Processor, 
an RCA 301 System Processor, or RCA 3301 
System Processor. 

When interconnected to an RCA 301 System 
Processor the following equipment is required: 
a Model 376 Communication Control or a Model 
378 Communication Mode Control and a Model 
6012 Communication Buffer. 

When interconnected to an RCA 3301 System 
Processor the following equipment is required: 
a Model 3376 Communication Control or a Model 
3378 Communication Mode Control and a Model 
6012 Communication Buffer. 

The communication control unit performs both 
the transmit function and the receive function, 
one function at a time, over a single telephone 
line as in a half-duplex operation. This control 
unit can operate with public-telephone network 
systems, leased-lines, or private-telephone net­
work systems. Digital subsets are required to 



interface the communications lines. Manual or 
automatic dialing and automatic answering teeh­
niques may be employed. 

Data 
Model Data Rate 

No. Service Set bits/sec 

70/653-26 Message Network- AT&T 201A3 2000 
Auto. Dial 

70/653-25 Message Network- AT&T 201A3 2000 
Manual Dial 

70/653-25 Private Line AT&T 201B 2400 
70/653-25 Pri va te Line W.U.2241 2400 
70/653-25 Broad-band Switching- W.U. 2241 2400 

Manual Dial 
70/653-34 AT&T Telpak A AT&T 301B 40,800 

For Models 70/653-5 and 70/653-26, transmis­
sion rate via 3KC voice-grade communications 
lines is 250 or 300 characters per second for 
message network and private-wire facilities, 
respectively. 

Transmission rate is 5,100 characters per sec­
ond for Model 70/653-34 over private-leased lines 
having a nominal bandwidth of 48KC. 

The communication control interfaces the 
digi tal subset and does character framing and 
serialization of the data being exchanged. Channel 
coordination functions are performed automat­
ically. Initiation and termination functions are 
effected under program control. Character and 
message-block parity checking is done by this con­
trol unit as the data is exch3tnged with the subset. 

The transmission line code is eight bits per char­
acter (6 information bits, 1 parity bit, and 1 con­
trol bit) with even parity (excluding control bit). 

As an installation option, this control unit can 
be readily adapted to exchange 9-level code. 

Model 70/664 Communication Buffer Control 
The Model 70/664 Communication Buffer Con.;. 

trol provides the interface matching for the Model 
70/672 Communication Multiplexor Channel and 
the communication line buffers (Model 70/710 
Telegraph Buffer, Models 70/720, 70/721, 70/722 
Communications Buffers, and Model 70/723 Auto­
din Buffer). The buffer control continuously scans 
the line buffers transferring status information 
and data characters to the communication multi­
plexor channel via the standard interface, as well 
as interpreting and executing the commands 
received from the communication multiplexor. 

One buffer control services up to 48 line buffers 
accommodating a variety of grades of com-
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munications circuits operating at various trans­
mission rates (45.5 bits per second through 4,800 
bits per second). This capability permits simul­
taneous use of a broad range of communications 
devices in duplex and half-duplex operation. 

When equipped with the Autodin special fea­
ture, the buffer control can accommodate up to 
six Model 70/723 Autodin Buffers. 

Model 70/672 
Communication Multiplexor Channel 

The Model 70/672 Communication Multiplexor 
Channel (CMC) enables the RCA Model 70/45 
to perform simUltaneous, multiline servicing for 
up to 256 remote communications devices or 
equivalent combination of remote and peripheral 
devices. This unit replaces the standard multi­
plexor channel but retains the same basic rela­
tionship to the processor and peripheral devices. 

The CMC accommodates a wide range of com­
munications facilities, terminals, and channel co­
ordination procedures. Provision is made for the 
following communications systems' character­
istics: 

5-level telegraph systems using "FIGS H 
LTRS" terminate sequence (D. S. stand­
ard) 

5-level telegraph systems using "NNNN" ter­
minate sequence (international standard) 

5-level telegraph systems using RCA 301/3301 
compatible control (DDh DD2 ) 

6-level teletypesetter systems 

5, 6, 7, and 8-level data speed models I and II 
systems using ASCII 

Autodin system field-data code or ASCII Re­
mote DNIV AC 1004 system 

Card T'ransceiver system using "4 out of 8" 
constant ratio code 

IBM 1050 systems 

IBM synchronous transmit/receive system 
(teleprocessing systems) 

Remote terminals using RCA 301/3301 code 

Remote RCA 301/3301 System Processor 
equipped with a Model 378/3378 Com­
munication Mode Control and Model 6012 
Communication Buffer or with a Model 
376/3376 Communication Control. 



By using one or more Model 70/664 Communi­
cation Buffer Control (up to a maximum of eight) 
and the appropriate buffers., any combination of 
the above communications systems (up to a maxi­
mum of eight different systems) can be imple­
mented for a given communication mUltiplexor 
channel. As an alternative, any of the above com­
munications systems can be combined with stand­
dard input-output controls and devices within the 
limitations imposed by available trunk and system 
capacity. 

The communication multiplexor channel exe­
cutes the input-output instructions initiated by 
the program of the processor. It performs the 
channel coordination functions as specified by the 
program. The program designates the rules under 
which each communication line and terminal de­
vice will operate. These rules include the control 
characters to be recognized and the action the 
communication mUltiplexor channel is to take upon 
such recognition. 

The program-initiated instructions are executed 
by the multiplexor channel by commands to the 
Model 70/664 Communication Buffer Control 
through the standard interface. In addition to 
executing these commands, the communication 
buffer control effects the necessary timing, con­
trol, and data interchange between the multi­
plexor and the line buffer. The line buffer provides 
the proper interface to the line and device by 
framing inbound characters, serializing outbound 
characters, and coordinating with the buffer con­
trol in the transfer of each character. 

Once the input-output instruction is initiated 
by the processor program, the flow of data is 
essentially independent of the processor. 

The communication multiplexor channel auto­
matically performs character and message block­
parity checking as required for any given system. 

Transmission rates vary with the character­
istics of the individual communication system em­
ployed. The buffers used in communications 
systems previously listed fall into one of the fol­
lowing categories of character configuration and 
transmission rate: 

Bits Char. Line Code 
Per Second Per Second Units per Char. 

45.5 to 75 5.3 to 10.0 7.5 to 8.5 
75 to 180 10 to 18 9.0 to 11.5 

1,050 to 1,800 100 to 180 Always 10.0 
2,000 or 2,400 250 or 300 7.0,8.0,9.0 
1,200 to 4,800 150 to 600 Always 8.0 

Model 70/710 Telegraph Buffer 
The Model 70/710 Telegraph Buffer permits 

communications between an RCA Model 70/45 
Processor equipped with a Model 70/672 Com-
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munication MUltiplexor Channel, a Model 70/664 
Communication Buffer Control, and remote tele­
typewriter devices over private-telegraph cir­
cuits. This buffer provides two-way, non-simul­
taneous operation between the processor and the 
remote devices. Simultaneous operations on a full­
duplex circuit requires two buffers. Each buffer 
is associated with one scan position on the com­
munication buffer control. Single station and 
multiple station circuits can be accommodated 
with this buffer. The telegraph buffer operates 
with 5-level codes at transmission speeds of 60, 
66, 75, and 100 words per minute. It also operates 
with 6-level code at 53 and 66 words per minute. 
The code levels transmission rates are selected at 
the time of installation. No data detection is also 
an installation option. 

Model 70/720 Communication Buffer 
The Model 70/720 Communication Buffer en­

ables an RCA 70/45 Processor equipped with a 
Model 70/672 Communication MUltiplexor Chan­
nel and a Model 70/664 Communication Buffer 
Control to communicate with remote devices over 
common-carrier facilities. This buffer provides 
two-way, non-simultaneous operation between the 
processor and a remote device and occupies one 
scan position on the communication buffer control. 
Two buffers, each occupying a scan position on 
the communication buffer control, provide two­
way simultaneous operation. 

A number of installation options are offered 
with this buffer. Depending on the options selected~ 
this buffer operates with data subsets at speeds 
up to 180 bits per second on voice and sub-voice 
grade circuits and up to 110 bits per second on 
telegraph circuits. Other installation options in­
clude no data detection and constant-code ratio. 

The following special feature is available with 
this buffer: 

A uto Gall - provides automatic dialing facility 
when used with an AT&T 801A Automatic 
Calling Unit. 

Model 70/721 Communication Buffer 
The Model 70/721 Communication Buffer en­

ables the RCA 70/45 Processor equipped with the 
Model 70/672 Communication MUltiplexor Chan­
nel and the Model 70/664 Communication Buffer 
Control to communicate with remote devices over 
common carrier facilities at transmission speeds 
up to 1,800 bits per second. The buffer provides 
two-way non-~imultaneous operation between the 
processor and the remote device and occupies one 
scan position on the communication buffer control. 
Two-way simultaneous· operation is provided by 



two buffers occupying two scan position on the 
communication buffer control. 

Installation options include no data detection 
and reverse channel. The following special feature 
is available with this buffer: 

Auto Call- provides automatic dialing facility 
when used with an AT&T 801A Automatic 
Calling Unit. 

Model 70/722 Communication Buffer 
The Model 70/722 Communication Buffer en­

ables the RCA 70/45 equipped with the Model 
70/672 Communication Multiplexor Channel and 
the Model 70/664 Communication Buffer Control 
to communicate with remote devices over common­
carrier voice-grade facilities at transmission 
speeds of up to 2,400 hits per second. This buffer 
provides two-way, non-simultaneous operation be­
tween the processor and the remote devices and 
occupies one scan position on the communication 
buffer control. Two-way simultaneous operation 
requires two buffers and occupies two scan posi­
tions on the communication buffer control. 

This buffer accommodates transmission line 
characters containing 7, 8, or 9 bits. Installation 
options include no data detection and constant 
ratio code. 

The following special feature is available with 
this buffer: 

Auto Call- provides automatic dialing facility 
when used with an AT&T 801A Automatic 
Calling Unit. 

Model 70/723 Autodin Buffer 
The Model 70/723 Autodin Buffer enables the 

RCA 70/45 Processor equipped with the Model 
70/672 Communication Multiplexor Channel and 
Mod'el 70/664 Communication Buffer Control 
(with the Autodin Special Feature) to send and 
receive data via the Autodin Communication 
Network. 

This buffer operates in the full-duplex con­
tinuous transmission, Mode -1 of the Autodin 
Network, utilizing the full Autodin channel coordi­
nation procedures. 

This buffer functions with Field Data or 
ASCII Autodin Network synchronous transmis­
sion line code. This code accommodates 8-bit char­
acters preserving the parity sense of all characters. 
The buffer is also capable of operating with 
government-furnished cryptographic equipment. 

Transmission rates ar 1,200, 2,400, and 4,800 
bits per second (150, 300, and 600 characters per 
second respectively). 
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Model 6050 Video Data Terminal 
The Model 6050 Video Data Terminal, a highly 

reliable keyboard-input and video-display output 
device, enables the operator to communicate with 
the RCA Models 70/45 and 70/55 Processors via 
public or private-telephone networks. 

Inquiries and transactions may be composed 
and visually verified by the operator before being 
transmitted to the processor. The response from 
the processor is displayed as long as it is required. 
It is reset under operator control. 

The viewer utilizes a 14-inch rectangUlar cath­
ode-ray tube. The viewer cabinet is suitable for 
table-top mounting and also can be readily adapted 
to customized wall or counter installation. 

A control panel which may be attached to the 
front of the viewer or positioned independently 
on a desk pedestal, or other convenient horizontal 
surface, contains the operator's controls and indi­
cators. A conventional 4-row keyboard is incorpo­
rated on the control panel for the generation of all 
data characters and those control characters 
which are to be transmitted. 

Up to 480 characters can be displayed in 15 
lines of 32 characters per line. The displayed char­
acters are 0.22-inch high, 0.18-inch wide with 0.4-
inch vertical and 0.25-inch horizontal spacing. 

Two versions of this terminal are available. 
Model 6050-1 has a transmission rate of 105 or 
180 characters per second. Its transmission line 
code contains 10 bits (1 start bit, 8 information 
bits including even parity, and 1 stop bit). Model 
6050-2 has a transmission rate of 10 characters 
per second. Its transmission line code contains 
11 bits (1 start bit, 8 information bits, and 2 
stop bits). 

All characters are checked for even parity upon 
receipt by the terminal. All transmitted characters 
have even parity. 

Model 6051 Video Data Interrogator 
The Model 6051 Video Data Interrogator, a 

highly reliable keyboard-input and video-display 
output device, enables the operator to communi­
cate with the RCA 70/45 and 70/55 Processors 
via public or private-telephone networks at trans­
mission rates of 105 or 180 characters per second. 
Up to eight of these units are serviced by the 
Model 6077 Interrogator Control Terminal. 

Inquiries and transactions may be composed and 
visually verified by the operator before being 
transmitted to the processor. The response from 
the processor is displayed as long as it is required. 



It is reset by the operator. Pre-recorded message 
formats are instantly available for display, under 
operator control, to enhance the accuracy and 
convenience of message composition. 

The viewer utilizes a 14-inch rectangular cath­
ode-ray tube. The viewer cabinet is suitable for 
table-top mounting and can be readily adapted to 
customized wall or counter installation. A control 
panel which may be attached to the front of the 
viewer or positioned indep"endently on a desk 
pedestal or other convenient horizontal surface, 
contains the operator's controls and indicators. A 
conventional 4-row keyboard is incorporated on 
the control panel for the generation of all data 
characters and those control characters which are 
to be transmitted. 

Up to 480 characters can be displayed in 15 
lines of 32 characters per line (including format 
characters). The displayed characters are 0.22-
inch high, 0.18-inch wide with O.4-inch vertical 
and O.25-inch horizontal spacing. 
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Model 6077 Interrogator Control Terminal 
The Model 6077 Interrogator Control Terminal 

provides display memory and control for up to 
eight Model 6051 Video Data Interrogator units. 

This display memory provides storage capacity 
of 480 displayable character locations for each of 
the eight video data interrogator units it services. 
In addition, it stores up to 16 pre-recorded mes­
sage formats which are accessible by any of the 
interrogator units. 

The interrogator control terminal exchanges 
data with the processor in a half-duplex (non­
simultaneous send and receive) operation. It may 
be used with public or private-telephone networks 
at transmission rates of 105 or 180 characters 
per second. 

The transmission line code is 10 bits per char­
acter (1 start bit, 8 information bits including 
even parity, and 1 stop bit). All characters are 
checked for proper parity upon receipt by the 
terminal. 



PROGRAMMING SYSTEMS DESCRIPTION 

RCA 70/15 PROGRAMMING SYSTEMS 

System Concept 
The RCA 70/15 Programming System, a com­

plete and integrated system of related programs, 
assists the user in the efficient operation of his 
70/15 System. The essential tools are provided for 
a broad-range of applications. The system is flexi­
ble in that it may be oriented towards cards and/ 
or magnetic tape. The separation of programs by 
device requirement is unnecessary since all rou­
tines, except those specifically intended for tape, 
process either punched cards or tape-stored data. 
The use of optional devices and complete device 
interchangeability is permitted. 

A basic card-oriented library system is avail­
able to aid the user in his processing. This library 
may be enhanced by the addition 0: magnetic 
tapes to achieve greater operating efficiency. Pro­
vision is also made for library operation of pro­
grams stored as card images on magnetic tape. 

All programs, with the exception of the Sort/ 
Merge, operate on a basic configuration consist­
ing of a 70/15 Processor with a 4K-byte high­
speed memory, a card reader, and a printer. The 
Sort/Merge requires an additional 4K-byte mem­
ory and a minimum of four magnetic tape stations. 

This programming system converts symbolic 
representations to machine instructions, assists in 
running segmented programs, and provides stand­
ard operational subprograms such as input-output 
control. Parameters initiate program calls and 
designate device assignments. By stacking the 
parameter cards, a sequential set of independent 
or dependent production programs, may be proc­
essed. 

The 70/15 Programming System facilitates the 
operation of single-segment programs and pro­
gram operation involving subprograms or with 
overlay segments. The system provides, in addi­
tion to the normal loading of complete programs, 
the following features: 

1. Linking common references of subprograms 
during the loading of the program for execu­
tion. This linkage is achieved through the facil­
ity of the Relocatable Loader routine. 

2. Assembling and testing of subprograms as sepa­
rate entities. At execution time, these subpro­
grams may be bound together as a single 
processing program, through the use of the 
system maintenance routines. 
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3. Overlaying of segmented programs under the 
control of the programmer in conjunction with 
the Loader routine. 

The 70/15 Programming System consists of 
various other aids for the user to allow efficient 
utilization of his equipment. In summary, the en­
tire system meets the needs of the user without the 
burden of unnecessary program overhead. 

Components 

The components of the 70/15 Programming Sys­
tem are as follows: Assembly System, Loader 
Routines, Input-Output Control, Test Routines, 
Utility Routines, Communication Control, System 
Maintenance Routines, Report Program Genera­
tor, and Sort/Merge. A description of each com­
ponent follows. 

Assembly System 

The 70/15 Assembly System provides the user 
with automatic conversion of a symbolic source 
language into computer-recognizable object pro­
gram. This automatic conversion assists the 
programmer by reducing the amount of complex 
details required to code in machine language. 
The source program is written in the assembly 
language and converted to machine language by 
the 70/15 Assembler for subsequent machine 
execution. 

Source language input and object program out­
put may be punched on cards or stored on mag­
netic tape. The Assembler produces a listing of 
both the source and object programs. 

Several of the characteristics of the assembler 
are summarized below, however, this list of fea­
tures is neither exhaustive nor detailed. 

1. Operation Code Mnemonics: Each machine in­
struction is assigned a unique mnemonic opera­
tion code as specified in the assembly language. 
The programmer uses these mnemonics instead 
of the less readable binary-bit combinations to 
specify his desired instructions. 

2. Symbolic Addressing: Every memory location 
is available for assignment as a symbolic name 
for program reference. This symbolic name 
allows reference to branch points, tables, con­
stants, and storage areas without requiring 
knowledge of absolute high-speed memory ad­
dresses which will subsequently be assigned by 
the assembler. 

3. Expressions: The Assembler provides the abil­
ity to combine symbols and numeric values to 



form desired addresses. For example, relative 
addressing where items in the program are 
addressed relative to a defined symbol; i.e., an 
incremented or decremented value relative to 
a defined symbolic name. 

4. External References: The Assembler enables a 
program or a subprogram to reference data 
and/or control information outside its bound­
aries. This feature is provided via a unique 
program symbolic name that represents the 
desired reference. Thus, separately assembled 
subprograms may be linked together at execu­
tion time. 

In addition to these features, the Assembler 
also provides for relocatable subprograms and ex­
tensive error checking with appropriate warning 
flags. 

Loader Routines 

The Loader routines accept assembler-gener­
ated output from cards or magnetic tape and 
inserts it into memory. Under controlled execu­
tion, the loaders permit changes to the production 
program and assist in the acquisition of overlay 
segments. A self-protection feature of all Loader 
routines includes an error indication; i.e., when­
ever a program is assigned to memory locations 
currently occupied by the Loader routine itself, an 
error indication is designated. Also, whenever an 
attempt is made to load a program beyond the 
memory capacity of the system, an error is so 
designated. The following Loader routines are 
available: 

1. Absolute Loader: The Absolute Loader is re­
quired while loading programs into a pre­
designated location of memory. After the object 
program has been inserted into memory, con­
trol is transferred by the Loader as designated. 
Optional features of the Absolute Loader per­
mit the use of Patch ano. Execute cards, and 
allow for the calling of overlay segments. 

2. Relocatable Loader: The Relocatable Loader 
loads and relocates programs in memory. In 
addition, this routine links together subpro­
grams into memory in a single operation, call 
another. The abilities to load one or more pro­
grams into memory is a single operation, call 
of overlay segments, and Patch with Execute 
options are also included. 

3. Tape Scan Loader: The Tape-Scan Loader is 
used in conjunction with either the Absolute or 
Relocatable Loader, and is designed to call pro­
grams and program segments from magnetic 
tapes. Error-recovery procedures are incorpo­
rated in this routine. 
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Input-Output Control 

The Input-Output Control provides the user with 
complete data interchange capability between the 
processor and on-line peripheral devices. This in­
cludes magnetic tape, card reader, paper tape 
reader/punch, card punch, and printer. 

Complete versatility is available in that the con­
trol system may be assembled with the user pro­
gram, linked in the binding run, or loaded and 
linked with the user's program at object time. 
Simultaneous processing capabilities are utilized 
whenever possible and error recovery is initiated 
when required. Device-type interchangeability is 
allowed at object-run time. 

Test Routines 

A set of Test routines is available to assist the 
user in perfecting the logic of compiled programs. 
The basic requirements for a complete and efficient 
test operation are provided for in the following 
routines: 

1. Test Data Generating: The Test Data Genera­
tor routine provides the user with the ability 
to generate essentially unlimited amounts of 
test data from a small number of parameter 
cards. Output may be written to magnetic tape, 
paper tape, or cards. The size and type of 
test data required are designated by the user 
through a set of parameters. Each field of the 
record is defined separately and may consist of 
alphabetic, numeric, alphanumeric, 4-bit deci­
mal, or binary data. Records may be fixed or 
variable in length and batched or unbatched 
according to user's requirements. Multireel 
files or multifile reels may be generated. 

2. Memory Print: Two versions of the Memory 
Print routine are provided and their use de­
pends on the availability of memory and the 
type of print required. 

a. One-Phase Dump: prints memory at com­
pletion of a test operation. This dump 
provides complete editing and printing ca­
pabilities. The one-phase dump may be 
assembled with the source program during 
compilation or entered by use of the Re­
locatable Loader. The user's requirements 
determine whether to print all or several 
non-contiguous parts of memory. 

b. Two Phase Dump: this version is used when­
ever there is insufficient memory available 
to load the one phase dump. Whenever the 
user requires a picture of the content of 
memory, the first phase writes the desig­
nated locations of memory to an external 



storage media. The second phase reads the 
external storage media, edits and prints the 
contents of memory. 

The output format of both versions is a line of 
characters followed by a line of hexadecimal 
equivalents. 

3. Tape Print Selective: The Tape Print Selective 
routine edits and prints all or a designated 
portion of a magnetic tape. A complete set of 
options is provided depending on the require­
ments and control symbols available. The edited 
output may be printed in graphics and/or hexa­
decimal whichever the user designates. 

4. Tape Compare: The Tape Compare routine 
provides the user with the ability to compare 
all or selected portions of two magnetic tapes 
and to produce a listing of any discrepancies. 
The comparison is done on a record basis even 
though the tape format may be batched. Auto­
matic recovery from a mis-match is accom­
plished when the data records are in ascending 
sequence. 

Utility Routines 

The Utility routines consists of three IT.edia-to­
media conversion routines. Complete interchange­
ability on both input and output devices is included 
within each routine. All routines are designed so 
that any two of them may concurrently share the 
processor. The Utility routines are as follows: 

1. Card-to-Tape: The Card-to-Tape routine tran­
scribes card records to tape while organizing 
the data into a variety of desired formats. 
Cards may be batched and proper control sym­
bols will be generated while creating multireel 
files or multifile reels. Files may carry stand­
ard or non-standard labels; or they may be 
unlabeled as directed. 

2. Card-to-Punch: The Card-to-Punch routine ac­
cepts batched or single records from cards or 
tapes and produces a card deck. Records may 
be batched when tape input is specified. A single 
file on a multifile tape may be extracted and 
processed. Also, the facility exists to modify 
the identification field on program cards before 
punching. 

3. Card-to-Printer: The Card-to-Printer routine 
accepts a deck of input records and after ap­
propriate editing, transcribes them to the 
printer. Records with or without control in­
formation may be printed. When the input is 
magnetic tape, batched records will be accepted 
and the additional capability to print a selected 
file from a multireel file is included. Program 
library tapes are also acceptable input to this 
routine. 
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Communication Control 

The Communication Control system consists of 
a combined Receive/Transmit routine and several 
optional routines based on the user's specifications. 
The optional routines include sequential number­
ing of transmitted messages and sequence number 
checking of received messages. In addition, a 
Message-J ournalizing routine is available using 
either magnetic tape or printer as external media. 

The receive mode of the Receive/Transmit 
routine is entered as the result of a device request 
interrupt. Error checks and initiation for retrans­
mission of error messages are automatic and 
control is returned to the programmer after the 
error-free message has been received. The trans­
mit mode is entered by a direct transfer from the 
user's program. After the completion of a success­
ful transmission, control will be returned to the 
programmer. Notification of errors will be sup­
plied to the operator via the printer. 

System Library Maintenance Routines 

The System Library Maintenance routines pro­
vide for the updating of programs with changes 
as well as the combining of subprograms. Mag­
netic tape libraries and card libraries are main­
tained by the following routines: 

1. Update: The Update routine replaces, inserts, 
and deletes instructions and/or complete pro­
grams from tape libraries. Multifile-data reels 
can also be changed by reference to the file oy 
its name or ordinal position. 

2. Binder: The Binder routine consolidates 
(binds) two or more relocatable subprograms 
into one absolute program. Any number of sub­
programs may be bound as long as the final 
output does not exceed the memory capacity. 
Binding of subprograms provides a single 
executable program for subsequent operation. 

Report Program Generator 

The Report Program Generator is a procedure­
oriented language that provides a means for pro­
ducing report programs. The language includes 
the report features of input data selection, editing, 
calculating, summarizing, and control breaks. The 
use~ provides input and output descriptions and 
the format required for output. User's own coding 
can be incorporated at a variety of points in the 
generated program. 

Sort/Merge 

The Sort/Merge generates a problem-oriented 
program to effectively utilize the available equip­
ment configuration. The system permits the user 
to describe his sorting and merging requirements 



(parameters) in the same format as the assembly 
language. Segmentation and overlays are used to 
reduce core storage requirements, and complete 
facilities are available for own coding produced 
by the user. The Sort/Merge requires an 8K-byte 
memory and a minimum of four magnetic tapes. 

RCA 70/25 PROGRAMMING SYSTEMS 

System Concept 
Users have traditionally been provided with 

various programming aids to facilitate common 
basis tasks of data processing; i.e., compiling and 
assembling, program testing and production oper­
ation. Today, however, advanced technology and 
a widening range of user applications require 
increased attention be given to a more complete 
and systematic approach to these tasks for greater 
operational efficiency. Additionally, it is equally 
important to provide programming systems which 
are efficient for different users with varying size 
equipment complements. The design objective here 
must be to minimize the overhead for the smaller 
complements and to provide for full and effective 
utilization of larger systems. 

The RCA 70/25 Operating Systems are de­
signed to fully meet the total requirements of 
each user in an efficient and comprehensive man­
ner. The Operating Systems are designed to oper­
ate in two modes. The Monitor Operation mode 
is provided to facilitate the execution of run se­
quences such as compile, program linkage (bind­
ing) and testing, or compile and go. Each of these 
functions may be accomplished individually or 
jointly in one sequential operation without opera­
tor intervention. The Compile and Go option is 
suited to single-use program operations and to 
initiate program testing following final assembly. 
The Monitor Operation mode will accept the basic 
program elements (program sections) of the 
standard library system, and perform the neces­
sary program linkage for testing and execution. 
This avoids the necessity for creating a production 
type (load) library. 

The Production Operation mode provides for 
the efficient operation of pre-compiled and tested 
programs which are frequently run and seldom 
modified. Normal production-mode operation util­
izes the standard load library which consists of all 
the required programs in a bound and executable 
form. 

In addition, the programming design concept 
provides for two different levels or types of oper­
ating systems. Each level is tailored to a partic­
ular equipment environment and is identified as 
to operating media and core storage available in 
a system. For example, the Tape Operating Sys­
tem 16 indicates program storage and operation 
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from magnetic tape in a system equipped with a 
16K-byte high-speed memory. Finally, multipro­
gramming capabilities are provided in the oper­
ating system at the higher levels. Thus, each 
operating system is designed for efficient opera­
tion of users' programs within the specified 
environment. 

Modes of Operation 

MONITORED OPERATION 
Monitored operation provides the user with 

complete and controlled facilities for creating pro­
gram sections including assembling, testing, and 
formatting to library requirements without opera­
tor intervention. Control is achieved through the 
use of control cards which are inserted into the 
program source code input. The Monitor is called 
by the operator and is given the source code, pro­
gram data files, and control card input file. The 
source code may then be assembled or compiled, 
bound with the required program sections, and/or 
executed in a diagnostic and test mode. When 
operating under test conditions, complete result 
information is supplied. The Monitor also controls 
compile and go operations where testing is not 
required and the run-to-run sequences of these 
operations. 

PRODUCTION OPERATION 
Under the Production Operation mode of sys­

tem operation, a program is called in by the Execu­
tive Control and then executed. A program which 
contains overlays is executed starting with its 
initial segment. The successive overlays are then 
brought in and executed as required. When the 
program terminates, the system Executive informs 
the operator that a program has terminated and 
the operating system is ready to perform another 
processing task. 

Multiprogramming 

Processors with 32K or 65K bytes of memory 
may be used simultaneously by either two or three 
independent operations. There is no restriction 
as to what the three operations can be but they 
will be given time-shared use of the processor on 
a priority basis. Priority of a program is fixed 
during the entire time that the program is resi­
dent in memory. Three priority levels are avail­
able and are neither assigned nor changed by the 
system Executive. They can be assigned by the 
operator when a program is loaded or specified 
during program assembly. Operations making 
simultaneous use of the processor must have 
different priorities. 

RCA provides the users with Peripheral and 
Communications Control systems. The Peripheral 
Control system contains routines for various 
peripheral processes such as card-to-tape and tape-



to-print. The Communication Control system con­
tains routines for controlling and servicing 
communications lines. Either or both of these sys­
tems may be used as independent operations which 
time-share the processor with other operations. 

Some examples of the simultaneous use of the 
processor by various operations are given below. 

Example 1 

Example 2 

Production Peripheral Control System 
Program 

Card Tape Tape 
to to to 

Tape Printer Punch 

Example 3 

Communi- Monitored Peripheral Control System 
cation Operation 

Card Tape Tape Control 
System to to to 

Tape Printer Punch 

An example of varying use of the processor 
over a period of time is given below. 

Time 1 - Enter Production Program. 

Production 
Program 

Time 2 - Production Program Continues. 
Enter Peripheral Control System. 

Production Peripheral Control System 
Program 

Card Tape Tape 
to to to 

Tape Printer Punch 

Time 3 - Production Program Completed and 
Removed. 
Monitored Operation Entered. 

Monitored Peripheral Control System 
Operation 

Card Tape Tape 
to to to 

Tape Printer Punch 

Time 4 - Communication Control System Entered. 

Communi- Monitored Peripheral Control System 
cation Operation 

Card Tape Tape Control 
System to to to 

Tape Printer Punch 

It should be noted that it is pe~missible to have 
one, two, or three production programs operating 
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simultaneously. One monitored operation may be 
executed simultaneously with any two other type 
operations. 

Library Operation 

The basic unit of program construction and the 
smallest unit of assembly is the program section. 
The Assembler acts on source code elements to 
produce program sections. 

The basic unit of execution is the load. A load 
is a group of related coding that coexists in the 
processor at a given time. Loads are constructed 
by binding together program sections which are 
related to each other by reference calls. Loads may 
be in themselves either complete executable pro­
grams, or segments of a program utilized as 
overlays. 

Libraries are qtilized and maintained at both 
the program section and load levels. For example, 
a program section that is in the process of being 
assembled will automatically set up calls to stand­
ard program sections (Le., FCP routines, etc.) 
which will subsequently be found on the program 
section library. After the calling program section 
is assembled, all of the called-progra.m sections are 
bound with it. The bound sections then become 
a load which may be executed. 

The user may then add his program sections 
and loads to their associated libraries via the Sys­
tem Maintenance routines. The generation and 
maintenance (Le., replacement, deletion, and addi­
tion) of program section libraries and load li­
braries are the functions of these routines. 

Components 

The RCA 70/25 Tape Operating System 16 

The RCA 70/25 Tape Operating System 16 is 
a magnetic tape-oriented programming system 
which provides efficient operation of a processor 
equipped with a minimum high-speed memory of 
16K bytes and a standard-order code. A console 
typewriter is required and other optional features 
and equipment are utilized if available. A complete 
list of the Tape Operating System 16 components 
is as follows: 

Executive 
Monitor 
Assembly System 
File Control Processor (FCP) 
Report Program Generator 
Sort/Merge 
Peripheral Control System 
Communication Control System 

(Single Channel) 
System Library Maintenance Routines 



THE EXECUTIVE 
The Executive controls the loading of a single 

program or program system and supplies it with 
complete control of all peripheral device initia­
tions and terminations, interrupt analysis and 
processing. The Executive asynchronously per­
forms certain controlling functions such as con­
sole control, library search, assignment of devices, 
and allocation of memory as specified by the 
operator or by program control parameters. 
Operations are available for restart and for some 
classes of error recovery. 

THE MONITOR 
The Monitor controls the sequential execution 

of a string of programs, each of which requires a 
number of runs. It is used primarily for run 
sequences such as compile, bind, and test; or, com­
pile and go for a string of programs to be 
processed one at a time. 

In addition, the Monitor provides the following 
functions for program testing: 

1. Formatting of input test data files and distribu­
tion to work tapes. 

2. Editing facilities for memory snapshots of data 
during program execution. 

3. Editing facilities for printouts of data in mem­
ory and on peripheral devices at the conclusion 
of a program test operation. 

4. Collecting compiler listings, data files, memory 
data edits, and peripheral device data edits 
onto one output device for printing. 

ASSEMBLY SYSTEM 
The Assembler translates symbolic machine­

oriented source language programs into machine 
code. The Assembler has provisions for mnemonic 
operation codes, symbolic addressing, and constant 
definition. Arithmetic expressions may be used to 
specify addresses. Symbolic addresses are auto­
matically converted into machine-code b-ase regis­
ter plus displacement addresses. 

Programs being assembled are permitted to 
make external references to other related but 
independently assembled programs. In addition, 
FCP macros are included in the assembly lan­
guage, thus providing the linkage necessary to 
utilize this powerful input-output control facility. 
The Assembler produces object code, and source 
and object code listings which include error flags 
where appropriate. 

FILE CONTROL PROCESSOR 
The File Control Processor (FCP) is a general­

ized input-output system that provides rigorous 
control over all aspects of input-output operations. 
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The FCP achieves efficient and flexible input-out­
put control by providing: 

1. Efficient routines for simultaneous read and 
write operations. 

2. Conservation of memory space by: 

a. Selecting routines specific to a given set 
of files. 

b. Eliminating duplicate routines for a set 
of files. 

c. Providing input-output initiation logic, ter­
mination logic, and standard error recovery 
code for the user. 

3. Automatic handling of physical conditions for 
the user. 

4. Standard operating procedures. 

Fep Functions 
The FCP includes the following functions for 

controlling input-output operations: 

1. Logical Record Read and Write: 
Batched-record manipUlation and any required 
physical input-output instructions are automat­
ically provided when a programmer gives a 
Record Read or Write instruction. 

2. Label Checking and Label Construction: 
Automatically constructs, inserts, and checks 
standard begin and end-file labels. Options are 
provided to omit labels and to provide for non­
standard labels. 

3. Data Handling: 
The FCP processes the following data struc­
tures: 

a. Fixed-length records, unbatched 

b. Fixed-length records, batched 
Fixed or variable number of records in a 
batch 

c. Variable-length records, unbatched 

d. Variable-length records, batched 
Variable number of variable-length rec­
ords in a batch 

4. Alternate Input-Output Areas: 
Processing from one area with simultaneous 
read or write in the alternate area. 

5. Debatching for Tape Read Forward or Rever-se: 
Provides last record of a batch first on Read 
Reverse. 

6. Rerun: 
Defines checkpoints for reruns. 

7. Multifile Oontrol: 
Automatic tape positioning to the proper file 
for reels containing more than one file. 



8. Multireel Control: 
Simultaneous processing and rewind-remount 
on alternate reels for multireel files. 

User Control 0/ Physical Input-Output Devices 
Users with unique input-output requirements 

can use the Executive for direct control of input­
output devices. An input-output initiation requires 
a Supervisor Call to the Executive and an input­
output definition set. The input-output definition 
set specifies the required channel-device name, the 
address of the desired input-output instruction, 
and the address of the appropriate interrupt­
response code. The user must supply his own 
interrupt-response code. 

Selection and Integration '0/ Fep Program 
Sections with the User Program 

FCP requirements are specified in source code 
by a set of file definitions for the required file 
control characteristics. The language processors 
create a program section containing: 

1. The program's logical code. 

2. Reference calls to the appropriate FCP pro­
gram sections on the program section library. 

3. A set of FCP parameters for each file. 
The selected FCP program sections are bound 

with the program logical code when executable 
loads are constructed by Load Bind or Load 
Library Update routines. 

REPORT PROGRAM GENERATOR 
The Report Program Gene~ator provides the 

means for producing report programs with a 
minimum of programmer effort and machine­
compiling time. 

The specific actions for a report program are 
written in a simple and convenient language 
which does not require knowledge of machine­
language coding. The common report features of 
input-data selecting, editing, calculating, sum­
marizing, control breaks, and error checking are 
available. 

The programmer describes the input data, the 
operations to be performed on the data, and the 
output equipment to the Report Program Gen­
erator. The source program is divided into four 
parts: the file definitions, the input specifications, 
the calculation specifications, and the output­
format specifications. It is modularly designed so 
that the user's own-code routines can be easily 
incorporated at a variety of points in the gen­
erated program. 
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SORT/MERGE 
The Sort/Merge is a generalized tape sort and 

merge program. The system allows the user to 
describe his sort or merge parameters in the as­
sembly language. Parameters and own code, if 
any, are written together and the Sort/Merge 
generates a specialized sort or merge program. 
Sort generation can be performed under monitor 
control, or specific sorts can exist on the load 
library. 

Sort 
The Sort capabilities are available as follows: 

1. Sorting several full output reels. 
2. Processing fixed and variable-size records. 

3. Accommodating Spectra 70 Systems standard 
fixed and variable-data formats. 

4. Handling up to 10 sequencing keys. Sequencing 
keys may be specified as alphanumeric or 
numeric and as ascending or descending. 

5. Providing first, intermediate, and last pass own 
code options. Records may be added, deleted~ 
or modified during first and last pass. During 
intermediate passes, records having equal se­
quencing keys may be processed. 

6. Accepting Sort specifications and own coding, 
if any, in standard asse·mbly language. 

7. Accommodating user's own input read routines 
or final output routine. 

8. Displaying error messages on the console type­
writer. 

9. Providing rerun points between sort passes or 
between sorting cycles for multireel sorts. 

lv!CTge 
'The I'd er'ge capabilities are available as follows: 

1. Merging from two to 10 data files originating 
on two or more magnetic tape reels. 

2. Processing fixed and variable-size records. 
3. Accommodating Spectra 70 Systems standard 

fixed and variable-data formats. 

4. Handling up to 10 sequencing keys. Sequencing 
keys may be specified as alphanumeric or 
numeric and may be ascending or descending. 

5. Providing last pass own coding options. 
6. Accommodating alternate tape units. 

7. Accepting merge specifications and own coding, 
if any, in standard assembly language. 

8. Displaying error messages on the console type­
writer. 

9. Providing rerun points after each output tape 
of a merge. 



PERIPHERAL CONTROL SYSTEM 
The Peripheral Control System is a single pro­

gram which consists of several independent input­
output processes. Each of these independent proc­
esses is a unique routine, such as tape-to-printer 
and card-to-tape. 

Execution of more than one of these independ­
ent processes can occur simultaneously. The exe­
cution of these different processes is coordinated 
by the Peripheral Control System. It is, therefore, 
possible to have more than one utility function 
proceeding at the same time for maximum utiliza­
tion of the available input-output devices. 

The Peripheral Control System is designed 
such that the only utility routines in memory are 
those required to perform current tasks. Thus, 
the tape-to-printer routine, for instance, would 
not take up core storage unless a tape-to-printer 
task needed to be performed. 

The Peripheral Control System allows the user 
to substitute a utility routine of his own for the 
corresponding standard process and have the 
Peripheral Control System coordinate the execu­
tion of his routine with any others which may 
be required. 

COMMUNICA TION CONTROL SYSTEM 
A Communication Control System is provided 

to control single channel communications lines, 
utilizing the Model 70/653 Communication Con­
trol (Single-Channel). 

Routines included in the Communication Con­
trol System are provided in the areas of: 

1. Line and termination control. 
2. Message control consisting of logging, queuing, 

code translating, and sequence numbering. 

Error checking and re-transmissions (where 
necessary) are performed by the Communication 
Control routines. 

SYSTEM LIBRARY MAINTENANCE 
ROUTINES 

The 70/25 Tape Operating System 16 contains 
four System Library Maintenance routines which 
produce executable machine-coded programs; and, 
in addition, generate and update system libraries. 
The system routines are as follows: 

1. Program Section Library Insert 
2. Program Section Library Update 
3. Load Bind 
4. Load Library Update 

Program section libraries contain an index 
which defines all of the calling relationships 
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among program sections contained in the library. 
Replacement and deletion of routines from a pro­
gram section library require a complete recon­
struction of the library's index. Inserting routines 
require only the appendage of a new set of index 
entries to the library's index. The Program Sec­
tion Library Insert routine allows rapid addition 
of new routines to a program section library. The 
Program Section Library Update routine includes 
all of the functions needed to produce a new pro­
gram section library from a pre-existing one. 

Program Section Library Insert Routine 
The Program Section Library Insert routine 

constructs a new program section library. This 
routine provides the facility for making rapid 
additions to a program section library. This insert 
routine uses a major and a minor input program 
section library and the output from this run is 
a new program section library. 

Program Section Library Update Routine 
The Program Section Library Update routine 

provides program section replacement, deletion, 
and insertion for changing the set of program 
sections contained on a program section library. 
This update routine acts on a program section 
library that is to be updated and on one containing 
replacement sections and additional program sec­
tions. Additional input is a set of control cards 
specifying the operations that are to be performed 
and the output is a new program section library. 

Load Bind Routine 
The Load Bind routine acts on a program sec­

tion library containing sets of program sections. 
The members of each set are related to each other 
by reference calls. The Load Bind routine con­
structs a load from each such set. The loads in­
clude any standard program sections referenced 
by members of the set. The standard program 
sections are obtained from the installation pro­
gram section library which is used ab a second 
input to the Load Bind routine. The output of the 
Load Bind routine is a load library containing one 
load for each input set of program sections. 

Load Library Update Routine 
The Load Library Update routine contains three 

options: 

1. To bind a set of routines and to insert the 
resulting loads into the output load library. 

2. To automatically correct a load library. 

3. To generate a load library containing a selected 
set of loads from the master load library. 

Note: Options 1 and 2 may be used together. 



The binding option acts on a program section 
library containing all of the program sections re­
quired by a program. It carries out reference-call 
binding and constructs a set of loads from the 
program section library elements. A load library 
is used as another input to the binding option. 
The output is a new load library which includes 
the newly constructed loads. Loads can also be 
deleted from a load library in the bind option. 

The automatic correction option may be used 
by itself or together with the bind option. It acts 
on a load library under control of a set of correc­
tion specification cards to update loads made from 
old versions of corrected program sections. The 
output is a corrected load library. 

The option to create a selected set of loads from 
the master load library requires as input a set of 
control cards indicating which loads are to be 
selected and a load library. 'The output is a 
selected load library. 

RCA 70/25 Tape Operating System 32 

The RCA 70/25 Tape Operating System 32, a 
magnetic tape-oriented programming system, pro­
vides for the efficient operation of a processor 
equipped with a minimum high-speed memory of 
32K bytes and a standard order code. A console 
typewriter is required and other optional features 
and equipment are utilized if available. A com­
plete list of the Tape Operating System 32 com­
ponents is as follows: 

Executive 
Monitor 
Assembly System 
File Control Processor (FCP) 
Report Program Generator 
Sort/Merge 
Peripheral Control System 
Communication Control System 

(Single Channel) 
System Library Maintenance Routines 

All of the components of the Tape Operating 
System 32 are identical to the Tape Operating 
System 16 components except for the Executive. 

THE EXECUTIVE 
The Executive for the Tape Operating System 

32 provides all of the capabilities of the Tape 
Operating System 16 Executive. (See page 47.) 
In addition, it provides multiprogramming facil­
ities for two or three independent programs to 
utilize the processor simUltaneously. Anyone of 
these programs may be running in either a Moni­
tored or Production mode of operation. The pro­
grams are executed on a priority basis. These 
priorities are assigned by the user and programs 
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maintain the same priority throughout their exe­
cution. Programs being executed together must 
have different priorities. 

The Role of the Executive 
The Executive undertakes the management and 

supervision of the entire system. It provides the 
basic control and interconnection that is necessary 
between the user's program and the operating 
system as well as between various components of 
the operating system. All input-output initiations 
and their resulting termination interrupts and 
any other interrupts, such as a divide error, 
require action by the Executive. The user's pro­
gram must be able to communicate with the Exec­
utive as to what actions are required to correctly 
process his program. In order to accomplish this, 
the user's programs must observe certain conven­
tions with respect to their structure for proper 
communication with the Executive. 

Executive Information Area 

A user's program must include unique inter­
rupt-response code for the set of interrupts di­
rectly under user-program control. These include 
various contingency conditions such as overflow 
and divide errors. The starting addresses of these 
contingency response operations must be defined 
in the user's program. User's programs must also 
include a memory storage area for all of the regis­
ters directly related to it. These are the General­
Purpose registers which the program uses and 
whose functions are described below. Contingency 
starting address and register storage areas are 
provided within a program in the Executive in­
formation area. The Executive information area 
must be included in every program and it must be 
located at the beginning of a program's initial load. 

Input-Output Determined Program Structure 

Input-output terminations are indicated in the 
70/25 System by processor interrupts. All pro­
grams must include a response code for these inter­
rupts. An interrupt-response code is supplied by 
RCA in its FCP ; however, the Executive does not 
distinguish user-produced code from RCA-sup­
plied code at the time a program is executed. 
Programs are structured into sets of main-chain 
operations and interrupt-response operations. 
Main-chain operations are the computational oper­
ations which do not depend on input-output in­
terrupt for their initiation. Interrupt~response 
operations carry out the functions required in 
response to an input-output termination interrupt. 

The Executive makes 30 General-Purpose regis­
ters available to each user's program; 15 are avail­
able for use by main-chain operations and 15 are 



available for use by interrupt-response operations. 
Main-chain and interrupt- response operations do 
not have direct access to each others' general regis­
ters and cannot communicate with each other 
through these registers. Storage areas for these 
General-Purpose registers must be provided in the 
Executive information area. 

Programming Input-Output Operations 

INPUT-OUTPUT PROCESSES 
An input-output operation is initiated by execut­

ing an input-output instruction. Termination of 
the defined input-output operation is indicated to 
the system by an interrupt. When the input-output 
interrupt occurs, the status information associated 
with the termination is passed to the interrupt­
response code which checks for errors, etc. If 
certain standard types of errors are detected, the 
interrupt-response code can request the Executive 
to perform standard retry procedures. 

'rHE FUNCTION OF THE EXECUTIVE 
IN INPUT-OU'TPUT OPERATIONS 

The Executive issues all input-output instruc­
tions and routes input-output interrupts to the 
pertinent interrupt-response operation. A user's 
program requiring the initiation of an input-out­
put operation issues an input-output Request Su­
pervisor Call macro to the Executive. This macro 
specifies a symbolic channel-device name, the 
location of the input-output instruction and the 
starting address of the pertinent interrupt-re­
sponse operation. Input-output request coding is 
supplied by RCA in its FCP. FCP coding is incor­
porated into the user's program prior to the time 
of execution. Input-output request coding is 
viewed by the Executive as the user's program 
coding even though it was, in fact, supplied by 
RCA in its FCP. 

The Executive accepts the input-output request, 
returns control immediately to the requesting pro­
gram, and issues the input-output operation as 
soon as the specified channel and device are avail­
able. When the termination interrupt occurs, the 
Executive sets up an entry to the interrupt­
response operation at the address which was 
specified by the input-output requester. Interrupt­
response operations release control when the re­
sponse functions have been completed by issuing 
a Priority Relinquish Supervisor Call macro to 
the Executive. This macro notifies the Executive 
that system control is available to any operation. 
The Executive will return control to a program's 
main chain after all its outstanding input-output 
termination interrupts have been processed. Fig­
ure 12 shows the control flow between the user's 
program and the Executive during an input­
output operation. 
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THE FORM OF AN INPUT-OUTPUT 
REQUEST 

A program issuing an input-output Request 
Supervisor Call macro on the Executive must use 
a standard format. The format is: 
1. Input-Output Request Supervisor Call. 
2. Symbolic channel-device name. 
3. Location of the input-output instruction. 
4. Address for return of control to requestor. 
5. Address of interrupt-response operation. 

FCP coding supplied by RCA issues input-out­
put requests in this form. This coding is viewed 
by the Executive as user-program coding. 

Executive Operations 

Certain major functions are made available to 
all users by including them as operations within 
the Executive. Console control is an example of 
such an operation. It is not part of the Executive 
mechanism required for input-output handling, in­
terrupt routing, and multi program priority sched­
uling. (The latter mechanisms are required for 
the system to operate during any phase of pro­
gram execution.) Console control, on the other 
hand, is not required during program execution 
unless some communication via the console occurs 
or is required. Although, not necessarily required 
for program execution, many programs do need 
access to the console typewriter. And, in addition, 
the console typewriter must always be available 
to the machine operator as a communication path 
to the Executive. For reasons such as these, cer­
tain operations are included in the Executive. 
Operations used to initiate, to load and terminate 
programs, to provide console communication, to 
provide facilities for restart and certain classes 
of error recovery are implemented as executive 
operations. 

CALLING AN EXECUTIVE OPERATION 
In general, a program's means of access to the 

Executive is a Supervisor Call macro. A class of 
Supervisor Call macros is provided for initiating 
the execution of Executive operations. Each of 
these Supervisor Call macros results in the execu­
tion of a particular Executive operation. A Super­
visor Call macro to an Executive operation must 
include certain information in the following 
format: 

1. Supervisor Call 
2. Message Length 
3. Operation Accepted Return Address 
4. Operation Completed Return Address 
5. Message 
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Figure J 2. Control Flow During an Input-Output Operation 

The Supervisor Call defines the desired Execu­
tive operation and alerts the Executive to the 
request by causing an identifiable interrupt. 

Message Length defines the length in bytes of 
the message and hence the length in bytes of the 
whole Supervisor Call information set. 

The Operation Accepted Return Address defines~ 
the location in the calling program to which con­
trol is to be returned after an entry to the Execu­
tive operation has been set up and queued. 

The Operation Completed Return Address de­
fines the location in the calling program to which 
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control is to he returned after the Executive 
operation is completed. Control will normally be 
returned to the calling program at the acceptance 
address before the Executive operation is com­
pleted. But, whether this is so or not, control will 
always be given to the caller's acceptance return 
address before it is given to the oper3:tion com­
pleted return address. 

The Message contains any information that the 
caller is transmitting to the Executive operation. 
For example, if a program is calling on the con­
sole-control operation to carry out a typeout, the 
message is that message to be typed out. 



Register Preservation in 

Multiprogrammed System Operation 

Register usage conflicts do not normally occur 
when a single program is running by itself on the 
computer. Conflicts are eliminated since every 
program is provided with two separate sets of 
registers, one for its main-chain operation and 
one for its interrupt-response operation. 

A set of General-Purpose registers may have 
been used last by one program when the Executive 
determines that control is to be given to another 
program which uses the same set of registers. In 
this case, the Executive first stores the old pro­
gram's registers in its Executive information 
area. Next, the new program's registers are loaded 
from its Executive information area. Finally, 
after register storing and reloading, the Execu­
tive gives control to the next program. 

RCA 70/45-55 PROGRAMMING SYSTEMS 
System Concept 

Users have traditionally been provided with 
various programming aids to facilitate common 
basic tasks of data processing; i.e., compiling and 
assembling, program testing and production oper­
ation. Today, however, advanced technology and 
a widening range of user applications require in­
creased attention be given to a more complete and 
systematic approach to these tasks for greater 
operational efficiency. Additionally, it is equally 
important to provide programming systems which 
are efficient for different users with varying size 
equipment complements. The design objective 
here must be to m.inimize the overhead for the 
smaller complements and to provide for full and 
effective utilization of larger systems. 

The RCA 70/45-55 Operating Systems are de­
signed to fully meet the total requirements of each 
user in an efficient and comprehensive manner. 
The Operating Systems are designed to operate 
in two modes. The Monitor Operation mode is 
provided to facilitate the execution of run se­
quences such as compile, program linkage (bind­
ing) and testing, or compile and go. Each of these 
functions may be accomplished individually or 
jointly in one sequential operation without opera­
tor intervention. The Compile and Go option is 
suited to single use program operations and par­
ticularly so for scientific " Job Shop" type applica­
tions. 'The Monitor Operation mode will accept 
the basic program elements (program sections) 
of the standard library system, and perform the 
necessary program linkage for testing and execu-
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tion. This avoids the necessity for creating a pro­
duction type (load) library. The standard library 
system performs the necessary program link­
age for testing and executing the program. This 
avoids the necessity for creating a production type 
(load) library. 

The Production Operation mode provides for 
the efficient operation of pre-compiled and tested 
program which are frequently run and seldom 
modified. Normal production-mode operation util­
izes the standard load library which consists of 
all the required programs in a bound and execut­
able form. 

In addition, the design concept provides for 
several different levels or types of operating sys­
tems. Each level is tailored to a particular equip­
ment environment and is identified as to operating 
media and core storage available in a system. For 
example, the Tape Operating System 16 indicates 
program storage and operation from magnetic 
tape in a system equipped with a 16K-byte high­
speed memory. Multiprogramming capabilities are 
provided in the operating systems at the appro­
priate levels. In addition, multiprocessing func­
tions are provided at the highest level for efficient 
utilization of a mUltisystem operation. Thus, each 
operating system is designed for efficient opera­
tion of users' programs within the specified 
environment. 

Modes of Operation 

MONITORED OPERATION 
Monitor operation provides the user with com­

plete and controlled facilities for creating pro­
gram sections including assembling, testing, and 
formatting to library requirements without opera­
tor intervention. Control is achieved through the 
use of control cards which are inserted into the 
program source code input. The Monitor is called 
by the operator and is given the source code, pro­
gram data files, and control card input file. The 
source code may then be assembled or compiled, 
bound with the required program sections, and/or 
executed in a diagnostic and test mode. When 
operating under test conditions, complete result 
information is supplied. The Monitor also controls 
compile and go operations where testing is not 
required and the run-to-run sequencing of these 
operations. 

PRODUCTION OPERATION 
Under the Production Operation mode of sys­

tem operation, a program is called in by the 
Executive Control and then executed. A program 
which contains overlays is executed starting with 
its initial segment. The successive overlays are 
then brought in and executed as required. When 



the program terminates, the Executive Control 
informs the operator that a program has termi­
nated and the operating system is ready to per­
form the next processing task. 

Multiprogramming 

Processors with 32K or 65K bytes of memory 
may be used simultaneously by either two or three 
independent operations. There is no restriction 
as to what the three operations can be but they 
will be given time-shared use of the processor on 
a priority basis. Priority of a program is fixed 
during the entire time that the program is resi­
dent in memory. Three priority levels are avail­
able and are neither assigned nor changed by the 
system Executive. They can be assigned by the 
operator when a program is loaded or specified 
during program assembly or compilation. Opera­
tions making simultaneous use of the processor 
must have different priorities. 

RCA provides the users with Peripheral and 
Communications Control systems. The Peripheral 
Control system contains routines for various 
peripheral processes such as card-to-tape and 
tape-to-print. The Communication Control system 
contains routines for controlling and servicing 
communications lines. Either or both of these sys­
tems may be used as independent operations which 
time-share the processor with other operations. 

Some examples of the simultaneous use of the 
processor by various operations are given below. 

Example 1 

Example 2 

Production Peripheral Control System 
Program 

Card Tape Tape 
to to to 

Tape Printer Punch 

Example 3 

Communi- Monitored Peripheral Control System 
cation Operation 

Control Card Tape Tape 

System to to to 
Tape Printer Punch 

An example of varying use of the processor 
,over a period of time is given below. 

Time 1 - Enter Production Program. 
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Time 2 - Production Pro gra1n Continues. 
Enter Peripheral Control System. 

Production Peripheral Control System 
Program 

Card Tape Tape 
to to to 

Tape Printer Punch 

Time 3 - Production Program Completed and 
Removed. 
Monitored Operation Entered. 

Monitored Peripheral Control System 
Operation 

Card Tape Tape 
to to to 

Tape Printer Punch 

Time 4- - Communication Control System Entered. 

Communi- Monitored Peripheral Control System 
cation Operation 
Control Card Tape Tape 

System to to to 
Tape Printer Punch 

It should be noted that it is permissible to have 
one, two, or three production programs operating 
simultaneously. One monitored operation may be 
executed simultaneously with any two other types 
of operations. 

The Disc Operating System supplied for the 
262K-byte processor controls the execution of a 
number of programs. The maximum number of 
programs controlled is dependent on the relation­
ship between program sizes and memory space. 

Library Operation 

The basic unit of program construction and the 
smallest unit of assembly is the program section. 
Compilation and assembling act on source-code 
elements to produce program sections. 

The basic unit of execution is the load. A load 
is a group of related coding that coexists in the 
processor at a given time. Loads are constructed 
by binding together program sections which are 
related to each other by reference calls. Loads 
may be in themselves either complete executable 
programs, or segments of a program utilized as 
overlays. 

Libraries are utilized and maintained at both 
the program section and load levels. For example, 
a program section that is in the process of being 
assembled will automatically set up calls to stand­
ard program sections (e.g., FCP routines) which 
will subsequently be found in the program section 
library. After the calling program section is as­
sembled, all of the called program sections are 



bound with it. The bound sections then become a 
load which may be executed. 

The user may then add his program sections 
and loads to their associated libraries via the Sys­
tem Maintenance routines. The generation and 
maintenance (i.e., replacement, deletion, and addi­
tion) of program section libraries and load 
libraries are the functions of these routines. 

Components 
RCA 70/45-55 Tape Operating System 16 

The RCA 70/45-55 Tape Operating System 16 
is a magnetic tape-oriented programming system 
which provides for efficient operation of a pro­
cessor equipped with a minimum high-speed mem­
ory of 16K bytes and a standard order code. A 
console typewriter is required and other optional 
features and equipment are utilized if available. 

A complete list of the Tape Operating System 
16 components is as follows: 

Executive 
Monitor 
Basic Assembly System 
File Control Processor (FCP) 
Report Program Generator 
COBOL 
FORTRAN 
Sort/Merge 
Peripheral Control System 
Communication Control System 

( Single-Channel) 
System Library Maintenance Routines 
Compatibility Support Package 

THE EXECUTIVE 
The Executive controls the loading of a single 

program or program system and supplies it with 
complete control of all peripheral device initia­
tions and terminations, interrupt analysis and 
processing. The Executive asynchronously per­
forms certain controlling functions such as con­
sole control, library search, assignment of devices, 
and allocation of memory as specified by the opera­
tor or by program control parameters. Operations 
are available for restart and for some classes of 
error recovery. 

THE MONITOR 
The Monitor controls the sequential execution 

of a string of programs, each of which requires 
a number of runs. It is used primarily for run 
sequences such as compile, bind and test; or, com­
pile and go for a string of programs to be 
processed one at a time. 
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In addition, the Monitor provides the following 
functions for program testing: 

1. Formatting of input test data files and dis­
tributing these files to work tapes. 

2. Editing facilities for memory snapshots of data 
during program execution. 

3. Editing facilities for printouts of data in mem­
ory and on peripheral devices at the conclusion 
of program test operation. 

4. Collecting compiler listings, data files, memory 
data edits, and peripheral device data edits onto 
one output device for printing. 

BASIC ASSEMBLY SYSTEM 
The Basic Assembler translates symbolic ma­

chine-oriented source language programs into 
machine code. 'The Basic Assembler has provisions 
for mnemonic operation codes, symbolic address­
ing, and constant definition. Arithmetic expres­
sions may be used to specify addresses. Symbolic 
addresses are automatically converted into ma­
chine-coded base register plus displacement 
addresses. 

Programs being assembled are permitted to 
make external references to other related but 
independently assembled programs. In addition, 
FCP macros are included in the assembly lan­
guage, thus providing the linkage necessary to 
utilize this powerful input-output control facility. 
The Basic Assembler produces object code, source 
and object code listings which include error flags 
where appropriate. 

FILE CONTROL PROCESSOR 
The File Control Processor (FCP) is a general­

ized input-output system that provides rigorous 
control over all input-output operations. The FCP 
achieves efficient and flexible input-output control 
by providing: 

1. Efficient routines for simultaneous read and 
write operations. 

2. Conservation of memory space by: 

a. Selecting routines specific to a given set 
of files. 

b. Eliminating duplicate routines for a set of 
files. 

c. Providing input-output initiation logic, ter­
mination logic, and standard error recovery 
codes for the user. 

3. Automatic handling of physical conditions for 
the user. 

4. Standard operating procedures. 



FCP Functions 
The FCP includes the following functions for 

controlling input-output operations: 

1. Logical Record Read and Write: 
Batched-record manipulation and the required 
physical input-output instructions are automat­
ically provided when a programmer gives a 
Record Read or Write instruction. 

2. Label Checking and Label Construction: 
Automatically constructs, inserts, and checks 
standard begin and end file labels. Options are 
provided to omit labels and to provide for non­
standard labels. 

3. Data Handling: 
The FCP processes the following data struc­
tures: 
a. Fixed-length records, unbatched 

b. Fixed-length records, hatched 
Fixed or variable number of records in 
a batch 

c. Variable-length records, unbatched 

d. Variable-length records, batched 
Variable number of variable-length rec­
ords in a batch 

4. Alternate Input-Output Areas: 
Processing from one area with simultaneous 
read or write in the alternate area. 

5. Debatching for Tape Read Forward or Reverse: 
Provides last record of a batch first on Read 
Reverse. 

6. Rerun: 
Defines checkpoints for reruns. 

7. Multifile Control: 
Automatic tape positioning to the proper file 
for reels containing more than one file. 

8. Multireel Control: 
Simultaneous processing and rewind-remount 
on alternate reels for multi reel files. 

User Control of Physical Input-Output Devices 
Users with unique input-output requirements 

can use the Executive for direct control of input­
output devices. An input-output initiation requires 
a Supervisor Call to the Executive and an input­
output definition set. The definition set specifies 
the required channel-device name, the address of 
a Channel Command Word (CCW) chain, and the 
address of the appropriate interrupt-response 
code. The user must supply his own interrupt­
response code. 
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Selection and Integration of FCP Program 
Sections with the User Program 

FCP requirements are specified in source code 
by a set of file definitions for the required file 
control characteristics. The language processors 
create a program section containing: 

1. The program's logical code. 

2. Reference calls to the appropriate FCP pro­
gram sections on the program section library. 

3. A set of FCP parameters for each file. 
The selected FCP program sections are bound 

with the program logical code when executable 
loads are constructed by Load Bind or Load 
Library Update routines. 

REPORT PROGRAM GENERATOR 
The Report Program Generator provides the 

means for producing report programs with a 
minimum of programming effort and machine­
compiling time. 

The specific actions for a report program are 
written in a simple and convenient language 
which does not require knowledge of machine­
language coding. The common report features of 
input data selecting, editing, calculating, sum­
marizing, control breaks, and error checking are 
available. 

The programmer describes the input data, the 
operations to be performed on the data, and the 
output equipment to the Report Program Genera­
tor. The source program is divided into four parts: 
file definitions, input specifications, calculation 
specifications, and output format specifications. It 
is modularly designed so that the user's own-code 
routines can be easily incorporated at a variety 
of points in the generated program. 

COBOL 
COBOL is a business data processing language. 

The COBOL compiler implements COBOL, as 
defined in the Department of Defense (DOD) 
COBOL specifications. Redundant language ele­
ments are omitted. 

The compiler takes full advantage of available 
equipment. Compiling efficiency improves when 
more memory and peripheral devices are added to 
the system. The compiler is modular in construc­
tion and extensions can be included if sufficient 
memory is available. 

FORTRAN 
FORTRAN is a processing language for scien­

tific and engineering applications. The FORTRAN 
compiler implements a subset of FORTRAN IV. 



The FORTRAN compiler includes all the stand­
ard types of statement governing the functions 
of assignment, control, input-output, specification, 
and subprogram. 

It should be noted that execution of a FOR­
TRAN object program requires a floating-point 
arithmetic instruction set in the processor's 
instruction repertoire. 

SORT/MERGE 
The Sort/Merge is a generalized tape sort and 

merge program. The system allows the user to 
describe his sort or merge parameters in the basic 
assembly language. Parameters and own code, if 
any, are written together and the Sort/Merge 
generates a specialized sort or merge program. 
Sort generation can be performed under monitor 
control, or specific sorts can exist on the load 
library. 

Sort 
The Sort capabilities are available as follows: 

1. Sorting several full output reels. 

2. Processing fixed and variable-size records. 

3. Accommodating Spectra 7,0 Systems standard 
fixed and variable-data formats. 

4. Handling up to 10 sequencing keys. Sequencing 
keys may be specified as alphanumeric or 
numeric and as ascending or descending. 

5. Providing first, intermediate, and last pass own 
code options. Records may be added, deleted, 
or modified during first and last pass. During 
intermediate passes, records having equal se­
quencing keys may be processed. 

6. Accepting Sort specifications and own coding, 
if any, in standard basic assembly language. 

7. Accommodating user's own input read routines 
or final output routine. 

8. Displaying error messages on the console type­
writer. 

9. Providing rerun points. Rerun points between 
sort passes or between sorting cycles for multi­
reel sorts are provided. 

Merge 
The Merge capabilities are available as follows: 

1. Merging from two to 10 data files originat­
ing on two or more magnetic tape reels. 

2. Processing fixed and variable-size records. 

3. Accommodating Spectra 70 Systems standard 
fixed and variable-data formats. 
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4. Handling up to 10 sequencing keys. Sequencing 
keys may be specified as alphanumeric or 
numeric and may be ascending or descending. 

5. Providing last pass own coding options. 

6. Accommodating alternate tape units. 

7. Accepting merge specifications and own cod­
ing, if any, in standard basic assembly lan­
guage. 

8. Displaying error messages on the Console 
Typewriter. 

9. Providing rerun points after each output tape 
of a merge. 

PERIPHERAL CONTROL SYSTEM 
The Peripheral Control System is a single pro­

gram which consists of several independent input­
output processes. Each of these independent 
processes is a unique routine, such as tape-to­
printer and card-to-tape. 

Execution of more than one of these independ­
ent processes can occur simUltaneously. The execu­
tion of these different processes is coordinated by 
the Peripheral Control System. Therefore, it is 
possible to have more than one utility function 
proceeding at the same time for maximum utiliza­
tion of the available input-output devices. 

The Peripheral Control System is designed such 
that the only utility routines in memory are those 
required to perform current tasks. For instance, 
the tape-to-printer routine would not occupy core 
storage unless a tape-to-printer task needed to 
to be performed. 

The Peripheral Control System allows the user 
to substitute a utility routine of his own for the 
corresponding standard process and have the 
Peripheral Control System coordinate the execu­
tion of his routine with any others which may 
be required. 

COMMUNICATION CONTROL SYSTEM 
A Communication Control System is provided 

to control single-channel communications lines, 
utilizing the Model 70/653 Communication Con­
trol (Single-Channel). 

Routines included in the Communications Con­
trol system are provided in the areas of: 

1. Line and termination control. 

2. Message control consisting of logging, queuing, 
code translating, and sequence numbering. 

Error checking and re-transmisions (where 
necessary) are performed by the Communications 
Control routines. 



SYSTEM LIBRARY MAINTENANCE 
ROUTINES 

The 70/45-55 Operating Systems contain four 
System Library Maintenance routines which are 
used to produce executable machine-coded pro­
grams; and, in addition, generate and update sys­
tem libraries. The system routines are as follows: 

1. Program Section Library Insert 
2. Program Section Library Update 
3. Load Bind 
4. Load Library Update 

Program section libraries contain an index 
which defines all of the calling relationships 
among program sections contained in the library. 
Replacement and deletion of routines from a pro­
gram section library require a complete recon­
struction of the library's index. Inserting routines 
requires only the appendage of a new set of index 
entries to the library's index. The Program Sec­
tion Library Insert routine allows rapid addition 
of new routines to a program section library. The 
Program Section Library Update routine includes 
all of the functions needed to produce a new pro­
gram section library from a pre-existing one. 

Program Section Library Insert Routine 
The Program Section Library Insert routine 

constructs a new program section library. This 
routine provides the facility for making rapid 
additions to a program section library and uses 
a major and a minor input program section 
library. The output from this run is a new 
program section library. 

Program Section Library Update Routine 
The Program Section Library Update routine 

provides program section replacement, deletion, 
aBd insertion for changing the set of program 
sections contained in a program section library. 
This update routine acts on a program section 
library that is to be updated and on one contain­
ing replacement sections and additional program 
sections. Additional input is set of control cards 
specifying the operations that are to be per­
formed. The output is a new program section 
library. 

Load Bind Routine 
The Load Bind routine acts on a program sec­

tion library containing sets of program sections. 
The members of each set are related to each other 
by reference calls. The Load Bind routine con­
structs a load from each such set. The loads in­
clude any standard program sections referenced 
by members of the set. The standard program 
sections are obtained from the installation pro-
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gram section library which is used as a second 
input to the Load Bind routine. The output of the 
Load Bind routine is a load library containing one 
load for each input set of program sections. 

Load Library Update Routine 
The Load Library Update routine contains 

three options: 

1. To bind a set of routines and to insert the 
resulting loads into the output load library. 

2. To automatically correct a load library. 

3. To generate a load library containing a selected 
set of loads from the master load library. 

Note: Options 1 and 2 may be used together. 

The binding option acts on a program section 
library containing all of the program sections re­
quired by a program. It carries out reference-call 
binding and constructs a set of loads from the 
program section library elements. A load library 
is used as another input to the binding option. The 
output is a new load libra.ry which includes the 
newly constructed loads. Loads can also be deleted 
from a load library in the bind option. 

The automatic correction option may be used 
by itself or together with the bind option. It acts 
on a load library under control of a set of correc­
tion specification cards to update loads made from 
old versions of corrected program sections. The 
output is a corrected load library. 

The option to create a selected set of loads 
from the master load library requires as input a 
set of control cards indicating which loads are to 
be selected and a load library. The output is a 
selected load library. 

COMPATIBILITY SUPPORT SYSTEM 
Compatibility between the 70/25 and 70/45-55 

Systems is provided by the Compatibility Support 
System. This system provides a group of aids for 
preparing 70/25 programs for conversion to 
70/45-55 programs. After conversion, these 70/25 
programs operate without restrictions on the 
70/45-55 Systems. 

RCA 70/45-55 Tape Operating System 32 

The RCA 70/45-55 Tape Operating System 32, 
a magnetic tape-oriented programming system, 
provides for the efficient operation of a processor 
equipped with a minimum high-speed memory of 
32K bytes and a standard order code. A console 
typewriter is required and other optional features 
and equipment are utilized if available. 



A complete list of the Tape Operating System 
32 components is as follows: 

Executive 
Monitor 
Basic Assembly System 
Extended Assembly System 
File Control Processor (FCP) 
Report Program Generator 
COBOL 
FORTRAN 
Sort/Merge 
Peripheral Control System 
Communication Control System 

(Single-Channel) 
System Library Maintenance Routine 
Random Access File Maintenance Routine 
Compatibility Support System 

All of the components of the RCA 70/45-55 
Tape Operating System 32 are identical to the 
RCA 70/45-55 Tape Operating System 16 compo­
nents with the exception of the Executive and File 
Control Processor. In addition, the Extended 
Assembly System and Random Access File Main­
tenance routines are provided with the 70/45-55 
Tape Operating System 32. 

THE EXECUTIVE 
The Executive in the Tape Operating System 

32 provides all of the capabilities of the Tape 
Operating System 16 Executive. (See page 56.) 
In addition, it provides multiprogramming facil­
ity for two or three independent programs to 
utilize the processor simultaneously. Anyone of 
these programs may be running in either a Moni­
tored or Production mode of operation. Also, the 
Executive has the facility for controlling pro­
grams that utilize random-access files as data de­
vices. However, only one of the three programs 
may be of this type. 

The programs are executed on a priority basis. 
The priorities are assigned by the user and pro­
grams maintain the same priority throughout 
their execution. Programs being executed together 
must have different priorities. 

EXTENDED ASSEMBLY SYSTEM 
An additional and more powerful assembly sys­

tem is provided with the 70/45-55 Tape Operating 
System 32, the Extended Assembly System. The 
basic assembly language is a subset of the ex­
tended assembly language. Enhancements are in 
two areas: 

1. An expanded facility is provided for data 
definitions particUlarly with respect to literals 
and control of externally defined storage. 
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2. A powerful generative procedural facility is 
included in the language. This facility includes 
the ability to generate code conditionally at 
assembly time with assembler output under 
control of program-defined format directives. 

The generative macro language provides an 
alternative to the programmer who cannot ex­
press the solution to his problem concisely in 
one of the standard source code languages such 
as COBOL or FORTRAN; and, wishes a gen­
eralization of procedure beyond that in a "one­
for-one" machine-oriented assembler. The 
extended assembly language is a powerful tool 
that permits the expression and utilization of 
application-oriented languages by the pro­
grammer. 

FILE CONTROL PROCESSOR 
The File Control Processor for the Tape Oper­

ating System 32 provides all the capabilities of 
the Tape Operating System 16 File Control Pro­
cessor. (See page 56.) In addition, it provides 
input-output control for programs utilizing ran­
dom access files as data devices. 

RANDOM ACCESS FILE MAINTENANCE 
ROUTINES 

The Random Access File Maintenance routines 
provide the user with a facility for maintaining 
an effective file organization through the use of 
special file loading, dumping, and file revision 
functions. 

File Loading - provision is made for initial file 
loading, file re-Ioading, and file re-alloca­
tion. 

File Dumping - provision is made for dumping 
an entire random access storage device or 
selected files onto a backup medium. 

File Maintenance - provision is made for main­
taining files on the random access equip­
ment. The file maintenance functions are: 

Insertion 
Deletion 
Correction of records within a file. 

RCA 70/45-55 Tape Operating System 6S 

The RCA 70/45-55 Tape Operating System 65 
is a magnetic tape-oriented programming system 
which provides for efficient operation of a pro­
cessor equipped with a minimum high-speed mem­
ory of 65K bytes. A console typewriter is required 
and other optional features and equipment are 
utilized if available. 



A complete list of the Tape Operating System 
65 components is as follows: 

Executive 
Monitor 
Basic Assembly System 
Extended Assembly System 
File Control Processor (FCP) 
Report Program Generator 
COBOL 
FORTRAN 
Sort/Merge 
Peripheral Control System 
Communication Control System 

(Single-Channel) 
System Library Maintenance Routines 
Random Access File Maintenance Routines 
Compatibility Support System 

All of the components of the RCA 70/45-55 
Tape Operating System 65 are identical to the 
RCA 70/45-55 Tape Operating System 32 compo­
nents with the exception of the COBOL and 
FORTRAN compilers. 

COBOL 
The COBOL compiler provided with the 70/45-

55 Tape Operating System 65 has all the capabil­
ities of the 70/45-55 Tape Operating System 16 
COBOL described previously. In addition, the 
Tape Operating System 65 COBOL makes maxi­
mum use of 65K-byte and larger memories, thus, 
providing faster compilation time and greater 
optimization of object code. This compiler includes 
extension such as: 

1. Sort 
2. Report Writer 
3. Improved Indexing Capability 
4. Random Access Input-Output 

FORTRAN 
The FORTRAN compiler implemented in the 

Tape Operating System 65 is FORTRAN IV. In 
addition to all the capabilities of the Tape Oper­
ating System 16 FORTRAN compiler described 
previously, the Tape Operating System 65 
FORTRAN has the following features: 

1. Logical constant definition 
2. Double precision constant definition 
3. Complex constant definition 
4. Logical expressions 
5. Data specification statements 
6. Labeled common statements 
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RCA 70/45-55 Disc Operating System 65 

The RCA 70/45-55 Disc Operating System 65 
provides the user with a complete set of pro­
gramming components specifically designed to 
take advantage of 65K-byte and larger memories, 
and a random-access operating environment. 
Significantly, the random-access orientation of the 
system provides facilities required for controlling 
large real-time communications systems. The 
Model 70/564 Disc Storage Unit has been desig­
nated as the prime program storage and operating 
media. The Model 70/565 Drum Memory Unit 
may be used to complement the operating system. 
A console typewriter is required and other op­
tional features and equipment are utilized if 
available. 

A complete list of the Disc Operating System 
65 components is as follows: 

Executive 
Monitor 
Extended Assembly System 
File Control Processor (FCP) 
Report Program Generator 
COBOL 
FORTRAN 
Sort/Merge 
Peripheral Control System 
Communication Control System 

(M ultichannel) 
System Library Maintenance Routines 
Random Access File Maintenance Routines 

All of the Disc Operating System 65 compo­
nents are identical in function to the Tape Oper­
ating System 65 components except for the 
following: Communication Control System (Mul­
tichannel) and System Library Maintenance 
Routines. 

COMMUNICATION CONTROL SYSTEM 
( Multichannel) 

The Communication Control System (Multi­
channel) provides the facilities of the single­
channel system, services, and controls mUltiple 
communications devices with varying transfer 
rates. The system utilizes the Model 70/664 Com­
munication Buffer Control with the Model 70/672 
Communication Multiplexor Channel as well as 
the Model 70/653 Communication Control Single 
Channel. 

The Communication Control System allows the 
user to concern himself little, if at all, with the 
control of the flow of the communication traffic 



in and out of his system. Error detection is pro­
vided, with re-transmission of erroneous messages 
under the control of the communications pack­
ages. User-selectable routines for unique com­
munications functions such as calling and polling, 
message queuing, journalizing, code translating, 
etc. are furnished. 

SYSTEM LIBRARY MAINTENANCE 
ROUTINES 

The Systems Library Maintenance routines are 
identical in function to the system library main­
tenance routines described in the Tape Operating 
System 65 (see page 60) except that the load bind 
function is performed by the loader in the Disc 
Operating System. 

RCA 70/45-55 Disc Operating System 262 

The RCA 70/45-55 Disc Operating System 262 
is a random-access oriented operating system 
which provides for efficient operation of a pro­
cessor with a minimum of 262K-byte memory and 
a standard order code. A console typewriter and 
the timer and protection options are required for 
system operation. Other optional features and 
equipment are utilized if available. The Model 
70/564 Disc Storage Unit has been designated as 
the prime program storage and operating media. 
The Model 70/56,5 Drum Memory Unit may be 
used to complement the operating system. 

The following is a complete list of the Disc 
Operating System 262 components: 

Executive 
Monitor 
Extended Assembly System 
File Control Processor (FCP) 
Report Program Generator 
COBOL 
FORTRAN 
Sort/Merge 
Peripheral Control System 
Communication Control System 

( M ul tichannel) 
System Library Maintenance Routines 
Random Access File Maintenance Routines 

All Disc Operating System 65 components are 
applicable to the Disc Operating System 262 ex­
cept for the Executive and Monitor components. 
The Disc Operating System 262 removes the 
limitations inherent in the Disc Operating System 
65. It provides increased accessibility to computer 
facilities and minimizes turnaround time for time 
sensitive applications. 
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The Disc Operating System 262 increases com­
puter accessibility by offering facilities for: 

1. Accepting internally a large number of job 
requests, holding the accumulated requests and 
sequencing them for execution on a time 
dependent priority basis. 

2. Accepting job requests from a large number 
of remote terminals and integrating such re­
quests in the internal request queues. 

3. Providing output to both local and remote 
terminals. 

Turnaround time for time-sensitive jobs is 
minimized by offering facilities for: 

1. Selecting jobs for execution on a time-depend­
ent priority basis. 

2. Sharing the total set of available computer 
facilities amongst a number of jobs, each of 
which requires only some of the available 
facilities. 

3. Providing multiprocessing to make more than 
one computer complex available for processing 
the total work load. 

The Role of the Executive 
The Executive undertakes the management and 

supervision of the entire system. It provides the 
basic control and interconnection required be­
tween the user's program and the operating sys­
tem as well as between the various components of 
the operating system .. All input-output initiations 
and their resulting termination interrupts and 
any other interrupts, such as a divide error, re­
quire action on the part of the Executive. The 
user's program must be able to communicate with 
the Executive as to what actions are required to 
correctly process his program. To accomplish this, 
the user's programs must observe certain conven­
tions with respect to their structure for proper 
communication with the Executive. 

Executive Information Area 

A user's program must include unique inter­
rupt-response codes for the set of interrupts 
directly under user program control. These include 
various contingency conditions such as overflow 
and divide errors. The starting addresses' of these 
contingency response operations must be defined 
in the user's program. User's programs must also 
include a memory storage area for all of the regis­
ters directly related to it. These are the General­
Purpose registers which the program uses and 
whose functions are described below. Contingency 
starting address and register storage areas are 



provided within a program in the Executive in­
formation area. The Executive information area 
must be included in every program and it must 
be located at the beginning of a program's 
initial load. 

Input-Output Determined Program Structure 

Input-output terminations are indicated in the 
70/45-55 Systems by processor interrupts. All 
programs must include response codes for these 
interrupts. Interrupt-response code is supplied by 
RCA in its FCP; however, the Executive does not 
distinguish user-produced code from RCA-sup­
plied code at the time a program is executed. 
Programs are structured into sets of main-chain 
and interrupt-response operations. Main-chain 
operations are the computational operations which 
do not depend on an input-output interrupt for 
their initiation. Interrupt-response operations 
carry out the functions required in response to 
an input-output termination interrupt. 

The Executive makes 32 General-Purpose reg­
isters available to each user program. Sixteen 
registers are available for use by main-chain 
operations and 16 registers are available for use 
by interrupt-response operations. Main-chain and 
interrupt-response operations do not have direct 
access to each others' General-Purpose registers 
and cannot communicate with each other through 
the registers. Storage areas must be provided for 
these General-Purpose registers in the Executive 
information area. 

Programming Input-Output Operations 

INPUT-OUTPUT PROCESSES 
An input-output operation is initiated by exe­

cuting an input-output instruction. Termination 
of the defined input-output operation is indicated 
to the system by an interrupt. When this interrupt 
occurs, the status information associated with the 
termination is passed along to the interrupt­
response code which checks for errors, etc. If 
certain standard types of errors are encountered, 
the interrupt-response code can request the Execu­
tive to perform standard retry procedures. 

THE FUNCTION OF THE EXECUTIVE 
IN INPUT-OUTPUT OPERATIONS 

The Executive issues all start input-output in­
structions and routes input-output interrupts to 
the pertinent interrupt-response operation. A 
user's program requiring the initiation of an 
input-output operation issues an input-output Re­
quest Supervisor Call to the Executive. Along with 
the Supervisor Call the user specifies a symbolic 
channel-device name, the location of a Channel 
Command Word (CCW) chain, and the starting 
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address of the pertinent interrupt-response opera­
tion. Input-output request coding is supplied by 
RCA in its FCP. FCP coding is incorporated into 
the user's program prior to the time of execution. 
Input-output request coding is viewed by the 
Executive as the user's program coding even 
though it was, in fact, supplied by RCA in its FCP. 

The Executive accepts the input-output request, 
returns control immediately to the requesting pro­
gram and issues the start input-output as soon as 
the specified channel and device are available. 
When the termination interrupt occurs the Execu­
tive sets up an entry to the interrupt-response 
operation at the address which was specified by the 
input-output requester. Interrupt-response opera­
tions release control and relinquish their priority 
when the response functions have been completed 
by issuing a Priority Relinquish Supervisor Call 
to the Executive. The Priority Relinquish Super­
visor Call notifies the Executive that system con­
trol is available to any operation. The Executive 
will return control to a program's main-chain 
after all its outstanding input-output termination 
interrupts have been processed. Figure 13 shows 
the control flow between the user's program and 
the Executive during an input-output operation. 

THE FORM OF AN INPUT-OUTPUT 
REQUEST 

A program issuing an Input-Output Request 
Supervisor Call on the Executive must use a stand­
ard format as follows: 

1. Input-Output Request Supervisor Call. 

2. Symbolic channel-device name. 

3. Location of Channel Command Word ( CCW) 
chain. 

4. Address for return of control to requestor. 

5. Address of interrupt-response operation. 

FCP coding supplied by RCA issues input-out­
put requests in this form. This coding is viewed 
by the Executive as user-program coding. 

Executive Operations 

Certain major functions are made available to 
all users by including them as operations within 
the Executive. Console control, for example, is 
not part of the Executive mechanism required for 
input-output handling, interrupt routing, and 
multiprogram priority scheduling. (These latter 
mechanisms are required for the system to oper­
ate during any phase of program execution.) Con­
sole control, on the other hand, is not required 
during program execution unless some communi­
cation via the console occurs or is required. Al­
though, not necessarily required for program 
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execution, many programs do need access to the 
console typewriter. And, in addition, the console 
typewriter must always be available to the ma­
chine operator as a communication path to the 
system Executive. For reasons such as these, cer­
tain operations are included in the Executive. 
Operations used to initiate, to load and terminate 
programs, to provide console communication, to 
provide facilities for restart and certain classes 
of error recovery are implemented as executive 
operations. 

CALLING AN EXECUTIVE OPERATION 
In general, a program's means of access to the 

Executive is a Supervisor Call. A class of Super­
visor Call is provided for initiating the execution 
of Executive operations. Each of these Supervisor 
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Calls results in the execution of a particular 
Executive operation. A Supervisor Call to an 
Executive operation must include certain infor­
mation in the following format: 

1. Supervisor Call 
2. Message Length 
3. Operation Accepted Return Address 
4. Operation Completed Return Address 
5. Message 

The Supervisor Call defines the desired Execu­
tive operation and alerts the Executive to the 
request by causing an identifiable interrupt. 

Message Length defines the length in bytes 
of the message and hence the length in bytes of 
the whole Supervisor Call information set. 



The Operation Accepted Return Address defines 
the location in the calling program to which con­
trol is to be returned after an entry to the Execu­
tive operation has been set up and queued. 

The Operation Completed Return Address de­
fines the location in the calling program to which 
control is to be returned after the Executive opera­
tion is completed. Control will normally be re­
turned to the calling program at the acceptance 
address before the Executive operation is com­
pleted. But, whether this is so or not, control will 
always be given to the caller's acceptance return 
address before it is given to the operation com­
pleted return address. 

The Message contains any information that the 
caller is transmitting to the Executive operation. 
For example, if a program is calling on the con­
sole control operation to carry out a typeout, the 
message is that message to be typed out. 
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Register Preservation in 
Multiprogrammed System Operation 

Register usage conflicts do not normally occur 
when a single program is running by itself on the 
computer. Conflicts are eliminated since every 
program is provided with two separate sets of 
registers, one for its main-chain operations and 
one for its interrupt-response operations. 

A set of General-Purpose registers may have 
been used last by one program when the Execu­
tive determines that control is to be given to 
another program which uses the same set of regis­
ters. In this case, the Executive first stores the 
old program's registers in its Executive informa­
tion area. Next, the new program's registers are 
loaded from its Executive information area. 
Finally, after register storing and reloading, the 
Executive gives control to the next program. 



APPENDIX A 

INPUT-OUTPUT TIMING SUMMARY 

Buffers: Data Excha'nge and Communications Controls: 

Devices' 
Model 

Data Rate 
Code 

Number Level 

Telegraph 70/710 45.5, 50, 56.8 and 5 or 6 
Buffer 75 BPS2 

Communication 70/720 75, 110, 134.4, 148 7 or 8 
Buffer and 180 BPS 

Comm unication 70/721 1,050 BPS up to 8 
Buffer 1,800 BPS 

Communication 70/722 2,000 BPS and 7,8 or 9 
Buffer 2,400 BPS 

Autodin Buffer 70/723 1,200 BPS 8 
2,400 BPS 
4,800 BPS 

NOTES: 

1. All Buffers are housed within and connected to the 
Communication Buffer Control. 

2. BPS - bits per second. 

Peripherals: 

Device 
Model 

Data Rate Number 

Interrogating Typewriter 70/214 10 cps 

Device Model Number Data Rate 

Data Exchange 70/627 Speed is dependent 
Control upon the channel and 

the processor activity 
at the time of trans-
mission. 

Comm unica tion 70/652-25, -26 2,000 BPS 
Control 2,400 BPS 

Comm unica tion 70/653-25, -26 2,000 BPS 
Control 2,400 BPS 

Communication 70/653-34 40,800 BPS 
Control 

Device 
Model 

Data Rate 
Number 

Card Reader 70/237 1,435 cpm 

Interrogating Typewriter 70/216 10 cps Medium-Speed Printer 70/242 600lpm 

Paper Tape Reader/Punch 

Card Punch 

Card Punch 

Legend: 
cps - characters per second. 
cpm - cards per minute. 

Random-Access Devices: 

Device 

Disc Storage Unit 

Drum Memory Unit 

70/221 200 cps Read High-Speed Printer 

100 cps Punch Bill-Feed Printer 

70/234 100 cpm 
Videoscan Document 

70/236 300 cpm Reader 

lpm -lines per minute. 
dpm - documents per minute. 

Model Number Unit Capacity 

70/564 7.25 million bytes 

70/565 1 million bytes 
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70/243 1,2501pm 

70/249 600 lpm Forms 
800 cpm Cards 

70/251 1,300 dpm 

Data Rate Average Access 

156 KB 97.5 mil. 

117 KB 8.6 mil. 



APPENDIX A (Cont.) 

INPUT-OUTPUT TIMING SUMMARY 

Magnetic Tape Units: 

Data Rate Recording Density 
Model 

Number 9 Track 7 Track 9 Track 7 Track 

70/432-1 30 KB 7.5 KC 800 BPI 200 BPI 
60 KD 20.8 KC 556 

30 KC 800 

70/432-2 Same performance characteristics as 70/432-1 

70/442-1 60 KB 15 KC 800 BPI 200 BPI 
120 KD 41.7 KC 566 

60 KC 800 

70/442-2 Same performance characteristics as 70/442-1 

70/445-1 120 KB 30 KC 800 BPI 200 BPI 
240 KD 834 KC 566 

120 KC 800 

70./445-2 Same performance chal'acteristics as 70/445-1 

Legend: 
BPI - bytes per inch. 
IPS - inches per second. 
KB - thousand bytes per second. 
KD - thousand 4-bit digits per second 
KC - thousand 7-bit characters per second. 

Tape Speed 

37.5 IPS 

75 IPS 

150 IPS 

Different speed tape units may be intermixed with a single tape controller. 
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Gap Size 

.6 in. (9-track) 
.75 in. (7-track) 

.6 in. (9-track) 
.75 in. (7-track) 

.6 in. Read 
.65 in. Written 

(9-track) 
.75 in. Read 

.8 in. Written 
(7-track) 

Rewind Tape Controller 
Speed Required 

100 IPS 70/472-108 
70/472-116 

70/472-208 
70/472-216 

150 IPS 70/472-108 
70(472-116 

70/472-208 
70/472-216 

300 IPS 70/472-108 
70/472-116 

70/472-208 
70/472-216 



APPENDIX B 

EXTENDED BINARY-CODED-DECIMAL INTERCHANGE CODE 
(EBCDIC) 

BIT POSITIONS~ 76 t ~54 00 
~-----01------~ .------10------, ~---11------. 

3210 00 01 10 11 

0000 

0001 

0010 

0011 

0100 PF RE BY PN 

0101 HT NL LF RS 

0110 LC BS EB UC 

0111 DL IL PR ET 

1000 

1001 

1010 SM 

1011 

1100 

1101 

1110 

1111 

BIT POSITIONS: 76543210 

Control Characters: 
PF - Punch Off 
HT - Horizontal Tab 
LC - Lower Case 
DL -Delete 
RE -Restore 
NL-New Line 

00 

SP 

¢ 

< 
( 

+ 
I 

01 10 11 

& 

! 

$ 

* 
) 

; 

~ 

-

/ 

: 

, # 

0/0 @ 
, 

--

> -= 

? " 

BS - Backspace 
IL - Idle 
BY - Bypass 
LF - Line Feed 
EB - End of Block 
PR -Prefix 
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00 01 10 

a j 

b k s 

c I t 

d m u 

e n v 

f 0 w 

g p x 

h q y 

i r z 

11 00 

A 

B 

C 

D 

E 

F 

G 

H 

I 

PN-Punch On 
RS - Reader Stop 
UC - Upper Case 

01 10 

J 

K S 

L T 

M U 

N V 

0 W 

P X 

Q Y 

R Z 

ET - End of Transmission 
SM-Set Mode 
SP -Space 

11 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 



APPENDIX C 

AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE 
(Extended to 8 Bit) 

BIT POSITIONS~ 76 

t I l+S4 00 ~-----01------~ 

3210 00 01 10 11 00 

0000 NULL DLE SP 

0001 SOH DCl 

0010 STX DC2 

0011 ETX DC3 # 

0100 EOT DC4 $ 

0101 ENQ NACK 0/0 

0110 ACK SYNC & 

0111 BELL ETB 

1000 BS CNCL 

1001 HT EM 

1010 LF SS * 
1011 VT ESC + 
1100 FF FS 

1101 CR GS 

1110 SO RS 

1111 SI US / 

BIT POSITIONS: 76543210 

Control Characters: 
NULL - Null/Idle 
SOH - Start of Heading (CC) 
STX - Start of Text (CC) 
ETX - End of Text (CC) 
EOT - End of Transmission (CC) 
ENQ - Enquiry (CC) 
ACK - Acknowledge (CC) 
BELL - Audible or attention signal 
BS - Backspace (FE) 
HT - Horizontal Tabulation 

(punch card skip) (FE) 
LF - Line Feed (FE) 
VT - Vertical Tabulation (FE) 
FF - Form Feed (FE) 
CR - Carriage Return (FE) 
SO - Shift Out 
SI - Shift In 

01 10 11 

o SP SP-

1 

2 

3 

4 

5 

6 

7 

8 

9 

< 

> 
? 

69 

...------10----,. ....------11----_ 

00 01 10 11 00 01 

p 

A Q 

B R 

C S 

D T 

E u 
F v 
G w 
H x 
I Y 

J z 
K 

L 

M 

N /'-.. 

o 

DLE - Data Link Escape (CC) 
DCl 
DC2 - Device Controls 
DC3 
DC4 - Device Control (stop) 
NACK - Negative Acknowledge (CC) 
SYNC - Synchronous Idle (CC) 

10 11 

p 

a q 

b r 

c s 

d t 

e u 

f v 

g w 

h x 

y 

z 

k { 

m } 
n -, 

o DEL 

ETB - End of Transmission Block (CC) 
CNCL - Cancel 
EM - End of Medium 
SS - Start of Special Sequence 
ESC -Escape 
FS - File Separator (IS) 
GS - Group Separator (IS) 
RS - Record Separator (IS) 
US - Unit Separator (IS) 
DEL -Delete 



APPENDIX D 

OPTICAL CHARACTER CODE 

Following are the RCA N-2 characters which can be read by the 70/251 : 

N-2 Encoded Hexadec. Bit Configuration 
Name Char. As Equiv. 272~2S2~2~222120 

Zero 0 0 FO 1 1 1 1 0 0 0 0 

One 1 1 Fl 1 1 1 1 0 0 0 1 

Two 2 2 F2 1 1 1 1 0 0 1 0 

Three 3 3 F3 1 1 1 1 0 0 1 1 

Four 
~ ~ F~ 1 1 1 1 0 1 0 0 

Five 5 5 FS 1 1 1 1 0 1 0 1 

Six ~ ~ F~ 1 1 1 1 0 1 1 0 

Seven 7 7 F7 1 1 1 1 0 1 1 1 

Eight 8 8 FB 1 1 1 1 1 0 0 0 

Nine '3 '3 F'3 1 1 1 1 1 0 0 1 

Period 
~B 0 1 0 0 1 0 1 1 

Dash 
~O 0 1 1 0 0 0 0 0 

Dollars 
$ $ SB 0 1 0 1 1 0 1 1 

Asterisk 
'" '" SC 0 1 0 1 1 1 0 0 

Long Vertical Mark @ 7C 0 1 1 1 1 1 0 0 

Blank (Blank) 
~O 0 1 0 0 0 0 0 0 

Unreadable (Unreadable) Elective FF 1 1 1 1 1 1 1 1 

Any number of blank positions following recognition of a character will be encoded as a single blank. 
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EBCDIC Code 

1100 0001 

1100 0010 

1100 0011 

1100 0100 

1100 0101 

1100 0110 

1100 0111 

1100 1000 

1100 1001 

1101 0001 

1101 0010 

1101 0011 

1101 0100 

1101 0101 

1101 0110 

1101 PIll 

1101 1000 

1101 1001 

1110 0010 

1110 0011 

1110 0100 

1110 0101 

1110 0110 

1110 0111 

1110 1000 

1110 1001 

1111 0000 

1111 0001 

1111 0010 

1111 0011 

1111 0100 

1111 0101 

1111 0110 

1111 0111 

1111 1000 

EBCDIC Graphic 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

o 
p 

Q 

R 

S 

T 

U 

V 

W 

X 

y 

Z 

o (zero) 

1 

2 

3 

4 

5 

6 

7 

8 

APPENDIX E 

PAPER TAPE CODES 

Paper Tape Code 

1000 0001 

1000 0010 

1100 0011 

1000 0100 

1100 0101 

1100 0110 

1000 0111 

1000 1000 

1100 1001 

1101 0001 

1101 0010 

1001 0011 

1101 0100 

1001 0101 

1001 0110 

1101 0111 

1101 1000 

1001 1001 

1110 0010 

1010 0011 

1110 0100 

1010 0101 

1010 0110 

1110 0111 

1110 1000 • 

1010 1001 

1111 0000 

1011 0001 

1011 0010 

1111 0011 

1011 0100 

1111 0101 

1111 0110 

1011 0111 

1011 1000 

71 

EBCDIC Code 

1111 1001 

0100 0000 

0100 1001 

0100 1010 

0100 1011 

0100 1100 

0100 1101 

0100 1110 

0100 1111 

0101 0000 

0101 1010 

0101 1011 

0101 1100 

0101 1101 

0101 1110 

0101 1111 

0110 0000 

0110 0001 

0110 1001 

0110 1011 

0110 1100 

0110 1101 

0110 1110 

0110 1111 

0111 1001 

0111 1010 

0111 1011 

0111 1100 

0111 1101 

0111 1110 

0111 1111 

1110 0000 

0000 0000 

0110 1010 

EBCDIC Graphic 

9 

Space 

¢ (cents) 

(period) 

< (less than) 

( (left parenthesis) 

+ (plus) 

I (vertical) 

& (ampersand) 

! (exclamation) 

$ (dollars) 

* (asterisk) 

) (right parenthesis) 

; (semicolon) 

--, (not) 

- (minus or dash) 

/ (virgule or slash) 

, (comma) 

0/0 (percent) 

- (underline) 

> (greater than) 

? (question) 

: (colon) 

# (number) 

@ (at the rate of) 

I (apostrophe) 

= (equals) 

" (quote) 

Blank 

gap. 

(logical and) 

Paper Tape Code 

1111 1001 

1100 0000 

0000 1001 

0000 1010 

0100 1011 

0000 1100 

0100 1101 

0100 1110 

0000 1111 

0101 0000 

0101 1010 

0001 1011 

0101 1100 

0001 1101 

0001 1110 

0101 1111 

0110 0000 

0010 0001 

0110 1001 

0010 1011 

0110 1100 

0010 1101 

0010 1110 

0110 1111 

0011 1001 

0011 1010 

0111 1011 

0011 1100 

0111 1101 

0111 1110 

0011 1111 

1010 0000 

0000 0000 

0110 1010 



Symbol 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

o 
p 

Q 

R 

S 

T 

U 

V 

W 

X 

y 

Z 

o 
1 

2 

3 

4 

5 

6 

7 

8 

EBCDIC 

1100 0001 

1100 0010 

1100 0011 

1100 0100 

1100 0101 

1100 0110 

1100 0111 

1100 1000 

1100 1001 

1101 0001 

1101 0010 

1101 0011 

1101 0100 

1101 0101 

1101 0110 

1101 0111 

1101 1000 

1101 1001 

1110 0010 

1110 0011 

1110 0100 

1110 0101 

1110 0110 

1110 0111 

1110 1000 

1110 1001 

1111 0000 

1111 0001 

1111 0010 

1111 0011 

1111 0100 

1111 0101 

1111 0110 

1111 0111 

1111 1000 

APPENDIX F 

CONSOLE TYPEWRITER CODE 

Teletype 

1100 0001 

1100 0010 

1100 0011 

1100 0100 

1100 0101 

1100 0110 

1100 0111 

1100 1000 

1100 1001 

1101 0001 

1101 0010 

1101 0011 

1101 0100 

1101 0101 

1101 0110 

1101 0111 

1101 1000 

1101 1001 

1010 0010 

1010 0011 

1010 0100 

1010 0101 

1010 0110 

1010 0111 

1010 1000 

1010 1001 

1011 0000 

1011 0001 

1011 0010 

1011 0011 

1011 0100 

1011 0101 

1011 0110 

1011 0111 

1011 1000 

72 

Symbol 

9 

o 
END 

ERROR 

TOSL 

CR.LF 

¢ 

< 
( 

+ 

$ 

* 

? 

# 

@ 

" 
Space 

/ 

& 

> 
~ 

EBCDIC 

1111 1001 

1111 1111 

XXXX 0101 

0000 1101 

0100 1010 

0100 1011 

0100 1100 

0100 1101 

0100 1110 

0100 1111 

0101 1010 

0101 1011 

0101 1100 

0101 1101 

0101 1110 

0101 1111 

0110 1011 

0110 1100 

0110 1111 

0111 1010 

0111 1011 

'l)ill 1100 

0111 1101 

0111 1110 

0111 1111 

0100 0000 

0110 0000 

0110 0001 

0101 0000 

0110 1101 

0110 1110 

0110 1010 

Teletype 

1011 1001 

0111 1111 

0000 0100 

0000 0010 

0000 0111 

0000 1101 

0100 1010 

0100 1011 

0100 1100 

0100 1101 

0100 1110 

0100 1111 

0101 1010 

0101 1011 

0101 1100 

0101 1101 

0101 1110 

0101 1111 

0010 1011 

0010 1100 

0010 1111 

0011 1010 

0011 1011 

0011 1100 

0011 1101 

0011 1110 

0011 1111 

0010 0000 

0100 0000 

0010 0001 

0101 0000 

0010 1101 

0010 1110 

0010 1010 

Same as" 

Bell 

comma 

apostrophe 

equal 

underscore 



APPENDIX G 

CHARACTER CODE TABLE 

8-BIT CHARACTER SET 
BCD PUNCH PRINTER 
CODE COMBINATION GRAPHICS DECIMAL HEXADECIMAL 

00000000 12,0,9,8,1 0 00 
00000001 12,9,1 1 01 
00000010 12,9,2 2 02 
00000011 12,9,3 3 03 
00000100 12,9,4 4 04 
00000101 12,9,5 5 05 
00000110 12,9,6 6 06 
00000111 12,9,7 7 07 
00001000 12,9,8 8 08 
00001001 12,9,8,1 9 09 
00001010 12,9,8,2 10 OA 
00001011 12,9,8,3 11 OB 
00001100 12,9,8,4 12 OC 
00001101 12,9,8,5 13 OD 
00001110 12,9,8,6 14 OE 
00001111 12,9,8,7 15 OF 
00010000 12,11,9,8,1 16 10 
00010001 11,9,1 17 11 
00010010 11,9,2 18 12 
00010011 11,9,3 19 13 
00010100 11,9,4 20 14 
00010101 11,9,5 21 15 
00010110 11,9,6 22 16 
00010111 11,9,7 23 17 
00011000 11,9,8 24 18 
00011001 11,9,8,1 25 19 
00011010 11,9,8,2 26 1A 
00011011 11,9,8,3 27 1B 
00011100 11,9,8,4 28 1C 
00011101 11,9,8,5 29 1D 
00011110 11,9,8,6 30 1E 
00011111 11,9,8,7 31 1F 
00100000 11,0,9,8,1 32 20 
00100001 0,9,1 33 21 
00100010 0,9,2 34 22 
00100011 0,9,3 35 23 
00100100 0,9,4 36 24 
00100101 0,9,5 37 25 
00100110 0,9,6 38 26 
00100111 0,9,7 39 27 
00101000 0,9,8 40 28 
00101001 0,9,8,1 41 29 
00101010 0,9,8,2 42 2A 
00101011 0,9,8,3 43 2B 
00101100 0,9,8,4 44 2C 
00101101 0,9,8,5 45 2D 
00101110 0,9,8,6 46 2E 
00101111 0,9,8,7 47 2F 
00110000 12,11,0,9,8,1 48 30 
00110001 9,1 49 31 
00110010 9,2 50 32 
00110011 9,3 51 33 
00110100 9,4 52 34 
00110101 9,5 53 35 
00110110 9,6 54 36 
00110111 9,7 55 37 
00111000 9,8 56 38 
00111001 9,8,1 57 39 
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APPENDIX G 

CHARACTER CODE TABLE (Cont.) 

8-BIT CHARACTER SET 
BCD PUNCH PRINTER 
CODE COMBINATION GRAPHICS DECIMAL HEXADECIMAL 

00111010 9,8,2 58 3A 
00111011 9,8,3 59 3B 
00111100 9,8,4 60 3C 
00111101 9,8,5 61 3D 
00111110 9,8,6 62 3E 
00111111 9,8,7 63 3F 
01000000 space 64 40 
01000001 12,0,9,1 65 41 
01000010 12,0,9,2 66 42 
01000011 12,0,9,3 67 43 
01000100 12,0,9,4 68 44 
01000101 12,0,9,5 69 45 
01000110 12,0,9,6 70 46 
01000111 12,0,9,7 71 47 
01001000 12,0,9,8 72 48 
01001001 12,8,,1 73 49 
01001010 12,8,2 ¢ (cents) 74 4A 
01001011 12,8,3 . (period) 75 4B 
01001100 12,8,4 < (less than) 76 4C 
01001101 12,8,5 ( (left parens) 77 4D 
01001110 12,8,6 + (plus) 78 4E 
01001111 12,8,7 I (stroke) 79 4F 
01010000 12 & (ampersand) 80 50 
01010001 12,11,9,1 81 51 
01010010 12,11,9,2 82 52 
01010011 12,11,9,3 83 53 
01010100 12,11,9,4 84 54 
01010101 12,11,9,5 85 55 
01010110 12,11,9,6 86 56 
01010111 12,11,9,7 87 57 
01011000 12,11,9,8 88 58 
01011001 11,8,1 89 59 
01011010 11,8,2 I (exclamation) 90 SA 
01011011 11,8,3 $ (dollar sign) 91 5B 
01011100 11,8,4 * (asterisk) 92 5C 
01011101 11,8,5 ) (right parens) 93 5D 
01011110 11,8,6 ; (semicolon) 94 5E 
01011111 11,8,7 ...., (logical NOT) 95 5F 
01100000 11 (minus) 96 60 
01100001 0,1 / (virgule) 97 61 
01100010 11,0,9,2 98 62 
01100011 11,0,9,3 99 63 
01100100 11,0,9,4 100 64 
01100101 11,0,9,5 101 65 
01100110 11,0,9,6 102 66 
01100111 11,0,9,7 103 67 
01101000 11,0,9,8 104 68 
01101001 0,8,1 105 69 
01101010 12,11 106 6A 
01101011 0,8,3 , (connna) 107 6B 
01101100 0,8,4 % (percent) 108 6C 
01101101 0,8,5 (underline) 109 6D 
01101110 0,8,6 > (greater than) 110 6E 
01101111 0,8,7 ? (question mark) 111 6F 
01110000 12,11,0 112 70 
01110001 12,11,0,9,1 113 71 
01110010 12,11,0,9,2 114 72 
01110011 12,11,0,9,3 115 73 
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APPENDIX G 

CHARACTER CODE TABLE (Cont.) 

8-BIT CHARACTER SET 
BCD PUNCH PRINTER 
CODE COMBINATION GRAPHICS DECIMAL HEXADECIMAL 

01110100 12,11,0,9,4 116 74 
01110101 12,11,0,9,5 117 75 
01110110 12,11,0,9,6 118 76 
01110111 12,11,0,9,7 119 77 
01111000 12,11,0,9,8 120 78 
01111001 8,1 121 79 
01111010 8,2 : (colon) 122 7A 
01111011 8,3 4ft (pound) 123 7B 
01111100 8,4 @ (at rate of) 124 7C 
01111101 8,5 T (quote) 125 7D 
01111110 8,6 (equal) 126 7E 
01111111 8,7 TI (quotes) 127 7F 
10000000 12,0,8,1 128 80 
10000001 12,0,1 129 81 
10000010 12,0,2 130 82 
10000011 12,0,3 131 83 
10000100 12,0,4 132 84 
10000101 12,0,5 133 85 
10000110 12,0,6 134 86 
10000111 12,0,7 135 87 
10001000 12,0,8 136 88 
10001001 12,0,9 137 89 
10001010 12,0,8,2 138 8A 
10001011 12,0,8,3 139 8B 
10001100 12,0,8,4 140 8C 
10001101 12,0,8,5 141 8D 
10001110 12,0,8,6 142 8E 
10001111 12,0,8,7 143 8F 
10010000 12,11,8,1 144 90 
10010001 12,11,1 145 91 
10010010 12,11,2 146 92 
10010011 12,11,3 147 93 
10010100 12,11,4 148 94 
10010101 12,11,5 149 95 
10010110 12,11,6 150 96 
10010111 12,11,7 151 97 
10011000 12,11,8 152 98 
10011001 12,11,9 153 99 
10011010 12,11,8,2 154 9A 
10011011 12,11,8,3 155 9B 
10011100 12,11,8,4 156 9C 
10011101 12,11,8,5 157 9D 
10011110 12,11,8,6 158 9E 
10011111 12,11,8,7 159 9F 
10100000 11,0,8,1 160 AO 
10100001 11,0,1 161 Al 
10100010 11,0,2 162 A2 
10100011 11,0,3 163 A3 
10100100 11,0,4 164 A4 
10100101 11,0,5 165 A5 
10100110 11,0,6 166 A6 
10100111 11,0,7 167 A7 
10101000 11,0,8 168 A8 
10101001 11,0,9 169 A9 
10101010 11,0,8,2 170 AA 
10101011 11,0,8,3 171 AB 
10101100 11,0,8,4 172 AC 
10101101 11,0,8,5 173 AD 
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APPENDIX G 

CHARACTER CODE TABLE (Cont.) 

8-BIT CHARACTER SET 
BCD PUNCH PRINTER 
CODE COMBINATION GRAPHICS DECIMAL HEXADECIMAL 

10101110 11,0,8,6 174 AE 
10101111 11,0,8,7 175 AF 
10110000 12,11,0,8,1 176 BO 
10110001 12,11,0,1 177 B1 
10110010 12,11,0,2 178 B2 
10110011 12,11,0,3 179 B3 
10110100 12,11,0,4 180 B4 
10110101 12,11,0,5 181 B5 
10110110 12,11,0,6 182 B6 
10110111 12,11,0,7 183 B7 
10111000 12,11,0,8 184 B8 
10111001 12,11,0,9 185 B9 
10111010 12,11,0,8,2 186 BA 
10111011 12,11,0,8,3 187 BB 
10111100 12,11,0,8,4 188 BC 
10111101 12,11,0,8,5 189 BD 
10111110 12,11,0,8,6 190 BE 
10111111 12,11,0,8,7 191 BF 
11000000 12,0 192 CO 
11000001 12,1 A 193 C1 
11000010 12,2 B 194 C2 
11000011 12,3 C 195 C3 
11000100 12,4 D 196 C4 
11000101 12,5 E 197 C5 
11000110 12,6 F 198 C6 
11000111 12,7 G 199 C7 
11001000 12,8 H 200 C8 
11001001 12,9 I 201 C9 
11001010 12,0,9,8,2 202 CA 
11001011 12,0,9,8,3 203 CB 
11001100 12,0,9,8,4 204 CC 
11001101 12,0,9,8,5 205 CD 
11001110 12,0,9,8,6 206 CE 
11001111 12,0,9,8,7 207 CF 
11010000 11,0 208 DO 
11010001 11,1 J 209 D1 
11010010 11,2 K 210 D2 
11010011 11,3 L 211 D3 
11010100 11,4 M 212 D4 
11010101 11,5 N 213 D5 
11010110 11,6 0 214 D6 
11010111 11,7 P 215 D7 
11011000 11,8 Q 216 D8 
11011001 11,9 R 217 D9 
11011010 12,11,9,8,2 218 DA 
11011011 12,11,9,8,3 219 DB 
11011100 12,11,9,8,4 220 DC 
11011101 12,11,9,8,5, 221 DD 
11011110 12,11,9,8,6 222 DE 
11011111 12,11,9,8,7 223 DF 
11100000 0,8,2 Blank 224 EO 
11100001 11,0,9,1 225 E1 
11100010 0,2 S 226 E2 
11100011 0,3 T 227 E3 
11100100 0,4 U 228 E4 
11100101 0,5 V 229 E5 
11100110 0,6 W 230 E6 
11100111 0,7 X 231 E7 
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APPENDIX G 

CHARACTER CODE TABLE (Cont.) 

8-BIT CHARACTER SET 
BCD PUNCH PRINTER 
CODE COMBINATION GRAPHICS DECIMAL HEXADECIMAL 

11101000 0,8 y 232 E8 
11101001 0,9 Z 233 E9 
11101010 11,0,9,8,2 234 EA 
11101011 11,0,9,8,3 235 EB 
11101100 11,0,9,8,4 236 EC 
11101101 11,0,9,8,5 237 ED 
11101110 11,0,9,8,6 238 EE 
11101111 11,0,9,8,7 239 EF 
11110000 ° ° 240 FO 
11110001 1 1 241 F1 
111110010 2 2 242 F2 
11110011 3 3 243 F3 
11110100 4 4 244 F4 
11110101 5 5 245 F5 
11110110 6 6 246 F6 
11110111 7 7 247 F7 
11111000 8 8 248 F8 
11111001 9 9 249 F9 
11111010 12,11,0,9,8,2 250 FA 
11111011 12,11,0,9,8,3 251 FB 
11111100 12,11,0,9,8,4 252 FC 
11111101 12,11,0,9,8,5 253 FD 
11111110 12,11,0,9,8,6 254 FE 
11111111 12,11,0,9,8,7 ):( (lozenge) 255 FF 
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APPENDIX H 

HEXADECIMAL TABLE 

Decimal (10) Binary (2) Hexadecimal (16) 

0 0000 0 

1 0001 1 

2. 0010 2 

3 0011 3 

4 0100 4 

5 0101 5 

6 0110 6 

7 0111 7 

8 1000 8 

9 1001 9 

10 1010 A 

11 1011 B 

12 1100 C 

13 1101 D 

14 1110 E 

15 1111 F 
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APPENDIX I 

POWERS OF TWO TABLE 

N 2N 

° 1 

1 2 

2 4 

3 8 

4 16 

5 32 

6 64 

7 128 

8 256 

9 512 

10 1,024 

11 -2,048 

12 4,096 

13 8,192 

14 16,384 

15 32,768 

16 65,536 

17 131,072 

18 262,144 

19 524,288 
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APPENDIX J 

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE 

2 3 4 5 6 7 8 9 A B c D E F 

000 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015 
010 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031 
020 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047 
030 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063 

040 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079 
050 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095 
060 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111 
070 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127 

080 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143 
090 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159 
OAO 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175 
OBO 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191 

OCO 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207 
ODO 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223 
OEO 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239 
OFO 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255 

100 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271 
110 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287 
120 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303 
130 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319 

140 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335 
150 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351 
160 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367 
170 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383 

180 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399 
190 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415 
lAO 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431 
1BO 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447 

1CO 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463 
1DO 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479 
lEO 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495 
1FO 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511 

200 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 
210 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
220 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
230 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 

240 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
250 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
260 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
270 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 

280 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
290 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2AO 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687 
2BO 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 

2eo 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 
2DO 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2EO 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2FO 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 

300 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
310 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
320 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
330 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831 

340 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
350 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 
360 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
370 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 
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HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont.) 

0 1 i 3 4 5 6 7 8 9 A B C D E F 

380 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911 
390 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3AO 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
3'BO 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 

3CO 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
3DO 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3EO 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
3FO 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 

400 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
410 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
420 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
430 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 

440 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 
450 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 
460 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
470 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 

480 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 
490 1168 11(19 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4AO 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 
4BO 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 

4CO 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4DO 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4EO 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4FO 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 

500 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
510 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
520 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
530 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 

540 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
550 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
560 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
570 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 

580 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
590 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
SAO 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
5BO 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 

5CO 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
5DO 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 
5EO 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 
5FO 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 

600 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
610 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
620 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
630 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 

640 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
650 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
660 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
670 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 

680 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 
690 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6AO 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 
6BO 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 

6CO 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 
6DO 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 
6EO 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 
6FO 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 
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HEXADECIMAL.DECIMAL NUMBER CONVERSION TABLE (Cont.) 

o 1 2 3 4 5 6 7 8 9 A B C D E F 

700 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
710 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
720 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
730 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 

740 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
750 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 
760 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 
770 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 

780 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 
790 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7AO 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
7BO 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

7CO 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
7DO 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7EO 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7FO 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

800 
810 
820 
830 

840 
850 
860 
870 

880 
890 
8AO 
8BO 

8CO 
8DO 
8EO 
8FO 

900 
910 
920 
930 

940 
950 
960 
970 

980 
990 
9AO 
9BO 

9CO 
9DO 
9EO 
9FO 

AOO 
AlO 
A20 
A30 

A40 
ASO 
A60 
A70 

2048 2049 2050 2051 
2064 2065 2066 2067 
2080 2081 2082 2083 
2096 2097 2098 2099 

2052 2053 2054 2055 2056 
2068 2069 2070 2071 2072 
2084 2085 2086 2087 2088 
2100 2101 2102 2103 2104 

2057 
2073 
2089 
2105 

2112 2113 
2128 2129 
2144 2145 
2160 2161 

2114 2115 2116 2117 2118 2119 2120 2121 
2130 2131 2132 2133 2134 2135 2136 2137 
2146 2147 2148 2149 2150 2151 2152 2153 
2162 2163 2164 2165 2166 2167 2168 2169 

2176 
2192 
2208 
2224 

2240 
2256 
2272 
2288 

2304 
2320 
2336 
2352 

2368 
2384 
2400 
2416 

2432 
2448 
2464 
2480 

2496 
2512 
2528 
2544 

2560 
2576 
2592 
2608 

217721782179 
2193 2194 2195 
2209 2210 2211 
2225 2226 2227 

2241 2242 
2257 2258 
2273 2274 
2289 2290 

2243 
2259 
2275 
2291 

2305 
2321 
2337 
2353 

2306 
2322 
2338 
2354 

2307 
2323 
2339 
2355 

2369 2370 
2385 2386 
2401 2402 
2417 2418 

2371 
2387 
2403 
2419 

2433 
2449 
2465 
2481 

2497 
2513 
2529 
2545 

2561 
2577 
2593 
2609 

2434 
2450 
2466 
2482 

2435 
2451 
2467 
2483 

2498 2499 
2514 2515 
2530 2531 
2546 2547 

2562 2563 
2578 2579 
2594 2595 
2610 2611 

2624 2625 
2640 2641 
2656 2657 
2672 2673 

2626 2627 
2642 2643 
2658 2659 
2674 2675 

2180 2181 2182 2183 2184 2185 
2196 2197 2198 2199 2200 2201 
2212 2213 2214 2215 2216 2217 
2228 2229 2230 2231 2232 2233 

2244 2245 
2260 2261 
2276 2277 
2292 2293 

2246 2247 
2262 2263 
2278 2279 
2294 2295 

2308 2309 2310 2311 
2324 2325 2326 2327 
2340 2341 2342 2343 
2356 2357 2358 2359 

2372 2373 2374 2375 
2388 2389 2390 2391 
2404 2405 2406 2407 
2420 2421 2422 2423 

2436 2437 2438 2439 
2452 2453 2454 2455 
2468 2469 2470 2471 
2484 2485 2486 2487 

2500 2501 2502 2503 
2516 2517 2518 2519 
2532 2533 2534 2535 
2548 2549 2550 2551 

2248 2249 
2264 2265 
2280 2281 
2296 2297 

2312 2313 
2328 2329 
2344 2345 
2360 2361 

2376 2377 
2392 2393 
2408 2409 
2424 2425 

2440 2441 
2456 2457 
2472 2473 
2488 2489 

2504 2505 
2520 2521 
2536 2537 
2552 2553 

2564 
2580 
2596 
2612 

2565 2566 2567 2568 2569 
2581 2582 2583 2584 2585 
2597 2598 2599 2600 2601 
2613 2614 2615 2616 2617 

2628 2629 
2644 2645 
2660 2661 
2676 2677 

2630 2631 2632 2633 
2646 2647 2648 2649 
2662 2663 2664 2665 
2678 2679 2680 2681 
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2058 2059 
2074 2075 
2090 2091 
2106 2107 

2122 2123 
2138 2139 
2154 2155 
2170 2171 

2186 2187 
2202 2203 
2218 2219 
2234 2235 

2250 2251 
2266 2267 
2282 2283 
2298 2299 

2060 
2076 
2092 
2108 

2124 
2140 
2156 
2172 

2188 
2204 
2220 
2236 

2252 
2268 
2284 
2300 

2314 2315 2316 
2330 2331 2332 
2346 2347 2348 
2362 2363 2364 

2378 2379 
2394 2395 
2410 2411 
2426 2427 

2442 2443 
2458 2459 
2474 2475 
2490 2491 

2506 2507 
2522 2523 
2538 2539 
2554 2555 

2380 
2396 
2412 
2428 

2444 
2460 
2476 
2492 

2508 
2524 
2540 
2556 

2570 
2586 
2602 
2618 

2571 2572 
2587 2588 
2603 2604 
2619 2620 

2061 
2077 
2093 
2109 

2062 2063 
2078 2079 
2094 2095 
2110 2111 

2125 2126 
2141 2142 
2157 2158 
2173 2174 

2189 
2205 
2221 
2237 

2253 
2269 
2285 
2301 

2190 
2206 
2222 
2238 

2254 
2270 
2286 
2302 

2127 
2143 
2159 
2175 

2191 
2207 
2223 
2239 

2255 
2271 
2287 
2303 

2317 2318 2319 
2333 2334 2335 
2349 2350 2351 
2365 2366 2367 

2381 2382 
2397 2398 
2413 2414 
2429 2430 

2383 
2399 
2415 
2431 

2445 2446 2447 
2461 2462 2463 
2477 2478 2479 
2493 2494 2495 

2509 
2525 
2541 
2557 

2573 
2589 
2605 
2621 

2510 
2526 
2542 
2558 

2574 
2590 
2606 
2622 

2511 
2527 
2543 
2559 

2575 
2591 
2607 
2623 

2634 2635 
2650 2651 
2666 2667 
2682 2683 

2636 2637 2638 2639 
2652 2653 2654 2655 
2668 2669 2670 2671 
2684 2685 2686 2687 



A80 
A90 
AAO 
ABO 

ACO 
ADO 
AEO 
AYO 

BOO 
B10 
B20 
B30 

B40 
B50 
B60 
B70 

B80 
B90 
BAO 
BBO 

APPENDIX J 

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont.) 

o 1 

2688 2689 
2704 2705 
2720 2721 
2736 2737 

2752 2753 
2768 2769 
2784 2785 
2800 2801 

2 

2690 
2706 
2722 
2738 

3 4 5 6 7 8 9 A 

2691 2692 2693 2694 2695 2696 2697 2698 
2707 2708 2709 2710 2711 2712 2713 2714 
2723 2724 2725 2726 2727 2728 2729 2730 
2739 2740 2741 2742 2743 2744 2745 2746 

2754 2755 2756 2757 2758 2759 2760 2761 2762 
2770 2771 2772 2773 2774 2775 2776 2777 2778 
2786 2787 2788 2789 2790 2791 2792 2793 2794 
2802 2803 2804 2805 2806 2807 2808 2809 2810 

2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 
2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 
2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 
2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 

B 

2699 
271S 
2731 
2747 

C 

2700 
2716 
2732 
2748 

D 

2701 
2717 
2733 
2749 

2763 2764 2765 
2779 2780 2781 
2795 2796 2797 
2811 2812 2813 

2827 2828 2829 
2843 2844 2845 
2859 2860 2861 
2875 2876 2877 

2880 2881 
2896 2897 
2912 2913 
2928 2929 

2882 2883 2884 2885 
2898 2899 2900 2901 
2914 2915 2916 2917 
2930 2931 2932 2933 

2886 2887 2888 2889 2890 2891 2892 2893 
2902 2903 2904 2905 2906 2907 2908 2909 
2918 2919 2920 2921 2922 2923 2924 2925 
2934 2935 2936 2937 2938 2939 2940 2941 

E F 

2702 2703 
2718 2719 
2734 2735 
2750 2751 

2766 2767 
2782 2783 
2798 2799 
2814 2815 

2830 2831 
2846 2847 
2862 2863 
2878 2879 

2894 2895 
2910 2911 
2926 2927 
2942 2943 

2944 2945 2946 2947 2948 2949 
2960 2961 2962 2963 2964 2965 
2976 2977 2978 2979 2980 2981 
2992 2993 2994 2995 2996 2997 

2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 
2982 2983 2984 2985 2986 2987 2988 2989 2990 2991 
2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 

BCO 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023 
BDO 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BEO 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055 
BFO 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 

COO 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
C10 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103 
C20 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C30 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 

C40 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C50 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C60 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C70 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 

C80 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
C90 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231 
CAO 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247 
CBO 3248 3249 3250 3251 3252 .3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263 

CCO 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
CDO 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CEO 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311 
CFO 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327 

DOO 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343 
D10 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359 
D20 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375 
D30 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391 

D40 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407 
D50 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423 
D60 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 
D70 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455 

D80 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471 
D90 3472 3473 3474 3475 3476 J477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487 
DAO 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503 
DBO 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519 

DCO 3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535 
DDO 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551 
DEO 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567 
DFO 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 
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HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont.) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

EOO 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 
E10 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615 
E20 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 
E30 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647 

E40 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 
E50 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 
E60 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 
E70 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 

E80 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 
E90 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 
EAO 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 
EBO 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 

ECO 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 379l 
EDO 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 
EEO 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 
EFO 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 

FOO 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 
FlO 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 
F20 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 
F30 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903 

F40 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919 
F50 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935 
F60 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951 
F70 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 

F80 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 
F90 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 
FAO 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015 
FBO 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 

FCO 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 
FDO 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 
FEO 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079 
FFO- 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 
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