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NOTTICE

The STEP button was changed to the HALT button
onvthe operator console after the printing of
this manual. .’i‘he change is only in the name of
this button =-- its function has in no way been
_altered. Therefore, all information concerning

the STEP button now applies to the HALT buttén.






TABLE OF CONTENTS






1600 TECHNICAL REFERENCE MANUAL

TABLE OF CONTENTS

Paragraph Title

CHAPTER 1. GENERAL DESCRIPTION.

R

Capabilities and Limitations
1 General Information

.2 Commands and Instruction Words
3 Execution Times

Block Diagram Analysis

Memory

1 General Storage

2 Scratchpad Loop

3 Block Interchange Loop

4  Master Timing Tracks

Spare Tracks

_ Registers, 8- and 16-Bit Commands

Command Register
Instruction Register
Accumulator Register

Carry Register

Parity Failure Reglster
Signal Conventions
Logic Diagram Conventions
Flow Chart Conventions

1 1
1 2
1 3
1.5.4 Buffer Register
1.5.5
1 6

CHAPTER 2. OPERATING CONTROLS AND INDICATORS.

VONOU N WNH

NN DNDDNDNDND

Introduction

Power Button and Indicator Light

Ready Button and Indicator Light

Run Button and Indicator Light

Halt Button and Indicator Light

Carry Register (K) Controls and Indicator Light
Track Flipflop Indicator Light

Command Register Controls and Indicator Lights
Register Select Switch

CHAPTER 3. THEORY OF OPERATION.

3.1

3.1
3.1

Modes and Cycles of Operation
.1 General Analysis
.2 Detail Analysis of Modes and Cycles of Operation

Rev.

)
Q
LQD

e o e o

R N L T e
FHOVOWOOONWN -

[
=
NOOO

l._l
|—l
'

1.14
1.18
1.18
1.19
1.20
1.24

NNMNNDNDDNDNDDNDN
ubhphphpPNDDDDH

3.1
3.1
3.2

IMAY69



1600 TECHNICAL REFERENCE MANUAL

TABLE OF CONTENTS (continued)

Paragraph Title
CHAPTER 3. THEORY OF OPERATION (continued.
3.1.2.1 Warm-Up
3.1.2.2 Automatic Instruction Processing
3.1.2.3 Modes and Cycles Used for Step (Non-Automatic)
‘ Instruction Processing
3.1.2.4 Modes and Cycles Used for Register Display
3.1.3 Orders Precession
3.2 Clock and Timing Pulses
3.2.1 Introduction
3.2.2 Z1 Clock
3.2.3 Z2 Clock
3.2.4 Z3 Clock
3.3 Sector Comparison
3.3.1 Introduction
3.3.2 Sector Comparison for 8-Bit Commands
3.4 Playback and Retiming
3.4.1 General Storage
3.4.2 Scratchpad and Block Interchange Loops
3.4.3 Instruction Register
3.4.4 Accumulator Register, Master Timing Track Playbacks
3.4.5 Command Register
3.4.6 Buffer Register
3.5 Flipflop Functions
3.6 Interface and Input-Output Device Selection
3.7 Commands

NounphwdHHO

WWWWWWwWwWwwWwWwwwwwww
. .

NN NNNNNNNNNNNNNNN

HHEHFRHFRFRFEFRFRFEROONOOCODAWDNDH

Introduction

Halt Command (HH)

Add K Command (AK)

Clear A Command (CL)
No-Operation Command (NN)
Complement (CM)

Jump to A Command (JA)

Block Interchapge Command (BI)
Set K to 1 Cofamand (SK)

Test for Zéro (TZ)

Test High Order A Bit Command (TH)
Reset K to O Command (RK)

Test Parity Failure Command (TP)
Logical And Command (LA)
Exchange Command (XC)

Extract Command (XT)

Test Equal Command (TE)

-ii-



Paragraph

CHAPTER 3.

3.7.32

3.7.33
3.7.34

3.7.35

3.7.36

1600 TECHNICAL REFERENCE MANUAL

TABLE OF CONTENTS (continued)

Title
THEORY OF OPERATION (continued).

Test Equal or Greater Command (TG)

Binary Left Single Shift Command (BLS) and Binary
Left Single Shift Including K Command (BLSK)

Binary Left Single Shift on Scratchpad Command
(BLSS) and Binary Left Single Shift on Scratch-
pad including K Command (BLSSK)

Binary Left Double Shift Command (BLD) and Binary
Left Double Shift Including K Command (BLDK)

Binary Left Double Shift on Scratchpad Command
(BLDS) and Binary Left Double Shift on Scratch-
pad Including K Command (BLDSK) '

Binary Right Single Shift Command (BRS) and Binary
Right Single Shift Including K Command (BRSK)

Binary Right Single Shift on Scratchpad Command
(BRSS) and Binary Right Single Shift on Scratch-
pad Including K Command (BRSSK)

Binary Right Double Shift Command (BRD) and Binary
Right Double Shift Including K Command (BRDK)

Binary Right Double Shift on Scratchpad Command
(BRDS) and Binary Right Double Shift on Scratch-
pad Including.K Command (BRDSK)

Shift Input Command (SI)

Read Status Command (RS)

Clear, Input, Check 0dd Parity Command (CIO)

Clear, Input, Check Even Parity Command (CIE)

Clear, Input Check 0dd Parity Into A Command
(CIOP)

Clear, Input, Check Even Parity Into A Command
(CIEP)

Decimal Left Single Shift Command (DLS)

Decimal Left Single Shift, Plus Constant Command
(DLSC) :

Decimal Left Single Shift on Scratchpad Command
(DLSS)

Decimal Left Single Shift on Scratchpad, Plus
Constant Command (DLSSC)

Decimal Left Double Shift Command (DLD)

Decimal Left Double Shift, Plus Constant Command
(DLSC)

Decimal Left Double Shift on Scratchpad Command
(DLDS)

-iii-

3.62

3.65

3.68

3.71

3.74

3.76

3.78
3.80
3.82
3.85
3.88
3.91
3.94
3.96

3.98
3.100

3.102
3.104

3.106
3.108

3.110

3.112



Paragraph

CHAPTER 3.

3.7.40

DA NA
Nl

. . .
. L]
N

6]

NN N NN NNNNNNNNNNNN

B a

N

.« @
o o
o

O

N =

R RLELELE NN
O

A

e e o o
(€8, ]
[N E)} w

WWWWwWwWWwwwwwwwwwww

.57

3
3

CHAPTER 4.

1600 TECHNICAL REFERENCE MANUAL

TABLE OF CONTENTS (continued)

Title
THEORY OF OPERATION (continued).

Decimal Left Double Shift on Scratchpad Plus
Constant Command (DLDSC)

Decimal Right Single Shift Command (DRS)

Decimal Right Double Shift Command (DRD)

Output Accumulator with 0dd Parity Command (OAO)

Output Accumulator with Even Parity Command (OAE)

Qutput Accumulator Command (OA)

Accumulator Select on Test Command (AST)

Accumulator Select Command (AS)

Output Immediate Command (OI)

Immediate Select on Test Command (IST)

Immediate Select Command (IS)

Clear And Add Command (CA)

Add Command (AD)

Store Command (ST)

Jump Mark Command (JM)

Add Conditional Command (AC)

Jump Unconditional Command (JU)

Jump Conditional Command (JC)

.8 Signal Glossary
9 Abbreviation Glossary

CIRCUITS.

4.1 Integrated Circuit Packages (IC'S)

N E=O

585007, Quadruple 2-Input NAND Gate Package

585008, Triple 3-Input NAND Gate Package

585009, Dual 4-Input NAND Gate Package

585010, Single 8-Input NAND Gate Package

585011, Dual 4-Input NAND Buffer Package

585012, Dual 2-Wide 2-Input AND-OR-Invert Gate
Package

585013, Dual 2-Wide 2-Input AND-OR-Invert Gate
Package

585014, 4-Wide 2-Input AND-OR-Invert Gate Package

585015, 4-Wide 2-Input AND-OR-Invert Gate Package

585016, Dual 4-Input Expander Package

585017, JK Master-Slave Flipflop Package

585018, Dual JK Master-Slave Flipflop Package

-1y -

3.114
3.116
3.121
3.125
3.128
3.130
3.132
3.134
3.136
3.138
3.140
3.142
3.144
3.146
3.148
3.150
3.152
3.154
3.209
3.214

L] *
= O
WN O

PN NN N NN

e
N

ARBBAA

.
NN
NOWVNO W



Paragraph

1600 TECHNICAL REFERENCE MANUAL

TABLE O F CONTENTS S (continued)

Title Page
CHAPTER 4. CIRCUITS (continued).
4,1,13 585019, Dual D-Type Edge-Triggered Flipflop
Package 4,24
4,1.14 585020, 8-Bit Shift Register Package 4,26
4,1.15 585021, Quadruple 2-Input NAND Gate Package 4,27
4,1,16 585022, Dual 4-Input NAND Gate Package 4,28
4,1.17 585023, Differential Comparator Package 4,29
4,2 Discrete Circuits 4,30
4.2,1 I/0 Circuits _ 4.30
4,2.1.1 Input Circuits Ibl0l - Ibl07 4,30
4,2,1.2 Idput Circuit Ib108 and K73 4.32
4,2.1.3 Input Circuit K75 4,32
4.2.1.4 Output Circuit K176 4.34
4.2.1.5 Output Circuits Obl - Ob8, K80, K82, K3,
and K150 4,35
4,2.1.6 Output Circuit W11lO0 4,39
4.2.2 Lamp Driver Circuits 4,39
4.2.2.1 Lamp Driver Circuits O - 7, TRACK, K, and
READY 4.39
4,2.2.2 Lamp Driver Circuit HALT and RUN 4,43
4.2.3 Record Circuits 4,44
4.2,.3.1 Record Circuits, Scratchpad and Block Inter-
change Loops 4,44
4.2,3.2 Track Selection and Record Circuits, General
‘ Storage 4.47
4,2.,4 Playback Circuits 4.57
4.2.4.1 -6 and +12 Volt Regulators 4,57
4.2.4.2 Playback Circuit, General Storage 4,58
4.2.4.3 Playback Circuits L39, L90, Z2, and Z3 4,61
4.2.4.4 Playback Circuit Z1 4,62
4.2.5 arm-Up Circuit 4.67
4,2.5.1 +5 Volt Check Circuit 4,68
4.2.5.2 Z1l Clock Check Circuit 4.70
4,2.5.3 AC Line Check Circuit 4.75.1
4,.2.5.4 +35, +18, and -24 Volt Check Circuits 4,75.3
4,2.5.5 POWER Button Check Circuit 4.,75.3
4.2.5.6 Failure Latch Circuit ‘ 4.,75.3
4,2,5.7 Failure Latch, Untimed and Timed Set Circuits 4,76
4,2.5.8 Failure Latch, Reset Circuits 4,77
4.2.6 AC/DC Power 4.80
- 4,2,6.1 AC Power 4,80
4,2,6,2 DC Power Supply 4,80
4,2.6.3 +5 Volt Regulator 4,82
‘ Rev. 1MAY69

-V =



1600 TECHNICAL REFERENCE MANUAL

TABLE OF CONTENTS (continued)

Paragraph Title
CHAPTER 5. MECHANICAL ASSEMBLIES.

5.1 Housing
5.1.1 Disassembly
5.2 Operator Console
5.2.1 Replacement - Indicating Lights
5.2.2 Replacement - Multiple Switch Assembly
5.2.3 Replacement - REGISTER SELECT Switch'
rum Assembly

5.3.1 Drum Assembly Removal and Replacement
5.3.2 Drum Motor Removal and Service
5.3.3 Pulley Alignment and Belt Tension Adjustment
5.4 Flexible Conductors and Lock
5.5 Printed Circuit Boards and Drum Head Circuits
5.5.1 Printed Circuit Boards
5.5.2 Drum Head Circuit Boards

5.5.2.1 Spare Head Replacement
5.5.2.2 Playback Sensing
Power Supply

CHAPTER 6. RUNNING SHEETS.

Rev. 1MAY69

-vi-



1600 TECHNICAL REFERENCE MANUAL

LIST OF ILLUSTRATIONS

Figure No, Title

1.1
l.z

-

.3
1.4
1.5

[\V]
=

w W

e &

N
wwwwww

w
IN
w

.

HFHEHERHEFREHEOONOO

P
VWONOUAWNKO

WWWWWwWwwWwwwwwwww
.

.

3.20
3.21
3.22

3.23

s o & .
wwwwww
. o

A

EBS 1601, Block Diagram

7-Bit Input Output Character Plus Parlty Bit Flow
Diagram

8-Bit Character, Status, or Device Select Code Flow
Diagram

Logic Diagram Symbols

Flow Chart Symbols

EBS 1601 Operator Console

Modes and Cycles of Operation

Instruction Word Configurations

1 Orders Precession

2 Orders Precession

3 Orders Precession

.4 Orders Precession

5 Orders Precession

6 Orders Precession

Overall Timing Diagram

1 Sector Comparison Process

Halt Command, Flow Chart

Add K Command, Flow Chart

Clear A Command, Flow Chart

No-Operation Command, Flow Chart

Complement, Flow Chart

Jump to A Command, Flow Chart

Block Interchange Command, Flow Chart

Set K to 1 Command, Flow Chart

Test for Zero, Flow Chart

Test High Order A Bit Command, Flow Chart

Reset K to O Command, Flow Chart

Test Parity Failure Command, Flow Chart

Logical And Command, Flow Chart

Exchange Command, Flow Chart

Extract Command, Flow Chart

Test Equal Command, Flow Chart

Test Equal or Greater Command, Flow Chart

Binary Left Single Shift Command and Binary Left Slngle
Shift Including K Command, Flow Chart

Binary Left Single Shift on Scratchpad Command and
Binary Left Single Shift on Scratchpad Includlng
K Command, Flow Chart

-vii-

1.17
1.21
1.25

N
.
w

e » o o

N

\O

WWWWWWWwwWwwwww
.
HEHEWOVONNNOGOOW

w W
w

w
w
o

3.37
3.39
3.41
3.43
3.45
3.47
3.49
3.51
3.53
3.55
3.57
3.59
3.61
3.63

3.67



1600 TECHNICAL REFERENCE MANUAL

LIST OF ILLUSTRATTIONS (continued)

-yviii-

Figure No. Title Page
3.24 Binary Left Double Shift Command and Binary Left

Double Shift Including K Command, Flow Chart 3.75
3.25 Binary Left Double Shift on Scratchpad Command and

Binary Left Double Shift on Scratchpad Including

K Command, Flow Chart : 3.77
3.26 Binary Right Single Shift Command and Binary Right

Single Shift Including K Command, Flow Chart 3.79
3.27 Binary Right Single Shift on Scratchpad Command and

Binary Right Single Shift on Scratchpad Including

K Command, Flow Chart 3.81
3.28 Binary Right Double Shift Command and Binary Right

Double Shift Including K Command, Flow Chart 3.83
3.29 Binary Right Double Shift on Scratchpad Command and

Binary Right Double Shift on Scratchpad Including

K Command, Flow Chart 3.85
3.30 Shift Input Command, Flow Chart 3.87
3.31 Read Status Command, Flow Chart 3.89
3.32 Clear, Input, Check Odd Parity Command, Flow Chart 3.93
3.33 Clear, Input, Check Even Parity Command, Flow Chart 3.95
3.34 Clear, Input Check 0dd Parity Into A Command, Flow Chart 3.97
3.35 Clear, Input, Check Even Parity Into A Command, Flow Chart 3.99
3.36 Decimal Left Single Shift Command, Flow Chart 3.101
3.37 Decimal Left Single Shift, Plus Constant Command, Flow

Chart 3.103
3.38 Decimal Left Single Shift on Scratchpad Command, Flow

Chart ; 3.105
3.39 Decimal Left Single Shift on Scratchpad, Plus Constant

Command, Flow Chart 3.107
3.40 ~ Decimal Left Double Shift Command, Flow Chart 3,109
3.41 Decimal Left Double Shift, Plus Constant Command, Flow

o Chart . ‘ 3.111

3.42 Decimal Left Double Shift on Scratchpad Command, Flow

Chart ' 3.113
3.43 Decimal Left Double Shift on Scratchpad Plus Constant

Command, Flow Chart 3.115
3.44 Decimal Right Single Shift Command, Flow Chart 3.119
3.45 Decimal Right Double Shift Command, Flow Chart 3.123
3.46 Output Accumulator with 0dd Parity Command, Flow Chart 3.127
3.47 Output Accumulator with Even Parity Command, Flow Chart 3.129
3.48.1 Output Accumulator Command, Flow Chart 3.131
3.48.2 Accumulator Select on Test Command, Flow Chart 3.133
3.48.3 Accumulator Select Command, Flow Chart 3.135
3.48.4 Output Immediate Command, Flow Chart 3.137



1600 TECHNICAL REFERENCE MANUAL

LIST OF ILLUSTRATTONS (continued)

Figure No. Title

Immediate Select on Test Command, Flow Chart
Immediate Select Command, Flow Chart
Clear and Add Command, Flow Chart
Add Command, Flow Chart
Store Command, Flow Chart
Jump Mark Command, Flow Chart
Add Conditional Command, Flow Chart -
Jump Unconditional Command, Flow Chart
Jump Conditional Command, Flow Chart
Logic Diagram
1R 1

0 0 0 0 oo
o e o o o e o o

HFHEMFREHEWOVONOW
wNH+=O

QU A SN NS NS NDS

[§;]
N = OVY

e o

R} r
1" "

3.53 " "
3.54 " g
3.55 " "
3.56 L "
3.57 " "
3.58 " "
3.59 L L
3.60 " "
3.61 ] ]
3.62 t L
3.63 ] i1
3.64 " L
3.65 " "
3.66 L L
3.67 n "
3.68 " "
3.69 1 B
3.70 L L
3.71 L "
3.72 " "
3.73 " 1
3.74 " z
3.75 L L
3.76 " "
3.77 L L
3.78 " L
3.79 " "
3.80 e
3.81 " "
3.82 " "

WWWWWwwwwwwwww
L

-1l



1600 TECHNICAL REFERENCE MANUAL

LIST OF ILLUSTRATTIONS (continued)

Figure No. Title Page
3.83 Logic Diagram 3.191
3.84 " " 3.192
3.85 " " 3.193
3.86 " H 3.194
3.87 " " 3.195
3.88.1 " " 3.196
3.88.2 " " 3.197
3.89 " " 3.198
3.90 " " 3.199
3.91 " " 3.200
3.92 " " 3.201
3.93 " " 3.202
3.94 " " 3.203
3.95 " " 3.204
3.96 " " 3.205
3.97 " " 3.206
3.98 " f 3.207
3.99 " " 3.208
4.1 585007, Quadruple 2-Input NAND Gate Package 4.9
4,2 585008, Triple 3-Input NAND Gate Package 4,10
4.3 585009, Dual 4-Input NAND Gate Package 4,11
4.4 585010, Single 8-Input NAND Gate Package 4,12
4.5 585011, Dual 4-Input NAND Buffer Package 4,13
4.6 585012, Dual 2-Wide 2-Input AND-OR-Invert Gate Package 4,14
4,7 585013, Dual 2-Wide 2-Input AND-OR-Invert Gate Package 4,15
4,8 585014, 4-Wide 2-Input AND-OR-Invert Gate Package 4,16
4.9 585015, 4-Wide 2-Input AND-OR-Invert Gate Package 4.17
4,10 585016, Dual 4-Input Expander Package 4,18
4,11 585017, JK Master-Slave Flipflop Package 4,20
4,12 585017, JK Master-Slave Flipflop Package 4,21
4,13 585018, Dual JK Master-Slave Flipflop Package 4,22
4,14 585018, Dual JK Master-Slave Flipflop Package 4,23
4.15 585019, Dual D-Type Edge-Triggered Flipflop Package 4,24
4,16 585019, Dual D-Type Edge-Triggered Flipflop Package 4,25
4,17 585020, 8-Bit Shift Register Package 4,26
4,18 585021, Quadruple 2-Input NAND Gate Package 4.27
4.19 585022, Dual 4-Input NAND Gate Package 4,28
4,20 585023, Differential Comparator Package 4,29
4,21 Voltage Dividers, I/0 Circuits 4,30
4,22 Input Circuits IblOl - Ibl07 4,31
4.23 Input Circuits Ibl08 and K73 4,32

- -



1600 TECHNICAL REFERENCE MANUAL

LIST OF ILLUSTRATIONS (continued)
Figure No. Title Page
4.24 Input Circuit K75 4.34
4,25 Output Circuit K176 4,35
4,26 Output Circuits Obl - Ob8, K80, K82, K83, and K150 4, 36
4,27 Output Circuit W110 4.39
4,28 Lamp Driver Circuits 0-7, TRACK, K, and READY 4.40
4,29 Lamp Driver Circuit, STEP and RUN 4.43
4,30 Record Circuits, Scratchpad and Block Interchange Loops 4,45
4.31 Track Selection Circuits 4.,51/52
4,32 Row and Column Drivers 4,55
4,33 Record Circuit, General Storage 4,56
4.34 -6 and +12 Volt Regulators for Playback Circuits 4,57
4,35 Playback Circuit, General Storage 4.60
4,36 Playback Circuits L39, L90, Z2, Z3 4,63
4,37 Playback Circuit Z1, Waveforms 4,64
4,38 Playback Circuit Z1 4,65/66
4,39 Block Diagram, Warm-Up Circuit 4,69
4,40 +5 Volt Check Circuit 4,71
4,41 Z1l Clock Check Circuit 4.73/74
4.42 AC Line Fail Check Circuit 4,75.1
4,43 Warm-Up Circuits 4.78/79
4.44 AC Wiring 4,81
4.45 DC Power Supply 4.83/84
4.46 +5 Volt Regulator 4.87
5.1 Housing 5.2
5.2 Cover Contact Arrangement 5.4
5.3 Rear Panel 5.6
5.4 Operator Console 5.9
5.5 Drum Assembly 5.13
5.6 Belt Tension Adjustment 5.15
5.7 Flexible Conductor Lock 5.16
5.8 Printed Circuit Board Location 5.19
5.9 Head Circuit Board I 5.21
5.10 Head Circuit Board J 5.23
5,11 Head Circuit Boards K1l and K2 5.25
5.12 Playback Sensing 5.29
5.13 Power Supply, Top and nght Side Views 5.32
5.14 Power Supply, Bottom View 5.33
Rev. 1MAY69

-Xi-



1600 TECHNICAL REFERENCE MANUAL

LIST O F TABLES

Table No. Title

l.ll Decimal to Binary to Hexadecimal Conversion Table

4.1 Input Circuits Ibl0l - Ib1l07

4.2 Output Circuits Obl - Ob8, K80, K82, K83, and K150

4.3 Lamp Driver Circuits 0-7, TRACK, K, and READY

4.4 Record Circuits, Scratchpad and Block Interchange Loops
4.5 Row and Column Drivers

4,6 Playback Circuits L39, L90, Z2, and Z3

5.1 Flexible Conductor List
5.2 Board Track and Diode Identification

-xii-

4.33
4,37/38
4.41/42

4.46

4.53

4.61



INTRODUCTION



1600 TECHNICAL REFERENCE MANUAL

INTRODUCTION

Litton Electronic Business System's 1600 series central processor is a
compact, stored-program computer. The basic storage medium is a magnetic
drum, and a variety of logic circuits and flipflop registers are used

to record, playback, and interpret the information recorded on the drum.
Almost all of the logic circuitry is made-up from integrated-circuit
packages, mounted on printed circuit boards inside the processor. The
remaining circuitry utilizes discrete components. Information flow
within the processor is bit-by-bit, in a serial shift manner. Informa-
tion flow between the processor and its peripheral equipment is in 8-bit
bytes, in a parallel manner. The processor can operate with a variety
of available peripheral equipment via the 1966 Standard 27 Wire Inter-
face. This includes the Model 11 or 13 Alpha-Numeric Keyboard, Model

30 Printer, and the Model 60/70 Reader and Punch.

The basic operation of the different models of the 1600 series central
processor is the same. The storage area on the drum, however, is differ-
ent for each model. Presently, there are only 2 models in production;

an EBS 1601 Central Processor and an EBS 1602 Central Processor. The
storage capacity of the EBS 1601 is 4096 words whereas the capacity of
the EBS 1602 is 2048 words, or half that of the EBS 160l.

The 1600 processors are housed in small desk-shaped cabinets, 28 inches
high x 28 inches long x 21.5 inches wide. In addition, an operator con-
sole is mounted to the top of the cabinet, making the overall height
35,5 inches., Basic construction of the cabinet is of vinyl enamel
painted steel except for the top made of Formica. Access to the elec-
tronic circuits and drum is gained through removable side panels and

the top.

Power consumption of the 1600 processor is approximately 500 watts.
The processor is available in two versions; one for use in the U.S.A.
which is wired for use with 115-volt, 60-cycle power; one for use in
Europe which is wired to use 230-volt, 50-cycle power. Processors
used in France are field modified to use 115-volt, 50-cycle power.

Rev.18NOV68
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CHAPTER 1. GENERAL DESCRIPTION

1.1  CAPABILITIES AND LIMITATIONS

1.1.1 GENERAL INFORMATION

The EBS 1601 is a binary, serial, 40-bit word processor with drum memory.
Each of these terms is discussed briefly to indicate its bearing on the
operational characteristics of the processor as a whole. Since the pri-
mary application of this processor is in the field of accounting, special
attention is given in this section to the areas of input, output, and
the arithmetic functions that must be performed by accounting processors.

The term binary refers to the fact that all arithmetic within the pro-
cessor is performed with the numbers expressed in base 2 notation. The
binary number system offers 2 distinct advantages in the simplicity of
design of the arithmetic circuits and increased efficiency in the utili-
zation of storage. . Binary arithmetic units typically contain only 1/3
to 1/2 of the components required in a unit that operates in base 10 or
other notational system. The binary unit normally operates at a higher
speed when performing arithmetic since there is no necessity for the
correction cycles required in other systems. Storage of information in
binary format permits an increase in memory capacity of from 20% to 100%
over present day decimal or character oriented systems.

The denotation of the EBS 1601 as a serial processor stems from the method
in which information is processed within the system. Information is en-
tered into the system in a parallel fashion, one 8-bit byte at a time.

As the information enters the processor it is converted to the serial

form and all internal operations are then carried out by examining one

bit of information at a time. This type of organization provides for

the least amount of hardware within the processor.

To simplify the handling of data within a serial system some provision

is normally made to group a series of bits into a larger unit of infor-
mation called a word. In the general case, this grouping is accomplished
by dividing the memory of the processor into word units that contain an
equal number of bits. This type of memory organization is known as
fixed-length word memory and is the type employed in the EBS 1601. The
length of the word in the EBS 1601 is 40 bits and there are 4096 such
words in the processor's memory.

The 40-bit word of the EBS 1601 is capable of storing an 11 decimal digit
nunber plus sign. If all of the bits are considered as numeric values,

-1.1-
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the capacity would be slightly greater than 12 digits; but it is
necessary to utilize 1 or 2 of the bits for representation of the sign
of the number and to control arithmetic overflow. The 40-bit word of
the processor is ample for most business applications.

The word size also has a bearing on the capability of the system when
processing alphabetic data. In the case of the EBS 1601, it is possible
to pack 5 or 6 alphabetic characters in each word. Messages of longer
length require multiple words and the linking together of these words
during input or output must be accomplished by programming. This has

a definite effect on the speed of alphabetic transmission since a sepa-
rate memory access must be made for every 5 or 6 character portions of
a message.

1.1.2 COMMANDS AND INSTRUCTION WORDS

The command repertoire of the EBS 1601 contains about 44 primitive
commands. Within a 40-bit instruction word several of these commands
can be grouped together since an EBS 1601 command is either 8 or 16
bits long. In order to perform useful arithmetic operations, several
commands must be grouped together and arranged in some order within the
instruction word. For example, to add 2 numbers together and store the
result requires the execution of 4 commands. The basic sequence is:

1, bring the first number from memory to the arithmetic unit; 2, add
the second number to the first; and 3, store the result back into
memory. Only 2 of the above commands can be stored in one 40-bit word
in memory, consequently a fourth command must be inserted in the se-
quence that brings the second required instruction word from memory to
the control section of the processor. Access time to instruction words
and data words must be computed to determine the time that is required
to complete the operation described above. If it is possible to arrange
all of the memory words in the best possible manner the time would be
.00064 seconds. However, it is reasonable to assume that this ideal
can not always be achieved. The worst-case time for the above sequence
is .02 seconds if it is necessary to allow maximum access to each word.
The average of these 2 times results in a figure of .01032 seconds. It
should be noted that if the result is to be stored into the same loca-
tion as one of the original numbers the minimum time for the sequence
would be increased to .005 seconds by the memory cycle time (i.e., time
required for repetitive reference to a given memory location). This
increases the average to .0125 seconds. This example was chosen since
it represents the type of calculation that is prevalent in accounting
processors.

A program for the EBS 1601 consists of 2 types of instruction sequences.
The first of these is the control program that fully defines and con-
trols the application that is to be performed by the system. The second
type of sequence is called a subroutine and consists of the instructions
necessary to perform functions that occur frequently in the course of
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executing the control program. Examples of functions performed by sub-
routines are data input, data output, multiplication, and division.
These functions are required in practically any application and are
normally written in a standard form compatible with general programming
techniques. Special situations sometimes arise that do not lend them-
selves to the use of general purpose subroutines. This is particularly
true in dealing with applications that have fixed requirements on data
format during input and output; or when the magnitude of the numeric
fields that are encountered can be predetermined.

1.1.3 EXECUTION TIMES

Several general purpose routines have been written for the EBS 1601 to
determine the execution times for multiplication, division, and output
of numeric data. The routine for input of numeric data is written for
a system that is assumed to have input via a keyboard or paper tape
reader that transmits in USASCII code. In the following description of
these routines, it should be understood that they are written solely
for the purpose of investigation and not to the specifications of any
specific application.

The multiplication routine is designed to form an 80-bit product as the
result of multiplying two 40-bit operands. The sign of the product is
computed by the routine, and the result is scaled decimally to any range
specified. The routine occupies about 40 words of storage and requires
a fixed time of .055 seconds to complete the multiplication and scaling.
To calculate the total time required for multiplying 2 numbers and stor-
ing the result, access time for the various operands and instructions
must be included. The sequence is as follows:

Instruction word 1 - a. Bring first number from memory
b. Store number as multiplicand

Instruction word 2 - a. Bring second number from memory
b. Store as multiplier

Instruction word 3 - a. Execute the Multiply subroutine
b. Store product in memory

The best case time for executing the above sequence is .001l3 seconds,
while the worst case is .040 seconds for an average of .02 approximately.
Adding the fixed time of .055 seconds for the routine gives a total of
.075 seconds. This implies that about 13 multiplications can be per-
formed per second.

The division routine is designed to divide one 40-bit word by another
and produce a signed quotient within the range of accuracy specified.
The routine occupies about 44 words of memory and requires a fixed time
of .075 seconds to complete the division process. The sequence of in-
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structions that must be processed to set-up the dividend and divisor
and store the product is similar to those for the multiply routine. The
total time for division and storage of the result is about .095 seconds,
indicating slightly more than 10 divisions per second.

The output routine is designed to convert a 40-bit binary number into
decimal digits under the control of another 40-bit word that specifies
the format of the output message. This format, or edit word, specifies
the number of digits to be output, which of the digits are significant,
the location of commas or decimal points within the field, and whether

or not a sign is to be output. The edit word also allows the programmer
to insert slashes or spaces between characters and provides filler charac-
ters for protection of amounts when required. The actual characters that
are transmitted to the output device are retrieved from a table that is
part of the routine. Changing the contents of the registers in this
table changes the code to whatever form is required by the device with-
out any changes in the routine.

The output routine occupies about 45 words of memory and produces one
character every drum revolution, or approximately 200 characters per
second after initial set-up. The time involved in set-up is similar to
the time required for entry to a multiply or divide routine since 2 words
must be retrieved from memory. To this .02 seconds must be added an
additional .015 seconds since the routine requires this much time to
prepare the number for conversion and return to the main control routine
when output is complete. The set-up and recovery time for the routine

is therefore equal to .035 seconds or the time that is required to output
a 7-digit message. This indicates that the effective rate for output of
successive 7-digit fields is 1/2 of the rate of the routine, or 100
characters per second.

A final important factor to consider in the processing time of the out-
put routine is the fact that the starting point of the sequence of in-
structions that produces the output characters occurs only once per drum
revolution. If the output device is not ready to accept the character
that the processor attempts to transmit, a delay of one entire drum revo-
lution must occur before the sequence of conversion instructions may be
entered again. This means that a device that takes longer than one drum
revolution to process a character received from the processor reduces
the speed of the routine from 200 characters per second to 100 charac-
ters per second or lower. To ensure the 200-character per second rate
would require a device that can accept characters at a rate of 210 to
220 per second. Alphabetic data that has been stored in the memory of
the processor in a code compatible with the output device may be output
at much higher rates since no conversion is necessary.
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1.2 BLOCK DIAGRAM ANALYSIS

In order to think of the EBS 1601 in terms of a complete system, it is
advantageous to use a block diagram. Figure 1.1 is a block diagram of
the EBS 1601. It shows the processor in terms of four basic units;
memory, control, arithmetic, and input-output (I/0). The memory unit
represents the processor's drum memory. Associated with memory are all
the record and playback amplifiers, retiming flipflops, and control
gates. The control unit represents the registers which control the
operation of the processor by executing its stored program. Also asso-
ciated with the control unit are the operator's console, timing circuits,
and control flipflops. The arithmetic unit represents a 2-input adder/
subtractor and the accumulator register. The I/0 unit represents the
buffer register and its associated gates. This unit serves as the connec-
tion link between the peripheral equipment and processor.

Information from a peripheral device enters the processor via the buffer
register of the I/0 unit. This information may either be in the form

of characters with or without a parity bit, or in the form of status data
which concerns the operation of a selected peripheral device. From the
buffer register the information goes directly into the accumulator regis-
ter of the arithmetic unit via the "accumulator input character, status'
path. At this point, the program in execution can cause the control
unit, via the ''general control'' path, to do one of 3 things with the in-
formation in the accumulator. It can allow the information tco remain in
the accumulator for later use, transfer the information via the ''storage
record'' path into the memory unit for storage, or transfer the informa-
tion back into the buffer register with or without the addition of a
parity bit (parity may be either even or odd, as determined by the pro-
grammer) .

The control paths show that the control unit controls each of the other
major units. The memory unit can be instructed by the control unit, via
the ''storage control'' path, to record and playback storage information
to and from the memory and arithmetic units. This is done by the ''stor-
age record' and ''storage playback!' paths. The arithmetic unit or some
part of it is used in about 65 of the processor's commands under the
control of the control unit via the ''general control'' path. This path
is, therefore, the most used path in the processor. The I/0 unit is
controlled by the "I/O control' path. '

The control paths also show that the control unit can receive, under
special conditions, control information from the arithmetic and I/O
units. Control information from the arithmetic unit consists of whether
or not a conditional command is to be executed. This form of feedback
from the arithmetic unit to the control unit is essential to any pro-
cessor. Control information from the I/0 unit is in the form of a Busy
signal which if present during input and certain output operations pre-
vents the execution of the command which initiated the input or output

Rev. 18NOV68
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operation, and advances the program to the next command of the instruc-
tion word.

The information paths show that the path from the memory unit to the
control unit is used only for jump commands. These commands are the
means by which a new storage word can be brought into the control unit
from the memory unit to replace an existing word in the control unit.
The information path from the control unit to the arithmetic unit is
used only for the Jump Mark command. This command, in addition to trans-
ferring a storage word from memory to the control unit, transfers the
existing word in the control unit to the accunulator. The ''jump to
accumulator' path is used only for the command of this name which trans-
fers the l-word contents of the accumulator into the control unit, re-
placing the existing word in the control unit. The control paths also
show that output information can enter the I/0 unit from either the
arithmetic unit or can come directly from the control unit in the form
of immediate output.

Output information to the I/0 unit may either be in the form of a charac=-
ter or a device select code. The device select code is the means by
which peripheral devices are selected for communication with the pro-
cessor. This is discussed in more detail in paragraph 3.6.

1.3 MEMORY

The basic storage medium of the EBS 1601 is a magnetic drum. The drum
can be divided into 4 areas of storage; (1) general storage tracks,
(2) scratchpad loop, (3) block interchange loop, and (4) master timing
tracks. Each of these areas is discussed in the following text.

1.3.1 GENERAL STORAGE

The general storage area of the drum consists of 32 separate tracks, each
having sectors numbered 0-127 around the drum. A single head is used for
both recording and playing back information or to and off of each track.
Tracks 31 and 32 are special tracks in that they cannot be recorded

upon without first performing a service adjustment. In normal pro-
cessor operation tracks 31 and 32 are playback-only, or as they may
otherwise be called ''sealed tracks. A special program, OPUS, is re-
corded on these two tracks prior to their being sealed. The OPUS pro-
gram is used to aid in program debugging and loading. For more infor-
mation about OPUS, refer to the 1600 Programming Manual.

Each of the 32 general storage tracks contain 5120 bits, or 128 words
(1 word = 40 bits). The 128 words per track are recorded so that they
are aligned across the drum. This means the words on each track all
begin and end at the same place across the drum. The space occupied by

Rev., 1MAY69
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each of the 128 words per track is referred to as a sector of that track.
Thus, there are 128 sectors, numbered 0 through 127 in ascending order
around the drum, per track of general storage. The location of each of
4096 general storage sectors is defined by a distinct 3-digit binary-
coded hexadecimal address. However, only 4088 of the total 4096 general
storage sectors are useable because the addresses (000 through 007) of
the first 8 sectors of general storage track O are decoded by the pro-
cessor to specify instead, sectors O through 7 of the scratchpad track.
Thus, sectors O through 7 on general storage track O are not useable by
the processor. Starting, then, with sector 8 on general storage track
0, the binary-coded hexadecimal track-sector addresses for general stor-
age are 008 through FFF. '

In order to convert a binary-coded hexadecimal track-sector address,
such as FFF, to a decimal track and sector location, use table 1.1 in

the following manner:

DECIMAL-BINARY-HEX CONVERSION TABLE

Decimal Binary Hex Decimal Binary Hex
0 0000 0 8 1000 8
1 0001 1 9 1001 9
2 0010 2 10 © 1010 A
3 0011 3 11 1011 B
4 0100 4 . 12 1100 c
5 0101 5 .13 1101 D
6 0110 6 14 1110 E
7 0111 7 15 1111 F

Table 1.1 Decimal to Binary to Hexadecimal Conversion Table

Each of the 3 hexadecimal address digits is converted to its binary
equivalent (FFF = 1111 1111 1I11). The 5 high-order bits of the binary
equivalent are grouped together to fomm a single binary number (11111).
The decimal equivalent of this number is the general storage track num-
ber (11111 = 31, note that general storage track 31 is the last, or
32nd, general storage track'since the tracks are numbered O through 31).
The 7 low-order bits are grouped together to form a second number, the
sector location number (1111111 = 127, note that since the first sector
of a track is sector zero, the 128th sector of a track is sector 127).
The sector addressed by FFF is the last sector on the last track of
general storage.

The selection of any one of the 32 general storage tracks is virtually
instantaneous, but a specific sector on a track is available only once
per drum revolution. Since it takes 5.12 milliseconds per drum revolu-
tion (at a nominal drum speed of 11,900 RPM) , the average access time
to a sector is 2.56 milliseconds.

-1.8-



1600 TECHNlCAL REFERENCE MANUAL

At 5.12 milliseconds per drum revolution, each word is 40 microseconds
long. This time is called a word-time. Similarly, the time of each
bit, 1 microsecond, is called a bit-time.

1.3.2 SCRATCHPAD LOOP

The scratchpad storage area (also known as ''fast access area'') of the
drum consists of a single track, or loop around the drum. Unlike general
storage, which uses one combination record/playback head per track, the
scratchpad track has 2 separate heads, one for record and one for play-
back. The scratchpad heads are spaced around the track so that 319 bits
can be stored on the track area between the two heads, going in the di-
rection of record to playback. In addition to the 319 bits on the track,
the scratchpad playback circuit contains a 1l-bit delay flipflop which
extends the scratchpad into a 320-bit or 8-sector recirculating loop.
Under certain conditions, however, the l-bit delay flipflop can be by-
passed to allow a l-bit early playback of scratchpad information.

Since the scratchpad requires the use of about 1/16 of its track at any
given time, access to any one of its 8 sector takes an average of only
0.16 milliseconds, compared to an average general storage sector access
time of 2.56 milliseconds. As discussed in paragraph 1.3.1, addresses

of the 8 scratchpad sectors run from Q00 to 007. The timing relation-’
ship between the scratchpad and general storage is designed so that a
scratchpad sector is available for use whenever a general storage sector
having the same 3 low-order binary address bits is present. For instance,
scratchpad sector 007 (binary 0000 0000 0111) is available for use when-
ever general storage sectors OOF (binary 0000 0000 1111), 017 (binary
0000 0001 0111), O1lF (binary 0000 0001 1111), 027 (binary 0000 0010 0111),
.......... , FFF (binary 1111 1111 1111) are available.

1.3.3 BLOCK INTERCHANGE .1.00P

The block interchange loop consists of a single track around the drum
and uses separate heads for record/playback operations, similar to the
scratchpad. The block interchange loop combined with its playback flip-
flop contains 320 bits or 8 words. Unlike the scratchpad, the 8 words
of the block interchange loop are not contained in individually address-
able sectors. They can only be used, via the Block Interchange command,
as a single block of information to be interchanged with the entire 8-
sector contents of the scratchpad.

1.3.4 MASTER TIMING TRACKS

The master timing track section of the drum contains 3 tracks. They
are the 71 master clock track, Z2 sector index clock track, and Z3 sec-
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tor address track. The information on each of the master tracks is
factory recorded. The tracks are, of course, playback-only.

The Z1 master clock track is used to produce the basic bit timing pulse
of the processor. This timing pulse is used to sequence information
through the processor, and defines a l-microsecond bit-time. The sector
index clock track is used to produce 3 timing pulse signals. One signal
is used to define the end of a sector and the beginning of the next sec-
tor. The other 2 signals are used to define various parts.of a sector.
The sector address track contains the 7-bit address of each sector (O
through 127) on the drum. By comparing this address to the storage
address being located, it can be determined if the next sector available
for use on the drum is the desired location. The sector address track
is also used to produce an index pulse which defines the first word of
the scratchpad and block interchange loops.

1.4 SPARE TRACKS

Within each of the 4 storage areas on the drum there are spare record-
playback heads and tracks. The spare heads and tracks are provided for
use in the event of a head or track failure. Of special importance are
the spare master tracks which contain factory recorded duplications of
the original master tracks. The use of spare heads and tracks is dis-
cussed in Chapter 5.

1.5 REGISTERS, 8- AND 16-BIT COMMANDS

In addition to the drum storage mentioned in the above paragraph, the
EBS 1601 contains 6 special flipflop registers. Each is listed below
along with the number of bits contained in the register. The abbrevia-
tion used in this manual for each register is enclosed by parentheses.

Command Register - 8 Bits (CR)
Instruction Register - 40 Bits (I)
"Accumulator Register - 40 Bits (A)
Buffer Register - 8 Bits (B)
Carry Register - 1 Bit (K)
Parity Failure Register - 1 Bit (P)

1.5.1 COMMAND REGISTER
The 8-bit command register (CR) is made up of flipflops F8 tﬁrough Fl1.

The arrangement of the 8 bits from left to right, high to low order,
is as follows:
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F8 F7 F6 F5 F4 F3 F2 Fl1

The CR is divided into 2 binary tetrads, F8F7F6F5 and FAF3F2Fl, the
contents, or numeric value, of each can also be expressed hexadecimally.
For example, if the binary contents of the command register is 0111 1100,
the CR is said to contain hex 7C, see table 1.1.

As mentioned in paragraph 1.1.2 the commands of the 1601 may be either
8 or 16 bits. When the CR contains an 8-bit command, the high-order
tetrad always contains the basic operation code. The low-order tetrad
contains a modifier to the basic operation code, as in the case of the
Test for Zero command (binary 0001 0001, hex 11), Jump to A command
(binary 0000 1101, hex OD), etc. The low-order 3 bits of the low-order
tetrad, F3F2Fl, may contain as a modifier the address of a scratchpad
sector, as in the case of the Test Equal command (binary 001l Osss
where s = sector address bits, hex 30+5 where S = scratchpad sector
address) .

The Halt command (binary 0000 OXXX, hex 00+X) is a unique 8-bit command
since the state of the 3 low-order bits (X) has no affect on the command.
These bits are used only to identify the various Halt commands of a
given program on the REGISTER DISPLAY indicator lights.

When a 16-bit command is to be executed, the CR contains only the 2
high-order tetrads of the command. The low-order 2 tetrads are con-
tained in the high-order 8 bits of the I. The high-order tetrad of the
CR contains the basic operation code of the commands. The low-order
tetrad of the CR contains a modifier to the basic operation code. The
2 tetrads in the high-order 8 bits of the I also contain modifiers. An
example of this is the Read Status command (binary 0101 0000 in the CR
and binary 1000 0000 in the high-order 8 bits of the I, expressed hexa-
decimally as 5080). The low-order tetrad of the CR may contain as a
modifier the high-order 4 bits of a 5-bit storage track address. The
low-order track address bit is contained in the high-order bit of the
I. The remaining 7 bits of the high-oxrder 8 I bits contain the address
of a sector on the track addressed by the other bits. An example of
this is the Add command where the CR and 2 high-order tetrads of the I
are as follows:

1001 tttt tsss ssss
CR High-Order 2 Tetrads of the I

s = sector address bits
t = track address bits

If the Add command is addressed to use the contents of sector 24 on
track 19, for example, then the command would appear in binary as:

-1.11-



1600 TECHNICAL REFERENCE MANUAL

CR High-Order 2 Tetrads of the I
1001. 1001 1001 1000 '

Sector 24 Address
Track 19 Address

Hexadecimally, the Add command is expressed as 9000+M, where M equals
the 3 digit hexadecimal track-sector storage address. In the case of
the Add command using the contents of sector 24 on track 19, M would
equal 998 (the conversion of the binary track-sector address to hexa-
decimal is described in paragraph 1.3.1) and the Add command would be
expressed as 9998, since 9000+998 = 9998.

Shift commands, both binary and decimal, fall into a special category

in that they contain modifiers which specify the number of shifts to be
performed by the command. All shift commands are 16-bit commands. They
are used to shift data, within the accumulator or scratchpad, to the
right or left a specified number of digits. The number of digits
shifted is called the shift count. This is specified in the command

by a number N which is one less than the shift count. For example, to
shift 8 digits, N must equal 7. N cannot equal a number less than zero.
Therefore, a shift of zero digits is not allowed since when N equals
zero (the smallest number it can equal) a shift of 1 digit takes place.
The largest number N can be is 127, which means the largest shift that
can take place is 128 digits. Using the Binary Left Single Shift command
as an example, the CR and 2 high-order tetrads of the I are as follows:

0100 0000 ONNN NNNN
CR High-Order 2 Tetrads of the I

If, for example, a shift count of 33 is called for, N would equal 32
(which equals binary 0100000) and the command would appear as:

0100 0000 0010 0000
CR High-Order 2 Tetrads of the I

The process of shifting is performed by successive l-digit shifts. After
each 1-digit shift is performed, N is reduced by 1 until N equals zero

at which time one more l-digit shift is performed to complete the execu-
tion of the command. After this shift is performed, the high-order 2
tetrads of the I are filled with l's. The following is an example of

a Binary Left Single Shift command with a shift count of 6. (The Binary
Left Single Shift command shifts the contents of the A left the number

of times specified by the shift count.)
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CR High-Order 2

I Tetrads ‘A

Initial state prior to execution of command (N=5)

0100 0000 0000 0101 0000000000000000000000000000000000000001
: After first l1-digit shift is performed (N=4)

0100 0000 0000 0100 0000000000000000000000000000000000000010
After second l-digit shift is performed (N=3)

0100 0000 0000 0011 0000000000000000000000000000000000000100
_ : After third l-digit shift is performed (N=2)

0100 0000 0000 0010 0000000000000000000000000000000000001000

_ After fourth 1l-digit shift is performed (N-1)
0100 0000 0000 0001 0000000OOOOOOOOOOOQOOOOOOOOOOOOOOOO10000

‘ After fifth l-digit shift is performed (N=0)
0100 0000 0000 0000 0000000000000000000000000000000000100000

After sixth 1-digit shift is performed
(execution of command completed)
0100 0000 1111 1111 0000000000000000000000000000000001000000

Hexadecimally, the Binary Left Single Shift command is expressed as
4000+N, where N equals a 2-digit hexadecimal number which equals the
shift count minus one. For example, if the shift count is to be 40,
hexadecimal N equals 28 (decimal to hexadecimal conversion is shown in
the appendix at the end of this manual) and the command would appear as
4028, since 4000+28 = 4028.

During a binaxy shift, the data specified in the command is shifted,
according to the shift count, 1 bit at a time in the direction speci-
fied. Following a binary shift, the K contains the last bit shifted
out of the affected register. During a decimal shift, the specified
data is shifted decimally as directed. This is equivalent to multiply-
ing (left shifts) or dividing (right shifts) by 10, depending on shift
direction. For decimal right shifts, K will be reset to 0. K is reset
to O for decimal left shifts if:

(R)lOc < 2P Where:
b = Bit size of register or block of infor-
mation shifted (either 40 or 80)
c = Shift count
R = Contents of register or block of infor-

mation prior to execution of command.
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At all other times, K is unpredict%ble. A decimal left shift should
not be attempted if: (R)10°> 2.

1.5.2 INSTRUCTION REGISTER

The instruction register I is a 40-bit (10 tetrad) register. Each of
the 40 bits is assigned a position number, 39 through 0. Left to right
the bits descend from high to low order. The I is used collectively
with the CR to form a 48-bit control loop which processes, one at a
time, the instruction words of the stored program. Basically, the con-
trol loop functions as follows: An instruction word is transferred
from storage into the I under the control of a jump command contained
in the CR. The I is then used to supply the CR with the 8- and 16-bit
commands contained in the instruction word. The 2 low-order tetrads

of a 16-bit command are left in the high-order 2 tetrads of the I when
a 16-bit command is executed since the CR can only contain 8-bits.
After the commands of an instruction word are used up, another instruc-
tion word is transferred into the I from storage under the control of

a jump command. Thus, the control loop processes, one at a time, all
the instruction words of the stored program. (This operation is dis-
cussed in greater detail in Chapter 3.)

1.5.3 ACCUMULATOR REGISTER

The accumulator register A is a 40-bit (10 tetrad) register used to
hold operands or data, as well as to maintain arithmetic results. Like
the I, the 40 bits of the A are assigned position numbers 39 through O,
high to low order. The A is available for use every word-time, and
about 2/3 of the processor's commands involve the use of it. . The low-
order bit position of A, bit position O, is bypassed during the execu-
tion of some commands to allow a l-bit early playback of the A.

1.5.4 BUFFER REGISTER

The buffer register B is an 8-bit (2 tetrad) register used for storing
I/0 and other data in transit. It serves all standard 8-bit I/0 de-
vices via the 1966 Standard 27 Wire Interface.

Loading and unloading the B with information from and to the I/0 devices
is done all at once in a parallel-shift manner. Loading the B from

the A and I (the only two registers in the processor which can do so)

is done bit-by-bit in a serial-shift manner. Unloading the B to the A
(the only register in the processor which can directly receive the con-
tents of the B) is also done in a serial-shift manner.
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The 8 input bits are denoted Ibl through Ib8. In order of most to

least significant, the bits are Ib7, Ib6, Ib5, Ib4, Ib3, Ib2, Ibl, IDb8.
The 8 output bits are denoted Ob8 through Obl, in order of the most to
least significant bit. The labels b8 through bl, in both cases, corres-
pond to USASCII bit designations. The 8 input bits may represent an
8-bit character, status data, or a 7-bit character plus parity bit.

What the bits represent is determined by the type of input command being
executed. Similarly, the 8 output bits may represent an 8-bit charac-
ter, a device select code, or a 7-bit character plus parity bit, de-
pending upon the type of output command being executed. When a parity
bit is called for, it always appears in Ib8 for input and Ob8 for out-
put. The remaining 7 character bits are Ib7 through Ibl and Ob7 through
Obl, respectively, in descending order of significance. Figure 1.2
shows the flow of a 7-bit character plus parity bit from the interface
through the B to the A, and from the A through the B to the interface.
Note the orientation of the I/O bits. It should be remembered that Ib8
is the least significant input bit, whereas Ob8 is the most significant
output bit. The figure is not intended to show the actual parallel and
serial shifting of bits that occurs in the processor.
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27 20 25 24 23 22 21 28 INTERFACE PIN #'S

Ibq|Ibe|Ibs|Ibg|Ibs|Tbp |1Iby [Ibg| BUFFER REGISTER

l——> SEE NOTE 1

Ae 5. 4 3 2 LOW ORDER END OF
b7| be| b5 | b4 | b3 | bo | by ACCUMULATOR REGISTER

r SEE NOTE 2

=9 38 37 36 35 24 33 32 HIGH ORDER END OF

bg| b7 | be|bs|bg| b3| b2 | bI | ACCUMULATOR REGISTER

Obg| Ob7 | Obg | Obs| Obg | Obz | Obp | Ob| | BUFFER REGISTER

l l |
| INTERFACE PIN #'S

NOTES :
1) 1Ib8 used only for parity checking purposes;
afterwhich it is discarded.
2) Processor-generated parity bit.

Figure 1.2 7-Bit Input-Output Character Plus Parity
Bit Flow Diagram.
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Figure 1.3 shows the flow of an 8-bit input chardcter or input status
data from the interface through the B to the A, and flow of an 8-bit
output character or device select code from the A through the B to the

interface.

27 26 25 24 2% 22 @ 2I 28 INTERFACE PIN 'S

Ibg | BUFFER REGISTER

Ib7 | Ibg | Ibg | Ibg | Ib3z [ Ib2 | Iby

5 LOW ORDER END OF

7
b7 | be | bs| b4a| bz | b2 | bi | b8 | ACCUMULATOR REGISTER

35 S8 [ ST 56 [ 35 | 3% | 3% | 32| HIGH ORDER END OF
by | bo| bs| P4 | b3z | b2 [ B} | b8 | ACCUMULATOR REGISTER

Obg|Ob7 | Obg| Obs| Obg | Obz| Obp | Ob) | BUFFER REGISTER

8 17 16 15 14 13 12 1l INTERFACE PIN #'S
T - { .
z’s-QWLP 1 —\Q/ \u%
- . ¥
v s e me ¢ VTR Depeg[ R, wBo, P P | ‘
s Figure 1.3 8-Bit Character, Status or Device
‘ pfztz;y Select .Code Fiow Diagram.
e FY My Choud - C
see  KED b7 [5100 BN
cie KR iwpeT

se1- 6197 bV w7
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1.5.5 CARRY REGISTER

The carry register K is a l-bit register made up of flipflop Fl4. The

K has 2 functions; it performs the carry and borrow operation for the
adder/subtractor, and is used at other times as a control register in
that it stores the fact of whether or not certain commands are to be
executed or not executed (aborted). In this case when K = 1 the command
is executed, when K = O the command is aborted. The following is a

list of those commands which affect the content of the K.

All Add Commands

All Select Commands

Block Interchange Command

All Binary Left Shift Commands
All Binary Right Shift Commands
All Clear, Input Commands
Complement Command

All Decimal Left Shift Commands
All Decimal Right Shift Commands
Logical And Command

All Output Commands

Reset K to O Command

Read Status.Command

Shift Input Command

Set K to 1 Command

All Test Commands

-

Listed below are those commands that do not affect the content of the K.
Clear and Add Command ~
Clear A Command
Halt Command
All Jump Commands
No-Operation Command
Store Command
Exchange Command
Extract Command

1.5.6 PARITY FAILURE REGISTER

The parity failure register P is a 1l-bit fegister made up of flipflop
F12., The P stores the fact of whether or not a parity error (failure)
has occurred during the execution of any of the following commands:

Clear, Input, Check Even Parity command (5840)

Clear, Input, Check Even Parity Into A command (5C40)

Clear, Input, Check 0dd Parity command (5800)

Clear, Input, Check 0dd Parity Into A command (5CO0)
Rev.18NOV68
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If a parity error is detected during the execution of any of the above
commands, P is set to 1. Once the P has been set, it can only be reset
to zero by the execution of a Test Parity Failure command (14) which
records the state of the P into the high-order A bit, 39, and then re-
sets the P to zero.

NOTE

The P may be set to 1 during the execution of
a Shift Input command (5000) depending upon
the input data and the contents of the A.

1.6 SIGNAL CONVENTIONS

The following signal conventions are used repeatedly in the following
chapters of this manual. Since common words like these are frequently
subject to different interpretations, they are hereby firmly defined.

Logical ''1" Approximately equal to +5 volts (Chapter
4 contains exact values) for all signals
except those connected directly to and
from the 1966 27 Wire Standard Interface;
approximately ground potential for all
signals connected directly to and from
the 1966 27 Wire Standard Interface.

Logical ''O" Approximately equal to ground potential
(Chapter 4 contains exact values) for all:
signals except those connected directly
to and from the 1966 27 Wire Standard
Interface; approximately -10 volts for
all signals connected directly to and
from the 1966 27 Wire Standard Interface.

Logical OR Function The logical OR function is denoted by the
letter '"v'' between 2 signals, e.g., Fl3
v D19.

-

Logical AND Function  The logical AND function is denoted by a
space between 2 signals, e.g., Fl19 D19.

SET Either the state of a logical '"l' signal
or a true condition, or the action of
making it so.

RESET Either the state of a logical "O' signal
or a false condition, or the act of making
it so.

~-1.19-
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REAL Signal

PRIME Signal

The signal which is a logical "1' when
the basic defining action or state is
true. When the real signal is a logical
"1, the prime signal is a logical "o
and vice versa. The real signal is indi-
cated by the absence of a null bar over
a signal, e.g., F13.

The signal which is a logical '"O' when the
basic defining action or state is false.

A prime signal may electronically exist
without a real signal, and vice versa.

The prime signal is represented by the
presence of a null bar over a signal,
e.g., F13.

1.7 LOGIC DIAGRAM CONVENTIONS

The symbols used in the numerous logic diagrams which appear in this

manual are in accordance with the ABS Logic Symbol Guide. For refer-
ence purposes, figure 1.4 shows the logic symbols used in this manual.
The logical equation and/or other pertinent data for these symbols is

given below. For additional information, refer to Chapter 4, Circuits.
AND Gate | D=ABC
NAND Gate cC=Av 3B
NOR Gate D=ABC

Expanded NOR Gate

Amplifier, Inverting
and Non-Inverting

E(CvD) =ABE

>
w

F =

Whenever a signal is amplified and not
inverted its designation, if one is used,
is increased by 100, e.g., F13 amplified
becomes F113. Whenever a signal is ampli-
fied and inverted its designation, if one
is used, has a null bar over it if the
input signal does not, otherwise vice
versa. The output designation is increased
by 100 if it has already been used else-
where, otherwise it is not. For example,
F13 amplified and inverted becomes Fl3 if
the designation ''F13''_is not used elsewhere,
otherwise it becomes F113.

-1.20-



1600 TECHNICAL REFERENCE MANUAL

‘sToquAg woiborg o1bo7 H°T =anbig

1MAY69

S13N 1353 53 136 31YD ANV

“OBWAS
350d3nd WAINIO TVHOILNI HLIM do1d-and doTd-drnd
4o74-dI3 a IAVIS - HILSYN AL INVIS-AALSYW M0
PvIAD YV 2Y3D
ﬁ_u WO F 50D ﬁw 10D
p4
FALATANL D 83130dWY A a1— Dm A 31— — 1333
vna ‘ X
. u -
sl s14 4— a 31— mlm R p— 135
. ]
‘s 1 N [
13g3nd - 13534d - 13539d
ALYOWON LOdNI
d3aNvdx3 | AVT13d
- : SYVIH DILINOVW a s gl v
3TNy NOVAN1d B QH0d3A ol
OSNILH3ANI 3
@ 4 Q 31vO AON
ci4 gy YVENId  QHOd3Y | v a 2
— 0 0 8
JLIVD ANVN 1Ld v
ﬁ g
Q
FoWovd — Y
YAAIdNY 43181934 14IHG
“vig3as 31vo ANYN A1v9 ANV

a4
m:u& c14  10ALN0<— L 10dNI oA|mﬁ|~H oAld’
S d

AN B w010

<< M0 o

Rev.

-1.21-



1600 TECHNICAL REFERENCE MANUAL

Serial Shift Register
Package

Magnetic Heads

JK Master-Slave
Flipflop

JK Master-Slave Flip-
flop with Integral
AND Gate Set and
Reset Nets

D Flipflop

Rev.18NOV68

All serial shift register packages are

the same type. They store a maximum of
8 bits. The register shifts 1 bit per

clock pulse.

The arrow inside the magnetic head symbol
indicates the type of head; i.e., record,
playback, or record-playback.

This type of flipflop works on the master-
slave principle, described in the 4 steps
below. Entry into the master section from
the set and reset inputs is controlled by
the clock pulse. The clock pulse also
regulates the state of the coupling tran-
sistors which connect the master and slave
sections. The sequence of operation is as
follows:

1. Isolate slave from master (lower
positive edge of clock pulse).

2. Enter information from inputs to
master (upper positive edge of
clock pulse).

3. Disable inputs (upper negative edge
of clock pulse).

4. Transfer information from master to
slave (lower negative edge of clock
pulse).

Preset and clear are independent of clock;
both operation on a logical O.

This type of flipflop is identical to the
one mentioned above except that it has 3
input AND gates in place of the single
inputs, set and reset. All inputs to the
AND gate must be active (logical 1) for
the flipflop to change state.

This type of flipflop is edge-triggered.

Input is via a single input, and input in-
formation is transferred to the outputs on
the positive edge of the clock pulse.
Direct-coupled clock triggering occurs at

a specific voltage level of the clock pulse;
afterwhich the input is locked out. Preset
and clear are independent of clock; both oper-
ate on a logical O.
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~ General Purpose This symbol is used whenever a circuit
. Logic Symbol cannot be represented by any of the other
logic symbols. The function of a general
purpose logic symbol is written inside
the symbol.

Each of the printed circuit boards of the processor is assigned a letter
designation. The components on each printed circuit board are divided
into row and columns on any one board. In cases where a board is small
and division impractical, the board is not divided.

Within most of the logic symbols there are 2 identification designations.
Such symbols represent IC packages. The lowermost designation is in the
form of a single number followed by a single letter. The letter indi-
cates on which of the printed circuit boards the IC package is located,
while the number indicates either the row or column of the printed cir-
cuit board in which the IC package is to be found. The uppermost desig-
nation within the logic symbol is the IC package designation. It serves
2 purposes. First, since it is printed on the component side of the
printed circuit board, next to its associated IC package, it can be

used to find a given IC package along the row or column specified by

the lowermost logic symbol designation. Second, the IC package desig-
nations are referenced in Chapter 4 to the circuits which they represent.

Rev. 1MAY69
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1.8 FLOW CHART CONVENTIONS

Included as part of the Chapter 3 explanation of each processor command
is a flow chart. The symbols used in these flow charts are shown in
figure 1.5. They consist of 3 basic types; a circle, square, and a
rectangle. Circles have either a dot or a ''v'' in their center. The dot
indicates the circle is performing the logical AND function; the ''v!
indicates the circle is performing the logical OR function. Squares
represent flipflops. Flipflops are drawn with only one input and one
output which represent the input and output of interest at that particu-
lar time. Rectangles are used to represent all other functions. Symbols
are connected together by either solid or broken lines. The solid line
is used to indicate infommation flow and a setting action to a flipflop
or gate. The broken line is used only to indicate a resetting action

to a flipflop. Direction of travel along lines is indicated by arrow
heads. Different cycles of the processor's operation are separated from
one another by solid vertical lines. Time in each cycle progresses from
left to right (i.e., the leftmost part of a ¢y - is the beginning, the
rightmost part the end). A signal produced in one cycle can be used in
another cycle without having its signal line pass from one cycle to the
other. A signal must be generated to advance the processor from its
present cycle of operation to its next cycle of operation. This signal
is given the name of the next cycle of operation and its line usually
passes from the present to the next cycle of operation. Unless other-
wise specified on the individual flow charts, all cycles shown are within
the processor's two active modes of operation -- M2 and M3.

Rev.18NOV6ES
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OO

AND GATE OR GATE FLIP-FLOP

INFORMATION OR CONTROL PATH

————— RESET LINE

» DIRECTION OF TRAVEL

Figure 1.5 Flow Chart Symbols.
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CHAPTER 2. OPERATING CONTROLS AND INDICATORS

INTRODUCTION

The EBS 1601 has 16 operator controls and 16 indicator lights, located

on the EBS 1601 operator console.
for console.

Figure 2.1 shows the EBS 1601 opera-
Below is a list of the controls and indicators.

POWER On-0Off Indicator Light
POWER On~Off Button

READY Indicator Light

READY Button

13 through 28.

RUN Indicator Light
RUN Button

HALT Indicator Light
HALT Button

Reset (R) Carry Flipflop Button
Carry Flipflop (K) Indicator Light
Set (S) Carry Flipflop Button
TRACK Flipflop F9 Indicator Light

Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register

cator Light

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

" 24,

25.

26.

27.

28.
29,
30.
31.
32.

cator Light

~2.1=

REGISTER DISPLAY Controls and Indicator
Lights from right to left are as follows:

0 Indicator Light
Bit O Button
1 Indicator Light
Bit 1 Button
2 Indicator Light
Bit 2 Button
3 Indicator Light
Bit 3 Button
4 Indicator Light
Bit 4 Button
5 Indicator Light
Bit 5 Button
6 Indicator Light
Bit 6 Button
7 Indicator Light
Bit 7 Button

Reset (R) Command Register Bits O through 7 Button
REGISTER SELECT Switch
ACCUMULATOR Register Half of REGISTER SELECT Switch Indi-

INSTRUCTION Register Half of REGISTER SELECT Switch Indi=

Rev.
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2.2 POWER BUTTON AND INPICATOR LIGHT

The POWER button, when depressed, causes its indicator light and the
STEP indicator light to light. All power to the processor is turned
on, and a short warm-up period follows. During the warm-up, an Inhibit
signal is from the processor, via the interface, to the peripheral de-
vices to block their operation during the processor warm-up. At the
end of the warm-up period, a Jump Conditional command to address FFF
is forced into the control loop and the K is set. Following the de-
pression of either the RUN or HALT button, the jump to FFF is performed
and control is transferred to the last sector of the last general stor-
age track, which normally contains the start of the OPUS program (des-
cribed in the 1600 Programming Manual).

When power is on, the POWER button may be used to turn off the power to
the processor. All indicators are turned off, and the processor is shut
down.

2.3 READY BUTTON AND INDICATOR LIGHT

The READY indicator light lights when the processor is ready to operate,
and remains 1lit during all modes of operation. However, if there is a
power failure or a loss of the processor's bit timing clock, the READY
indicator light goes out. If the failure was caused by a loss of the
bit timing clock or a power failure less than 15 seconds, the READY in-
dicator light remains out after the clock or power is returned to normal
(indicated by a lit HALT indicator light). The READY button must then
be pressed to return the processor to its ready-to-operate status. It
also forces a Jump Conditional command to address FFF and sets K. If
the power failure is longer than 15 seconds, the READY indicator light
will light upon the return of power after the processor goes through
the warm-up period described in paragraph 2.2.

Pressing the READY button when its indicator light is 1lit, in the auto-
matic mode, has no effect on the processor. If, on the other hand, the
processor is in the idle mode (indicated by a lit HALT indicator light),
the READY button forces a Jump Conditional in the control loop and sets
K. '

2.4 RUN BUTTON AND INDICATOR LIGHT

The RUN button is operative only when the READY indicator light is 1lit
and the REGISTER SELECT switch is in a CONTROL position. It initiates
automatic processing of the stored-program with the command in the CR.
The RUN indicator light is lit when the processor is in the automatic

Rev. 1MAY69 2.2
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mode of instruction processing. If the command in the CR when the RUN
button is depressed is a Halt command, it is treated by the processor
as a No-Operation command so that the next command of the instruction
word is executed. Pressing the RUN button when the RUN indicator light
is 1lit has no affect on the processor's operation.

2.5 HALT BUTTON AND INDICATOR LIGHT

The HALT button is only operative when the READY indicator light is 1lit
and the REGISTER SELECT switch is in a CONTROL position. If the HALT .
button is then pressed while its indicator light is unlit and the RUN
indicator light is 1lit, processor in the automatic mode, causes the
automatic processing to halt after executing the command contained in
the CR. The HALT indicator light then lights; the RUN indicator light
extinguishes. At this point the processor is in the idle mode. Each
subsequent depression of the HALT button, while the processor is in the
idle mode, causes one command to be executed from the CR. No-Operation
commands are skipped. '

2.6 CARRY REGISTER (K) CONTROLS AND INDICATOR LIGHT

The K indicator light indicates the content of the K. When 1lit, K is

in the set state (contains a logical 1). When unlit, the carry is in
the reset state. The operator can change the state of the K by depress-
ing the set (S) button to force the K to 1, or by depressing the reset
(R) button to force the K to 0. These controls are operative only when
the processor is in the idle mode (STEP indicator light 1lit) while the
READY indicator light is 1lit.

2.7 TRACK FLIPFLOP INDICATOR LIGHT

The TRACK indicator light indicates the state of flipflop F9 which is

used to store the low order bit of the 5-bit track address. Flipflop

F9 is also used, at other times, to store a modifying bit for commands
that require it. When the TRACK indicator light is 1lit, F9 is in the

set state; when unlit F9 is in the reset state.

2.8 COMMAND REGISTER CONTROLS AND INDICATOR LIGHTS

There are 8 command REGISTER DISPLAY indicator lights which display the
contents of the 8-bit CR. The lights are labeled O through 7 to corres-
pond to the order of the CR bits. A 1lit light indicates the presence

Rev. 1MAY69
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of a logical 1; an unlit light indicates the presence of a logical O.
Directly below each indicator light is a set button which when pressed
forces a logical 1 into its bit position. A single reset (R) button

is used to force all 8 bits of the CR to logical O. These controls are
operative only when the processor is in the idle mode (HALT indicator
light 1it) while the READY indicator light is 1lit.

2.9 REGISTER SELECT SWITCH

The REGISTER SELECT switch is a l2-position clockwise rotary switch.

It is used to display the contents of the I and A on the REGISTER DIS-
PLAY indicator lights. In either of the 2 CONTROL positions of the
switch, the contents of the CR are displayed on the REGISTER DISPLAY
indicator lights and the operator can alter the contents of the CR via
the set and reset buttons as described in paragraph 2.8. When the
switch is in either CONTROL position both the ACCUMULATOR and INSTRUC-
TION register indicator lights are unlit. The first 5 positions of the
switch, going clockwise from the upper CONTROL position, display succes-
sive 8-bit portions of the I, starting from the low-order end and going
toward the high-order end. The 5 positions from the lower to the upper
CONTROL positions, display successive high- to low-order 8-bit por tions
of the A. When the I is being displayed the INSTRUCTION register indi-
cator light is lit. When the A is being displayed, the ACCUMULATOR
register indicator light is 1it. The contents of the I and A can be
altered 8 bits at a time when displayed. The REGISTER SELECT switch is
operative only when the processor is in the idle mode (HALT indicator
light 1it) while the READY indicator light is lit. The HALT and RUN
buttons are not operative when the REGISTER SELECT switch is not in a
CONTROL position.

If the processor goes into the idle mode from the automatic mode while
the REGISTER SELECT switch is not in a CONTROL position (only way is
via a Halt command) an unwanted command is precessed into the CR when
the switch is returned to a CONTROL position. This situation requires
the contents of the control loop and possibly the A to be altered by
REGISTER DISPLAY buttons in conjunction with the use of the REGISTER
SELECT switch to correct this condition. Otherwise, it is necessary to
restart the program over again from the beginning.

Rev. 1MAY69
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CHAPTER 3. THEORY OF OPERATION

3.1 MODES AND CYCLES OF OPERATION

3.1.1 GENERAL ANALYSIS

The EBS 1601 has 4 modes of operation defined by the 4 states of mode
flipflops M5 and M6 listed below. '

ﬁg'ﬁg = MO, Stop Mode
M5 M6 = Ml, Idle Mode
M5 M6 = M2, Step Mode
M5 M6 = M3, Automatic Mode

In the automatic mode of operation, instruction words of the stored
program are processed one at a time in the control loop under the con-
trol of the stored program. In the step mode, instruction words of the
stored program are processed one at a time under the control of the
operator. The stop mode is the mode through which the processor goes
before going into the idle mode. Nothing else is done in the stop mode;
all information remains the same. The idle mode is the mode in which
there is no program processing. All information within the processor
regenerates while it is in the idle mode.

Within each of the 4 modes of operation there are 4 cycles of operation
that the processor may go through. Each cycle is defined by one of the
4 states of cycle flipflops Cl and C2 listed below.

Cl C2 = Cl10, 8-Bit Precession Cycle
Cl C2 = C20, 8-Bit Precession Cycle
Cl C2 = C30, Search Cycle
Cl C2 = C40, Execute Cycle

Cycles ClO and C20 are 8-bit precession cycles which are used to shift
the individual commands of the instruction word held in the I into the
CR (precession is discussed in paragraph 3.1.3). All 16-bit commands
are followed by both precession cycles, and all 8-bit commands are
followed by C20 only, in order to correctly load the CR. The search
cycle sets up the conditions necessary to execute the command, locates
storage information, and determines if the command is to be executed in
certain cases. In the execute cycle, C40, the individual commands of |
the stored program are carried out.

-3.1-
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3.1.2 DETAILED ANALYSIS OF MODES AND CYCLES OF OPERATION

Each of the processor's mode-cycle combinations, shown in figure 3.1,
is discussed in the following paragraphs. During this discussion, the
REGISTER SELECT switch is assumed to be in a CONTROL position unless
otherwise mentioned. Note that there are 3 mode-cycle combinations
which are not used by the processor. They are C1OMO (read cycle ClO
of mode MO), Cl0Ml, and C40MO. Although it is not labeled, C20M1 is
the starting position.

3.1.2.1 Warm-Up

During the warm-up period, the processor is kept in the C20Ml position.
After the warm-up period and at the beginning of the next word-time,

the processor goes into C30MO. It stays in C30MO for only one bit-time,
after which it is forced into the idle position, C30M1, provided that
neither the RUN or STEP button is being pressed. If either button is
being pressed, the processor remains in C30MO until the pressed button
is released. The processor then remains in the idle position until
either the RUN or STEP button is depressed.

3.1.2.2 Automatic Instruction Processing

In order to start automatic processing of the instructions, the pro-
cessor must be brought out of the idle position and into the M3 mode.
This is done by depressing the RUN button. The processor then goes

from the idle position into C30M3 which is the search cycle of the auto-
matic mode. Once in C30M3, automatic instruction processing begins.

If all the prerequisites to execution of the command that is in the CR
at this time have been met, the processor automatically goes into C40M3,
where the command is executed. If a prerequisite to execution is that

a storage address be located, the processor stays in the search cycle,
C30M3, until this is done. However, when the prerequisite requires

that a Busy signal not be present; and a Busy signal is present, the
processor is forced into ClOM3 for all commands except the Block Inter-
change command (BI). ,In case of the BI command, the processor is forced
into C20M3. Forcing the processor into ClOM3 or C20M3, as the case may
be, aborts the command since it is precessed out of the CR before it can
be executed in C40M3.

The reason the abort path for the BI command goes to C20M3, instead of
ClOM3, is that the BI command is only 8 bits long thereby requiring
only one 8-bit precession cycle for clearance of the CR. All other
commonds which can be aborted are 16 bits long and require two 8-bit
precession cycles to be cleared from the CR. Hence, they use the abort
path to ClOM3.

-3.2-
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cl10 = clc2 c20 = C1C2

€30 =

0l

1C2 c40 = Ci1C2

B A
AUTOMATIC E B
MODE ?;g)":ﬁ = M5Mé
A
STEP MODE clo

‘r- C3‘O ,'v —
M2 M2 @MZ = M5M6

s1

IDLE
POSJTION

-

Y

IDLE MODE

S3

L [CAO _
‘—\y;)Ml = MS5M6

c10 - TEVE
STOP MODE G O) GO )F @@ MO = M5M6

HALT COMMAND

8 BIT

8 BIT SEARCH EXECUTE
PREC. CYCLE PREC. CYCLE CYCLE

CYCLE

NOTES :

A = 16-bit precession loop; B = 8-bit precession loop; C = abort
path; D = no-operation path; E = C30 successful; F = usually in
this position for first bit-time of a word; S1, S2, S3, 5S4 see Signal

Glossary, paragraph 3.8; G = abort path for BI command.

Figure 3.1 Modes and Cycles of Operation.
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After execution of a command in the M3 mode the processor automatically
goes into ClOM3 if the command is 16 bits, or into C20M3 if 8 bits.
After going through one word 8-bit precession cycle ClOM3, the processor
always goes through one word 8-bit precession cycle C20M3. At the end
of C20M3 the processor automatically goes into search cycle C30M3, un-
less a Halt or No-Operation command has been precessed into the CR.

The presence of either command is detected in the last bit-time of C20M3.
A halt command forces the processor into C30MO, where it usually stays
for one bit-time before going into idle position C30Ml. If either the
RUN or STEP button is depressed while the REGISTER SELECT switch is in

a CONTROL position, the processor remains in C30MO until the button is
released or the REGISTER SELECT switch rotated out of the CONTROL posi-
tion. The processor then goes into C30Ml. If a No-Operation command

is detected instead of a Halt command, the processor recycles through
C20M3 until another command is brought into the CR. The processor then
goes into C30Ml.

3.1.2.3 Modes and Cycles Used for Step (Non-Automatic) Instruction
Processing.

There are two paths that bring the processor into the step mode, in
which instructions are processed on at a time (non-automatic). One

path is from the automatic mode, C30M3, the other is from the idle posi-
tion, C30Ml. If the STEP button is depressed while automatic instruc-
tion processing is taking place, the processor goes to one of 3 step
mode positions at the end of the first word-time in C30M3. The 3 posi-~
tion are ClOM2, C30M2, and C40M2. The processor goes into ClOM2Z if ax
the end of C30M3 a 16-bit command is to be aborted. The 8-bit BI com-
mand abort path is to C20M2. The processor goes into C30M2 if the first
word-time in C30M3 specified a storage address that is not located.

The processor goes into C40M2 if after the first word-time in C30M3 a
specified storage address is located, or if the command requires only
one word-time in C30 and is not to be aborted.

The path taken in going from the idle position to the step mode is via
C40M1 to C30M2. The processor stays in C40M1l for one word-time during
which nothing happens in way of instruction processing and all informa-
tion regenerates. Whatever command happens to be in the CR when the
processor goes into C30M2 is treated in the same manner as if it were
in C30M3 which was described in paragraph 3.1.2.2. In fact the opera-
tion of all the other cycles of M2 are the same as the ones described
for M3 except for what occurs at the end of the first word-time in
C20M2. Whereas C20M3 automatically goes into C30M3, assuming that a
Halt or No-Operation command is not decoded; C20M2 automatically goes
into C30MO for one bit-time and then into the idle position for all
commands except the No-Operation command. It remains there until either
the STEP or RUN button is pressed.
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If a No-Operation command is decoded at the end of C20M2, the processor
goes into C20MO and recycles through C20MO until another command is
brought into the CR. The processor then goes into C30MO for one bit-time
before finally going into the idle position.

3.1.2.4 Modes and Cycles Used for Register Display

In order to display the contents of either the I or A without actually
executing any of the commands being displayed, it is necessary to stay
within the 2 non-active modes of the processor, Ml and MO. Each time
the REGISTER SELECT switch is rotated one notch, the processor goes
into C20M2 for one word-time and precesses the high order 8 bits of
either the I or A, depending upon which half of the switch is being
used, into the CR. The REGISTER DISPLAY indicator lights indicate the
contents of the CR, thus the necessity of precessing the information to
be displayed into the CR. After the information has been precessed into
the CR, the precessor goes into C30MO for one bit-time before finally
going back to the idle position.

3.1.3 ORDERS PRECESSION

One of the most important aspects of the processor's operation is the
means by which commands are precessed, or shifted, into and through the
CR from the I. In order to understand this action, it is necessary to
first understand the structure of an instruction word, which is held
in the I. °

Instruction words are the remembered data by which the processoxr per-
forms a sequential chain of actions in order to carry out the program.
Therefore, a stored program must then contain an ordered sequence of
instruction words. The 4Q bits of each instruction word are divided
into two groups; one group of 8 bits and one group of 32 bits. The
8-bit group is a partial address of the next instruction word to be
used by the processor. The 32-bit group contains various 8- and/or 16-
bit commands. Figure 3.2 shows the different configurations of the
instruction word that can be made by using various combinations of 8-
and 16-bit commands.

The following paragraphs explain the operation of orders precession.
The binary tetrads in the CR and I are represented hexadecimally (hex)
in the following text. The individual commands in the I are separated
by spaces. :
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40 B\T INSTRUCTION WORD

/ AN
8 32 NUMBER
oF
/ \/
COMMAND S

PARTIAL

ADDRE 55 e e 2
PARTIAL

ADDRES S 'e 8 8 3
PARTIAL

ADDRESS 8 l& 8 3
PART\AL

ADDRESS 8 8 & 3
PARTIAL 5

ADDRES S 8 8 8 4

Figure 3.2 Instruction Word Configurations.

An instruction word can only be brought into the I from storage under
the control of a jump command in the CR and high-order 8 bits of the I.
Tt should be remembered from paragraphs 2.2 and 2.3 that whenever the
processor's power is turned on or the READY button operated, a Jump

Conditional command to address FFF is forced into the control loop and
K is set. This jump is the starting point of the instruction word pro-
cessing. The state of the CR and I, prior to execution of the Jump
Conditional command, (JU), is shown in figure 3.3.1l.

CR : I

EF FF ccemmem=
The dash (-) indicates hex digits

of no pertinence.

Figure 3.3.1 Orders Precession

-3.6-



1600 TECHNICAL REFERENCE MANUAL

After the execution of the JU command, the CR and I would be as shown
in figure 3.3.2, assuming the contents of storage address FFF to be:

01 5840 14 13

CR I

EF , 01 5840 14 13
Figure 3.3.2 Orders Precession

The CR and I are electronically connected together to form a single
48-bit loop. Remember that each hex digit represents 4 binary bits.
The information in the loop is shifted one bit right for each bit-time
of a word-time. Bits shifted out of the low-order end of the I are
shifted into the high-order bit position of the CR, as shown in figure
3.3.3. This results in the information shifting right

CR I

EF 01 5840 14 13
Figure 3.3.3 Orders Precession

40 bits (10 hex digits). Since the loop contains 48 bits, a shift right
of 40 bits does not return the bits to their original position. Instead,
they are displaced 8 bits (2 hex digits) to the left of their original
position, as shown in figure 3.3.4. It is this process, of shifting

the information,

CR I

Before 40-bit right shift.

EF 01 5840 14 13

After 40-bit right shift.

01 5840 14 13 EF
Figure 3.3.4 Orders Precession
which is called ''orders precession'', or just simply ""precession''.

Rev. 1May69
-3.7-



1600 TECHNICAL REFERENCE MANUAL

Note that at this point the CR contains hex 01, which is a new partial
address for the jump command. In order to clear the CR of this infor-
mation and bring in the next command of the instruction word from the
I, a second 8-bit precession cycle must be executed. The CR and I then
are as shown in figure 3.3.5.

CR I

58 40 14 13 EFOl
Figure 3.3.5 Orders Precession

The 5840 command is executed, after which it is followed by two 8-bit
precession cycles to bring the 8-bit 14 command into the CR. After the
14 command is executed, one 8-bit precession cycle is executed to bring
the 13 command into the CR. After the 13 command is executed, one 8-bit
precession cycle is executed to bring the EFO1l into the CR. At this
point all the commands in the instruction word have been executed and
the original jump command is back in the CR. This jump command is now
referred to as an automatic jump.

Any jump command that is executed and then precessed through the instruc-
tion register back into the command register becomes an automatic jump.
All automatic jumps are Jump Unconditional commands since Jump Mark
commands and Jump Conditional commands are converted, after they are
executed, into Jump Unconditional commands.

Every instruction word carries with it the 8-bit partial address of the
next instruction word to be used. The 8-bit partial address is tagged
on to the 4-bit address contained in the automatic jump command. Since
the 4-bit address is part of the automatic jump, it is not replaced when
the automatic jump command is executed. Therefore, unless a branch
occurs in the program, the automatic jump has a choice of only 256 regis-
ters since the 8-bit partial address con specify any sector on the track
specified by the 4-bit address, or any sector on the next higher track
than the track specified by the 4-bit address. If a jump to any sector
outside of 256 sector range of the automatic jump is required, a com-
plete 16-bit jump command must be placed in the instruction word. This
jump command would then become the new automatic jump if it is processed
through the I and back into the CR after being executed, and the same
256 sector restriction would apply to it.

The last paragraph can be summarized by saying that every instruction
word carries with it the partial address of the next instruction word.
Therefore, the automatic sequencing of the commands within an instruc-
tion word can only take place over an area of 256 registers. Finally,
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C40
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F2
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L21
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F10

Where:

F8 - F1

F9
F10
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TYPICAL 16-BIT PRECESSION
(8-BIT PRECESSION REQUIRED C20 ONLY)

hex EO (last command performed)

— C10 + 20

.

Ip o lolFrlolr]lola]lalolo]le|p]olo |Frlo |1 |lo |a]
0000101100000000111100001000000001010010000000000111101100000000111100001000000001010010
1111110110000000011110000100000000101001000000000011110110000000011110000100000000101111
1111111011000000001111000010000000010100100000000001111011000000001111000010000000010000
1111111101100000000111100001000000001010010000000000111101100000000111100001000000001111

0000011110110000000011110000100000000101001000000000011110110000000011110000100000000000

0000001111011000000001111000010000000010100100000000001111011000000001111000010000000000
0000000111101100000000111100001000000001010010000000000111101100000000111100001000000000
00000000111101100600000011110000100000000101001000000000011110110000000011110000100000000
0000000001111011000000001111000010000000010100100000000001111011000000001111000010000000
00040800%%1llgl108040804151J0804150408000?0JoglgogodOSOJOElllgl3080J0800l§1308041%040000
0000000000111101100000000111100001000000001010010000000001111101100000000111100001000000

0000000000000008000000000000000000000000001100000000000000000000000000000000000001111111

High- to low-order 8 bits of CR L20
Follows high~order bit of I L21
Senses high-order 5 bits of I, if any

of these bits = 1, F10 is set.

I playback
I record

Figure 3.3.6 Orders Precession

I = hex 04A010F00D (04 last address used)

C30

L20

F8
> A
F6

F5

F4
F3
F2

F1

L21

F9

F10

3.9/3.10
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since the partial address within the instruction word contains the en-
tire sector address, the program can be minimum access coded with only
a small effort.

As another aid to understanding orders precession, figure 3.3.6 illus-

trates the flow of bits through the CR for a typical 16-bit precession
of the control loop.

3.2 CLOCK AND TIMING PULSES

3.2.1 INTRODUCTION

All the clock and timing pulses used in the processor are either directly
or indirectly derived from the playback of three master clock tracks.
Figure 3.4 shows the clock and timing pulses used in the processor.

3.2.2 Z1 CLOCK

The Z1 clock is the basic timing clock of the processor. It is directly
derived from the playback of the first master track. The Z1 clock is

a continuously running pulse train, producing 5120 evenly spaced pulses
per drum revolution. The time between the falling edge of one pulse

and the next is defined as a bit-time (1 microsecond at a nominal drum
speed of 11,900 RPM), and there are 40 bit-times, (O through 39), per
fixed length word or sector of the EBS 1601. The 40 bit-times of every
word-time are denoted O through 39. The same is true of the 40 Z1
pulses per every word-time.

3.2.3 Z2 CLOCK

The playback from the second master track produces the sector index
clock, Z2. The Z2 clock pulse is high during bit-times 31, 32, 33, and
38, 39. The Z2 clock is used to produce 3 other timing pulses: T4,
T7, and T39. These timing pulses and the Z2 clock pulse are used to
index, by being high, the various bit-times shown in figure 3.4.

3.2.4 Z3 CLOCK
The third master clock track produces sector address clock, Z3, during
the T7 time. The seven high-order bits, T32 through T38, of each 40-bit

word length in the Z3 clock track contains the sector address of the
next available general storage track.

Rev. 1MAY69
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l«————| WORD LENGTH >
SECTOR 127

SECTOR O

z3 b

R—

b1l
T3

(6] Rp——
> I

T

8
— \T39 INDEX PULSE

SECTOR ADDRESS FOR \

GENERAL STORAGE SECTOR
126

GENERAL STORAGE SECTOR
127

As shown in the illustration above, the sector address on the Z3 clock
track is recorded one 40-bit word length ahead of the corresponding
general storage track so that a full 40-bit length of recording space is
available if comparison establishes that the Z3 clock track contains a
word length with an address for the following general storage sector.
The T39 index pulse, produced at every eighth sector from 7 through 127,
in combination with that sector address selects the first sector of the

scratchpad and block interchange loop.

30 31 32 33 4 36

1
30 37 38 39

|START OF
INEXT WORD - TIME

PULSE
NUMBER

+5 .
Z| 130 L3I ﬂt:sz ﬂt'j?b ntm ntSS Hwe Hw? ﬂt38 Ht 39 Hto BIT~ TIME

NUMBER

*o (—— T ———F ——T =TT T T TTTT

. (:Jr\fs?j

Z3 -} SECTO[R ADDR[ESS APPIEARS HIERE A SEEE
_ -4 .4 - gl SR

—_-— ks b e L b
+5v = Logical 1

Rev. 1MAY69 Figure 3.4.1
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3.3 SECTOR COMPARISON

3.3.1 INTRODUCTION

Sector comparison is the means by which the processor determines when

the storage sector addressed by a command is available for use. Of those
commands which can access storage, the 8-bit commands may only access
scratchpad storage sectors, whereas the 16-bit commands may access both
general storage and scratchpad storage sectors. The process of sector
comparison performed for 8-bit commands differs from the process per-
formed for 16-bit commands. Each process is discussed in the following
text.

3.3.2 SECTOR COMPARISON FOR 8~BIT COMMANDS

The 3-bit scratchpad sector address for 8-bit commands which can access
the scratchpad are contained in the low-order 3 bits of the CR. These
3 address bits are contained in flipflops F3, F2, and Fl1 of the CR as
shown below:

F8 F7 F6 F5 F4 F3 F2 F1 8-Bit CR.

~ =~ = = = 8 s 8 Contents of CR; dash equals
bits of command other than
address bits, 's'"' equals
scratchpad address bits.

Using a Logical And command (LA) addressed to use scratchpad sector 5
as an example, the CR appears as shown below:

F8 F7/ F6 F5 F4 F3 F2 Fl
0 0 0 1 1 1 0 1

During time T4 T7 (bit-times 32, 33, and 34), shown in figure 3.4, the
sector address clock, Z3, produces the low~order 3 bits of the 7-bit
sector address that specifiés which one of the 128 general storage sec-
tors is up-coming for use during the next word-time. It should be re-
called from paragraph 1.3.2 that the low-order 3 bits of the general
storage sector address specify the scratchpad sector which will be avail-
able for use during the next up-coming word-time. The processor must,
therefore, determine if the scratchpad address contained in the command
agrees (successful sector comparison) or disagrees (unsuccessful sector
comparison) with the scratchpad address of the Z3 clock. The comparison
is made bit-by-bit during bit-times 32, 33, and 34 (T4 T7 time) of the
search cycle, C30 (the only cycle which allows sector comparison), as
follows:
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a. During bit-time 32 of the first cycle through C30 for
the command, the state of Fl is compared to the state
of the Z3 clock. If they are unequal, Fll which was
reset earlier in the word-time is set. If they are
equal, Fl1 is left in the reset state.

b. During bit-time 33 of the first cycle through C30 for
the command, the state of F2 is shifted into Fl while
Fl is shifted into F3, and F3 shifted into F2. Fl (which
now contains the original state of F2) is compared to Z3.
If they are unequal, Fll is set. If they are equal, Fl1
is left xeset.
A e
c. During bit-time 34 of the first cycle through C30 for the
command, The F3 to F2 to F1 to F3 loop is shifted one bit,
as described in step b, so that Fl contains the original
state of F3. Fl is then compared to Z3. If they are un-
equal, Fll is set. If they are equal, Fll is left pesst.
RN ePT e
The sector comparison is now complete and Fll stores the fact of whether
the sector comparison was successful (Fll left in the reset state) or
unsuccessful (Fll set). During bit-time 35 of the first cycle through
C30 for the command, the F3 to F2 to Fl to F3 loop is shifted one more
bit so that F3, F2, and Fl contain their original contents. If the
sector comparison was successful, at the end of the first cycle through
C30 the processor goes into C40 and executes the command. If the sec-
tor comparison was unsuccessful, at the end of the first cycle through
C30 the processor is forced to recycle through C30 and make another
sector comparison. This time the comparison is made to the next sector
address of the Z3 clock. The processor is forced to recycle through
C30 for as many times as is necessary to find a successful comparison
(the maximum number of cycles through C30 is 8, since by this time all
8 scratchpad address are compared to the scratchpad sector address con-
tained in the command). At the end of the C30 cycle in which a successful
comparison is made, the processor goes into C40 and executes the command.

3.3.3 SECTOR COMPARISON FOR 16-BIT COMMANDS

The order of bits for 16-bit commands which access storage are, as
should be recalled from paragraph 1.5.1, given below.

8 Bits of CR High-Order 8 Bits of 1
F8 F7 F6 F5 F4 F3 F2 Fl 39 38 37 36 35 34 33 32
- = = = t t t t t s s s s S s S
Where:

sector address bits
track address bits
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The first operation performed of the sector comparison process deter-
mines if the command's address specifies a scratchpad or a general
storage sector. If the address specifies a general storage sector, then
cne or more of bits F4, F3, F2, Fl, and 39 must be high. If all these
bits are low, then the address specifies a scratchpad sector. This
operation is performed as follows:

a. During T4 time (bit-times 35, 36, 37, 38, and 39) of
precession cycle C20, which may or may not have been
used with precession cycle Cl0 to shift the 16-bit
command into the CR and high-order 8 bits of the I,
the state of Fl is sensed by flipflop F10. During
this time the high-order 5 bits of the I are processed
through Fl1, as shown in figure 3.3.6. If any of these
5 bits (39, 38, 37, 36, and 35) are high, F1 will be
high and F10, which was initially reset during the be-
ginning of C20, is set.

b. During the first bit-time of C30, following C20, the
states of F4, F3, F2, and Fl are sensed by F10. If any
of these bits are high, F10 is set if it hasn't already
been set in step a.

If, at this point, F10 is in the reset state, a scratchpad sector is
specified by the command and the processor continues the sector compari-
son using the Scratchpad Sector Comparison Process given below. If F10
is in the set state, a general storage sector is specified by the command
ond the processor continues the sector comparison using the General
Storage Sector Comparison Process given below.

Scratchpad Sector Comparison Process:

c. During bit-time 32 of the first cycle through C30 for
the command, the state of the I playback, L20, is com-
pared to the state of Z3. (The low-order sector address
bit contained in I bit 32 is compared to the low-order
sector address bit of the Z3 clock.) If they are un-
equal, Fll which was reset at beginning of C30 is set.
If they are -equal, Fl11 is left reset.

d. During bit-time 33 of the first cycle through C30 for
the command, L20 (equal to I bit 33) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
F11 is left reget.

e. During bit-time 34 of the first cycle through C30 for
the command, L20 (equal to I bit 34) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fll is leff/;eseﬁﬁ
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The scratchpad sector comparison is now complete and Fll stores the

fact of whether the comparison was successful (Fll left in the reset
state) or unsuccessful (Fll set). If the comparison was successful, at
the end of the first cycle through C30 the processor goes into C40 and
executes the command. If the comparison was unsuccessful, at the end
of the first cycle through C30 the processor is forced to recycle through
€30 and make another comparison. This time the comparison is made to
the next sector address of the Z3 clock. The processor is forced to
recycle through C30 for as many times as is necessary to find a success-
ful comparison (the maximum number of cycles through C30 is 8, since

by this time all 8 scratchpad addresses are compared to the scratchpad
sector address contained in the command). At the end of the C30 cycle
in which a successful comparison is made, the processor goes into Cc40
and executes the command.

General Storage Sector Comparison Process:

f. Steps c, d, and e of the Scratchpad Sector Comparison
Process are performed.

g. During bit-time 35 of the first cycle through C30 for
the command, L20 (equal to I bit 35) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fll is left reset.

h. During bit-time 36 of the first cycle through C30 for
the command, L20 (equal to I bit 36) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fl1 is left reset.

i. During bit-time 37 of the first cycle through C30 for
the command, L20 (equal to I bit 37) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fll is left reset.

. During bit-time 38 of the first cycle through C30 for
the command, L20 (equal to I bit 38, the high-order
sector address bit) is compared to Z3. If they are
unequal, Fll is set. If they are equal, Fll1l is left
reset.

The general storage sector comparison is now complete and Fll stores

the fact of whether the comparison was successful (F11 left in the re-
set state) or unsuccessful (Fll set). If the comparison was successful,
at the end of the first cycle through C30 the processor goes into C40
and executes the command. If the comparison was unsuccessful, the pro-
cessor is forced to recycle through C30 and make another comparison.
This time the comparison is made to the next sector address of the Z3
clock. The processor is forced to recycle through C30 for as many times
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as is necessary to find a successful comparison. , The maximum number of
cycles through €30 is 128, since by this time all 128 general storage
sectors on the track specified by the ''t'" bits (the process of track
selection is discussed in Chapter 4) in the command are compared to

the general storage sector address contained in the command. At the
end of the C30 cycle in which a successful comparison is made, the pro-
cessor goes into C40 and executes the command. Figure 3.4.2 illustrates
cn example of sector comparison and shows the waveshapes involved.

3.4 PLAYBACK AND RETIMING

3.4.1 GENERAL STORAGE

Since general storage uses the same head for record and playback opera-
tions (unlike the other loops on the drum that have two separate heads),
the various time delays in recording and playing back information cannot
be cancelled by positioning the playback head early on the drum (as in
the case of the other loops). However, the processor is designed so
that these delays add up to one bit-time. Thus, by recording informa-
tion one bit-time early into general storage (from T39 of C30 to T38 of
C40, instead of from TO of C40 to T39 of C40) general storage playback
is on time. Note that_the playback flipflop, M149, shown in figure
3.88, is clocked with Z1. Since this flipflop triggers on the positive-
going edge of the clock, which is the trailing edge of the Z1l clock
pulse, L40 is guaranteed to be stable on the positive-going leading edge
of 71, used to clock the flipflops that have L40 as an input.

3.4.2 SCRATCHPAD AND BLOCK INTERCHANGE LOOPS

Both of these two loops have separate record and playback heads. This
allows positioning of the playback head on drum to cancel the record

and playback time delays. - The playback flipflops, M147, shown in figures
3.86 and 3.91 are clocked with Z1 for the same reason as M149, discussed
in paragraph 3.4.1.

3.4.3 INSTRUCTION REGISTER

The I, shown in figure 3.84, consists of 5 8-bit serial shift register
packages and a single flipflop, all connected to form a single serial
shift register. The 5 packages, M155 through M159, are clocked with Z1
while the single flipflop, M149, is clocked with Z1. As a result, the
total delay of the I is 40 bits since the last bit of package M155 and
the bit of flipflop M149 are clocked with the leading and trailing edge,
respectively, of the same clock pulse. This is also done with the gene-
ral storage, scratchpad, block interchange, Z2 and Z3 loops on the drum.
The reason for clocking M149 with Z1 is the same as M149, discussed in
paragraph 3.4.1.
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3.4.4 ACCUMULATOR REGISTER, MASTER TIMING TRACK PLAYBACKS

The A, Z2, and Z3 playbacks work on the same Z1 - Z1 timing principle
that the I works on, discussed in paragraph 3.4.3. Since the Z1 master
track produces the Z1 clock pulse to which all timing in the processor
is referenced, it does not have the timing problem that the other loops
and registers discussed in this section have.

3.4.5 COMMAND REGISTER

The 8-bit CR is a serial shift register made up of separate master-slave
flipflops. As a result of using master-slave flipflops the problem of
output information being stable on the leading edge of the Z1 clock
pulse is not present.

3.4.6 BUFFER REGISTER

The B, shown in figures 3.70 and 3.71, is clocked with a logically gated
derivative of the Z1 clock pulse, named Z4. The waveshape of the Z4
pulse is identical to that of the Zl1 pulse, though Z4 is only present

at times controlled by the logic. Since Z4 is a logically gated deriva-
tive of Z1, it is slightly delayed with respect-to Zl. Information en-
tering the buffer register is timed with Z1l. Since Z4 lags Z1, the bit
of information to be entered into the B may no longer be present or
stable by the time Z4 arrives. This problem (technically known as
clock skew'') is solved in the following manner. Information is entered
into M131-2 with the leading edge of the Z1 clock. It is then trans-
ferred into M131-12 on the trailing edge of the Z4 clock. All this occurs
within slightly more than one clock-pulse time so that the total delay
of the 2 flipflops is only one bit-time. The information at F28 is
stable at Z4 time. The rest of the B is clocked with Z4. Since Z4

lags Z1, B output is stable at Z1 time, therefore, no problem exists in
going from Z4 timing back to Z1 timing.

3.5 FLIPFLOP FUNCTIONS

The EBS 1601 contains a total of 37 flipflops. Each is listed below
(in the form of output signal suffixed to package number) and followed
by the function it performs in the processor.

FLIPFLOP FUNCTION

M131-F20 Buffer Register Z1 to Z4 Retiming

M131-F28 Buffer Register Zl1 to Z4 Retiming and Bit B8
M127 -F27 Buffer Register Bit F27

M130-F26 " " " F26
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( [¢} 0 [ [ Lo | 1 [ o
L20
NOT
EQUAL 0 1 0 1 0 ] 0 (NOTE B)
23 C
| FiiseTs L
Fil
c2
NEXT WORD-TIME (UNSUCCESSFUL)
0 0 [ ' 1o [7 1 o
L20
NOT
EQUAL ) | 0 i 0 | o (NOTE B)
Z3 -
i | FuoseTs l

20 { 0 o |
EQUAL
@ { 0 o | ) L o [ 1o (NOTE B)

::31 | F1l DOES NOT SET
c2 [ =cao
;NOTES :

A) If F10 is set, comparison occurs from bits 32-38. If FlO is reset,
occurs only during bits 32, 33, and 34. State of F10 is determined
during T4 time of last precession cycle.

B) Address in Z3 identifies next sector under head.

Figure 3.4.2 Sector Comparison Process
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FLIPFLOP FUNCTION

M130-F25 Buffer Register Bit F25

M129-F24 " " " F24

M129-F23 " " " F23

M128-F22 " " " F22

M128-F21 " " " F21

M1l4-Cl Cycle Control

M13-C2 Cycle Control

M64-F1 Command Register Bit F1

M63-F2 " " " F2

M61_F3 [} 1" 1 F3

M62-F4 " "no "o P4

M61-F5 " " " F5

M60—F6 1 i . " 1:'6

M59_F7 " 1 " F'7

M58-F8 " " " F8

M97-F9 Control

M97=-F10 "

M112-F11 !

M126-F15 "

M105-F12 Parity Failure Register (P)

M112-F14 Carry Register (K) and Control

M45-L10 Retiming, Accumulator Register

M149-L20 . " Instruction Register

M147-L39 Retiming and One Bit-Time Early Playback,
Fast Access Loop

M146-L30 Playback on Time, Fast Access Loop

M149-L40 Retiming, General Storage

M147-L90 " Block Interchange Loop

M148-Z2 Timing, Master Track Z2

M148-Z3 " Master Track Z3

M11-M5 Mode Control

M12-M6 Mode Control

M10-T4 Timing

M9-T7 Timing

The B, CR, K, and P are discussed in paragraph 1.5. Playback and retim-
ing flipflops are discussed in paragraph 3.4. Mode-cycle flipflops are
discussed in paragraph 3.1. Timing signals produced by the timing flip-
flops are discussed in paragraph 3.2.
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Flipflops classified as control flipflops perform a variety of functions
which are discussed in the ''sequence of events'' description of those
commands which make use of them. Most of these functions are also listed
in the Signal Glossary, paragraph 3.8.1, under their corresponding out-

put signal.

3.6

INTERFACE AND INPUT-OUTPUT DEVICE SELECTION

Connection between the processor and its peripheral I/0 devices is made
the 1966 Standard 27 Wire Interface. As many as 8 input and 8 out-
devices can be attached to interface at one time. These devices

connected one to another in chain fashion along the interface from

via
put
are
the
for

processor.

Listed below are the connector pin-signal assignments

the interface.

g

WWWRNNMNNNMNNMNMNMNNNMNNFEFEREEFEEREFREHEEFEREERE
NP—‘O\OG)\IO\Q-PUONI—'O\OGJ\IO\M#OJNI—'O

Shell

SIGNAL

Frame Ground
Circuit Ground
+18 volts
dc Return
K150 Clear o
K83 Input/Status Control (K83 = Status data, K83 = Character
Input Busy K75
W11l0 Inhibit
K82 Device Select Common
K80 Output Common  £: g+ A&, 50,0108 -
Obl . o
Ob2
0b3
Ob4
Ob5
Ob6
Ob7
Ob8
K76 Output Busy
spare
Ibl
Ib2
Ib3
Ib4
Ib5
Ib6
Ib7
Ib8
spare
spare
spare
spare
Shield
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The EBS 1601 is capable of supporting 16 I/0 devices, conveniently
arranged in 4 groups of 4 devices per group. To execute a transfer of
data to or from a device, it must be selected. I/0 devices are selected
and/or unselected via any of the following 4 device select commands:

Accumulator Select (7600) ’ -
Accumulator Select on Test (7400)

Immediate Select (7E00+D)

Immediate Select on Test (7C00+D) !

The above commands output an 8-bit device select code over output lines
0b8 through Obl. The 8-bit device select code is divided into 2 tetrads:
Ob8 Ob7 Ob6 Ob5 Ob4 0Ob3 Ob2 Obl. A '"1l'" in any of the high-order tetrad
bits specifies a group or groups of devices as follows:

0?8 Ob7 Ob6 Ob5
Group 1 ? T

Group 2
Group 3
Group 4

A "1" in any of the low-order tetrad bits specifies a device or devices
of the group(s) specified by the high-order tetrad as follows:

Ob4 0b3 0Ob2Z Obl

Device 1
Device 2
) Device 3
Device 4

The bits of the high-order tetrad are called Group Bits; the bits of
the low-order tetrad are called Select Bits. Each device along the in-
terface is jumpered to its appropriate Group and Select Bits. Each de=-
vice has a special jumper board for this purpose. In order to select
and/or unselect one or more of the devices, it is necessary that the
processor execute one of the 4 device select commands. The execution
of such a command forces the Device Select Common signal high. This
signal is sent to all the devices connected along the interface and
forces them to scan their Group Bit and Select Bit inputs. Listed below
are the different logic level combinations of the 3 signals and their
results upon the selection-unselection of the devices.

DEVICE SELECT SIGNAL GROUP BIT SELECT BIT RESULTS

High High High Device Selected
High High Low Device Unselected
High - Low High No Effect

High Low Low " "

Low Any Combination " "

NOTE: All signals must be simultaneously present in order to effect
selection-unselection of a device(s).

-3.22-
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3.7 COMMANDS

3.7.1 INTRODUCTION

On the following pages, each of the 44 commands, and their variations,
used by the processor is described in detail and accompanied by a flow
chart showing its sequence of events. The commands are arranged in
alpha-numeric order based on their hexadecimal code. To facilitate the
location of each command, and index, listing each command by its mnemonic
and giving the page it is to be found on, follows this introduction.

The index also gives the hexadecimal coding of each command and its tim-
ing. Following the descriptions of the commands are the logic diagrams
of the EBS 1601. At the end of this chapter (following the logic dia-
grams) are signal and abbreviation glossaries.

The logic names of the commands, given with the description of each com-
mand, are derived from the basic logic signal that each command uses.

For example, all the KO commands (KOA through KOF) use the KO logic
signal, both the K1A and the K1B commands use the K1 signal. There are
cases, such as K8, the Jump command, for which there is no corresponding
logic signal, such as a K8 logic signal, and vice versa. In these cases,
the logic name of the command was arbitrarily chosen.

INDEX OF COMMANDS (et
Mnemonic Hex. Code Name Timing _Page
AC D000+M Add Conditional 4+ma (3) 3.150
AD 9000+ M Add 4+ma 3.144
AK 08 Add K 3 3.32
AS 76C0 Accumulator Select 4 3134
AST '74C0 Accumulator Select on Test 4 (3) © 3,132
Bl OF Block Interchange 10+ za (2) 3.42
BLD 4200+N Binary Left Double shift 8n—3+za 3.71
BLDK 4280+N Binary Left Double shift, 8n-3+za 3.71
including K
BLDS 4300 Binary Left Double shift, 5 3.74
- on Scratchpad
BLDSK 4380 ~ Binary Left Double shift 5 3.74

on Scratchpad, including K
BLS 4000+N Binary Left Single shift 3+n 3.65
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INDEX OF COMMANDS (CONT'D)

Binary Left Single shift,

Binary Left Single shift,
on Scratchpad

Binary Left Single shift
on Scratchpad, including K

Binary Right Double shift
Binary Right Double shift,

Binary Right Double shift,
on Scratchpad

Binary Right Double shift
on Scratchpad, including K

Binary Right Single shift
Binary Right Single shift,
Binary Right Single shift

on Scratchpad

Binary Right Single shift
on Scratchpad, including K

Clear and Add

Clear, Input, check Even

Clear, Input, check Even
Parity into A

Clear, Input, check

Clear, Input, check
Odd Parity into A

Mnemonic Hex. Code Name
BL SK 4080+N
including K
BLSS 4100
BLSSK 4180
BRD 4A00+N
BRDK 4A80+N
including K
BRDS 4B00
" BRDSK A4B80
BRS 4800+ N
BRSK 4880+N
including K
BRSS 4900
BRSSK 4980
CA 8000+M
CIE 5840
parity:
CIEP 5C40
Clo 5800
‘ Odd parity
clopP 5C00
CL 09 Clear A
CM 0B Complement
DLD 6200+N

Decimal Left
Double shift

~3.25~

Timing

3+n

8n=3+za

8n-3+za

3+n

3+n

8n-3+za

3.68

3.80
3.80

3.82

3.82

3.76

3.76

3.78

3.78

3.142

3.34

3.108
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INDEX OF COMMANDS (CONT'D)

OAO

Mnemonic Hex. Code Name

DLDC 6280+N Decimal Left Double
shift, plus Constant

DLDS 6300 Decimal Left Double
shift on Scratchpad

DLDSC 6380 Decimal Left Double
shift on Scratchpad,
plus Constant

DLS 6000+N Decimal Left
Single shift .

DLSC 6080+ N Decimal Left Single
shift, plus Constant

DLSS 6100 Decimal Left Single
shift on $cratchpcd

!

DLSSC 6180 Decimal Left Single
shift on Scratchpad,
plus Constant

DRD 6A00+N Decimal Right Double
shift

DRS 6800+N Decimal Right
Single shift

HH 00+ X Halt

s 7E00+D Immediate Select

IST 7C00+D Immediate Select on Test

JA oD Jump to A

JC FOO0+M Jump Conditional

M C000+M Jump Mark

Ju E000+M Jump Unconditional

LA 18+ S Logical And

LA L0004 L.OAD LMHEDAYE

NN 0A No Operation

~0A 70C0 Output Accumulator

OAE 7040 Output Accumulator wifh

Even parity
7000 Output Accumulator with

0dd parity

«3.27~

" Timing

8n-3+tza

16n-3+za

2+ 2n

3.100

3.102

3.104

3.106

w

121

3.116

.30
140
. 138
.40
. 154
. 148
.152

PW W W W W W W W
wn
S

et

w

0,&
rl

3.130

3.128

3.125
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INDEX OF COMMANDS (CONT'D)

Mnemonic Hex. Code Name ‘ ‘ Timing Page
0] 7800+C Output immediate 4 (3) 3.136
RK 13 Reset K to O 3 3.50
RS 5080 Read Status 4 (3) 3.88
S 5000 Shift Input 4 (3) 3.85
SK 10 Set K to 1 3 3.44
ST B0OOO+M Store ' 4 +ma 3. 146
TE 30+S Test Equal 3+ sa 3.60
TG 3}8+S Test Equal or Greater 3t sa 3.62
TH 12 Test High order A bit- 3 3.48
TR I
TN 12 Test for Negative . ! 3ﬂ<@( 3.48
‘TP 14 Test Parity failure 3 3.52
TZ 11 Test for Zero,{,{m {f FF A=0 3 3.46
XC 20+S Exchange . 3 +sa 3.56
XT 28+S Extract ‘ 3+ sa 3.58
NOTE:
A = Accumulator Register ma = Memory Access Time
I = Instruction Register n = Shift Count
K = K (Carry Flipflop F14) Bit sa = Scratchpad Access Time
za = Scratchpad Address 000
Access Time
M = Storage Address OOO-FFF
S = Scratchpad Sector Address 000-007
N = Shift Count - 1
D = Device Select Code (8-Bit Maximum)
C = Character (8 Bits)

All timing is given in word-times, timing figure in
parenthesis is for aborted command (condition failure) .
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3.7.2 HALT COMMAND (HH)

Hex code: 00+X Logic Name: KOA
Binary Code: 0000 OXXX Timing:

Description

This command, decoded one bit-time before €30, forces the processor into
the idle mode. In this mode all information within the processor re-
mains unchanged. The processor remains in this mode until either the
RUN or STEP button is pressed. The state of the X bits do not affect
the operation of the command. They are used to identify various Halt
commands of the program in execution, on the REGISTER DISPLAY indicator
lights. Figure 3.5 is a flow chart showing the sequence of events that
occur for this command. '

Sequence of Events

A) During C20:

1) Set MO at T39 via gates M3l and M24-12, figure 3.92. Note
that at T39 of C20 the Halt command is being decoded one
bit early so that the state of the command register is
000X XXX- and L20=1.

2) Set C30 at T39 via gate M22, figure 3.54.

B) Set C30M1l via gate M11-9, figure 3.92, on next clock pulse after
establishment of C30MO if S2.

C) Remain in C30Ml until RUN or STEP button is pressed, or the REGIS-
TER SELECT switch is rotated out of a CONTROL position. :

Decoded Signals

2.0 A5 = F8 F7 M6
t.¢.  Al2 = C20_KO L20
..73 KO = A5 F5 F6

.4 S2 = Positions 0, 8, 16, 24, and 32 of REGISTER SELECT switch or RUN

and STEP buttons not depressed while REGISTER SELECT switch is
in a CONTROL position.

AN LA T« VTR UCT
IF PHoc el govnw s, 9ISECNT  HRLT WETRUCTE)

D Rin/ G- 5/57 VONT  XQFT  THH & HreT 4 pes ety
&

/;Wfl'b?ﬁ? RL(  o7celd nsTRUCTIONS, THE  prs PLAYECY riTRECTICN

15 )«’QT%ﬁ)
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3.7.3 ADD K COMMAND (AK)

Hex Code: 08 Logic Name: KOF
Binary Code: 0000 1000 Timing: 3
Description

This command causes the content of K (Fl4) to be added to the low-order
A bit. The results are stored in A. If A overflows, K is set; other-
wise K is reset. Figure 3.6 is a flow chart showing the sequence of
events that occur for this command.

Sequence of Events

A) During C30 at T39 set C40 via gate M33-6, figure 3.55.

B) During C40:
1) Reset L50 for duration of C40 via gates M88-3 and M88-4,
figure 3.89. .
2) Establish L51 equal to A playback (L10) via gate M67-1,
figure 3.90.
3) Add K (F14) to contents of A via adder/subtractor, figure
3.90, and record results (L53) back into A via gate M36-9,

figure 3.8l.

4) Leave K (F14) set if A overflows via gate M103-5, figure
3.67.

5) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

Al8 = F8 F7
Rev.18NOV68
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3.7.4 CLEAR A COMMAND (CL)

Hex Code: 09 Logic Name: KOC
Binary Code: 0000 1001 Timing: 3
Description

This command loads the A with O's, thereby clearing it. Figure 3.7
is a flow chart showing the sequence of events that occur for this
command. '

Sequence of Events

A) During C30 set C40 at T39 via gate M33-6, figure 3.55.

B) During C40:
1) Do not enable any input to gate M47-6, figure 3.83,
via keeping L1l low.
2) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

Al8 = F8 F7

Rev. 1MAY69
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3.7.5 NO-OPERATION COMMAND (NN)

Hex Code: 0OA Logic Name: KOB
Binary Code: 0000 1010 Timing: 1
Description

This command causes the processor to recycle through C20, precessing

the next high-order 8 I bits into the CR. If these bits contain another
No-Operation command the processor remains in C20 until the next high-
order 8 bits of the I are precessed into the CR. The processor recycles
through C20 for as many times as this command is decoded. When this
command is no longer decoded, the processor is allowed to advance into
C30. Figure 3.8 is a flow chart showing the sequence of events that
occur for this command.

Sequence of Events

During C20:

1) Set MO at T39 if M2 via gate M12-11, figure 3.92.

2) Remain in C20 (don't advance into C30 at T39) via gate :
M14-9, figure 3.54. Note that at T39 of C20 the No-Opera-
tion command is being decoded one_bit early so that the
state of the CR is 0001 010- and L20 = 1.

3) Advance into C30 at T39 if No-Operation command is not
decoded via gate M14-9, figure 3.54.

Decoded Signals

A38 = F5 T6

1+ (&4 (8’&/75) L JTLeo87s) ol @wmls op
Iv STRuyeTeons, Ve mARCNE wiel stHy N CILO0 TILL

Powere Downs |
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3.7.6  COMPLEMENT (CM)

Hex Code: OB Logic Name: KOD
Binary Code: 0000 1011 Timing: 3
Description

This command causes the processor to take the 2's complement of the con-
tents of the A. The results are stored in the A. K (F14) is set if the
contents of the A is not equal to zero; otherwise K is reset. The logic
of the adder/subtractor used in this operation is based upon the signal
notation given below. Figure 3.9 is a flow chart showing the sequence

of events that occur for this command.

Borrow
Difference

1,50 - Minuend Fl4
L51 = Subtrahend L53

Equating the basic formula for a full-subtractor in terms of the above
signals results in the following equation: L33 = L50 L51 F14 v L50 L51
Fi4 v L50 L51 F14 v L50 L51 Fl4. Since the minuend is kept equal to
zero in taking the 2's complement, L53 = L50 L51 F14 v L50 L51 Fl4. As
long as the A input (subtrahend) to the adder/subtractor is zero, the
borrow remains reset (FlL4) because O - 0 =0 with no borrow. However,
the first time the subtrahend equals 1 the borrow is set and remains so
for the duration of the complementation process because 0 - 1 = 1 with
a borrow. Since all the minuends are zero the borrow is required for

all the remaining subtractions.

Sequence of Events

A) During C30:
1) Reset Fl4 at T39 via gate M95-4, figure 3.67.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40:

1) Reset L50 for duration of C40 via gates,M88-2 and M88-4,
figure 3.89.

2) Establish L51 equal to A playback (L10) via gate M67-1,
figure 3.90.

3) Subtract L51 from L350 via adder/subtractor, figure 3.90,
and record difference (L53) in A via gate M36-9, figure 3.81.

4) Set F14 if L10 via L3l with gate M108-8, figure 3.68.

5) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55. i

Decoded Signals

Al8 = F8 F7
K28 = KO F2 F4
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3.7.7 JUMP TO A COMMAND (JA)

Hex Code: oD Logic Name: KOE
Binary Code: 0000 1101 Timing: 3
Description

This command causes the contents of the A to be shifted into the I,
while the contents of the A is regenerated. Figure 3.10 is a flow
chart showing the sequence of events that occur for this command.

Sequence of Events

A) During C30 at T39 set C40 via gate M13-9, figure 3.55.
B) During C40:
1) Shift contents of A into I via gate M1-1, figure 3.85,
while regenerating A via gate M35-13, figure 3.82.

2) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

A5 =
KO =

| F A= 0] oz o0 0& 0F
Arg Colis i C

(R 0D T EFL 2 wbs
EFFFoa0ft OF Ly oA oA R 0D

TS CT 4Gy

ik RETEL MR cup , B=old A e

f *' e,
‘=

el = i< oL 3 04 05 O ‘.

AND VEXT I8STRICTro M 15  THe ‘01"
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3.7.8 BLOCK' INTERCHANGE COMMAND (BI)

Hex Code: OF Logic Name: KOG
Binary Code: 0000 1111 Timing: 10+za (2)
Description

This command causes the contents of the block interchange loop to be in-
terchanged with the contents of the scratchpad loop, and vice versa. K
(F14) is set. If an external block interchange device is used with the
processor, this command will only be executed when the busy signal line
from the device is low during T7 of C30. If high at that time, the
command is aborted and K reset. If an external block interchange device
is not used with the processor, the busy signal line is wired in the pro-
cessor to a constant low so that the command is always executed. TFigure
3.11 is a flow chart showing the sequence of events that occur for this
command. ’

—

Sequence of Events

A) During C30:

1) Set Fl4 via gate M111-9, figure 3.68.

2) Reset Fl4 at T7 if external block interchange device
is busy (K92 = 1) via gate M107-5, figure 3.66. If ex=
ternal block interchange device is not plugged into the
processor, this step is not performed and Fl4 is left set.

3) Set C40 at T39 if F14 and Z3 via gate M34-3B-6, figure 3.55.

4) Set C20 at T39 if Fi4 via gate M25-6, figure 3.54.

B) During C40:
1) Record contents of scratchpad loop into block interchange
loop via gates M57-8 and M49-8, figure 3.91.
2) Record contents of block interchange loop into scratchpad
loop via gates M50-8 and M49-11, figure 3.87.
3) Set C20 at T39 if Z3 via gates M25-6, figure 3.54 and
M13-9, figure 3.55.

Decoded Signals

A5 = F8 F/ M6

A13 = C49 K9 23 ___ __
Al4 = C39 v_Fl4 v (AIL K9)
KO = A5 F5 F6

K9 = K28 F1 F3

K28 = KO F2 F4

K90 = K9 C40

Rev.18NOV68
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3.7.9 SET K TO 1 COMMAND (SK)

Hex Code: 10 Logic Name: K7D
Binary Code: 0001 0000 Timing: 3
Description

This command forces K (Fl4) to set, regardless of its prior state.
Figure 3.12 is a flow chart showing the sequence of events that occur
for this command.

Sequence of Events

A) During C30: :
1) Set Fl4 via M108-12, figure 3.68.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40 at T39 set C20 via gates M25-8, figure 3.54 and
M13-9, figure 3.55.

Decoded Signals

As = T8 E7 M6
KO = A5 F5 F6
K9 = K28 F1 F3

K28 = KO F2 F4
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3.7.10 TEST FOR ZERO (TZ)

Hex Code: 11 Logic Name: K7A
Binary Code: 0001 0001 Timing: 3
Description

This command forces K (Fl4) to set if the A contains all O's, otherwise
K is reset. Figure 3.13 is flow chart showing the sequence of events
that occur for this command.

Sequence of Events

A) During C30:
1) Set Fl4 via gate M109-6, figure 3.68.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40:
1) Reset F14 if L10 via gate M94-13, figure 3.66.
2) Set C20 at T39 via gates M25-8, figure 3.54 and M13-9,
figure 3.55.

Decoded Signals

A5 = F8 F/ M6

B ) —

Al4 = C39 v Fl4 v (ALLl K9)
A38 = F5 F6
K7 = A5 A38 C40
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3.7.11 TEST HIGH ORDER A BIT COMMAND (TH)*

* This command is also called Test for Negative (TN).

Hex Code: 12 Logic Name: K7B
Binary Code: 0001 0010 Timing: 3
Description

This command forces K (Fl4) to set if the high-order A bit equals 1,
otherwise K is reset. Figure 3.14 is a flow chart showing the sequence
of events that occur for this command.

Sequence of Events

A) During C30:
1) Set Fl4 via gate M109-6, figure 3.68.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40: o
1) Reset F14 if LI0 at T39 via gate M86-9, figure 3.66.
2) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

A5 = T8 T7_M6
A38 = F5 F6
K7 = A5 A38 C40
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3.7.12 RESET K TO O COMMAND (RK)

Hex_ Code: 13 Logic Name: K7E
Binary Code: 0001 OOll Timing: 3
Description

This command forces K (Fl4) to reset, regardless of its prior state.
Figure 3.15 is a flow chart showing the sequence of events that occur
for this command.

Sequence of Events

A) During C30:
1) Set Fl4 via gate M109-6, figure 3.68.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40:
1) Reset Fl4 via gate M94-6, figure 3.66.
2) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

All = F5 F7 M6
A18 = F/ T8 __
K5 = All Al8 F6
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3.7.13 TEST PARITY FAILURE COMMAND (TP)

Hex Code: 14 Logic Name: K7F
Binary Code: 0001 0100 Timing: 3
Description

This command forces K (Fl14) to set if P (F12) is set. P is set by a
parity failure or, depending upon the input data and the contents of
the A, execution of the Shift Input Command. Upon completion of this
command, P is reset. Figure 3.16 is a flow chart showing the sequence
of events that occur for this command.

Sequence of Events

A) During C30:
1) Set Fl14 via M109-6, figure 3.68.
2) Set C40 at T39 via gate M33-6, figure 3.55.

B) During C40: o :
1) Reset Fl4 if F12 via gate M94-9, figure 3.66.
2) Reset F12 at T39 via gate M105-9, figure 3.635.
3) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Deécoded Signals

A5 = F8 F7 M6

Al9 = C49_F3
A38 = F5 T6

K7 = A5 A38 C40
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3.7.14 LOGICAL AND COMMAND (LA)

Hex Code: 18+8 Logic Name: K7C
Binary Code: 0001 1SSS Timing: 3+sa
Description

This command causes the contents of the S to be ''anded' together with
the contents of the A. The results are recorded back into the A. If
at any time during this operation the result equals 1, K (F14) is reset;
otherwise K is set. Figure 3.17 is a flow chart showing the sequence
of events that occur for this command.

Sequence of Events

A)  During C30:

1) Set Fl4 via gate M109-6, figure 3.68.

2) Reset Fll at T4 T7 via gate M70, figure 3.65.

3) Shift during T4 T7 time F3 to PZ F2 to F1, F1 to F3,
...... until F3 is shifted back 1nto F3 via gates M2,
M75-8, M64-3, M64-9 in figure 3.58, and M73-8, M73-6
in flgure 3. 59

4) Set F1l1l if Fl1 # Z3 during T4 T7 via gates M69-2 and
M69-4, figure 3.64.

5) Set C4O at T39 if Fll via gate M32-6, figure 3.55.

B) During C40:
1) Record L10 L30 into A via gates M30-6 and M35-13,
figure 3.82.
2) Reset Fl4 if L10 L30 via gate M104-6, figure 3.66.
3) Set €20 at T39 via gates M25-8, figure 3.54, and M33-13,
figure 3.55.

Decoded Signals

A4 = K22 v Cl

A5 = F8 F7 M6

Al4 = C39_v Fl4 v (All K9)
A38 = F5 F6

K7 = A5 A38 C40
K22 = A5 C37 T4 (F6 v F4 FS5)

Rev.18NOV68
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3.7.15 EXCHANGE COMMAND (XC)

Hex Code: 20+S Logic Name: KI1A
Binary Code: 0010 OSSS Timing: 3+sa
Description

This command causes the contents of the S to be interchanged with the
contents of the A. Figure 3.18 is a flow chart showing the sequence
of events that occur for this command.

Sequence of Events

A) During C30: -

1) Reset F1l at T4 T7 via gate M70, figure 3.65.

2) Shift during T4 T7 time F3 to F2, F2 to F1, F1 to F3,
...... until F3 is shifted back into F3 via gates M7Z,
M75-8, M64-3, M64-9 in figure 3.58, and M73-8, M73-6
in figure 3.59. -

3) Set Fll if Fl # Z3 during T4 T7 via gates M69-2 and
M69-4, figure 3.64.

4) Set C40 at T39 if Fll via gate M32-6, figure 3.55.

B) During C40:
1) Record L10 into S via gate M37-2, figure 3.87.
2) Record L30 into A via gate M29, figure 3.82.
3) Set C20 at T39 via gates M25-8, figure 3.54, and
M13-9, figure 3.55.

Decoded Signals

A4 = K22 v Cl

A5 = T8 T7_M6

A38 = F5_F6

K1 = A5 F5 F6 £40
K7 = A5 A38 C40

K22 = A5 C37 T4 (F6 v F4 F5)
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3.7.16 EXTRACT COMMAND (XT)

Hex Code: 28+8S Logic Name: KI1B
Binary -Code: 0010 1SSS Timing: 3+sa
Description

This command causes the.contents of the S to be '"anded' together with
the contents of the A, the results of which are recorded back into the
A. Simultaneously, the contents of the S are ''anded' together with the
inverted contents of the A, the results of which are recorded back into
the S. Figure 3.19 is a flow chart showing the sequence of events that
occur for this command.

Sequence of Events

A) During C30 see C30 of Exchange Command, steps 1 through 4,
paragraph 3.7.15.

B) During C40: -
1) Record L10 and L30 into A via gates M30-6 and M35-13,
figure 3.82.
2) Record L10 and L30 into S via gate M49-3, figure 3.87.
3) Set C20 at T39 via gates M25-8, figure 3.54, and M13-9,
figure 3.55.

Decoded Signals

A4 = K22 v C1
A5 = T8 F7_M6
A38 = F5_F6

K7 = A5 A38 C40
K22 = A5 C37 T4 (F6 v F4 F5)
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3.7.17 TEST EQUAL COMMAND (TE)

Hex Code: 30+S Logic Name: K2A
Binary Code: 0011 OSSS Timing: 3+sa
Description

This command forces K (Fl4) to set if the contents of the S equals the
contents of the A. If they are unequqgl, K is reset. Figure 3.20 is a
flow chart showing the sequence of events that occur for this command.

Sequence of Events

A) During C30:
1) See C30 of Logical And Command, steps 1 through 5,
paragraph 3.7.14.
2) Reset Fl0 via gate M78-9, figure 3.63.

B) During C40:

1) Establish LS50
M88-4, figure 3.89.

2) Establish L51 = L10 via gate M67-1, figure 3.90.

3) Set L53 if L50 = LS51 via gates M87-2 and M67-3,
figure 3.90. _ - '

4) Reset F14 if L53 via gate M95-13, figure 3.67.

5) Set C20 at T39 via gates M25-8, figure 3.54, and
M13-9, figure 3.55.

L30 via gates M56-9, figure 3.91, and

I wi

Decoded Signals

A5 = F8 F/ M6
All = F5 F7 M6
Al8 = F8 F7

K2 = A5 F5 F6 C40
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3.7.18 TEST EQUAL OR GREATER COMMAND (TG)

Hex Code: 38+S Logic Name: K2B
Binary Code: 0011 1SSS Timing: 3+sa
Description

This command forces K (Fl4) to set if the contents of the A are equal
to or greater than the contents of S. Otherwise, K is reset. Figure
3.21 is a flow chart showing the sequence of events that occur for this

command.

Sequence of Events

A) During C30 see C30 of Test Equal Command, steps 1 and 2,
paragraph 3.7.17.

B) During C40:

1) Establish L50
M88-4, figure 3.89.

2) Establish L51 = L10 via gate M67-1, figure 3.90.

3) Reset F14 if L50 L51 via gates M102-8 and M103-4,
figure 3.67.

4) Set C20 at T39 via gates M25-8, figure 3.54, and
M13-9, figure 3.55.

L30 via gates M56-9, figure 3.91, and

It w i

Decoded Signals

A5 = T8 F7 M6
All = F5 F7 M6
Al8 = F8 F7

K2 = A5 F5 F6 C40
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3.7.19 BINARY LEFT SINGLE SHIFT COMMAND (BLS) AND BINARY LEFT
SINGLE SHIFT INCLUDING K COMMAND (BLSK)

Hex Code: 4000+N (BLS) Logic Name: K3Bl (BLS & BLSK)
4080+N (BLSK)

Binary Code:

0100 0000 ONNN NNNN (BLS)  Timing: 3+n (BLS & BLSK)
0100 0000 1NNN NNNN (BLSK)

Description

Both commands shifts the contents of A left, the number of times speci-
fied by the shift count. N equals the shift count minus one. The last
high-order bit (overflow bit) shifted out of the A is stored in K (Fl4).
The BLSK command performs an additional operation, it forces the initial
state of K into the emptied low-order A bit. Figure 3.22 is a flow
chart showing the sequence of events that occur for these commands.

Sequence of Events

A) During C30: A
1) Reset Fl4 at T39 via gate M103-9, figure 3.67.
2) Reset F9 if Fi14 via gate M77, figure 3.62. Note that
T P9 is set at T39 of C20 via gate M89-8, figure 3.62,
for the BLSK command.
3) Set C40 at T39 via gate M24, figure 3.55.

B) During C40:

1) Establish L53 = L10 via gates M11l1l-5, figure 3.89, and
M87-4, figure 3.90.

2) Delay L53 one bit-time by gating it through F9 via gates
M89-6 and M80-11, figure 3.62.

3) Record F9 (initial state equal to O or Fl4, thereafter
equal to L53 delayed one bit-time) into A via gate M35-10,
figure 3.81. o

4) Set F3 at_time T4 T7 Z2 via gate M81, figure 3.59.

5) Record L20 with F3 via gate M1-2, figure 3.85, into I.

6) Reset F3 if L20 during T7 via gate M73-6, figure 3.59.

7) Record L20 with F3 via gate M1-4, figure 3.85, into I.

8) Store last overflow bit in Fl4 with F3 at T39 via gate
M110-8, figure 3.68.

9) Reset F9 at T39 via gate M68-9, figure 3.62.

10) Set C10 at T39 if F3 via gate M25-8, figure 3.54.

Rev. 1MAY69
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Decoded Signals

A2 = CL A3___
A3 = M1 v_S6 v W2
A6 = T39 F2

A7 = F1 L30 v F1 L10
A8 = A2 F1__

Al5 = K40 A6

Al18 = T8 F7

A39 = F1 F2
K34 = K35 C40 A39
K35 = Al8 F5 M6

K42 = K34 F&4
K43 = F4 K34 (F6 F9)
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O BIT LavrT otly

3.7.20 BINARY LEFT SINGLE SHIFT ON SCRATCHPAD COMMAND (BLSS) AND BINARY
LEFT SINGLE SHIFT ON SCRATCHPAD INCLUDING K COMMAND (BLSSK)

Hex Code: 4100 (BLSS) Logic Name: K3B4 (BLSS & BLSSK)
4180 (BLSSK)

Binary Code: Timing: 4 (BLSS & BLSSK)

0100 0001 0000 0000 (BLSS)
0100 0001 1000 0000 (BLSSK)

Description

Both commands cause the contents of whichever S happens to be available
for use to shift left one bit. The high-order bit (overflow bit) shifted
out of the S is stored in K (Fl4). The BLSSK command performs an addi-
tional operation, it forces the initial state of K into the emptied low-
order S bit. Figure 3.23 is a flow chart showing the sequence of events
that occur for these commands.

Sequence of Events

A) During C30 see C30 of BLS-BLSK commands, steps 1 through 3,
paragraph 3.7.19.

B) During C40:

1) Establish L53 = L30 via gates M111-5, figure 3.89, and
M67-6, figure 3.90.

2) Delay L53 one bit-time by gating it through F9 via gates
M89-6 and M80-11, figure 3.60.

3) Record F9 (initial state equal to O or Fl4, thereafter
equal to L53 delayed one bit-time) into S via gate M50-13,
figure 3.87. -

4) Set F3 at time T4 T7 Z2 via gate M81, figure 3.59.

5) Store overflow bit in Fl4 at T39 via gate M110-8, figure
3.68.

6) Set Cl0 at T39 with F3 via gate M25-8, figure 3.54.

Decoded Signals

See Decoded Signals of BLS-BLSK commands, paragraph 3.7.19.

REV.18NOV68
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3.7.21 BINARY LEFT DOUBLE SHIFT COMMAND (BLD) AND BINARY LEFT DOUBLE
SHIFT INCLUDING K COMMAND (BLDK)

Hex Code: 4200+N Logic Name: K3B2 (BLD & BLDK)
4280+N

Binary Code: Timing: 8n-3+za (BLD & BLDK)

0100 0010 ONNN NNNN (BLD)
0100 0010 1NNN NNNN+N (BLDK)

Description

These commands causes the combined contents of scratchpad sectors 0 and
1 to shift left, as a single 80-bit block, the number of times specified
by the shift count. N equals the shift count minus one. The last high-
order bit (overflow bit) shifted out of the block is stored in K (F14).
The BLDK command performs an additional operation, it forces the initial
state of K into the emptied low-order bit of the block. Figure 3.24

is a flow chart showing the sequence of events that occur for these
commands.

Sequence of Events

A) During C30: L
/ 1) Reset F9 if F14 via gate M77, figure 3.62. Note that
F9 is set at T39 of C20 via gate M89-8, figure 3.62,
for the BLDK command.
2) Reset Fl4 at T39 via gate M103-9, figure 3.67.
3) Set Fl if 73 at T39 via gate M65, figure 3.58.
4) Set C40 at T39 via gate M24, figure 3.55.

B) During C40:
1) Set Fl if Z3 at T39 via gate M65, figure 3.58.
2) Establish L53 = L30 vid gates M11l-5, figure 3.89,
_ and M67-6, figure 3.90. )

3) .Delay L53 one bit-time by gating it through F9 via
gates M89-6 and M80-11, figure 3.62. :

4) - Record F9 (initial state equal to O or Fl4, thereafter
equal to L53 delayed one bit-time) into S if Fl via
gate M50-13, figure 3.87. ’

5) Reset F2 if F1 F2 at T39 via gate M75-8, figure 3.58.

6) Set F3 if F2 at T4 T7 Z2 via gate M8l, figure 3.59.

7) Record L20 with F3 via gate M1-2, figure 3.85, into I.

8) Reset F3 if L20 during T7 via gate M73-6, figure 3.59.

9) Record L20 with F3 via gate Ml-4, figure 3.85, into I.

-3.71-
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11)
12)
13)
14)

1600 TECHNICAL REFERENCE MANUAL

Store last overflow bit in Fl4 with F3 at T39 via

gate M110-8, figure_3.68.

Reset F9 at T39 if F2 via gate M68-9, figure 3.62.
Set F2 if F1_F2 at T39 via gate M72, figure 3.58.

Reset F1 if F2 at T39 via gate M64-9, figure 3.58.
Set Cl0 at T39 if F3 via gate M25-6, figure 3.54.

Decoded Signals

See Decoded Signals of BLS-BLSK commands, paragraph 3.7.19.
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3.7.22 BINARY LEFT DOUBLE SHIFT ON SCRATCHPAD COMMAND (BLDS) AND BINARY
LEFT DOUBLE SHIFT ON SCRATCHPAD INCLUDING K COMMAND (BLDSK)

Hex Code: 4300 (BLDS) Logic Name: K3B3 (BLDS & BLDSK)
4380 (BLDSK)

Binary Code:

0100 0011 0000 0000 (BLDS) Timing: 5 (BLDS & BLDSK)
0100 0011 1000 0000 (BLDSK)

Description

These commands cause the combined contents of whichever 2 scratchpad
sectors happen to be available for use to shift left one bit as a single
80-bit block of information. The high-order bit (overflow bit) shifted
out of the block is stored in K (F14). The BLDSK command performs an
additional operation, it forces the initial state of K into the emptied
low-order bit of the block. Figure 3.25 is a flow chart showing the
sequence of events that occur for these commands.

Sequence of Events

A) During C30 see C30 of BLD-BLDK commands, steps 1, 2 and 4,
paragraph 3.7.21. ‘

B) During C40 see C40 of BLD-BLDK commands, steps 2 through 6,
8, 10, 11 and 14, paragraph 3.7.21.

Decoded Signals

See Decoded Signals of BLS-BLSK commands, paragraph 3.7.19.
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3.7.23 BINARY RIGHT SINGLE SHIFT COMMAND (BRS) AND BINARY RIGHT
SINGLE SHIFT INCLUDING K COMMAND (BRSK)

Hex Code: 4800+N (BRS) Logic Name: K3Al (BRS & BRSK)
4880+N (BRSK)

Binary Code:
0100 1000 ONNN NNNN (BRS) Timing: 3+n (BRS & BRSK)
0100 1000 1NNN NNNN (BRSK)

Description

These commands shift the contents of the A right, the number of times
specified by the shift count. N equals the shift count minus one. The
last low-order bit (overflow bit) shifted out of the A is stored in K
(F14) . The BRSK command performs an additional operation, it forces
the initial state of K into the emptied high-order A bits. Figure 3.26
is a flow chart showing the sequence of events that occur for these
commands. .

Sequence of Events

A) During €30 see C30 of BLS-BLSK commands, steps 1 through 3,
paragraph 3.7.19.
B) During C40:
1) Establish L30 equal to L19 T39 via gates M82-3 and M75,
figure 3.89.
2) Record L50 v F9 T39 into A via gate M35-10, figure 3.8l.
‘ 3) Don't shift L10 (low order A bit) if T39 via gate M141-8,
figure 3.80.
4) Set F3 at_time T4 T7 ZZ via gate M8l1, figure 3.59.
5) Record L20 with F3 via gate M1-2, flgure 3.85, into I.
6) Reset F3 if L20 during T7 via gate M73-6, figure 3.59.
7) Record L20 with F3 via gate M1-4, figure 3.85, into I.
8) Store last underflow bit in F14 with F3 at T39 via
gate M110-8, figure 3.68.
9) Set Cl0 at T39 if F3 via gate M25-8, figure 3.54.

Decoded Signals

See Decoded Signals of BLS~BLSK commands, paragraph 3.7.19.
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3.7.24 BINARY RIGHT SINGLE SHIFT ON SCRATCHPAD COMMAND (BRSS) AND
BINARY RIGHT SINGLE SHIFT ON SCRATCHPAD INCLUDING K COMMAND
(BRSSK)

Hex Code: 4900 (BRSS) Logic Name: K3A4 (BRSS & BRSSK)
4980 (BRSSK)

Binary Code:
0100 1001 0000 0000 (BRSS) Timing: 4 (BRSS & BRSSK)
0100 1001 1000 0000 (BRSSK)

Description

These commands cause the contents of whichever S that happens to be
available for use, to shift right one bit. The low-order bit (underflow
bit) shifted out of the S is stored in K (Fl4). The BRSSK command per-
forms an additional operation, it forces the initial state of K into

the emptied high-order S bit. Figure 3.27 is a flow chart showing the
sequence of events that occur for these commands.

Sequence of Events

A) During C30 see C30 of BLS-BLSK commands, steps 1 through 3,
paragraph 3.7.19.

B) During C40:

1) Establish L50 equal to L39 T39 via gates M82-5 and M75,
figure 3.89.

2) Record L50 v F9 T39 _into S via gate M50-13, figure 3.87.

3) Don't shift L30_if T39 via gate M141-6, figure 3.86.

4) Set F3 at time T4 T7 Z2 via gate M81, flgure 3.59.

5) Store underflow bit in Fl4 with F3 at T39 via gate M110-8,
figure 3.68.

6) Set Cl0 at T39 with F3 via gate M25-8, figure 3.54.

Decoded Signals

See Decoded Signals of BLS-BLSK commands, paragraph 3.7.19.

-3.78-



1600 TECHNICAL REFERENCE MANUAL

‘310y) MOT] ‘puvumo) ¥y Burpnioul prdyo10idg uo 1FTYS

1yPty Lavurg pup puowmo) prdyd3ipidg uo 1FTYS 1ybty Axourg

ANYWWOD MSSHa 2404 13C 0£D OLNI SaWO0D 64
1310N

=

€4

[Z°€ °inbtg

ObD =

2z
vl

[e]}o]

Q10

g

MOTHA3AANA
= 4id

P id

gl
* | .
64
!
\/‘\Ié . )
oS t—
. ) 661 6= oS &L
A
gl
118as
aIcy0 E—| ®
oe1| mon WS o3y S
NV Sl 6¢ -
&s1 | Y3QYO HOW
oD

Jdibid

vid

|

O
)
U



1600  TECHNICAL REFERENCE MANUAL

3.7.25 BINARY RIGHT DOUBLE SHIFT COMMAND (BRD) AND BINARY RIGHT DOUBLE
SHIFT INCLUDING K COMMAND (BRDK)

Hex Code: 4A00+N (BRD) Logic Name: K3A2
4A80+N (BRDK)

Binary Code:

0100 1010 ONNN NNNN (BRD) Timing: 8n-3+za (BRD & BRDK)
0100 1010 1NNN NNNN (BRDK)

Description

These commands cause the combined contents of scratchpad sectors O and

1 to shift right, as a single 80-bit block, the number of times specified
shift count. N equals the shift count minus one. The low-order bit
(underflow bit) shifted out of the block is stored in K (F14). The

BRDK command performs an additional operation, it forces the initial
state of K into the emptied high-order bits of the block. Figure 3.28

is a flow chart showing the sequence of events that occur for these
commands.

Sequence of Events

A) During C30 see C30 of BLD-BLDK commands, steps 1 through 4,
paragraph 3.7.21.

B) During C40:
1) Set F1 if Z3 at T39 via gate_M65, figure 3.58.
2) Establish L50 equal to L39 (T39 v F2) if F1 via gates
' M82-5 and M75, figure 3.89.
3) Record L50 v P9 F2 T39 into S if Fl via gate M50-13,
figure 3.87.
4) Don't shift L30 if F1 (F2 v T39) via gate M141-6,
figure 3.86.
5) Reset F2 if Fl F2 at T39 via gate M75-8, figure 3.58.
6) Set F3 if _ F2 at time T4 T7 Z2 via gate M81 figure 3.59.
7) Record L20 with F3 via gate M1-2, figure 3.85, into I.
8) Reset F3 if L20 during T7 via gate M73-6, figure 3.59.
9) Record L20 with F3 via gate M1-4, flgure 3.85, into I.
10) Store last underflow bit in Fl4 w1th F3 at T39 via gate
M110-8, figure 3.68.
11) Set F2 if F1 F2 at T39 via gate M72-12, figure 3.58.
12) Reset F1 if T2 at T39 via gate M64-9, flgure 3.58.
13) Set C10 at T39 if F3 via gate M25-6, figure 3.54.

Decoded Signals

See Decoded Signals of BLS-BLSK commands, paragraph 3.7.19.
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3.7.26 BINARY RIGHT DOUBLE SHIFT ON SCRATCHPAD COMMAND (BRDS) AND BINARY
RIGHT DOUBLE SHIFT ON SCRATCHPAD INCLUDING K COMMAND (BRDSK)

Hex Code: 4BOO (BRDS) Logic Name: K3A3 (BRDS & BRDSK)
4B8O (BRDSK)

Binary Code:

0100 1011 0000 0000 (BRDS) Timing: 5 (BRDS & BRDSK)
0100 1011 1000 0000 (BRDSK)

Description

These commands cause the combined contents of whichever 2 scratchpad

sectors happ