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PREFACE

This manual contains hardware reference information for
the CDC®CYBER 170 Computer Systems, models 720, 730,
740, 750, and 760 and model 176 (1evel B/C). For model 176,
level B is equivalent to any of the model designators 408
through 444. Level C is equivalent to model designator 501.

The model numbers identify the reference information for
the various systems throughout the manual.

Refer to publication number 60420000 for
reference information for models 171
through 175 and model 176 (level A). For
model 176, level A is equivalent to any of
the model designators 8 through 44.

The manual describes the functional, operational, and
programming characteristics of the computer systems
hardware. Additional system hardware information is
available for all models in the publications listing in the
system publication indexes on the following pages.

All references to chassis 11 and 12 pertain to AA110-A and
AA147-A only.

This manual is for use by customer, marketing, training,
programming, and Engineering Services personnel who
operate, program, and maintain the computer systems.

Other manuals that are applicable to the CDC CYBER 170
Computer Systems but not listed in the following indexes
are:

Publication
Control Data Publication Number
NOS Operator's Guide 60435600
NOS System Programmer's Instant 60449200
CYBER 70 Computer Systems 7030
Extended Core Storage Reference
Manual, Volume 3 60347100
7030-1XX ECS II and 6642
Distributive Data Path
Hardware Reference Manual 60430000

Publication ordering information and latest revision levels
are available from the Literature Distribution Services
catalog, publication number 90310500.

This equipment generates, uses and can radiate radio frequency energy
and if not installed and used in accordance with the instructions
manual, may cause interference to radio communications. As
temporarily permitted by regulation, it has not been tested for
compliance with the limits for Class A computing devices pursuant to
Subpart J of Part 15 of the FCC Rules which are designed to provide
reasonable protection against such interference. Operation of this
equipment in a residential area is likely to cause interference in which
case the user at his own expense will be required to take whatever
measures may be required to correct the interference.
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SYSTEM PUBLICATION INDEX

CDC CYBER 170
HARDWARE MANUALS

|

J )

—

HARDWARE
MAINTENANCE MANUALS

I
{ |

MODELS 720, 730 MODELS 740, 750, 760

]

SYSTEM .
MANUALS

CDC CYBER 170 HARDWARE REFERENCE

PPS THEORY, DIAGRAMS
GF 60456120

GF 60456100

ECS SUBSYSTEM HARDWARE REFERENCE

CSU THEORY, DIAGRAMS
GF 60456130

GF 60430000

I |

ESM SUBSYSTEM HARDWARE REFERENCE

CPU THEORY, DIAGRAMS FUNCTIONAL UNITS THEORY, DIAGRAMS
GF 60420300

60455990

GF 60456170

|

CMC THEORY, DIAGRAMS CPU/CMC THEORY, DIAGRAMS
GF 60456260

DISPLAY STATION HARDWARE REFERENCE/CE
GF 62952600

GF 60456180

ECS CPLR THEORY, DIAGRAMS
GF 60456190

CDC CYBER 170 COMPUTER SYSTEMS CODES
60456920

ECL MICROCIRCUITS

PPS (CHAS 2) WIRE LIST
GF 60456140

GF 60417700

|

SITE PREPARATION-GENERAL

CSU {CHAS 3) WIRE LIST
GF 60456150

GF 60275100

CPU/CMC (CHAS 1) WIRE LIST CP (CHAS 5-7) WIRE LIST
GF 60456220, 30, 40

SITE PREPARATION-MAINFRAME
GF 60456890

GF 60456200
CPU/ECS CPLR (CHAS 4} WIRE LIST ECS CPLR (CHAS 4) WIRE LIST SITE PREPARATION-PERIPHERAL EQUIPMENT
GF 60456210 GF 60456250 GF 60275300
CABLES CABLES SITE PREPARATION-MONITORING AND POWER DATA
GF 60457530 GF 60457540 GF 60451300

l

POWER DISTRIBUTION AND WARNING SYSTEM
GF 60456160

REFRIGERATION SYSTEM REFRIGERATION SYSTEM
GF 60427800

GF 19983800

INSTALLATION AND CHECKOUT INSTALLATION AND CHECKOUT
GF 60420520 GF 60420510
MAINTENANCE, PARTS
GF 60456980

ECS SUBSYSTEM
GF 60404700 (ECS), GF 60425800 (DDP), GF 60440500 {CONTROLLER)

M-G SET THEORY, MAINTENANCE, ETC
60166800 (EM), 60420800 (KATO)

M-G SET DIAGRAMS
60423100 (EM), 60419900 (KATO)

25-kVa FREQUENCY CONVERTER
THEORY, MAINTENANCE, DIAGRAMS
GF 60456520

NOTES:
@ IFAT402A 1S
INSTALLED, USE
PUBLICATION
GF 60456250
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1. SYSTEM DESCRIPTIONS

Introduction
Physical Characteristics
Models 720 and 730 Configurations
Models 740, 750, and 760 Configurations
Model 176 Configuration
Functional Characteristics
Model 720 System
Model 730 System
Model 740 System
Models 750 and 760 Systems
Model 176 System
Major System Component Descriptions
Central Processor - Models 720 and 730
Central Processor - Models 740, 750,
760, and 176
Central Memory ~ All Models
Extended Core Storage (Optional) -
Models 720 through 760
Large Core Memory Extension (Optional) -
Model 176
Peripheral Processor Units (Optional) -
Model 176
Peripheral Processor Subsystems - All
Models
Display Station - All Models
Condensing Unit(s) - All Models
Power Distribution Unit - Model 176

2. FUNCTIONAL DESCRIPTIONS

Central Processor - Models 720 and 730
Arithmetic Unit - Models 720 and 730
Instruetion Control Section - Models

720 and 730
Operating Registers - Models 720 and
730

Support Registers - Models 720 and
730
Instruction Control Sequences -
Models 720 and 730
Central Processor - Models 740, 750, 760,
and 176
Central Processing Unit - Models 740,
750, 760, and 176
Operating Registers - Models 740,
750, 760, and 176
Support Registers - Models 740, 750,
and 760
Support Registers - Model 176
Instruction Control Sequences -
Models 740, 750, 760, and 176
Functional Units - Models 740, 750, 760,
and 176
Boolean Unit
Shift Unit
Normalize Unit
Floating-Add Unit
Long Add Unit
Multiply Unit
Divide Unit .
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Flag Register Operation - Models 720
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Model 176 LCME Address Format
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SYSTEM DESCRIPTIONS 1

This section introduces the CDC CYBER 170 Computer
Systems, gives physical and functional characteristics, and
provides descriptions of major system components.

INTRODUCTION

The CDC CYBER 170 systems (figure 1-1) include models
720 through 760 and 176. These are general purpose digital
computer systems that provide varying degrees of
processing power, data storage, and input/output (1/0)
capabilities.

Depending upon options and design differences, the systems
include one or more of the following components.

o Central processor (CP).

e Central memory control (CMC) in models 720
through 760 and memory control in model 176.

e Central memory (CM), includes one central storage
unit (CSU) in models 720 through 760 and small
semiconductor memory (SSM) in model 176.

e Large core memory extension (LCME), optional, in
model 176.

e Extended core storage (ECS), optional, in models
720 through 760.

e Peripheral processor subsystem (PPS), includes 10
peripheral processors (PPs).

o Peripheral processor units (PPUs), optional, in
model 176.

e Data channel converter (DCC).
e Display station.
e Condensing unit(s).

e Power distribution unit (PDU).

Table 1-1 provides a comparison of the individual systems
on a component level. In some systems, one or more of the
components are duplicated. In such cases, manual
references to the components by name or abbreviations are
followed by a -0 or -1 for identification. For example,
model 720 contains central processor-0 (CP-0) and may
contain optional central processor-1 (CP-1).

Figure 1-1. CDC CYBER 170 Computer System
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PHYSICAL CHARACTERISTICS the manual provides a common description. Components

with different functions have individual deseriptions that
Many components of the system models are functionally are identified by the system model number (table 1-1).
the same or similar. For these components,

TABLE 1-1. CDC CYBER 170 SYSTEM COMPONENTS

Model
Components 720 730 740 750 760 176
Mainframe:
Central processor-0 X X X X X X
Central processor-1 * * - - - -
Compare/move unit for CP-0 X X - - - -
Compare/move unit for CP-1 * * - - - -
Central processor upgradable to models 740, 750, or 760 * * * * - -
(ﬁ\ Central memory control X X X X X -
Memory control - - - - - X
Central memory, 8 or 16 banks 8 8 8 8 8 16
Peripheral processor subsystem-0 b X X X X X
Peripheral processor subsystem-1 * * * * * *
Peripheral processor units - - - - - *
(@h . 1/0 multiplexer - - - - - x
Logie scanner - - - - - x
One data channel converter for PPS x x X X x X
Display station controller X X X X X x
Extended core storage coupler * * * * * -
One 3-ton internally mounted condensing unit X X - - - -
Large core memory extension - - - - - *
Extended core storage subsystem * * * * * -
10-ton externally mounted condensing unit - - 1 1 1 2
or
3
Power distribution unit - - - - - X
Display station ' X X X X X X
x Standard
- Not available
*  Optional

60456100 F 1-3




The following model configurations describe the physical
arrangements of cabinets, bays, and chassis in basic and
maximally configured systems.  Additional physical
characteristics of the computer systems are on data sheets
in the CDC CYBER 170 Section 2 Site Preparation Manual,
listed in the preface. The data sheets include separate
descriptions of the mainframe models, associated
condensing units, and display stations. The sheets also
include weight, power consumption, and certain code
requirements.

DEADSTART
PANEL

BAY 1

MODELS 720 AND 730 CONFIGURATIONS

The models 720 and 730 basic configurations (figure 1-2)
include a display station and a mainframe which contains a
condensing unit and three chassis for logic and memory
modules. A fourth chassis is present for all dual-CPU
systems and systems with ECS, Installation of the optional
ECS requires the addition of a stand-alone cabinet for a
controller and from one to four cabinets for the ECS,
depending upon the options.

i% crocme (D J 41

IZ] PPS-O/PPS-1 @@I

lgTCM

@

| [q criEcs crLR @

NOTES:

DISPLAY
STATION

(@ CHASSIS 1 ALSO CONTAINS A COMPARE/MOVE UNIT.

(® CHASSIS 2 ALSO CONTAINS A DISPLAY STATION CONTROLLER AND DATA

CHANNEL CONVERTER.
® PPS—1 OPTIONAL.

@ CM IS EXPANDABLE IN MODEL 720 FROM 98,304 TO 131,072 TO 196,608 TO
262,144 WORDS AND IN MODEL 730 FROM 131,072 TO 196,608 TO 262,144 WORDS.

(® CHASSIS 4 CONTAINS OPTIONAL CP—1, ECS COUPLER AND COMPARE/MOVE
UNIT FOR CP—1. IF NONE OF THREE OPTIONS ARE PRESENT, CHASSIS 4 IS NOT

PRESENT.

3AR20B

Figure 1-2. Models 720 and 730 Maximum Chassis Configurations (Top Cutaway View)
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MODELS 740, 750, AND 760 CONFIGURATIONS

The models 740, 750, and 760 basic configurations (figure
1-3) include a display station, a stand-alone condensing
unit, and mainframe bays 1 and 2, which contain three
chassis in bay 1 and three chassis in bay 2.

Installation of the optional ECS requires the addition of a
stand-alone cabinet for a controller and from one to four
cabinets for the ECS, depending upon the options.

MODEL 176 CONFIGURATION

The model 176 basic configuration (figure 1-4) includes a
display station, two condensing units, a stand-alone cabinet
with one chassis, and eight mainframe chassis. The
maximum configuration includes one additional condensing
unit and six additional mainframe chassis.

DEADSTART
PANEL
2 BAY 1 BAY 2
[ 1L 1T | 107
cp
o) r |—| I—-l \l
|3| cM @ I 5 3 7
[a Ecs cPLR [0

10 — TON
CONDENSING
UNIT

NOTES:

DISPLAY
STATION

@ CHASSIS 2 ALSO CONTAINS A DATA CHANNEL CONVERTER AND A
DISPLAY STATION CONTROLLER. PPS-1 1S OPTIONAL.

@ CM IS EXPANDABLE FROM 131,072 TO 196,608 TO 262,144 WORDS.

@ ECS COUPLER 1S OPTIONAL.

3AR218

Figure 1-3. Models 740, 750, and 760 Maximum Chassis Configurations {Top Cutaway View)
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10-TON 10-TON
CONDENSING CONDENSING
UNIT @ uNIT
POWER 10-TON
DISTRIBUTION CONDENSING
UNIT UNIT
PPU AND
cM ™ cM cMm 1/0 MUX
®
o € ®©FI @ @@ 1 @ 5l
CM CONTROL
AND CP @ PPU
6] 14]
@] pru
cP @
71 51
S
cP
6] |
LCME
CONTROL
5]
LCME LCME
& @O m @O
DEADSTART . LCME
PANEL
ILLLLLﬁJ @ @
® DISPLAY
STATION
51]
NOTES:

@ CHASSIS 2 ALSO CONTAINS ONE DATA CHANNEL CONVERTER AND A DISPLAY STATION
CONTROLLER. PPS-1 1S OPTIONAL.

CM IS EXPANDABLE FROM 131, 072 TO 196, 608 TO 262, 144 WORDS.

LCME 1S OPTIONAL BEGINNING AT 524,288 WORDS AND EXPANDABLE TO 1,048,576 OR
2,097,152 WORDS. .

CHASSIS 11, 12, 15,.A1, B1, C1, AND ONE 10-TON CONDENSING UNIT ARE OPTIONAL.

PPUs ARE OPTIONAL. 0
3aR224

@O ©0

CHASSIS 11 AND 12 APPLY TO MODELS AA147A AND AA110-A ONLY.

Figure 1-4. Model 176 Maximum Chassis Configuration (Top Cutaway View)
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FUNCTIONAL CHARACTERISTICS

Tables 1-2 through 1-6 summarize the funetional
characteristics of the CP, CM, PPS, and data address and
checking for each system.

MODEL 720 SYSTEM

The model 720 basic computer system (figure 1-5) has a
CP-0 that operates serially. The CP contains an arithmetic
unit, compare/move unit, and instruction control unit. A
second CP, CP-1, is optional. This CP is the same as CP-0
except that its compare/move unit is optional. Both CPs
use a common CMC and CM to communicate with PPS-0
and the opticnhal PPS-1/ECS, if installed.

The semiconductor CM is optionally expandable in three
inecrements from 98 304 words to 262144 words. Further
memory expansion, up to 2097 152 words, is available by
the installation of the optional ECS. Options in the ECS
installation inelude ports for interfacing with other systems
or distributive data paths.

The PPS-0 contains 10 PPs. An optional installation of
PPS-1 permits expansion of the PPS to 14, 17, or 20 PPs.
Any of these options expands the I/O channels from 12 to
24. The PPs perform all I/O operations by executing
independent programs in each PP. These programs occur
through the use of a PP instruction set. Communications
between the PPs and the I/O channels occur through
individual PP memories.

MODEL 730 SYSTEM

The model 730 basic computer. system (figure 1-5) is
functionally similar to model 720, except for faster CP
operation. The system options are the same, except for
CM which begins with 131 072 words instead of 98 304
words.

MODEL 740 SYSTEM

The model 740 basic computer system (figure 1-6) is
functionally similar to model 730, except for faster

60456100 E

CP operation. This operation occurs through processing
performed in a CP that has nine functional units instead of
the arithmetic, compare/move, and instruction control
units of the model 730.

The system options are the same as those for the model
730, except that model 740 does not have a second CP
option or compare/move unit.

.

MODELS 750 AND 760 SYSTEMS

The models 750 and 760 basic computer systems (figure
1-6) are functionally similar to the model 740, except for
faster CP operation. This operation occurs by using the CP
funetional units in parallel operation. In this operation, the
independent specialized arithmetic units provide maximum
overlap of instruection retrieval and execution.

The system options are the same as those for the model 740.

MODEL 176 SYSTEM

The model 176 basic computer system (figure 1-7) is
functionally similar to models 740 and 750 in the CP and
PPS.

The semiconductor CM has the same options for expansion
as models 750 and 760, but has some differences in its
method of internal addressing and location of the memory
control. In model 176, expansion of CM capacity is through
the use of LCME. This optional memory also includes its
own control funetion.

The PPUs are optional. A PPU installation must begin with
four PPUs. Following PPU installations may be in
increments of 1, up to a total of 12 PPUs. Each PPU adds
six 1/O channels. Like the PPs, the PPUs perform I/O
operations by executing independent programs. These
programs occur through the use of a PPU instruetion set,
similar to the PP instruction set. Communiecations oceur
between the PPs/PPUs and the CP through the 1/0
multiplexer and between the PPs and the PPUs through the
logic scanner.

1-7



TABLE 1-2. CENTRAL PROCESSOR FUNCTIONAL CHARACTERISTICS

Model
Functional Charaecteristics 720 730 740 750 760 176
60-bit internal word X X X X X X
Computation in fixed- and floating-point arithmetic X X x X X X
Eight 60-bit operand X registers X X X X X X
Eight 18-bit address A registers X X b3 X X X
Eight 18-bit index B registers X X X b X X
Character manipulation by compare/move instruetions X X - - - -
Synchronous internal logic with a 50-nanosecond CP
clock period X X - - - -
Synchronous internal logic with a 25-nanosecond CP
clock period - - X X X -
Synchronous internal logic with a 27.5-nanosecond CP
clock period - - - - - X
Large and small adders {arithmetic unit) X b3 - - - -
12-word instruetion word stack - - X X b3 X
Nine funetional units - - X X X X
x Standard
- Not available
* Optional
TABLE 1-3. CENTRAL MEMORY FUNCTIONAL CHARACTERISTICS
Model
Functional Characteristies 720 730 740 750 760 176
400-nanosecond cycle time for all models except model 760,
which has a 200-nanosecond cyele time X X X X X -
165-nanosecond cycle time for write, 82.5-nancsecond cycle time
for read - - - - - X
Maximum transfer rate of one word each 50 nanoseconds X X X X X -
Maximum transfer rate of one word each 27.5 nanoseconds - - - - - X
Semiconduetor memory of 98 304 words (60-bit words plus
eight error detection/correction bits per word); expandable
to 131 072, 196 608, and 262 144 words X - - - - -
Semiconductor memory of 131 072 words (60-bit words plus
eight error detection/correction bits per word); expandable
to 196 608 and 262 144 words - X X X X X
Organized into eight independent banks X X X X X -
Organized into 16 independent banks - - - - - X

x  Standard
-  Not available
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TABLE 1-4. PERIPHERAL PROCESSOR SUBSYSTEM FUNCTIONAL CHARACTERISTICS

Model

Functional Characteristics 720 730 740 750 760 176
12-bit internal word X X X X X X
Binary computation in fixed-point arithmetic X X X X x X
Operating speed of 500 nanoseconds and minor eyele of
50 nanoseconds X X X X b4 X
10 PPs time-share access to CM X X X X X X
Each PP has an internal semiconductor memory of 4096 words
(12-bit words plus one parity bit per word, odd parity) X X x X X X
12 1/O channels, each accessible by any of the PPs X X X X X X
Status and control register X X X X X X
Real-time clock X X X X X X
Each I/0 channel carries 12-bit words plus one parity bit
per word (odd parity) X X X X X X
Expandable from 10 to 20 PPs in increments of 4, 3, and 3
and from 12 to 24 1/O channels * * * * * *
x  Standard
-  Not available
*  QOptional

TABLE 1-5. OPTIONAL PERIPHERAL PROCESSOR UNIT FUNCTIONAL CHARACTERISTICS
Model

Functional Characteristics 720 730 740 750 760 176
12-bit internal word - - - - - X
Binary computation in fixed-point arithmetic - - - - - X
27.5-nanosecond clock synehronous with CP - - - - - X
Each PPU has an internal semiconduetor memory of 4096 words
(12-bit words plus one parity bit per word, odd parity) - - - - - X
Eight bidirectional 1/0 channels dedicated to each PPU - - - - - X

Expandable from 0 to 12 PPUs in an increment of 4 and
following inerements of 1. Each PPU adds six 1/0 channels

x  Standard

-  Not available

*  Optional
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TABLE 1-6. DATA AND ADDRESS CHECKING FUNCTIONAL CHARACTERISTICS

Funetional Characteristics

Model

720

730

740

750

760 176

Parity check data between CP-1 and CMC
Parity check data between PPS-0 and CMC
Parity check data between PPS-1 and CMC

Parity check data between ECS and CMC (only if a
parity-enhaneced controller is installed)

Single-error correction double-error detection (SECDED)
of data between CM and CMC

Parity check address from CP-0 to CMC
Parity check address from CP-1 to CMC
Parity check address from PPS-0 to CMC
Parity check address from PPS-1 to CMC
Parity check address from CMC to CM

Parity check data between CM and control (non-SECDED
mode only)

SECDED between LCME and LCME control

Parity check data between LCME and LCME control
(non-SECDED mode only)

Parity check on PPS memory data

Parity check on PPU memory data

x  Standard
-  Not available
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Figure 1-5. Models 720 and 730 Computer Systems
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Figure 1-6. Models 740, 750, and 760 Computer Systems
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Figure 1-7. Model 176 Computer System
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MAJOR SYSTEM COMPONENT DESCRIPTIONS

The following are the major system components.
e  Central proeessor.
e Central memory.

o Extended core storage (optional) in models 720
through 760.

o Large core memory extension (optional) in model
176.

e Peripheral processor units (optional) in model 176.
e  Peripheral processor subsystem.

e Display station.

e Condensing unit(s).

e Power distribution unit in model 176.

CENTRAL PROCESSOR — MODELS 720 AND 730

The CP consists of the instruction control section and the
arithmetic unit. The CP is isolated from the PPS and is
thus able to carry on computation or character
manipulation unencumbered by I/O requirements.

The instruction control seetion directs the arithmetic and
manipulative functions for instruction execution. The
instruction control section also performs instruction
retrieval, address preparation, memory protection, and
data retrieval and storage. The instruction control section
acquires instructions from CM and decodes and executes
them in a serial manner. Operating registers reduce
storage accesses for operands used during the execution of
an instruction. These registers are:

e Eight 60-bit X registers (X0 through X7) which hold
operands used for computation.

e Eight 18-bit A registers (A0 through A7) which use
A0 primarily for indexing and Al through A7 for
CM operand addressing.

e  Eight 18-bit B registers (B0 through B7) which are
primarily indexing registers to control program
execution. The B0 register always contains all
zZeros.

The instruction control section also contains seven support
registers that support the operating registers during
program execution. These registers are:

e Program address (P) register, 18 bits.

o Reference address for CM (RAC) register, 18 bits.

e Field length for CM (FLC) register, 18 bits.
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e  Exit mode (EM) register, 6 bits.

o Reference address for ECS (RAE) register, 21 bits.
e Field length for ECS (FLE) register, 24 bits.

e  Monitor address (MA) register, 18 bits.

The instruction control section also directs the character
manipulative functions of the compare/move instructions.
Characters are 6 bits; therefore, a CM word may contain
up to 10 characters. Characters can be moved from one
CM location to another, and fields of characters can be
compared either directly or through a collation table.

The arithmetic unit consists of a large arithmetic section
(used by instructions requiring manipulation of 60-bit
operands) and a small arithmetic section (used by
instructions requiring manipulation of 18-bit operands).
The large and small arithmetic sections also provide other
arithmetic functions required by the CP for instruction
execution, such as instruction addressing.

The CMC provides an interface between CM and five CM
access ports (PPS-0, PPS-1, CPU-0, CPU-1, and ECS). The
CMC primarily controls address and write data to CM and
read data from CM. In addition, the CMC:

e Determines access priorities.

e Increments addresses (for exchange jumps and ECS
transfers).

o Checks and generates address and data parity.

e Provides single-error correction double-error

detection (SECDED).
e Performs breakpoint checks.
e Controls CM reconfiguration.

e Controls exchange jumps.

CENTRAL PROCESSOR — MODELS 740, 750, 760, AND 176

Models 740, 750, 760, and 176 differ from the other models
by not having the compare/move capability. In addition,
the models 750, 760, and 176 perform parallel processing
rather than serial processing within a single CP.

The models 740, 750, 760, and 176 CPs have basic
similarities in their CPUs. Each CPU contains operating
registers, support registers, and functional units. In
addition, the models 740, 750, and 760 CPs contain a CMC.
In model 176, the memory control function is part of the
CM.

The operating registers minimize CM references for
functional unit operands and results. These registers are:

e Eight 60-bit X registers (X0 through X7) which are
the source and destination of operands for the
functional units, input data from CM, and output
data to CM; for model 176 only, these registers
also input and output data and addresses for LCME.
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e Eight 18-bit A registers (A0 through A7) which use
A0 primarily for indexing and Al through A7 for
addressing.

e Eight 18-bit B registers (B0 through B7) which are
primarily indexing registers to control program
execution.

The support registers support the operating registers during
the execution of programs. The models 740, 750, and 760
registers differ from the model 176 registers.

Models 740, 750, and 760 support registers are:

e Program address (P) register, 18 bits.

e Reference address for CM (RAC) register, 18 bits.

e Field length for CM (FLC) register, 18 bits.

e Exit mode (EM) register, 6 bits.

¢ Reference address for ECS (RAE) register, 21 bits
(lower 6 bits are zeros).

o Field length for ECS (FLE) register, 24 bits (lower
6 bits are zeros).

e Monitor address (MA) register, 18 bits,
Model 176 support registers are:
e Program address (P) register, 18 bits.
e Reference address for CM (RAS) register, 18 bits.
e Field length for CM (FLS) register, 18 bits.
e  Program status designator (PSD) register, 18 bits.

e Reference address for LCME (RAL) register, 22
bits.

e Field length for LCME (FLL) register, 22 bits.

e Normal exit address (NEA) register, 18 bits.

e  Error exit address (EEA) register, 18 bits.
Instruction control consists of the instruction word stack
(IWS), instruction address stack (IAS), current instruction
word (CIW), and P registers. The IWS and IAS allow short
program loops to execute without rereading instructions
from CM.

The nine funetional units operate as
specialized arithmetic units. These units are:

independent

® Boolean unit which forms the logical product,
logical sum, or logical difference of two 60-bit
operands, transfers a 60-bit operand between X
registers, and packs and unpacks floating-point
operands.

¢ Shift unit which performs mask generation and left
circular or right end-off shifting of 60-bit operands.

e Normalize unit which performs the normalize
operation.
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e Floating-add unit which forms the sum or
difference of two floating-point operands.

¢ Long-add unit which forms the sum or difference of
two 60-bit integers.

o Floating-multiply unit which forms the produet of
two floating-point operands in single or double
precision and does 48-bit integer multiply.

which forms the
of two floating-point

® Floating-divide unit
single-precision quotient
operands.

e Population eount unit which counts the number of
bits which have a value of one in a 60-bit operand.

o Increment unit which forms the one's ecomplement
sum or difference of two 18-bit operands.

Computation is performed by the functional units. Data

moves into and out of the funectional units through the .

operating registers (A, B, and X) in the CPU.
In models 740, 750, and 760, the CMC controls the flow of
data between CM and the requesting elements of the
system. In addition, the CMC:
e Determines access priorities.
e Increments addresses (for exchange jumps and ECS).
e Checks and generates address and data parity.
double-error

e Provides single-error correction

detection (SECDED).
e Performs breakpoint checks.
e Controls exchange jumps.

e Controls CM reconfiguration.

CENTRAL MEMORY — ALL MODELS

The CM in models 720 through 760 is a metal oxide
semieonduetor (MOS) memory. The CM in model 176 is a
bipolar semiconductor memory. Each of the basic CM sizes
is field-upgradable to 262 144 words.

Words in the CMs eontain 60 data bits and 8 SECDED code
bits.

EXTENDED CORE STORAGE (OPTIONAL} — MODELS
720 THROUGH 760

The ECS is an optional on-line, semirandom-~access,
magnetic-core memory system which augments CM. The
ECS has a fixed-word length and is capable of two-way
communication between its memory banks and the
mainframe. An ECS contains:

e ECS controller.

e ECS memory banks.
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o Distributive data path (DDP) (optional to ECS).

The ECS controller regulates the computer system access
to the ECS memory bays through four available access
ports. One access port connects to the ECS coupler. The
other ports may connect to other systems or optional
DDPs. Each access port carries 60 data bits plus 1 parity
bit and control signals. Eight 60-bit data words plus eight
parity bits comprise an ECS record. The ECS controller
performs time-sharing of ECS records in the four access
ports during ECS data transfers. The ECS controller
interfaces from one to four ECS memory bays and carries
60 data bits plus 1 parity bit. Depending upon the
controller used, the controller transfers the parity bit that
accompanies the data from the computer system to the
ECS memory bays or generates a parity bit for the ECS
data.

The ECS contains 2, 4, 8, or 16 memory banks; each bank is
capable of storing 131 072 60-bit words. ECS is available in
sizes ranging from 262144 words (2 banks) to 2097 152
words (16 banks). A cabinet, termed bay, holds up to four
memory banks. Each ECS bank address stores one ECS
record. References of one 60-bit word are possible.

The DDP provides a data path between ECS and the PPs.
The path allows fast PP access to data in ECS using an I/O
channel and greatly reduces the data traffic through the
CM.

Each ECS requires an ECS coupler which mounts within the
mainframe cabinet. The coupler interfaces the mainframe
with the ECS processing and monitoring data and control
between the systems. The coupler:

o Receives the initial ECS address from the CP and
relays the address, request, and read or write to
the ECS controller.

o Receives the word count from the CP and
compares the number of words transferred with the
word count.

e Generates and sends a continue request signal to
CMC to set CM bank reservations.

o Generates and sends a bank initiate signal for each
transfer of a CM word.

o Increments each ECS address.

® Generates an end-of-transfer signal when the
transfer is completed normally.

e Terminates a transfer when an error condition is
detected.

e Provides a parity check of the word count and
address information received from the CP.

e Generates parity for ECS addresses transmitted to
the ECS controller.

e Provides a data input and output interface between
CMC and the ECS controller.

o Receives flag functions from the CP and relays
them to the ECS controller.

o Receives and sends data parity from and to CMC
on models 740, 750, and 760.
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Additional information for the ECS and ECS coupler is in
manuals listed in the system publication index in the
preface of this manual.

LARGE CORE MEMORY EXTENSION (OPTIONAL) —
MODEL 176

LCME is optional and provides additional storage for data
that is not immediately needed by the CPU. The data
transfers through a bidirectional high-speed data path
between CM and LCME. Data may also be transferred one
word at a time to or from the X operating registers.
However, programs cannot execute directly out of LCME.

LCME basically contains 512 288 words and is expandable
with system options to 2097 152 72-bit words. Each word
includes 60 data bits, 8 error correction bits, 2 complement
control bits, and 2 unused bits.

PERIPHERAL PROCESSOR UNITS (OPTIONAL) —
MODEL 176

The PPU is a computer with an independently stored
program. The system can contain up to 12 PPUs, depending
on the number installed as options. The PPUs have 4096
words (12 bits plus 1 parity bit per word) of bipolar
semiconductor memory  organized into two
independent banks of 2048 words. The PPUs share access
to CM with the PPS through I/O multiplexer channels.
Each PPU operates independently with separate hardware
for performing arithmetic, logical, and 1/0 operations.

PERIPHERAL PROCESSOR SUBSYSTEM — ALL MODELS

The PPS consists of 10 logically independent computers in
PPS-0 and 4, 7, or 10 of the computers in PPS-1, when
installed as options. The computers, termed PPs, have 4096
words (12 bits plus 1 parity bit per word) of MOS memory
and a repertoire of 64 instructions. The PPs share access
to CM and 12 bidirectional 1/O channels. The PPs operate
in a multiplexing system that allows them to share common
hardware for arithmetie, logical, and I1/0 operations
without losing speed or independence.

A status and control register is included in the PPS as a
maintenance aid. This register is program-controlled and
monitors error system conditions that include address and
data parity errors, single-error correction double-error
detection conditions, and address information. Visual light
displays on the PPS chassis permit monitoring some of the
register status bits.

A real-time clock is included in the PPS. The eclock
inerements once each microsecond.

Models 720 through 760 and 176 mainframes are expandable
to 14, 17, or 20 PPs and 24 /O channels with the addition
of PPS-1. PPS-1 includes an abbreviated status and control
register. All 1/O channels are accessed by all PPs.
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DISPLAY STATION — ALL MODELS

The display station provides a visual, alphanumeric readout
for the computer. The receipt of symbol and position
information from the computer enables displaying program
information on a 2l-inch cathode-ray tube (CRT). The
station also contains an alphanumeric keyboard which
enables an operator to send data to the computer. The
keyboard and CRT combination permits the computer
operator to modify computer programs and view the result
on the sereen. The computer outputs two alternate,
nonrelated data streams. The display station keyboard has
a switch which enables the operator to select either of the
data streams or to seleet both for presentation on the
CRT. (Except for programming information in section 5,
refer to the display station manual listed in the system
publication index in the preface of this manual for further
display station information.)

CONDENSING UNIT(S) — ALL MODELS

One or more condensing units circulate cooling refrigerant
to cold bars and plates for the conduction cooling of the
logic and memory paks and logic and memory modules in a
system. For models 720 and 730, one 3-ton condensing unit
mounts in and cools each bay. For models 740, 750, and
760, one 10-ton condensing unit is in a stand-alone cabinet
and cools the entire system. For model 176, two 10-ton
condensing units in stand-alone cabinets cool the basic
system. System options permit a third 10-ton condensing
unit.

POWER DISTRIBUTION UNIT — MODEL 176

The PDU distributes 400-Hz power to the dc power supplies
located in the mainframe. It also contains a warning
system that monitors logic chassis temperature, room
dew-point temperature, and condensing unit condition. A
warning panel in the PDU contains relay circuits that
activate a horn and automatically shut off computer power
when the cooling system malfunctions.
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FUNCTIONAL DESCRIPTIONS 2

This section provides functional descriptions of the system
mainframe parts shown in the bloek diagrams in seetion 1.
These parts consist of:

o Central processor (CP) in models 720 and 730.
@ Central processor in models 740, 750, 760, and 176.

e Central memory control (CMC) in models 730, 740,
750, and 760.

e Central memory (CM) in models 730, 740, 750, and
760.

e Central memory in model 176.

e Large core memory extension (LCME), optional, in
model 176.

e Input/output multiplexer (MUX) in model 176.

e Logic scanner in model 176.
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o Data channel converter (DCC).
o Display controller.

e Peripheral processor units (PPUs), optional, in
model 176.

e Peripheral processor subsystem (PPS).

Functional descriptions for the system display station,
condensing units, and extended core storage (ECS) are in
respective manuals listed in the system publication index in
the preface of this manual.

Functional differences among the CDC CYBER 170 models
mainly exist in their CPs' program processing methods.
The CPs of models 720 and 730 perform serial processing
with an arithmetic unit, compare/move unit, and
instruction control section. Although the model 740 CP
also performs serial processing, it uses nine functional units
for this purpose. The functional units are also used by the
models 750, 760, and 176 CPs, but for parallel processing.
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CENTRAL PROCESSOR — MODELS 720 AND

The CP consists of the arithmetic unit (AU) and an
instruction control section. The AU performs arithmetic
operations by manipulation of 18- and 60-bit operands. The
instruction control section direets the arithmetie
operations, directs character manipulative functions of
compare/move instructions, and interfaces the CMC and
arithmetic sections. The compare/move unit is optional.

ARITHMETIC UNIT — MODELS 720 AND 730

The AU consists of the large and small arithmetic
sections. Instructions use the large section for 60-bit
operand manipulation and the small section for 18-bit
operand and exponent manipulation. The large arithmetic
section contains a 108-bit adder, shift network, normalize
network, and shift counter. The small arithmetic section
contains an 18-bit adder. The arithmetic sections also
provide other arithmetic functions required by the CP for
instruction execution.

INSTRUCTION CONTROL SECTION — MODELS 720
AND 730

The instruction control! section consists of 24 operating
registers, 7 support registers, and logic for instruction
control.

The following operating and support register descriptions
are identical to those for models 740, 750, 760, and 176 and
are repeated in the CP descriptions of the those models to
provide continuous system descriptions.

Operating Registers — Models 720 and 730

The operating registers consist of operand (X), address (A),
and index (B) registers. These registers minimize memory
references for arithmetic operands and results.

X Registers

The CP contains eight 60-bit X registers, X0 through X7.
The X0 register is used in the compare instructions to
indicate if two fields of characters are equal. If the
system includes ECS, the X0 register provides the relative
starting address in a block copy operation. The X0 register
also provides the instruction information during a flag
register operation.

The X1 through X7 registérs are primarily data handling
registers for computation with X1 through X5 used to input
data from CM and X6 and X7 used to transmit data to CM."

Operands and results transfer between CM and the X

registers as a result of placing CM addresses into
corresponding A registers.
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A Registers

The CP contains eight 18-bit A registers, A0 through AT.
The A0 register serves as an intermediate register for the
user's discretion. If the system includes ECS, the A0
register provides the relative CM starting address. The A0
register is also used for the collation table address. The
register is not used in an ECS flag operation.

The Al through A7 registers are essentially CM operand
address registers associated one-for-one with the X
registers. Placing a quantity into an address register (Al
through A5) causes an immediate CM read reference to
that address and transmits the CM word to the
corresponding register (X1 through X5). Similarly, placing
a quantity into the A6 or A7 register causes the word in the
corresponding X6 or X7 register to be written into that
relative address of CM.

B Registers

The CP contains eight 18-bit B registers, B0 through B7.
These registers are primarily indexing registers to econtrol
program execution. Program loop counts may also be
ineremented or decremented in these registers.

Program addresses may be modified on the way to an A
register by adding or subtracting B register quantities. The
B registers also hold shift counts for the nominal Bj shifts,
the resultant exponent for the unpack, the operand
exponent for the pack, and the resultant shift count from a
normalize. The B0 register always contains positive zero
which can be used as an operand. This register cannot hold
results from instructions.

Support Registers — Models 720 and 730

Seven support registers assist the operating registers during
the execution of programs. The contents of the support
registers are stored in CM, and their new contents are
loaded from CM during an exchange sequence (refer to
Exchange Jump in section 5). With the exception of the P
register, the contents of the support registers cannot be
altered during the execution interval of an exchange
package. When the execution interval completes, the data
in the support registers is sent back to CM through an
exchange jump.

P Register

The 18-bit program address (P) register loads from CM
during the first word of an exchange sequence and contains
the current program execution address. The register serves
as a program address counter and holds the relative CM
address for each program step.

RAC Register

The 18-bit CM reference address (RAC) register loads from
CM during the second word of an exchange sequence. An
absolute CM address forms by adding RAC to a relative



address determined by the instruction. The content of the
P register is added to RAC to form the absolute program
address in CM. A P-equal-to-zero condition specifies
relative address zero and therefore RAC. This address is
reserved for recording program-error-exit-conditions and
should not be used to store data or instructions.

FLC Register

The 18-bit CM field length (FLC) register loads from CM
during the third word of an exchange sequence. The FLC
register defines the size of the field of the program in
execution. Relative CM addresses are compared with FLC
to check that the program is not going out of its allocated
memory range. (For further information, refer to Exit
Mode/Error Response under Central Processor in section 5.)

EM Register

The six-bit exit mode (EM) register loads from CM during
the fourth word of an exchange sequence. The EM register
holds six exit mode selection bits that control individual
error conditions for a program. Selected EM register bits
cause the CP to error exit when the corresponding
conditions occur. Any or all of the six bits ean be selected
at one time. Unselected EM register bits allow the CP to
continue, without error processing, when most of the
corresponding conditions oceur. The exit mode selection
bits appear in the exchange package as bits 48 through 50
and 57 through 59. The bits and their corresponding
conditions are:

Mode
Selection
Bit Condition Sensed
48 Address out of range
49 Infinite operand
50 Indefinite operand
57 Parity error on ECS flag register
operation
58 Central processor unit (CPU) to CMC
address or data parity error or CPU
to CMC to CM address parity error
59 CMC to CPU data parity error or

double error

RAE Register

The 21-bit ECS reference address (RAE) register loads
from CM during the fifth word of an exchange sequence.
The lower six bits of this register are always zero. An
absolute ECS address forms by adding RAE to the relative
address which is determined by the instruection.

FLE Register

The 24-bit ECS field length (FLE) register loads from CM
during the sixth word of an exchange sequence. The lower
six bits of this register are always zero. The FLE register
defines the size of the field in ECS for the program in
execution. Relative ECS addresses are compared with
FLE. (For further information, refer to Exit Mode/Error
Response under Central Processor in section 5.)

MA Register

The 18-bit monitor address (MA) register loads from CM
during the seventh word of an exchange sequence. The MA
register contains the absolute starting address of an
exchange package which is used when executing a central
exchange jump (013) instruction with the monitor flag clear
or when honoring a monitor exchange jump to MA (262x)
instruction with the monitor flag clear.

Instruction Control Sequences — Models 720
and 730

The instruction control logie performs instruction
translation and control sequences. Each control sequence
obtains the necessary instruction operands from the
operating registers and provides the control signals for
execution. Instructions read from CM are 60-bit
instruetion words that are in four 15-bit groups, two 30-bit
groups, or a combination of 15-bit and 30-bit groups. The
15-bit groups are termed parcels with the first parcel
(parcel 0) being the highest-order 15 bits of a 60-bit CM
word. Second, third, and fourth parcels (parcels 1, 2, and 3)
follow in order. The 30-bit groups contain two 15-bit
parcels.

The instruction control sequences control the execution of
one or more instructions of a common type. These
sequences and associated instructions are briefly deseribed

in this section. (For further information, refer to CP
Instruction Descriptions in section 4.)

Boolean Sequence
The boolean sequence controls instructions that require
bit-by-bit data manipulation. This includes both the logical
and transmissive operations. The instructions requiring
logical operations are:

11 Logical product (Xj) and (Xk) to Xi

12 Logical sum of (Xj) and (Xk) to Xi

13 Logical difference of (Xj) and (Xk) to Xi

15 Logical produet of (Xj) and (XK) to Xi

16 Logical sum of (Xj) and (¥K) to Xi

17 Logical difference of (Xj) and (Xk) to Xi
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The instruetions requiring transmissive operations are:
10 Transmit (Xj) to Xi

14 Transmit (Xk) to Xi

Shift Sequence

The shift sequence controls instructions that require
shifting the 60-bit field of data within the operand word.
The shift instructions are:

20 Left shift (Xi) by k

21 Right shift (Xi) by jk

22 Left shift (Xk) nominally (Bj) places to Xi
23 Right shift (Xk) nominally (Bj) places to Xi
43 Form mask of jk bits to Xi

The shift sequence also controls the pack and unpack
instructions. In the packed floating format, the coefficient
is contained in the lower 48 bits. The sign and biased
exponents are contained in the upper 12 bits. The unpack
instruetion obtains the packed word from the Xk register,
delivers the coefficient to the Xi register, and delivers the
exponent to the Bj register. The unpack and pack
instructions are:

26 Unpack (Xk) to Xi and Bj

27 Pack (Xk) and (Bj) to Xi
The shift sequence also controls the normalize operations.
The coefficient portion of the operand is repositioned, and
the exponent is adjusted so that the most significant bit of
the coefficient is in the highest-order bit position of the
coefficient, and the exponent is decreased by the number
of bit positions shifted. The normalize instructions are:

24 Normalize (Xk) to Xi and Bj

25 Round normalize (Xk) to Xi and Bj

Floating-Add Sequence

The floating-add sequence controls the operations
necessary to form the 48-bit floating sum with a 12-bit
exponent of the floating-point sum or difference of two
floating-point operands. The floating-add instruections are:

30 Floating sum of (Xj) and (Xk) to Xi

31 Floating difference of (Xj) and (Xk) to Xi

32 Floating double-precision sum of (Xj) and (Xk) to Xi

33 Floating double-precision difference of (Xj) and
(Xk) to Xi

34 Round floating sum of (Xj) and (Xk) to Xi
35 Round floating difference of (Xj) and (Xk) to Xi
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Floating-Multiply and Floating-Divide Sequence

The floating-multiply and floating-divide sequence controls
the operation of floating-multiply, floating-divide, and
population-count instructions.
The multiply instructions are:

40 Floating product of (Xj) and (XK) to Xi

41 Round floating produet of (Xj) and (Xk) to Xi

42 Floating double-precision product of (Xj) and (Xk)
to Xi

The divide instructions are:
44 Floating divide (Xj) by (Xk) to Xi
45 Round floating divide (Xj) by (Xk) to Xi

The population-count instruction counts the number of one
bits in a 60-bit operand. The instruction is:

47 Population count of (Xk) to Xi

Increment Sequence

The inerement sequence confrols the one's complement
addition and subtraction of 18-bit fixed-point operands for
increment instructions 50 through 77. The sequence also
controls the 60-bit one's complement sum and difference
values for long add instructions 36 and 37.
The increment instructions are:

50 Set Aito (Aj) +K

51 Set Aito (Bj) +K

52 Set Ai to (Xj) + K

53 Set Ai to (Xj) + (BK)

54 Set Ai to (Aj) + (BK)

55 Set Ai to (Aj) - (Bk)

56 Set Ai to (Bj) + (BK)

57 Set Ai to (Bj) - (BK)

60 SetBito (Aj) +K

61 SetBito(Bj)+K

62 SetBito (Xj) +K

63 Set Bi to (Xj) + (BK)

64 Set Bi to (Aj) + (BK)

65 Set Bi to (Aj) -(BKk)

66 Set Bi to (Bj) + (Bk)

67 Set Bi to (Bj) - (BK)

70 Set Xito (Aj) +K



71 SetXito(Bj) +K
72 SetXito(Xj)) +K
73 Set Xi to (Xj) + (BK)
74 Set Xito (Aj) + (BK
75 Set Xi to (Aj) - (BK)
76 Set Xi to (Bj) + (BK)
77 Set Xi to (Bj) - (BK)
The long add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi
37 Integer difference of (Xj) minus (Xk) to Xi

Compare/Move Sequence

The compare/move sequence confrols the execution of
compare/move instructions that handle data manipulation
on a character basis. The compare/move instructions are
60-bit instructions that use six support registers for source
and result field CM addresses and character position
offsets. The support registers load from the 60-bit
instruction word. The compare/move instructions are:

464 Move indireet (Bj) + K

465 Move direct

466 Compare collated

467 Compare uncollated
The support registers are:

e An 18-bit K1 register that specifies which relative
CM address word contains the first character of
the source data field.

e An 18-bit K2 register that specifies which relative
CM address word contains the first character of
the result field.

e A 4-bit Cl1 register that specifies the character
position or offset of the first CM word of the
source field.

e A 4-bit C2 register that specifies the character
position or offset of the first CM word of the result
field.

e Two 16-bit L registers (LA and LC) that specify the
number of characters in the data field. The LA
register is associated with K1, and the LC register
is associated with K2. Instruction 464 uses 14
register bits. Instructions 465, 466, and 467 use
only the lower eight register bits.

Exchange Sequence

The exchange sequence generates timed CM reference
signals to implement the exchange of data between the CP
and CM, as required by the exchange jump instruction. In
addition, the exchange sequence provides internal control
signals to the operating and control registers to
systematically enter the content of an exchange jump
package.

The CMC always initiates the exchange sequence from a
CP or peripheral processor (PP) request.

ECS Block Copy Sequence

The ECS block copy sequence controls the transfer of data
between CM and ECS. The number of words to be
transferred is determined by the addition of K to the
content of Bj. The starting address for CM is obtained
from the AO register plus the RAC reference address. The
starting address for ECS is obtained from the X0 register
plus the RAE reference address. The ECS block copy
instructions are:

011 Block copy (Bj) + K from ECS to CM
012 Block copy (Bj) + K from CM to ECS

Normal Jump Sequence

The normal jump sequence controls the execution of branch
instructions 02 through 07. The 02 instruction performs an
urnconditional jump to the Bi register address plus K. The
branch address is K when i equals 0. The 02 instruction is:

02 Jump to (Bi) + K
The conditional jump instructions 03 through 07 branch to
address K if the jump condition is met. These instructions
are:

030 Branch to K if (Xj) =0

031 Branch to K if (Xj) # 0

032 Branch to K if (Xj) positive

033 Branch to K if (Xj) negative

034 Branch to K if (Xj) in range

035 Braneh to K if (Xj) out of range

036 Branch to K if (Xj) definite

037 Branch to K if (Xj) indefinite

04 Branch to K if (Bi) = (Bj)
05 Branch to K if (Bi) # (Bj)
06 Branch to K if (Bi)2 (Bj)
07 Branch to K if (Bi)< (Bj)
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¢ Return Jump Sequence 00 Error exit to MA or program stop

The return jump sequence controls the execution of three 010 Return jump to K

N instruetions.
' . 013 Central exchange jump to (Bj) + K or (MA)
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CENTRAL PROCESSOR — MODELS 740, 750,
760, AND 176

The CP consists of a central processing unit (CPU) and nine
functional units. The models 740, 750, and 760 CPs include
CMCs. In model 176, the control for CM is part of CM, and
the control for LCME is part of LCME.

CENTRAL PROCESSING UNIT — MODELS 740, 750,
760, AND 176

The CPU consists of instruetion control, 24 operating
registers, and 7 or 8 support registers, respectively, for
models 740, 750, 760, and 176. The CPU includes the
registers and control logic to direct the arithmetic
operations and provide interface between the functional
units and CMC in models 740, 750, and 760. In addition to
instruction execution, the CPU performs instruction
fetching, address preparation, memory protection, and data
fetching and storing. Figure 2-1 illustrates the general
flow of information.

Program execution begins with execution of an exchange
jump which loads the CPU operating registers from a
16-word block from CM. Exchange jump also

INSTRUCTION WORD STACK (60 BITS) |
T
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g
T
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T
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stores the original contents of the CPU operating registers
in the same 16-word block in CM. The operating system
can use an exchange jump to switch program execution
between two CM programs, leaving the first program in a
usable state for later reentry into the CPU. (For further
information, refer to Exchange Jump in section 5.)

The CPU reads 60-bit words from CM and enters them in
the instruction word stack (IWS), which is capable of
holding up to 12 60-bit words. Each instruction word, in
tum, leaves the IWS and enters the current instruetion
word (CIW) register for interpretation and testing. The
CIW register holds four 15-bit instructions, two 30-bit
instructions, or combinations of the two types of
instructions,. The 15- or 30-bit instructions issue
individually from the CIW register. The functional units
obtain the instruction operands from and store results in 24
operating registers. Reservation control keeps an account
of active operating registers to resolve conflicts.

The following operating and support register descriptions,
although identical to those for models 720 and 730, are
repeated here to provide a continuous system description.

FUNCTIONAL
UNITS

LONG ADD
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FLOATING MULTIPLY |
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FROM [ CURRENT INSTRUCTION WORD SHIFT l
Cm NORMALIZE T
POPULATION COUNT |
INSTRUCTION NoREwENT

OPERATING REGISTERS

, X, AND

rrrrrrr( A REGISTERS (18 BITS) | X REGISTERS (60 BITS) | B REGISTERS (18 BITS) |

] ] |
] T ]
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] ] T
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r Ty | |

snm‘ms c cM LCME STARTING ECS/LCME WORD

CM ADDRESS ADDRESS DATA COUNT (Bj + K)

FOR ECS/LCME

NOTES:

DATA ECS/LCME
ADD

RESS

1. ECS APPLIES TO MODELS 720 THROUGH 750, IF ECS IS INSTALLED.

2. LCME APPLIES TO MODEL 176, IF LCME IS INSTALLED.

Figure 2-1. Models 740, 750, 760, and 176 CPU Information Flow
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Operating Registers — Models 740, 750, 760, and 176

The operating registers consist of operand (X), address (A),
and index (B) registers. These registers minimize memory
references for arithmetie operands and results.

X Registers

The CP contains eight 60-bit X registers, X0 through X7.
The X0 register provides the relative starting address in
ECS/LCME for a block copy operation. The X0 register
also provides the instruction information during a flag
register operation for a system with ECS.

The X1 through X7 registers are primarily data handling
registers for computation with X1 through X5 used to input
data from CM and X6 and X7 used to transmit data to CM.
All 60-bit operands involved in computation must originate
and terminate in X1 through X7. The X registers are also
operand registers when referencing single words from
LCME.

Operands and results transfer between CM and the X
registers as a result of placing CM addresses into
corresponding A registers.

A Registers

The CP contains eight 18-bit A registers, A0 through A7.
The A0 register serves as an intermediate register for the
user's discretion. The A0 register provides the relative CM
starting address for ECS/LCME operations. The register is
not used in a flag operation.

The Al through A7 registers are essentially CM operand
address registers associated one-for-one with the X
registers. Placing a quantity into an A register (A1 through
A5) causes an immediate CM read reference to that
address and transmits the CM word to the corresponding X
register (X1 through X5). Similerly, placing a quantity into
the A6 or A7 register causes the word in the corresponding
X6 or X7 register to be written into that relative address
of CM.

B Registers

The CPU contains eight 18-bit B registers, B0 through B7.
These registers are primarily indexing registers to control
program execution. Program loop counts may also be
incremented or decremented in these registers.
Additionally, the B registers hold the Bj portion of the ECS
or LCME word count, Bj portion of the exchange jump
address, channel number for 1/O instructions, and jump
index for the long jump (02) instruction.

2-10

Program addresses may be modified on the way to an A
register by adding or subtracting B register quantities. The
B registers aiso hold shift counts for the nominal Bj shifts,
the result exponent for the unpack, the operand exponent
for the pack, and the resultant shift count from a
normalize. The B0 register always contains positive zero
which can be used as an operand. This register cannot hold
results from instructions.

Support Registers — Models 740, 750, and 760

The support registers assist the operating registers during
the execution of programs. The support registers load from
CM during an exchange sequence (refer to Exchange Jump
in section 5). With the exception of the P register, the
contents of the support registers cannot be altered during
the execution interval of an exchange package. When the
execution interval completes, the data in these registers is
sent back to CM.

P Register

The 18-bit P register loads from the first word of an
exchange sequence and contains the ecurrent program
execution address. The register serves as a program
address counter and holds the relative CM address for each
program step. Since the P register advances one address
ahead of the instruction in progress, a P buffer register
holds the current program execution address. This buffered
address is used for the PPS read program address
instruction (27X). The content of the P register advances
to the next program step as follows:

1. The P register advances by one when an instruction
word is sent to the CIW register.

2. The P register sets to the address specified by a
branch instruction. If the instruction is a return
jump, the current P plus 1 is stored before entering
P with the new value to allow a return to the
original sequence.

3. The P register sets to the address specified in the
exchange package.

RAC Register

The 18-bit CM reference address (RAC) register loads from
CM during the second word of an exchange sequence. An
absolute CM address forms by adding RAC to a relative
address determined by the instruction. The content of the
P register is added to RAC to form the absolute program
address in CM. A P-equal-to-zero condition specifies
relative address zero and therefore RAC. This address is
reserved for recording program-error-exit-conditions and
should not be used to store data or instructions.
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FLC Register

The 18-bit CM field length (FLC) register loads from CM
during the third word of an exchange sequence. The FLC
register defines the size of the field of the program in
execution. Relative CM addresses are compared with FLC
to check that the program is not going out of its allocated
CM range. (For further information, refer to Exit
Mode/Error Response under Central Processor in section 5.)

EM Register

The six-bit exit mode (EM) register loads from CM during
the fourth word of an exchange sequence. The EM register
holds six exit mode selection bits that control individual
error conditions for a program. Selected EM register bits
cause the CP to error exit when the corresponding
conditions oceur. Any or all of the six bits can be selected
at one time. Unselected EM register bits allow the CP to
continue, without error processing, when most of the
corresponding conditions occur. The exit mode selection
bits appear in the exchange package as bits 48 through 50
and 57 through 59. The bits and their corresponding
conditions are:

Mode
Selection
Bit Condition Sensed

48 Address out of range

49 Infinite operand

50 Indefinite operand

57 Parity error on ECS flag register
operation .

58 CPU to CMC address or data parity
error or CPU to CMC to CM address
parity error

59 CMC to CPU parity error or double
error

RAE Register

The 21-bit ECS reference address (RAE) register loads
from CM during the fifth word of an exchange sequence.
An absolute ECS address forms by adding RAE to the
relative address determined by the instruetion.

FLE Register

The 24-bit ECS field length (FLE) register loads from CM
during the sixth word of an exchange sequence. The FLE
register defines the size of the field in ECS for the
program in execution. Relative ECS addresses are
compared with FLE. (For further information, refer to
Exit Mode/Error Response under Central Processor in
section 5.)
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MA Register

The 18-bit monitor address (MA) register loads from CM
during the seventh word of an exchange sequence. The MA
register contains the absolute starting address of an
exchange packsge which is used when executing a central
exchange jump (013) instruction with the monitor flag clear
or when honoring a monitor exchange jump to MA (262x)
instruction with the monitor flag clear.

Support Registers — Model 176

The support registers assist the operating registers during
the execution of programs. The support registers load from
CM during an exchange sequence (refer to Exchange Jump
in section 5).' With the exception of the P register and the
PSD condition designators, the contents of the support
registers cannot be altered during the execution interval of
an exchange packsge. When the execution interval
completes, the data in these registers is sent back to CM.

P Register

The 18-bit P register loads from the first word of an
exchange sequence and contains the current program
execution address. The register serves as a program
address counter and holds the relative CM address for each
program step. Since the P register advances one address
ahead of the instruction in progress, a P buffer register
holds the current program execution address. This buffered
address is used for the PPS read program address (27X)
instruction. The content of the P register advances to the
next program step as follows:

1. The P register advances by one when an instruction
word is sent to the CIW register.

2. The P register sets to the address specified by a
branch instruction. If the instruction is a retum
jump, the current P plus 1 is stored before entering
P with the new value to allow a return to the
original sequence.

3. The P register sets to the address specified in the
exchange package.

RAS Register

The 18-bit reference address for CM (RAS) register loads
from CM during the second word of an exchange sequence.
An absolute CM address is formed by adding RAS to the
relative address that is determined by the instruction. CM
references from the MUX are absolute addresses and
therefore are not added to RAS,



FLS Register

The 18-bit field length for CM (FLS) register loads from
CM during the third word of an exchange sequence.
Relative CM addresses are compared with FLS. If a
relative CM address equals or exceeds FLS, the CM block
range or CM direct range condition flag sets in the PSD
register.

PSD Register

The program status designator (PSD) register (figure 2-2) is
a collection of 18 program status flags. Six flags are mode
designators, and 12 flags are condition designators.

The PSD register loads from the exchange package during
an exchange jump sequence. All 18 flag bits enter in the
register at this time. The six mode designators remain
unaltered throughout the execution interval for the
exchange packsge. The 12 condition designators may be
set by conditions that occur during the execution interval.
All flags store in the CM exchange package at the end of
the execution interval.

MODE CONDITION
FLAGS FLAGS

ﬁ7]|s||5||4||3||2|||||o|9|e|7[6]5]4|3|2| 1]o]

UNDERFLOW
OVERFLOW
INDEFINITE
STEP
NOT USED
PROGRAM RANGE
CM DIRECT RANGE
LCME DIRECT RANGE
CM BLOCK RANGE
L LCME BLOCK RANGE
L L ‘—CM ERROR

LCME ERROR
UNDERFLOW
|_ L_ OVERFLOW
INDEFINITE
L — sTEP
| L-MoNiToR
EXIT

Figure 2-2. PSD Register Flag Bit Arrangement

Mode Flags - The upper six bits (12 through 17) in the PSD
register are mode flags. These flags remain unaltered
throughout the execution interval for the exchange package.

The exit mode flag (bit 17) determines the initial CM
address for the exchange package during execution of an
exchange exit (013) instruction. If this flag is set, the
exchange packege address is K plus the content of Bj plus
the content of RAS. If clear, the address is the content of
NEA.

The monitor mode flag (bit 16) determines when an 1/O
interrupt request or PPS exchange is honored. If this flag
sets, the current program continues until execution is
complete. If an /O interrupt request occurs during this
time, it is not honored until the end of the current
program. If this flag clears, an /O interrupt is honored
immediately. The monitor mode flag also controls
execution of the reset buffer instructions, 0160 and 0170.
If this flag sets, the instruction executes as described. If
this flag eclears, the instruction executes as a pass
instruction.

If the step mode flag (bit 15) sets and the first instruction
of the current exchange interval issues, the step condition
flag (bit 3) sets. The step condition flag then terminates
the execution interval after the last instruction in the CIW
register issues.

The indefinite mode flag (bit 14) enables interruption of the
current exchange interval when an indefinite floating-point
result occurs. If this flag and the indefinite condition flag
(bit 2) set, the execution interval terminates after the last
instruction in the CIW register issues.

The overflow mode flag (bit 13) enables interruption of the
current exchange interval when an overflow of the
floating-point range occurs (except when an overflow is the
result of a floating-add operation). If this flag and the
overflow condition flag (bit 1) set, the execution interval
terminates after the last instruction in the CIW register
1ssues.

The underflow mode flag (bit 12) enables interruption of the
current exchange interval when an underflow of the
floating-point range occurs. If this flag and the underflow
condition flag (bit 0) set, the execution interval terminates
after the last instruetion in the CIW register issues.

Condition Flags - The lower 12 bits (0 through 11) in the
PSD register are condition flags. These flags may set from
the exchange package or from conditions that may occur
during the execution interval. When this ocecurs, the
execution interval for the exchange package terminates
after the last instruction in the CIW register issues.

The meaning of the LCME error flag (bit 11) depends on the
mode conditions controlled by the status and control
register.

e Single~error correction double-error detection
(SECDED) mode

This is the normal operating mode. It is active
whenever the parity mode bit from the status and
control register is not present. Bit 11 sets when a
double error is detected in a word read from LCME,
Single errors are automatically corrected, and bit 11
does not set.

¢ Inhibit log single-bit error (SBE) mode

Similar to SECDED mode except that single-bit
errors are logged by the status and control register.
Single errors are corrected, and bit 11 does not set.
Double-error detection sets the bit 11 flag.

e Maintenance mode

Bit 11 sets when either a single or double error is
detected in a word read from LCME. Single errors
are automatically corrected as in all SECDED
modes. The log SBE mode must be active whenever
maintenance mode is active.

e  Parity mode

The SECDED feature is disabled. Conventional
parity checking takes place as in LCME. Bit 11 sets
when a parity error occurs in a word read from
LCME. The log SBE mode must be active whenever
parity mode is active.
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The meaning of the CM error flag (bit 10) depends on the
mode conditions controlled by the status and control
register and the status and control register bit 138 (212g).
When bit 138 is set, bit 10 will not set on any CM error
caused by an I/O read. When bit 138 is clear, mode
conditions control bit 10.

When a block copy instruction issues and causes an LCME
reference to an address which equals or exceeds the
lowest-order 22 bits of the register for the LCME field
length (FLL), the LCME block range condition flag (bit 9)
sets.

When a block copy instruction issues and causes a CM
reference to an address which equals or exceeds the
content of the register for the CM field length (FLS), the
CM bloek range condition flag (bit 8) sets.

When a direct read or write LCME instruction issues and
causes an LCME reference to an address which equals or
exceeds the lowest-order 22 bits of the FLL register, the
LCME direct range condition flag (bit 7) sets.

When an increment (50 through 57) instruction issues and
causes a CM reference to an address equal to or greater
than FLS or when P is equal to or greater than FLS, the CM
direct range condition flag (bit 6) sets.

The program range condition flag (bit 5) sets whenever P
equals zero or an error exit (00) instruction issues. When
this flag sets by a 00 instruetion, execution terminates
immediately.

The step condition flag (bit 3) sets whenever the step mode
flag (bit 15) sets and a new word enters the CIW register.

The indefinite condition flag (bit 2) sets when one of the
floating-point functional units generates an indefinite
result. The execution interval does not terminate unless
the indefinite mode flag (bit 14) also sets.

The overflow condition flag (bit 1) sets when an overflow of
the floating-point range occurs in the result from a
functional unit (except floating-add). The execution
interval does not terminate unless the overflow mode flag
(bit 13) also sets.

The underflow condition flag (bit 0) sets when an underflow
of the floating-point range occurs in the result from a
functional unit. The execution interval does not terminate
unless the underflow mode flag (bit 12) also sets.

RAL Register

The 22-bit reference address for LCME (RAL) register loads
from CM during the fifth word of an exchange sequence. An
absolute LCME address forms by adding the lowest-order 22
bits of RAL to the relative address determined by the
instruction.

FLL Register

The 22-bit field length for LCME (FLL) register loads from
CM during the sixth word of an exchange sequence.
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Relative LCME addresses are compared with FLL. If a
relative LCME address equals or exceeds the lowest-order
22 bits of FLL, the LCME block range or LCME direct
range condition flag sets in the PSD register.

NEA Register

The 24-bit normal exit address (NEA) register loads from
CM during the seventh word of an exchange sequence. This
register is used during an exchange exit (013) instruetion
when the exit mode flag in the PSD register clears. When
this occurs, the current program terminates with an
exchange sequence. The absolute CM address for the new
exchange package is in the lowest-order 18 bits of NEA.

EEA Register

The 24-bit error exit address (EEA) register loads from CM
during the eighth word of an exchange sequence. This
register is used whenever an error exit occurs during the
execution interval for an exchange package. When this
oceurs, the lowest-order 17 bits of EEA comprise the
absolute address in CM for the exchange package that
terminates the program.

Instruction Control Sequences — Models 740, 750,
760, and 176

The main instruction control components include an IWS,
instruction address stack (IAS), and CIW. The instruction
control reads 60-bit instruction words from CM and issues
them to the CP functional units for execution in 15-, 30-,
or 60-bit instruction groups for models 740, 750, and 760
and in 15- or 30-bit instruction groups for model 176. The
instruction control also performs instruction translation
and control of the exchange, ECS/LCME block copy, LCME
direct reads and writes, normal jump, and return jump
sequences.

Instruction Word Stack

The IWS is a group of 12 60-bit registers that hold program
instruction words for execution. It is essentially a moving
window in the program code. The IWS fills two words
ahead of the program address currently being executed. A
program loop of up to 10 instruction words may be entirely
contained within the IWS. When this happens, the
instruction loop may be executed repeatedly without
further references to CM.

The 12 IWS registers are individually identified by rank.
The rank 1 register contains the oldest data. If the IWS in
models 740, 750, and 760 contains sequential program
instruction words, the rank 1 register corresponds to the
lowest CM address in the IAS.
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Under certain conditions, the IWS in models 740, 750, 760,
or 176 may be voided. Voiding the stack means that the
IWS is not accessible, and the IAS clears. New instructions
must then be read from CM into the IWS and IAS.

In models 740, 750, and 760, voiding the stack results from
an exchange jump, return jump, jump to Bi plus K (02
instruction), or a branch (03 through 07 instructions) to a
location not in the stack. The stack always contains &
sequential code.

In model 176, voiding the stack results from an exchange or
return jump. This stack can contain a nonsequential code
or duplicate entries.

The IWS shifts to accommodate a new word arriving from
CM. New information arriving from CM enters in rank 12.
Ranks 11 through 1 clear and enter with information from
the next highest-order rank. The information in rank 1
discards.

Instruction Address Stack

The IAS is a group of 12 18-bit address registers associated
with the IWS. It holds relative CM program addresses on a
one-for-one basis with the program words in the IWS. The
rank 1 register contains the relative CM address from
which the word in rank 1 of the IWS is read. All ranks are
compared with the current program address. If coincidence
oceurs for a rank, the corresponding rank in the IWS is sent
to the 60-bit CIW register.

A maintenance switeh in models 740, 750, and 760 permits
disabling of IAS ranks 1 through 10 or ranks 1 through 4.

Current Instruction Word Register '

The CIW register is divided into four 15-bit parcels. Al
four parcels load when an instruction word reads from the
IWS. An instruetion, consisting of one, two, or four
parcels, issues from the CIW register when conditions in
the functional units and operating registers permit the
instruction to execute without conflieting with previously
issued instruetions.

Exchange Sequence

The exchange sequence generates timed CM reference
signals to implement the exchange of data between the CP
and CM, as required by the exchange jump instruction. In
addition, the exchange sequence provides internal control
signals to the operating and control registers to
systematically enter the content of an exchange jump
package.

The exchange sequence is always initiated by the memory
control or a PP multiplexer interrupt request.
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ECS/LCME Block Copy Sequence

The ECS/LCME block copy sequence controls the transfer
of data between CM and ECS/LCME. The number of words
to be transferred is determined by the addition of K to the
value in Bj. The starting address for CM is obtained from
the A0 register plus the RAC/RAS reference address. The
starting address for ECS/LCME is obtained from the X0
register plus the RAE/RAL reference address. The
ECS/LCME bloek copy instruetions are:

011 Block copy (Bj + K) from ECS/LCME to CM
012 Block copy (Bj + K) from CM to ECS/LCME

In model 176, (Bj + K) cannot exceed 1777g.

Normal Jump Sequence

The normal jump sequence controls the execution of branch
instructions 02 through 07. The 02 instruction performs an
unconditional jump to the Bi register address plus K,
causing the models 740, 750, and 760 instruction stacks to
be voided. The branch address is K when i equals 0. The 02
instruection is:

02 Jump to (Bi) + K
The conditional jump instructions 03 through 07 branch to
address K if the jump condition is met. These instructions
are:

030 Branch to K if (Xj) =0

031 Branch to K if (Xj) =0

032 Branch to K if (Xj) positive

033 Branch to K if (Xj) negative

034 Branch to K if (Xj) in range

035 Branch to K if (Xj) out of range

036 Branch to K if (Xj) definite

037 Branch to K if (Xj) indefinite

04 Brench to K if (Bi) = (Bj)
05 Branch to K if (Bi) = (Bj)
06 Branch to K if (Bi) (Bj)
07 Branch to K if (Bi) (Bj)

Return Jump Sequence

The return jump sequence controls the execution of three
instruections.

00 Error exit to MA or program stop for models
740, 750, and 760 and EEA for model 176
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010 Return jump to K

013 Central exchange jump to (Bj) + K or exchange
exit to NEA

FUNCTIONAL UNITS — MODELS 740, 750. 760, AND 176

Each of the nine functional units in the CP is a specialized
arithmetic unit with algorithms for a portion of the CP
instructions. Each umit is independent of the other units,
and a number of functional units may be in operation at the
same time. No visible registers are in the funetional units
from a programming standpoint. A functional unit receives
one or two operands from operating registers at the
beginning of instruction execution and delivers the result to
the operating registers when the function has been
performed. No information is retained in a funetional unit
for reference in subsequent instructions.

All functional units, with the exception of the
floating-multiply and -divide units, have a 1-clock-period
segmentation. This means that the information arriving at
a unit, or moving within a unit, is captured and held in a
new set of registers every clock period. In models 750,
760, and 176, it is possible to start a new set of operands
for unrelated computation in a functional unit each clock
period even though the unit may require more than 1 clock
period to complete the calculation. This process may be
compared to a delay line in which data moves through the
unit in segments to arrive at the destination in the proper
order but at a later time. In model 740, a new set of
operands may start only after completion of the previous
instruction. All functional units perform their algorithms
in a fixed amount of time. No delays are possible once the
instruction issues.

The floating-multiply unit has a  2-clock-period
segmentation. In models 750, 760, and 176, operands may
enter the multiply unit in any clock period providing there
was no multiply instruction initiated in the preceding clock
period. There is a 1l-clock-period delay in initiating a
multiply instruction if another multiply instruction has just
started. In model 740, operands may enter the multiple
unit only after completion of the previous instruction.

The floating-divide unit is the only functional unit in which
an iterative algorithm executes. No segmentation is
possible in this unit although the beginning of a new
operation can overlap the completion of the previous
operation by 2 clock periods (models 750, 760, and 176 only).

Boolean Unit
The boolean unit executes instructions that require
bit-by-bit data manipulation. This includes both the logical
and transmissive operations. The instructions requiring
logical operations are:

11 Logieal produet (Xj) and (Xk) to Xi

12 Logical sum of (Xj) and (Xk) to Xi

13 Logical difference of (Xj) and (Xk) to Xi
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15 Logical product of (Xj) and (XK) to Xi
16 Logical sum of (Xj) and (Xk) to Xi
17 Logical difference of (Xj) and (Xk) to Xi
The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi
14 Transmit (Xk) to Xi
26 Unpack (Xk) to Xi and Bj
27 Pack (Xk) and (Bj) to Xi

Shift Unit
The shift unit executes instructions that require shifting
the entire 60-bit field of data within the operand word.
The shift instructions are:

20 Left shift (Xi) by jk

21 Right shift (Xi) by jk

22 Left shift (Xk) nominally (Bj) places to Xi

23 Right shift (Xk) nominally (Bj) places to Xi

43 Form mask of jk bits to Xi

Normalize Unit

The normalize unit executes instructions that require
rearranging operands in floating-point format. The unit
left shifts the coefficient so that the most significant bit
shifts into the highest-order bit position of the coefficient.
The exponent adjusts by subtracting the shift count. The
normalize instructions are:

24 Normalize (Xk) to Xi and Bj

25 Round normalize (Xk) to Xi and Bj

Floating-Add Unit
The floating-add unit executes instructions that require
adding operands in floating-point format. The floating-add
instructions are:

30 Floating sum of (Xj) and (Xk) to Xi

31 Floating difference of (Xj) and (Xk) to Xi

32 Floating double-precision sum of (Xj) and (Xk) to Xi

33 Floating double-precision difference of (Xj) and
(XKk) to Xi

34 Round floating sum of (Xj) and (Xk) to Xi
35 Round floating difference of (Xj) and (Xk) to Xi
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Long Add Unit
The long add unit executes instructions that require integer
addition of two 60-bit operands. The long add instruetions
are:

36 Integer sum of (Xj) and (Xk) to Xi

37 Integer difference of (Xj) and (Xk) to Xi

Multiply Unit
The multiply unit executes instructions that require
multiplieation of two operands in floating-point format.
The multiply instructions are:

40 Floating product of (Xj) and (Xk) to Xi

41 Round floating produet of (Xj) and (Xk) to Xi

42 Floating double-precision product of (Xj) and (Xk)
to Xi

Divide Unit
The divide unit executes instructions that require division
of two operands in floating-point format. The divide
instructions are:

44 Floating divide (Xj) by (Xk) to Xi

45 Round floating divide (Xj) by (Xk) to Xi

Population-Count Unit

The population-count unit executes an instruction that
requires counting the number of one bits in a 60-bit
operand. The population-count instruction is:

47 Population count of {Xk) to Xi

Increment Unit

The increment unit executes instructions 50 through 77
that require arithmetic operations on two 18-bit operands.
During the 50 through 57 instructions, the result transmits
to an A register. The same result plus RAC is sent to CM
for the increment read or write address.

The two operations perform independently and in parallel
with each other. During 60 through 67 instructions, the
result transmits to a B register, During 70 through 77
instructions, the result transmits to an X register.
The increment instructions are:

50 Set Aito(Aj) +K

51 Set Aito (Bj) +K

52 Set Ai to (Xj) +K

53 Set Ai to (Xj) + (BK)

54 Set Ai to (Aj) + (BK)

55 Set Ai to (Aj) - (BK)

56 Set Ai to (Bj) + (Bk)

57 Set Ai to (Bj) - (Bk)

60 SetBito(Aj) +K

61 SetBito (Bj) +K

62 SetBito(Xj))+K

63 Set Bi to (Xj) + (BK)

64 Set Bi to (Aj) + (BK)

65 Set Bi to (Aj) - (BK)

66 Set Bi to (Bj) + (Bk)

67 Set Bi to (Bj) -(Bk)

70 Set Xito (A)) +K

71 SetXito(Bj)+K

72 SetXito(Xj)+K

73 Set Xi to (Xj) + (BK)

74 Set Xi to (Aj) + (BK)

75 Set Xi to (Aj) - (BK)

76 Set Xi to (Bj) + (Bk)

77 Set Xi to (Bj) - (Bk)
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CENTRAL MEMORY CONTROL — MODELS
720 THROUGH 760

The CMC controls the flow of data between CM and the
requesting system components. In models 720 and 730,
CMC is part of the CP-0 chassis. This CMC location
eliminates the need to check address parity from CP-0 and
to generate data parity to CP-0. In models 740, 750, and
760, CMC is part of the CP chassis. This CMC location
eliminates the need for inter-chassis address and data
parity checks from the CP and the need for CMC to
generate data parity to the CP. The CMC:
e  Assigns priority to CM requests from:

CP-0, CP-1, PPS-0, PPS-1, and ECS (models
720 and 730)

CP, PPS-0, PPS-1, and ECS (models 740, 750,
and 760)

e Resolves CM bank conflicts including bank busy and
reservations.

e Provides control for CM read/write data.

o Increments addresses for exchange jumps and ECS
transfers.

e Controls data transfers, during an exchange jump,
between:

CM and CP-0 or CP-1 (models 720 and 730)
CM and CP (models 740, 750, and 760)
e Parity checks addresses from:
CP-1, PPS-0, and PPS-1.(models 720 and 730)
PPS-0 and PPS-1 (models 740, 750, and 760)
o Parity checks data from:

CP-1, PPS-0, PPS-1, and ECS (models 720 and
730)

PPS-0, PPS-1, and ECS (models 740, 750, and
760)

e  Generates parity (parity mode only) on data to:

CP-1, PPS-0, PPS-1, and ECS (models 720 and
730)

PPS)-O, PPS-1, and ECS (models 740, 750, and
760

o Generates parity for address to CM (models 720
through 760).

e Breakpoint checks.

e Controls CM reconfiguration.

60456100 E

e Performs SECDED on each memory word in
SECDED mode, described in SECDED in this
section.

REFERENCE PRIORITIES

When a CM reference is initiated in models 720 and 730,
the address goes to all CM banks. Only the bank selected
accepts the address. If the bank is busy, the address is held
in an address buffer until the bank is not busy. The next
address (in case of a CP reference to CM) does not issue
until CM accepts the reference from the address buffer. In
models with a second CP, references from the second CP
may be issued and received by CM banks that are not busy.
When the two CPs issue CM references at the same time to
a common bank, CP-0 has priority over CP-1.

When a CM reference is initiated in models 740, 750, and
760, the address goes to all CM banks. Only the bank
selected accepts the address. If the bank is busy, the
request waits in a storage address stack (SAS) until that
bank is free. If the two-word SAS is full or a backup
condition {(rank A and rank B full) exists, instruction issue
for instructions 50 through 57 stops. Thus, requests for two
addresses may be waiting in the SAS at the same time.
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