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About This Manual

This manual contains hardware reference information for the CDC® CYBER 170
Models 835, 845, and 855 Computer Systems; CYBER 180 Models 835, 840, 845, 850,
855, 860, and 990 Computer Systems; and CYBER 990E, 995E, and 994 Computer
Systems.

Audience

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

Organization

The manual describes the functional, operational, and programming characteristics of
the computer system hardware. Additional hardware reference information is available
in the publications listed in the system publication index.

Chapters 1 through 15 contain the following information for each of the CYBER
computer systems:

® System Description
® Functional Descriptions
® Operating Instructions

Chapter 16 contains instruction descriptions, and chapter 17 contains programming
information applicable to all the CYBER computer systems. Appendix A contains the
glossary.

There are two methods used within this manual to designate bit numbers. In the
majority of the manual, bits are numbered 59 through 0 reading from left to right.

59 0

However, in the context of the two-port multiplexer and maintenance registers, bits are
numbered 0 through 63 from left to right.

0 63

FCC Compliance

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 reasorable protection against
such interference. Operation of this equipment in a residential area is likely to cause
interference in which case the user at his/her own expense will be required to take
whatever measures may be required to correct the interference.
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Conventions

New features, as well as technical changes, deletions, and additions to this manual are

indicated by vertical bars in the margins.

Related Manuals

Additional system hardware information is available in manuals listed in the system

publication index.

Additional Related Manuals

Other manuals that are applicable to the CYBER 170, CYBER 180, and CYBER 990E,
995E, and 994 Computer Systems but not listed in the system publication index are:

Title Publication Number
NOS Version 2 Operator/Analyst

Handbook 60459310
NOS Version 2 Systems

Programmer’s Instant 60459370
NOS Version 1 Operator’s Guide 60457700
NOS Version 1 Systems Programmer’s

Instant 60457790
NOS/BE Version 1 Operator’s Guide 60457380
NOS/BE Version 1 System Programmer’s

Reference Manual, Volume 1 60458480
NOS/BE Version 1 System Programmer’s

Reference Manual, Volume 2 60458490
Maintenance Register Codes Booklet 60458110
Codes Booklet 60458100
CDC 721 Enhanced Display Terminal (CC634-B) Hardware 62950102
Reference Manual

CYBER Initialization Package (CIP)

Reference Manual 60457180
CDC 19003 System Console (CC598-A/B) Operations and 60463610

Maintenance Guide

Publication ordering information and latest revision levels are available from the
Literature Distribution and Services catalog, publication number 90310500.
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Ordering Manuals
Control Data manuals are available through Control Data sales offices or through:

Control Data Corporation
Literature and Distribution Services
308 North Dale Street

St. Paul, Minnesota 55103

Submitting Comments

Control Data welcomes your comments about this manual. Your comments may include
your opinion of the usefulness of this manual, your suggestions for specific
improvements, and the reporting of any errors you have found.

You can submit your comments on the comment sheet on the last page of this manual.
If the manual has no comment sheet, mail your comments to:

Control Data Corporation

Technology and Publications Division ARH219
4201 Lexington Avenue North

St. Paul, Minnesota 55126-6198

Please indicate whether you would like a written response.

Disclaimer
This product is intended for use only as described in this document. Control Data

cannot be responsible for the proper functioning of undescribed features and
parameters.
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Model 835 System Description 1

This chapter describes the physical and functional characteristics and major system
components.

This high-speed computer system is for both business and scientific applications. The
system includes the following components.

® Central processor (CP)
® (Central memory (CM)

® Input/output unit (I0U)

Physical Characteristics

The system configuration (figure 1-1) includes a three-section cabinet for the CP, CM,
and IOU. (The system console is also required for system operation.)

Each cabinet section contains a logic chassis with plug-in circuit boards. The logic
chassis in the IOU also contains a deadstart panel with initialization and maintenance
controls and displays. Each cabinet section also contains a self-contained cooling unit to
cool the logic chassis, an ac/dc control section with voltage margin testing facilities,
and dc power supplies. For additional cooling or power information, refer to the cooling
system and power system manuals listed in the system publication index in About This
Manual.

CONDENSING CONDENSING
UTIT uTn
! neren- !
cp BAY ™
10U
SYSTEM
~<—}— CONDENSING
CONSOLE DS

Figure 1-1. System Configuration
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Functional Characteristics

Functional Characteristics
To achieve high computation speeds, emitter-coupled logic (ECL) is used.

High speed is also the objective of the CP design, which is based on the assumption
that both data and instructions are, in most cases, accessed from successive memory
locations. Accordingly, the CP prefetches both instructions and data expected to be used
next while the current instruction is being processed.

The CP supports two states of operation.

Virtual State Operates with virtual-memory byte addressing, using the Virtual
State instruction set and data formats. Virtual State is the native
operating state of the CP.

CYBER 170 State Operates with real-memory word addressing, using the CYBER
170 State CP instruction set and data formats.

The Virtual State and CYBER 170 State environments may be present at the same
time with the CP executing in either environment.

® NOS/VE is the operating system of Virtual State.
® NOS is the operating system of CYBER 170 State.

The semiconductor central memory is divided into eight independent banks. These
banks may all be simultaneously in the process of completing read/write requests which
are queued and distributed at ECL speeds. System input/output speeds are determined
by the capabilities of existing external devices.
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CP Characteristics

Central Processor

The CP has the following characteristics:

60-bit internal word.

Eight 60-bit operand (X) registers.

Eight 18-bit address (A) registers.

Eight 18-bit index (B) registers.

Two registers that isolate each user’s central memory space (RAC, FLC).
Two registers that isolate each user’s extended memory space (RAE, FLE).
Register exchange instructions (exchange jumps) for interrupting programs.

Floating-point (FP) arithmetic (10-bit exponent plus sign bit, 48-bit coefficient plus
sign bit). Some FP instructions use 96-bit (double-precision) coefficients.

Integer arithmetic (60/18-bit operands).

Character string compare/move facilities (6-bit characters).

Packed instructions (15/30/60-bit instructions in 60-bit words).
Synchronous internal logic.

56-nanosecond clock period.

2048-word cache buffer memory, option available for 4096-word cache.
Instruction and branch instruction lookahead.

Microcode control.

Parity checking of all major data and address paths.

Maintenance channel to I0U.
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CM Characteristics

Central Memory
The CM has the following characteristics:

® 72-bit data word (60 data bits, 8 single-error correction/double-error detection bits,
and 4 unused bits).

® 524K words of refresh-type semiconductor memory, options available to 2097K
words.

® Organization of eight independent banks.

® Two memory ports.

® Bounds register to limit write access.

® 56-nanosecond clock period.

® Maximum data transfer rate of one word every 56 nanoseconds.

® 672-nanosecond read access time.

® 448-nanosecond read/write cycle time.

® 896-nanosecond partial write cycle time.

® Read and write data queuing capability.

® Single-error correction/double-error detection (SECDED) on stored data.
® Parity checking of all major data, address, and control paths.

® Unified-extended memory (UEM) which serves as extended memory within CM.
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IOU Characteristics

Input/Output Unit

The IOU has the following characteristics:

Ten peripheral processors (PPs), 15-PP/20-PP options available. Each PP has 4K
independent memory (PPM) comprised of 16-bit words with the upper 4 bits zero.

Port to central memory.

Bounds register to limit writes to central memory.

Twelve 12-bit CYBER 170 channels to external devices, 24 channel option available.
Real-time clock (channel 14g).

Display controller (CYBER 170 channel 10g).

Two-port multiplexer (channel 15g).

Maintenance channel (channel 17g).

Parity checking on all major data and address paths.

Operating speed of 250 nanoseconds and a minor cycle of 50 naneseconds.
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Major System Component Descriptions

Major System Component Descriptions

Central Processor

The CP hardware (figure 1-2) consists of the following:
® Instruction section

® Registers

® Execution section

® (Cache memory

® Addressing section

The CP is isolated from the IOU and is thus able to carry on computation or character
manipulation unencumbered by /O requirements.

Instruction Section

The instruction section directs the arithmetic and manipulative functions for instruction
execution. The instruction section prefetches instruction words from memory and
disassembles them into instructions.

Registers

Operating registers reduce storage accesses for operands used during the execution of
an instruction. These registers are:

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

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

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

Eight support registers support the operating registers during program execution. These
registers are:

® 18-bit program address (P) register.

® 21-bit reference address for CM (RAC) register. This is a program’s lower bound.
® 21-bit field length for CM (FLC) register. This is a program’s upper bound.

® 6-bit exit mode (EM) register.
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Central Processor

® @-bit flag register.

® 21-bit referep.ce address for UEM (RAE) register.
® 24-bit field length for UEM (FLE) register.

® 18-bit monitor address (MA) register.

The registers store data and control information, present operands to the execution
section, and store results.

The operating and support registers reside in the registers section.

Execution Section

The execution section combines the operands to achieve the result.

Cache Memory

The cache memory consists of two sets of fast bipolar memory, capable of storing 2048
60-bit words. It can be expanded to four sets with a capacity of 4096 words. The
memory addressing sections determine whether a requested word is in the cache
memory. If it is not, they read four consecutive words from central memory into the
cache memory.

Addressing Section

The addressing section checks memory addresses against the CP registers RAC, FLC,
RAE, and FLE to ensure isolation of user memory space.
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Central Memory

Central Memory

The CM (figure 1-2) consists of the following:
® Eight memory banks

® Memory ports

The CM without the Memory Upgrade Option is a refresh-type metal oxide
semiconductor (MOS) memory organized into eight independent banks.

A portion of CM can be reserved for use as extended memory. It is called unified
extended memory (UEM), and is referenced by the RAE and FLE registers. The UEM
operates in 24-bit standard addressing mode. All memory ports have queuing buffers.
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Input/Output Unit

Input/Output Unit
The IOU (figure 1-2) consists of the following:

® Ten logically independent peripheral processors (PPs). Options are available to
increase total to 15 or 20 PPs.

® Internal interface to 12 /O channels. 24-channel option is available.
® External interfaces to I/O channels:
11 or 23 CYBER 170 channel interfaces.

-~ Display controller interface (CYBER 170 channel 10g).
- Real-time clock interface (channel 14g).
- Two-port multiplexer interface (channel 15g).
- Maintenance channel interface (channel 17g).
® Interface to central memory.
® Bounds register to limit writes to CM.
® (Cache invalidation bus interface to CP.

The PPs are organized in groups of five, called barrels. The PPs in a barrel time-share
common hardware. Each PP has its own independent memory and communicates with
all /O channels and central memory.
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System Console

System Console

The system console, required for system operation, provides a visual, alphanumeric
readout for the computer. The receipt of symbol and position information from the
computer enables displaying program information on a 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
monitor and control system operation. Except for programming information in chapter
117, refer to the system console manual listed in the system publication index in About
This Manual for further information.
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System Console
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Model 835 Functional Descriptions 2

This chapter provides functional descriptions of the central processor (CP), central
memory (CM), and input/output unit (IOU) as shown in the system block diagram in
chapter 1. Functional descriptions for the system display station and the cooling system
are in their respective manuals listed in the system publication index in About This
Manual.

Central Processor

The CP consists of the instruction section, registers, the execution section, cache
memory, and the addressing section.

Instruction Section

The instruction section consists of logic for instruction control.

Instruction Lookahead

The instruction lookahead hardware (ILH) prefetches instruction words to make the
next instruction immediately available when the execution of the previous instruction is
complete; for example, during conditional branch instructions. To accomplish this, ILH
reads instructions from cache/CM into a three-word, first-in, first-out buffer.

When ILH detects a conditional branch, it reads two instruction words from cache/CM,
starting at the target address, into a branch buffer, and holds them until the branch is
resolved. If the branch takes place, the branch buffer contains the next two executable
instruction words; if not, ILH purges the branch buffer and processing continues with
the next instruction in the three-word buffer.

Maintenance Access Control

The maintenance access control performs initialization and maintenance operations in
the CP.

Revision F Model 835 Functional Descriptions 2-1



Instruction Section

Instruction Control Sequences

The instruction control section 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 instruction words that are in four 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 described in this
section. For further information, refer to CP Instruction Descriptions in chapter 16.

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 BXi Xj * Xk
12 Logical sum of (Xj) and (Xk) to Xi BXi Xj + Xk
13 Logical difference of (Xj) and (Xk) to Xi BXi Xj - Xk
15 Logical product of (Xj) with complement of (Xk) to Xi BXi -Xk * Xj
Logical sum of (Xj) with complement of (Xk) to Xi BXi -Xk + Xj
17 Logical difference of (Xj) with complement of (Xk) to Xi BXi -Xk - Xj

The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi BXi Xj
11 Transmit complement of (Xk) to Xi BXi -Xk
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Instruction Section

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 jk LXi jk
21  Right shift (Xi) by jk AXi jk
22 Left shift (Xk) nominally (Bj) places to Xi LXi Bj, Xk
23 Right shift (Xk) nominally (Bj) places to Xi AXi Bj, Xk
43 Form mask of jk bits to Xi MXi jk

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 instruction 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 UXi Bj, Xk
27 Pack (Xk) and (Bj) to Xi PXi Bj, Xk

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 NXi Bj, Xk
25 Round normalize (Xk) to Xi and Bj ZXi Bj, Xk
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Instruction Section

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 instructions are:

30 Floating sum of (Xj) and (Xk) to Xi FXi Xj + Xk
31 Floating difference of (Xj) and (Xk) to Xi FXi Xj - Xk
32 Floating double-precision sum of (Xj) and (Xk) to Xi DXi Xj + Xk

33 Floating double-precision difference of (Xj) and (Xk) to Xi DXi Xj - Xk
34 Round floating sum of (Xj) and (Xk) to Xi RXi Xj + Xk
35 Round floating difference of (Xj) and (Xk) to Xi RXi Xj - Xk

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 FXi Xj * Xk
41 Round floating product of (Xj) and (Xk) to Xi RXi Xj * Xk
42 Floating double-precision product of (Xj) and (Xk) to Xi DXi Xj * Xk

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

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 CXi Xk

Increment Sequence

The increment sequence controls the ones complement addition and subtraction of 18-bit
fixed-point operands for increment instructions 50 through 77. The sequence also
controls the 60-bit ones complement sum and difference values for long-add instructions
36 and 37.
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The increment instructions are:
50 Set Ai to (Aj) + K

51 Set Ai to (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 Set Bi to (Aj) + K

61 Set Bi to (Bj) + K

62 Set Bi to (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 Xi to (Aj) + K

1 Set Xi to (Bj) + K

72 Set Xi to (Xj) + K

73 Set Xi to (Xj) + (Bk)
74 Set Xi to (Aj) + (Bk)
75 Set Xi to (4j) - (Bk)

76 Set Xi to (Bj) + (Bk)
7 Set Xi to (Bj) - (Bk)
The long-add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi
37 Integer difference of (Xj) and (Xk) to Xi

Revision F

Instruction Section

SAi Aj + K
SAi Bj + K
SAi Xj + K
SAi Xj + Bk
SAi Aj + Bk
SAi Aj - Bk
SAi Bj + Bk
SAi Bj - Bk
SBi Aj + K
SBi Bj + K
SBi Xj + K
SBi Xj + Bk
SBi Aj + Bk
SBi Aj - Bk
SBi Bj + Bk
SBi Bj - Bk
SXi Aj + K
SXi Bj + K
SXi Xj + K
SXi Xj + Bk
SXi Aj + Bk
SXi Aj - Bk
SXi Bj + Bk
SXi Bj - Bk

IXi Xj + Xk
IXi Xj - Xk
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Instruction Section

Compare/Move Sequence

The compare/move sequence controls data manipulation on a character basis. The
compare/move instructions (also referred to as CMU 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 indirect (Bj) + K IM Bj + K
465 Move direct DM
466 Compare collated CC
467 Compare uncollated Cu

The support registers are:

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

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

® A 4-bit C1 register that specifies the character position or offset of the first CM
word of the source field.

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

® 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.

NOTE

CMU instructions are provided for compatibility with previous systems. For better
performance, recompile jobs to avoid use of CMU instructions.
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Instruction Section

CYBER 170 Exchange Sequence

A CYBER 170 exchange sequence is the method used to swap jobs in and out of
execution. When a CYBER 170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current job’s CP registers (described later
in this chapter) into an area of central memory called a CYBER 170 exchange package.
A CYBER 170 exchange package is associated with each job. It contains sufficient
information to restart a job if the job is interrupted during execution and swapped out
by a CYBER 170 exchange jump. To complete the sequence, CP registers for another
job are read from its CYBER 170 exchange package and that job begins or resumes
execution. For further information, refer to CYBER 170 Exchange Jump in chapter 17.

Block Copy Sequence

The block copy sequence controls the transfer of data between CM and UEM. The
number of words to be transferred is determined by the addition of K to the contents
of Bj. The starting address for CM is formed by adding either the A0 register or
certain bits of the X0 register to the RAC reference address. The starting address for
UEM is formed by adding certain bits of the X0 register to the RAE reference address.
The block copy instructions are:

011 Block copy Bj + K words from UEM to CM RE Bj + K
012 Block copy Bj + K words from CM to UEM WE Bj + K

Direct Read/Write Sequence

Instructions 014 and 015 perform single-word, direct read and write operations for
UEM; and instructions 660 and 670 perform single-word, direct read and write
operations for central memory.

014 Read one word from UEM at (Xk + RAE) into Xj RXj Xk
015 Write one word from Xj to UEM at (Xk + RAE) WXj Xk
660 Read central memory at (Xk) to Xj CRXj Xk
670 Write Xj into central memory at (Xk) CWXj Xk
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Instruction Section

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.

The branch address is K with i equals zero. The 02 instruction is:

02

Jump to (Bi) + K

JPBi + K

The conditional jump instructions 03 through 07 branch to address K if the jump
condition is met.

These instructions are:

030
031
032
033
034
035
036
037
04
05
06
07

Branch to K if (Xj) = 0
Branch to K if (Xj) = 0
Branch to K if (Xj) is positive
Branch to K if (Xj) is negative
Branch to K if (Xj) is in range
Branch to K if (Xj) is out of range
Branch to K if (Xj) is definite
Branch to K if (Xj) is indefinite
Branch to K if (Bi) = (Bj)
Branch to K if (Bi) # (Bj)
Branch to K if (Bi) = (B;j)
Branch to K if (Bi) < (Bj)

Return Jump Sequence

The return jump sequence controls the execution of three instructions.

00 Error exit to MA or program stop

010 Return jump to K

013 Central exchange jump to (Bj) + K or monitor exchange
jump to MA
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ZR Xj, K
NZ Xj, K
PL Xj, K
NG Xj, K
IR Xj, K
OR Xj, K
DF Xj, K
ID Xj, K
EQ Bi, Bj, K
NE Bi, Bj, K
GE Bi, Bj, K
LT Bi, Bj, K

PS
RJ K
XJ Bj + K
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Registers

Registers

The CP contains the operating and support registers described in the following
paragraphs. These registers are located in the registers section (refer to figure 1-2).

The contents of these registers can be written into memory and reloaded from memory
as a CYBER 170 exchange package by a single CP instruction (CYBER 170 exchange
jump). Figure 2-1 shows the CYBER 170 exchange package.

The time a CYBER 170 exchange package resides in CP hardware is called an
execution interval. During this interval, the contents of X, A, B, and P registers can
be changed by CP instructions. The contents of other support registers change only as
a result of a CYBER 170 exchange jump. For further information, refer to CYBER 170
Exchange Jump in chapter 17.

59 56 53 50 47 4 35 17 0
2 » ~o 7777777
N+ | RAC Al B!
N2 ) FLC : A2 82
n+3|EM| FLass | EM ) A3 83
N+ 4 // RAE A4 B4
N+ S FLE A5 85
N+ 6 //M MA A6 B6
o [NeTT 7000000000000 A &
LOCATIONS ), , o X0
N+ 9 X1
N+10 x2
N+ X3
N+i2 X4
N+I3 X5
N+14 X6
N+15 X7
W//A NO HARDWARE REGISTERS EXIST

Figure 2-1. CYBER 170 Exchange Package
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Registers

Operating Registers

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. Also, the X0
register provides the relative UEM starting address in a block copy operation.

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

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 is used in the compare
collate instruction for the collate table address. Also, the A0 register provides the
relative CM starting address in a block copy 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 a CM read reference to that address and transmits the CM word to
the corresponding X 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, BO through B7. These registers are primarily
indexing registers to control program execution. Program loop counts may also be
incremented 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.
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Registers

Support Registers

Eight 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 a CYBER 170 exchange sequence. With the exception of the P
register, the contents of the support registers cannot be altered during the execution
interval of a CYBER 170 exchange package. When the execution interval completes,
the data in the support registers is sent back to CM through a CYBER 170 exchange
jump. :

P Register

The 18-bit program address (P) register loads from CM during the first word of a
CYBER 170 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 21-bit CM reference address (RAC) register loads from CM during the second word
of a CYBER 170 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 program address in CM. A P-equal-to-zero condition specifies
relative address 0 and, therefore, (RAC). This CM location is reserved for recording
error exit conditions and should not be used to store data or instructions.

FLC Register

The 21-bit CM field length (FLC) register loads from CM during the third word of a
CYBER 170 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.
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Registers.

EM Register

The 6-bit exit mode (EM) register loads from CM during the fourth word of a CYBER
170 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 can be
set at one time. Clear EM register bits allow the CP to continue, without error
processing, when most of the corresponding conditions occur. Refer to the error exit
tables under Error Response in chapter 17 for specific cases. 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 Significance

48 Address out of range
49 Infinite operand

50 Indefinite operand
57 Hardware error

58 Hardware error

59 Hardware error
Flag Register

The 6-bit flag register loads from CM during the fourth word of a CYBER 170
exchange sequence. The flag register holds six bits that function as control flags.

Bit Significance
51 Hardware error bit.
52 Instruction stack (lookahead) purge flag. If set, extended purging of

instruction lookahead registers is enabled. For further information, refer to
Instruction Lookahead Purge Control under CP Programming in chapter 17.

53 CMU interrupted flag. If set, one of instructions 464 through 467 has been
interrupted. The information necessary to resume operation has been saved.

54 Block copy flag. If set, block copy instructions (011 and 012) use bits 30
through 50 of X0 rather than A0Q to determine the CM address. For further
information, refer to the descriptions of the block copy instructions in
chapter 16.

55 Expanded addressing select flag. If set, UEM is operating in expanded
addressing mode; if clear, UEM is operating in 24-bit standard addressing
mode. This bit must be clear. For further information, refer to Addressing
Modes under Memory Programming in chapter 17.

56 UEM enable flag. If set, UEM is available. This flag must be set to allow
011, 012, 014, and 015 instructions to access UEM.
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Registers

RAE Register

The 21-bit UEM reference address (RAE) register loads from CM during the fifth word
of a CYBER 170 exchange sequence. The lower six bits of this register are always
zero. An absolute UEM address forms by adding RAE to the relative address which is
determined by the instruction.

FLE Register

The 24-bit UEM field length (FLE) register loads from CM during the sixth word of a
CYBER 170 exchange sequence. The lower six bits of this register are always zero. The
FLE register defines the size of the field in UEM for the program in execution.
Relative UEM addresses are compared with FLE.

MA Register

The 18-bit monitor address (MA) register loads from CM during the seventh word of a
CYBER 170 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 CYBER 170 monitor flag clear, or when honoring a monitor
exchange jump to MA (262x) instruction with the CYBER 170 monitor flag clear. For
further information, refer to CYBER 170 Exchange Jump in chapter 17.
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Execution Section

The execution section combines the operands into results, providing additional
sequencing control where necessary.

Cache Memory

Cache memory is a high-speed buffer memory which is transparent to the user. It
reduces effective CM access time by eliminating unnecessary CM references. When the
CP first reads CM, a block of four words from CM (containing the requested word) is
read rapidly into cache memory. These words may be instructions or data. On
subsequent reading of any of these words, CM need not be accessed when these words
are in cache memory. Often this is the case because the same data is read more than
once, or because a loop of instructions is repeatedly executed. Cache memory is 2048
words or, optionally, 4096 words.

Addressing Section

An address adder calculates memory addresses for data and unconditional jump
instructions.

Memory management hardware verifies that memory addresses are to access permitted
memory areas. If this is the case, this hardware accesses cache memory and, if
necessary, central memory.
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Central Memory

The CM performs the following functions.

Eight memory banks store from 524K to 2097K of 64-bit words (the leftmost 4 bits
are undefined) and an 8-bit SECDED code.

The two ports make CM accessible to the CP and every PP.
A bounds register limits access to CM from either or both ports.

The SECDED generators generate the SECDED code bits stored with each word.
SECDED checks circuits, correct single-bit errors, and detect double-bit errors.

The maintenance channel interface gives a PP in the IOU access to the CM
maintenance registers for system initialization, corrective action, error reporting and
diagnostics, and for setting the port bounds register.

Address Format

Figure 2-2 illustrates the address format.

20 18 16 32 0

ar CHIP ADDRESS |

L I-—I"!OW SELECT “
QUADRANT BANK

SELECT SELECT

Figure 2-2. Address Format

The following list defines the address fields for figure 2-2.

Bank Select specifies one of eight banks. Since the bank address is the lowest order
3 bits of the storage address, sequential addressing results in a phased-bank
operation which allows a maximum data transfer rate of one word each clock
period.

Chip Address specifies the address of one word in 16K MOS memory chips for the
selected bank.

Row Select selects one of four word rows in a quadrant.

Quadrant Select selects one of four quadrants. It is used only for storage units
larger than 524K.
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CM Access and Cycle Times

The following paragraphs list CM access and cycle times. The CM operates on an
internal clock period of 64 nanoseconds (major cycle).

The CM access time for a read operation is 672 nanoseconds.

One bank cycle is 8 clock periods (448 nanoseconds). Cycle time for a read or write
operation is 448 nanoseconds (8 clock periods). Cycle time for a partial write
(read/modify/write) is 896 nanoseconds (16 clock periods).

CM Ports and Priorities

A priority network resolves access conflicts on a rotating basis, preventing long-term
lockout of any port. In case of simultaneous requests, the CP has priority. The refresh
mechanism may consume a maximum of 6 percent of memory time. Refresh requests
have priority over port requests. Refer to table 2-1 for maximum request lockout time
in bank cycles.

Table 2-1. Port Priority

Port Read or Write Requests
Refresh 1

Port 0 4

Port 1 5

Note:

One bank cycle equals 8 clock periods (448 nanoseconds).
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SECDED

The SECDED logic corrects single-bit errors during a CM read, permitting unimpeded
computer operation. The SECDED logic prepares for the error correction by generating
error correction code (ECC) bits for each data word, and by storing these ECC bits in
CM with the data word during the CM write. Table 2-2 lists the hexadecimal codes for
all the combinations of syndrome bits with the number of the data bit assigned each
code or a note categorizing the code. Then, during a CM read, CM performs the
following SECDED sequence.

1.

2
3
4.
5
6

Read one CM word and generate new ECC bits for data portion of CM word.
Compare new ECC bits with CM word ECC bits.

. If old and new ECC bits match, no error exists. Send data to requesting unit.

If bits do not match, generate syndrome bits from result of ECC compare.

Decode syndrome bits to determine if single or multiple bit failure.

. If single bit failure, correct by inverting failing bit in data word. Send corrected

word to requesting unit.

If multiple bit or other uncorrectable error, send uncorrectable error response code
to CP or IOU. A PP in the IOU may then analyze the syndrome bits using the
maintenance channel.
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Table 2-2. SECDED Syndrome Codes/Corrected Bits

Code Bit Code Bit Code Bit Code Bit
00 7 10 672 20 662 30 2/36
01 712 11 3 21 8 31 4
02 702 12 8 22 3 32 4
03 6/7% 13 4 23 4 33 3
04 692 14 3 24 8 34 4
05 8 15 4 25 4 35 3
06 3 16 4 26 4 36 3
07 24! 17 245 27 285 37 28!
08 682 18 3 28 3 38 4
09 8 19 4 29 4 39 3
0A 3 1A 4 2A 4 3A 3
0B 16! 1B 165 2B 205 3B 201
oC 4/55 1C 4 2C 4 3C 3
oD 8! 1D 85 2D 125 3D 12!
OE o! 1E 05 2E 45 3E 4
OF 3 1F 4 2F 4 3F 8

1. Corrected single-bit error.

Syndrome code bit failed (single code bit set).

Double error or multiple error (even number of code bits set).

Double error or multiple error with indicated bit(s) inverted.

2.
3.
4. Multiple error reported as a single error.
5.
6.

Double error or multiple error or forced double error due to a partial write parity

error on one of the two bytes.

7. No error detected.
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Table 2-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Central Memory

Code Bit Code Bit €ode Bit Code Bit
40 652 50 8 60 8 70 56!
41 3 51 4 61 4 71 565
42 8 52 4 62 4 72 60°
43 4 53 3 63 8 73 60!
44 8 54 4 64 4 74 585
45 4 55 3 65 3 75 581
46 4 56 8 66 3 76 62!
47 265 57 26! 67 30! 77 307628
48 8 58 4 68 4 78 575
49 4 59 3 69 8 79 571
4A 4 5A 3 6A 3 7A 611
4B 185 5B 18! 6B 221 7B 22/615
4C 4 5C 8 6C 8 7C 591
4D 105 5D 10! 6D 14! 7D 14/59°
4E 25 5E 21 6E 6! TE 6/635
4F 4 5F 3 6F 3 7F 63!
1. Corrected single-bit error.
2. Syndrome code bit failed (single code bit set).
3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.
5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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Table 2-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
80 642 90 8 A0 8 BO 48!
81 8 91 4 Al 4 Bl 485
82 8 92 4 A2 4 B2 525
83 4 93 8 A3 8 B3 521
84 8 94 4 A4 4 B4 505
85 4 95 3 A5 8 B5 501
86 4 96 8 A6 8 B6 541
87 255 97 25! A7 29! B7 29/545
88 3 98 4 A8 4 B8 495
89 4 99 3 A9 3 B9 49!
8A 4 9A 3 AA 3 BA 53!
8B 17 9B 17! AB 21! BB 21/534
8C ‘4 9C 8 AC 8 BC 511
8D 95 9D 9! AD 13! BD 13/51%
8E 15 9E 11 AE 51 BE 5/555
8F 4 gF 3 AF 3 BF 55!
1. Corrected single-bit error.
2. Syndrome code bit failed (single code bit set).
3. Double errcr or multiple error (even number of code bits set).
4. Multiple error reported as a single error.
5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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Table 2-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
Co 0/15 DO 40! E0 32! FO 2
C1 3 D1 404 E1 324 F1 8
C2 3 D2 444 E2 364 F2 3
C3 2 D3 44! E3 36! F3 2
C4 8 D4 424 E4 344 F4 8
C5 2 D5 42! E5 34! F5 2
Cs 2 D6 46! E6 38! F6 2
C7 27 D7 27/46¢  E7 31/38¢ F7 2
C8 3 D8 414 E8 334 F8 3
C9 2 D9 41! E9 33! F9 2
CA 2 DA 45! EA 37! FA 2
CB 191 DB 19/45¢  EB 23/37¢ FB 23!
ccC 2 DC 43! EC 35! FC 2
CD 11! DD 11/43* ED 15/35¢  FD 15!
CE 3! DE 3/474 EE 7/394 FE 7
CF 2 DF 47 EF 39! FF 2

1. Corrected single-bit error.

2. Double error or multiple error (even number of code bits set).
3. Multiple error reported as a single error.

4. Double error or multiple error with indicated bit(s) inverted.

5. Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes.
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CM Layout

Central memory contains an area that is reserved for special software called Virtual
State software. Along with the hardware and microcode, this software handles the
operations of Virtual State as described in chapter 17. Virtual State software is located
at the higher end of memory. The remaining memory is available to the CYBER 170
State and may be allocated as central memory (accessible via RAC and FLC) or as
unified extended memory (accessible via RAE and FLE and the 011, 012, 014, and 015
instructions). Refer to figure 2-3.

Address 0

cM

UEM

Available CM size {optional)

Virtual State
Software

Actual CM size

Figure 2-3. CM Layout

CM Bounds Register

The CM bounds register limits the write access to CM from specified ports. The ports
are limited to the area between an upper and lower bound as specified in the CM
bounds register. Bits in byte 0 specify the port(s) from which the write access is
limited. The CM bounds register is set through the maintenance channel. For further
information, refer to Maintenance Channel Programming in chapter 17.

Central Memory Reconfiguration

Central memory reconfiguration is a manually performed function that permits the
computer operator to restructure the CM addresses so that a failing part of CM can be
quickly locked out to provide a continuous block of usable CM. CM reconfiguration is
accomplished by setting the switches on the memory unit to manipulate the upper
address bits.

When a configuration switch is set forcing a CM address bit to a zero/one, the address
range corresponding to the original installed memory accesses some parts of the
reconfigured memory more than once. Addresses up to the rightmost forced bit, and
half the addresses using the rightmost forced bit, cover a contiguous address space
from location 0, which is the reconfigured memory. For further information, refer to
chapter 3.
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Input/Output Unit

Input/Output Unit

The input/output unit (IOU) performs the functions required to locate, select, and
initialize the external devices connected to the system, and controls the transfer of data
between a selected device and CM. The IOU also performs system maintenance
functions.

The IOU contains the following functional areas.
® Peripheral processor (PP)

® J/O channels

® Real-time clock

® Two-port multiplexer

® Maintenance channel

® CM access

Peripheral Processor

The basic IOU contains 10 PPs and can be expanded to 20 PPs in 5-PP increments.
Each PP is a logically independent computer with its own memory. Each 5-PP group is
organized into a multiplexing system which allows the PPs to share common hardware
for arithmetic, logical, and I/0 operations without losing independence. This
multiplexing system comprises five ranks of registers termed a barrel. Each rank
contains information related to the instruction being executed by one PP.

Each PP can communicate with the CP by issuing a CYBER 170 exchange request to a
specific CYBER 170 exchange package associated with the issuing PP. In addition, a
PP can also communicate with the CP via CM read and write operations. PPs can
communicate with each other over the I/O channels and through CM.

Each PP executes programs alone or with other PPs to control data transfers between
external devices and CM. These programs are comprised of instructions from the IOU
instruction set and respond to requests issued through CM by the operating system.
The programs translate generalized operating system requests into control functions for
accessing the external devices and may also perform device scheduling and
optimization. The programs use PP memory as a buffer for the data transfer between
external devices and CM to isolate IOU data transfer from variations in CM transfer
rate.
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Deadstart

A deadstart sequence allows the IOU to initialize itself. This deadstart sequence is

initiated by the DEAD START switch on the deadstart panel or the DEAD START

switch on the system console. The panel includes controls for assigning any PPM to
PPO. For further information refer to chapter 3.

Barrel and Slot

The barrel consists of the R, A, P, Q, and K registers, each one of which has five
ranks 0 through 4. (Refer to figure 2-4.) Information in these registers moves from one
rank to the next at a uniform 20-megahertz rate, providing a multiplexed system of
five PPs, each operating at a 4-megahertz rate. The registers are stationary while the
PPs rotate. For example, rank 4 registers contain PP0, PP1, PP2, PP3, and PP4 in
succession, each consuming 50 nanoseconds of the total cycle time of 250 nanoseconds.
Since PP memories operate at a slower rate, independent memory with its own address
and data registers is provided for each PP.

Each time data enters the slot, a portion of the instruction for that data is executed.
The slot performs tasks such as arithmetic and logic operations and program address
manipulation. Complete execution of an instruction may require the R, A, P, Q, and K
register quantities to go more than one trip around the barrel and through the slot.

The PPM may be referenced once each time the PP passes around the barrel and

through the slot. During its slot time, the PP may also communicate with CM or with
any of the I/O channels.
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PP MEMORIES

SLOT SLOT

“~—a.| (TIME-SHARED |_—
INSTRUCTION
CONTROL)

TO OTHER
BARRELS

FROM OTHER
BARRELS

CENTRAL CENTRAL
MEMORY et MEMORY
(64) {64)

64-BIT WORD
®

(16}
4

A
IO I 1 l 2 I3 r4 l5 [G ] 7 I10 |11 l12|13 INEIFZZE-[;:IZBIZGI;{MEEZI@} 1/0 CHANNELS @
tnz;

PERIPHERAL
EQUIPMENT

(?) OPTIONS OF 10,15 OR 20 PPS AVAILABLE.
(2) OPTIONS OF 12 OR 24 1/0 CHANNELS AVAILABLE.

(3) D Is THE ADDRESS OF THE FIRST PP WORD.

Figure 2-4, Barrel and Slot
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PP Registers
The PP registers, which are discussed in the following paragraphs, are:
® R register
® A register
® P register
® Q register

® K register

R Register

The 28-bit R register, in conjunction with the A register, forms an absolute CM
address for CM read/write instructions. When bit 17 of the A register is set, the
absolute CM address is formed by appending six zeros to the lower end of the contents
of the R register and adding to the result bits 0 through 16 of the contents of the A
register (refer to figure 2-5).

27 65 0
{ R | ooco00 |

Figure 2-5. Formation of Absolute CM Address

A Register

The 18-bit A register holds one operand for arithmetic, logic, or selected /O operations.
The content of the A register may be an arithmetic operand, CM address, I/O function,
or I/0O data word. Various instructions operate on 6, 12, 16, or 18 bits of the A
register.

When the A register is used as the CM address, parity is generated for transmission
with the address to memory control. At deadstart, the A register is set to 10000g).
When bit 17 of the A register is clear, the A register is used as the CM address;
however, when bit 17 is set, the R register is added to the A register (as described in
the R register description) to obtain the absolute CM address for CM read/write
instructions.
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P Register

The 12-bit P register is the program address register, except during the execution of
instructions 61, 63, 71, and 73. For these instructions, the P register contains the PPM
address of the data transfer. At deadstart, the P register is set to zero.

@ Register

The 12-bit Q register holds data for several functions such as the address of the
operand during direct addressing and indirect addressing, peripheral address of data
used during one-word central read or write instructions, upper 6 bits during constant
mode instructions, channel number on all I/O and channel instructions, shift count, and
relative jump designator. At deadstart, each rank of the Q register is set to a
corresponding PP number. Rank 0 is set to PPO, rank 2 is set to PP2, and so on.

K Register

The 12-bit K register is visible to the programmer through the maintenance channel
only. This register holds the operation code field of an instruction for display on the
IOU deadstart panel and for deadstart panel interrogation. When a PP is halted (idled),
this register contains all ones.
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PP Numbering

PPs are numbered in octal as follows:

Barrel PPs

0 00 to 04
1 05 to 11
2 20 to 24
3 25 to 31

The deadstart sequence is used to determine PP numbering within a barrel. The
sequence assigns barrel numbers according to the switch settings and, during the first
minor cycle after deadstart, loads a zero into the Q register in barrel 0. This defines
all the data in that rank of the barrel as belonging to PP0O and since Q is the channel
selector, assigns PPO to channel 0. During the next minor cycle, Q loads with a one.
This defines PP1 and assigns it to channel 1. This process occurs in parallel in all
barrels until the IOU assigns each rank of each barrel with a PP number and a
channel number. Reassignment can be done only during a deadstart.

PP Memory

Each PP has an independent 4K word memory; each word contains 16 data bits with
the upper four bits set to zero and one parity bit. PPO executes the deadstart program
from the deadstart panel during the deadstart operation. Therefore, PP memory 0 must
be operational. A PP memory reconfiguration feature allows the user to restore 10U
operation if the IOU detects a fault in the PP memory normally assigned to PPO.

To reconfigure, the operator assigns a good PP memory to PP0 and the operating
system removes the failing PP memory. Computer operation can continue without the
failing PP memory, and repairs can be made during scheduled maintenance. The
system must be deadstarted to reconfigure PPMs.

I/0 Channels

The I/O channels are comprised of an internal interface that allows common hardware
and software to control the external devices, and an external interface that allows the
IOU to communicate with the external devices using 12-bit data channels. The internal
interface can transfer 16-bit data words between two PPs, or between a PP and an
external device at a maximum rate of one word every 250 nanoseconds. This rate can
be sustained for the maximum practical channel transfer (4096 words). During transfers
between PPs, if the PPs are in the slot at the same time, the transfer rate is 500
nanoseconds.

Any PP can access any of the CYBER 170 bidirectional I/O channels. All PPs
communicate with external devices through the independent I/O channels. Each channel
may be connected to one or more pieces of external equipment, but only one piece of
equipment can use a channel at one time. All channels can be active simultaneously.
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The display station controller (DSC) is attached to CYBER 170 channel 10g. The DSC
is the IOU interface between the PPs and the system console, servicing both the
keyboard and the cathode-ray tube (CRT). It transmits function words and digital
symbol size/position data to the system console and receives digital character codes
from the keyboard. It also receives digital symbol codes from the PPs and converts
these to analog signals to the CRT.

Real-Time Clock

The real-time clock is a 12-bit free-running counter, incrementing at a 1-megahertz
rate. It is permanently attached to channel 14g. This channel may be read at any rate
as its active and full flags are always set.

Two-Port Multiplexer

The two-port multiplexer provides communication capability between a PP and two
attached terminals. One port is reserved for maintenance purposes and the other port
is reserved for future use. The two-port multiplexer is permanently attached to channel
15g.

Maintenance Channel

The maintenance channel is used for initialization of the CP and CM maintenance
registers and monitoring of error status.

The maintenance channel consists of the maintenance channel interface on channel 17g,
a mainfenance access control in each system element, and a set of interconnecting
cables.

Central Memory Access

Any PP can access CM. During a write from the IOU to CM, the IOU assembles five
successive 12-bit PP words into a 64-bit CM word with the leftmost four bits undefined.
During a CM read, the IOU disassembles the rightmost 60 bits of the 64-bit CM word
into five PP words. To find the CM address, a PP reads the A register. If bit 17 of the
A register is clear, the PP uses the contents of the A register for the CM address. If
bit 17 of the A register is set, the PP adds the relocation address from the R register
of the A register to form the CM address.

A maximum of 20 PPs in various stages of assembly/disassembly can simultaneously
read CM words, and five PPs can write CM words.
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Model 835 Operating Instructions 3

This chapter describes mainframe controls and indicators and the operating procedures
which are hardware-dependent. Software-dependent procedures are in system software
reference manuals listed under Additional Related Manuals in About This Manual.

Controls and Indicators

This section describes IOU deadstart controls and indicators and CM configuration
switches used by the system operator. Other controls used by maintenance personnel
are described in the hardware operator’s guide and the hardware maintenance manuals
of the power distribution and warning system, the cooling system, and the system
console listed in the system publication index in About This Manual.

Deadstart Panel Controls/Indicators

The deadstart panel (figure 3-1) is in the IOU. It contains PP register selection and
display facilities, deadstart controls, error indicators, and a switch matrix, which is the
source for a short PP program for initialization or troubleshooting. The switches,
indicators, and their functions are listed in table 3-1.
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Deadstart Panel Controls/Indicators
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Figure 3-1. Deadstart Panel
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Table 3-1. Deadstart Panel Controls/Indicators

Deadstart Panel Controls/Indicators

Panel Nomenclature

Description

Function

20 through 215 by 1
through 208g

PP NO

DATA

PP SELECT

REGISTER SELECT

A K, QP

LAMP TEST

CLEAR AUTO

FREQ MARGIN

Toggle switch matrix
(two-position switches)

Octal display

Octal display

Toggle switches
(two-position)

Toggle switches
(two-position)

Indicators

Toggle switch
(two-position)

Toggle switch
(two-position)

Toggle switch
(three-position)

Provides a 16-word deadstart
program for PPQ. Switches 20
through 211 set 12 bits for each of
the program words, labeled 1
through 20 (octal). Switches 212
through 215 are set to zero.

Up position sets bit. Down
position clears bit.

Shows the PP selected by PP
SELECT switches.

Shows the content of the register
selected by REGISTER SELECT
switches.

Selects the PP whose register is
to be displayed.

Selects the register to be
displayed (00 = P, 01 = Q,
10 = K, 11 = A).

One of these lights to indicate
which register is selected by
REGISTER SELECT switches.

Lights all indicators and display
segments.

Allows manual clearing of
auto-mode bit (bit 34 of the
environment control register) to
override possible auto-mode
selection. This allows the
selection of the PP and register
from the deadstart panel if bit 34
is set.

Determines the frequency margin
selected (FAST/NORMAL/SLOW).
The setting of this switch is
sensed only at deadstart time.
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Deadstart Panel Controls/Indicators

Table 3-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature

Description

Function

RECONFIGURATION,
BARREL

RECONFIGURATION,
PPM

LONG/SHORT DEAD
START SEQUENCE

DEAD START

L.D.S. ERROR-A

L.D.S. ERROR-B

DEAD START ERROR

Toggle switches
(two-position)

Toggle switches
(two-position)

Toggle switch
(two-position)

Toggle switch
(three-position, center
is off)

Indicator

Indicator

Indicator

Selects the physical barrel which
is logical barrel 0. All the other
logical barrels are numbered from
the selected physical barrel
circularly. (If physical barrel 1 is
selected by the switches, physical
barrel 2 is logical barrel 1, and
S0 on.)

Selects the physical PP memory
which is logical PPMO0. All the
other PPMs in all barrels are
numbered from the selected
physical PPM circularly. If the
switches are set to a value
greater than four, no
reconfiguration takes place.

Selects the LONG/SHORT
deadstart sequence. The setting of
this switch is sensed only at
deadstart.

Selects the fast or slow repetitive
deadstart, which generates a
master clear pulse every 250 or
4000 microseconds respectively.
Up position selects fast deadstart;
down position selects slow
deadstart. (The single deadstart
control pushbutton is on the
system console.)

Remains lit when long deadstart
branch tests are not completed
within 10.25 microseconds.

Remains lit when a long
deadstart sequence does not go to
completion.

Lights in case of long deadstart
ROM address/data parity error.
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Deadstart Panel Controls/Indicators

Table 3-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature Description Function
M, CH, A PQIC Indicators Lights in case of hardware

failures as follows:

M: PP memory failure

CH: I/O channel failure

A: A barrel failure

PQ: P or Q barrel failure

I: Firmware or control failure

C: 12/16 conversion failure
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Central Memory Controls

The CM, without the Memory Upgrade Option, contains four three-position
configuration switches (figure 3-2). These switches are located along the edge of a
printed circuit board located just to the right of the center post in the middle section
of the memory cabinet (location D01).

The switches are used to eliminate CM sections with malfunctions. For this model
without the Memory Upgrade Option, each switch, SW3 through SW6, forces one
corresponding CM address bit, 23 through 20, either to a zero (switch down) or to a
one (switch up). Refer to table 3-2.

In case of CM malfunctions, the remaining good memory can be reconfigured so it is
accessible by contiguous addresses from 0 to the maximum remaining address. This is
accomplished by setting configuration switches (figure 3-2) as listed in table 3-2. Refer
to the hardware operator’s guide listed in the system publication index for further
information.

© ©
: 3

@ SW5
@ |

(CM PANEL D)

Figure 3-2. CM Configuration Switches
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Central Memory Controls

Table 3-2. Central Memory Reconfiguration

Original CM Reconfigured CM
Location of Failing CM!

Words Address Words
(Size) Range (Size) Bit 23 Bit 22 Bit 21 Bit 20
524K 0-1 777 777 262K 0 X
(4 MB) (2 MB)
262K 1 X
(2 MB)
1049K 0-3 777 777 524K 0 X X
(8 MB) (4 MB)
524K 1 X X
(4 MB)
1573K 0-5 777 177 524K 0 0 X X
(12 MB) (4 MB)
524K 0 1 X X
(4 MB)
1049K 1 0 X X
(8 MB)
2097K 0-7 777 177 1049K 0 X X X
(16 MB) (8 MB)
1049K 1 X X X
(8 MB)

1. CM remaining can be further reconfigured by setting additional configuration
switches.

(Continued)
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Central Memory Controls

Table 3-2. Central Memory Reconfiguration (Continued)

Original CM Reconfigured CM
Reconfiguration Setting?
Words Address Words
(Size) Range (Size) SwW3 Sw4 SW5 SWé
524K 0-1 777 117 262K - - U -
(4 MB) (2 MB)
262K - - D -
(2 MB)
1049K 0-3 717 1717 524K - U - -
(8 MB) (4 MB)
524K - D - -
(4 MB)
1573K 0-5 777 177 524K - U - -
(12 MB) (4 MB)
524K - D - -
(4 MB)
1049K D - - -
. (8 MB)
2097K 0-7 717 177 1049K U - - -
(16 MB) (8 MB)
1049K D - - R
(8 MB)

2. U equals up, D equals down, and dash (-) equals center position.
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Power-On and Power-Off Procedures

Power-On and Power-Off Procedures

In case of an emergency, use the system EMERGENCY OFF switch. The power-on and
power-off procedures are described in the hardware operator’s guide listed in the system
publication index in About This Manual.

CAUTION

Improper application or removal of power may damage system circuits and/or air
conditioning system. Power must be turned on/off by designated personnel only, except
for the system EMERGENCY OFF switch. Use only for extreme emergency, not for
normal shutdown.

Operating Procedures

Refer to the hardware operator’s guide listed in the system publication index in About
This Manual. The system is initialized by setting its control switches, and then by
running either a long or short deadstart sequence (defined later in this section). After
initialization, the keyboard is used to instruct the system further, under program
control.

Control Checks

Before activating a long or short deadstart sequence, check the positions of deadstart
panel switches against their intended use. These checks can be made by using
table 3-1. The normal settings of these switches is as follows:

Switch Position
CLEAR AUTO ) Down
FREQ MARGIN Center
RECONFIGURATION All down

LONG/SHORT DEAD START Down for a short deadstart sequence
SEQUENCE

DEAD START Center
All error lights Not lit
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Control Checks

Deadstart Sequences

In response to a deadstart signal from either the deadstart pushbutton on the system
console, or from the DEAD START switch on the deadstart panel, circuits in the IOU
perform a deadstart sequence. Depending on the setting of the LONG/SHORT DEAD
START SEQUENCE switch on the deadstart panel, either the long or the short
deadstart sequence is performed. The short deadstart sequence is used when hardware
integrity verification is not required. The long deadstart sequence performs all the
tasks performed by the short deadstart sequence and some additional tasks. The main
additional task is the running of a diagnostic program, from a read-only memory
(ROM) in the IOU, on logical PP0. The diagnostic program takes approximately

1 minute to run.

Both deadstart sequences begin with a master clear which sets up all PPs, except
logical PPO, for a 4096-word block input starting at PP location 0. The input into each
PP is from the channel with the same number as the logical number of the PP
concerned. The master clear also resets all external devices and sets maintenance
channel connect code bit 52.

The individual channels and registers are set as follows:

Active/ Channel
Inactive Ful/Empty  Channel Error
Channel Flag Flag Flag Flag
0 Inactive Empty Clear Clear
10 (display controller) Active Empty Clear Clear
14 (real-time clock) Active Full Set Set
15 (two-port mux) Active Empty Clear Clear
17 (maintenance) Active Empty Clear Clear
Other installed channels Active Empty Clear Clear
Noninstalled channels Inactive Empty Clear Clear

The flags of channel 14 and of noninstalled channels are fixed by hardware and cannot
be changed.

Register Initialization! Description

K 007100g Instruction display on deadstart panel

P 007777g Causes block input to start from location 0

A 10,000g Count of 4096 words

Q 01, 2. 1/0O channel numbers (PP0: 0, PP1: 1, and so on)

All registers in all barrels are set to these values, except the registers of PPO.

1. Leading zeros are not displayed on deadstart panel.
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IOU Reconfiguration

If the long deadstart sequence is being performed, hardware clears location 7777g in all
PP memories and sets the P register of PP0 to 6000g. PP0 starts performing a test
program from a read-only memory in IOU and lights the deadstart panel L.D.S.
ERROR-A and L.D.S. ERROR-B indicators. Indicator A remains lit unless the test
program reaches location 6200g within 10.25 microseconds. Indicator B remains lit until
the test program reaches location 7776g. When this happens, the unique part of the
long deadstart sequence ends with a master clear.

Next, both deadstart sequences clear PP0 location 0, write the settings of the deadstart
panel matrix switches into PP0 memory locations 1g to 20g, and clear PPO location 21g.
PPO then starts executing the program entered from the matrix switches, which is
normally a bootstrap program to input more data from an assigned external device.

The short deadstart sequence does not disturb PP memory other than PPO locations

0 to 21g. Both deadstart sequences leave all PPs, except PP0, waiting for a block input
or for action through the maintenance channel. After the block input is complete, each
PP starts executing the program entered from whatever address was entered into
location 0 of that PP.

IOU Reconfiguration

The logical PP numbers and hardware are assigned to physical PPs circularly from the
settings of IOU deadstart panel RECONFIGURATION switches, which specify which
physical barrel and PPM is PP0. If the PPM section of these switches is set to a value
greater than 4, the value 0 is substituted. If the BARREL section of these switches is
set to a value greater than the number of installed barrels, the value 0 is substituted.
Thus, possible barrel numbering is as described in table 3-3.

NOTE

The minimum system option is 10 PPs.

Table 3-3. Barrel Numbering Table

Logical PPs in Physical Barrel with
BARREL RECONFIGURATION
Barrels Installed Physical Barrel Switch Values

0 1 2 3

4 Barrels (20 PPs) 0 0-4 25-31 20-24 5-11
1 5-11 0-4 25-31 20-24
2 20-24 5-11 0-4 25-31
3 25-31 20-24 5-11 0-4

3 Barrels (15 PPs) 0 0-4 20-24 5-11 (0-4)
1 5-11 . 0-4 20-24 (5-11)
2 20-24 5-11 0-4 (20-24)

2 Barrels (10 PPs) 0 0-4 5-11 (0-4) (0-4)
1 5-11 0-4 (5-11) (5-11)

1 Barrel (6 PPs) 0 0-4 (0-4) (0-4) (0-4)
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Models 845 and 855 System Description 4

This chapter describes the physical and functional characteristics and major system
components.

These high-speed computer systems without the Memory Upgrade Option are used for
both business and scientific applications. The system includes the following components.

® Central processor (CP)
® (Central memory (CM)
® Input/output unit (IOU)

Physical Characteristics

The system configuration without the Memory Upgrade Option (figure 4-1) include a
three-section cabinet for the CP, CM, and IOU. (The system console is also required for
system operation.)

Each cabinet section contains a logic chassis with plug-in circuit boards. The logic
chassis in the IOU also contains a deadstart panel with initialization and maintenance
controls and displays. Each cabinet section also contains a self-contained cooling unit to
cool the logic chassis, an ac/dc control section with voltage margin testing facilities,
and dc power supplies. For additional cooling or power information, refer to the cooling
system and power system manuals listed in the system publication index.

The system configurations shown in figures 4-2, 4-3, and 4-4 each contain an
interconnected three-section cabinet for the CP, CM, and I0U. (The system console is
also required for system operation.) The model 855 with the Memory Upgrade Option
supports an optional second CP, which is contained in an additional one-bay section.
(The model 855 second CP does not support CYBER 170 State operation.)

Each cabinet section contains a logic chassis with plug-in circuit boards. The CP
cabinet section comprises three attached subsections, each with separate power and
cooling facilities. A cooling unit provides cooling for the CP subsections and CM. The
IOU cabinet section has a self-contained cooling unit to cool the IQOU logic chassis.
Each cabinet section also contains an ac/dc control section with voltage margin testing
facilities and dc power supplies. For additional cooling or power information, refer to
the cooling system and power system manuals listed in the system publication index.
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Physical Characteristics
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Physical Characteristics
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Functional Characteristics

Functional Characteristics

To achieve high computation speeds, these models use ECL and large-scale integration
(LSI) logic. High speed is also the objective of the CP design, which is based on the
assumption that both data and instructions are, in most cases, accessed from successive
memory locations. Accordingly, the CP prefetches both instructions and data expected
to be used next while the current instruction is being processed.

The CP supports two states of operation.

Virtual State Operates with virtual-memory byte addressing, using the
Virtual State instruction set and data formats. Virtual State is
the native operating state of the CP.

CYBER 170 State Operates with real-memory word addressing, using the CYBER
170 State CP instruction set and data formats.

The Virtual State and CYBER 170 State environments may be present at the same
time with the CP executing in either environment.

® NOS/VE is the operating system of Virtual State.
® NOS is the operating system of CYBER 170 State.

The semiconductor central memory is divided into eight independent banks. These
banks may all be simultaneously in the process of completing read/write requests which
are queued and distributed at ECL speeds. System input/output speeds are determined
by the capabilities of existing external devices.
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CP Characteristics

Central Processor

The CP has the following characteristics:

60-bit internal word.

Eight 60-bit operand (X) registers.

Eight 18-bit address (A) registers.

Eight 18-bit index (B) registers.

Two registers that isolate each user’s central memory space (RAC, FLC).
Two registers that isolate each user’s extended memory space (RAE, FLE).
Register exchange instructions (exchange jumps) for interrupting programs.

Floating-point (FP) arithmetic (10-bit exponent plus sign bit, 48-bit coefficient plus
sign bit). Some FP instructions use 96-bit (double-precision) coefficients.

Integer arithmetic (60/18-bit operands).

Character string compare/move facilities (6-bit characters).

Packed instructions (15/30/60-bit instructions in 60-bit words).
Synchronous internal logic.

64-nanosecond clock period.

2048-word cache buffer memory, option available for 4096-word cache.
Instruction and branch instruction lookahead.

Microcode control.

Parity checking of all major data and address paths.

Maintenance channel to I0U.
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CM Characteristics

Central Memory

The CM without the Memory Upgrade Option has the following characteristics:

72-bit data word (60 data bits, 8 single-error correction/double-error detection bits,

and 4 unused bits).

524K words of refresh-type semiconductor memory, options available to 4194K

words.

Organization of eight independent banks.

Two memory ports (located in the central processor cabinet).
Bounds register to limit write access.

64-nanosecond clock period.

Maximum data transfer rate of one word every 64 nanoseconds.
528-nanosecond read access time.

448-nanosecond read/write cycle time.

896-nanosecond partial write cycle time.

Read and write data queuing capability.

Single-error correction/double-error detection (SECDED) on stored data.

Parity checking of all major data, address and control paths.

Unified-extended memory (UEM) which serves as extended memory within CM.

The CM with the Memory Upgrade Option has the following characteristics (timing
references are from CMC/CPU interface):

72-bit data word (60 data bits, 8 single-error correction/double-error detection bits,

and 4 unused bits).

2097K words (16 megabytes) of dynamic random-access memory, options available to

16 776K words (128 megabytes).

Organization of eight independent banks.

Two memory ports (located in the central processor cabinet).
Bounds register to limit write access.

64-nanosecond clock period.

Maximum data transfer rate of one word every 32 nanoseconds.
464-nanosecond read access time.

384-nanocsecond read/write cycle time.

768-nanosecond partial write cycle time.

Read and write data queuing capability.
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IOU Characteristics

® Single-error correction/double-error detection (SECDED) on stored data.

® Parity checking of all major data, address, and control paths.

Unified-extended memory (UEM) which serves as extended memory within CM.

Input/Qutput Unit
The IOU has the following characteristics:

Ten peripheral processors (PPs), 15-PP/20-PP options available. Each PP has 4K
independent memory (PPM) comprised of 16-bit words with the upper 4 bits zero.

Port to central memory.

Bounds register to limit writes to central memory.

Twelve 12-bit CYBER 170 channels to external devices, 24 channel option available.
Real-time clock (channel 14g).

Display controller (CYBER 170 channel 10g).

Two-port multiplexer (channel 15g).

Maintenance channel (channel 17g).

Parity checking on all major data and address paths.

Operating speed of 250 nanoseconds and a minor cycle of 50 nanoseconds.

Optional concurrent input/output (CIO) PPs and direct-memory access (DMA) I/O
channel adapter. Available only on systems with IOU-NIO/CIO cabinet upgrades.
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Major System Component Descriptions

Major System Component Descriptions

Central Processor

The CP hardware (figures 4-5) consists of the following:
® Instruction section

® Registers

® Execution section

® Cache memory

® Addressing section

® (Central memory control

The CP is isolated from the IOU and is thus able to carry on computation or character
manipulation unencumbered by I/O requirements.

Instruction Section

The instruction section directs the arithmetic and manipulative functions for instruction
execution. The instruction section prefetches instruction words from memory and
disassembles them into instructions.

Registers

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
A1l through A7 for CM operand addressing.

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

Eight support registers support the operating registers during program execution. These
registers are:

® 18-bit program address (P) register.

® 21-bit reference address for CM (RAC) register. This is a program’s lower bound.
® 21-bit field length for CM (FLC) register. This is a program’s upper bound.

® @B-bit exit mode (EM) register.
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Central Processor

® 6-bit flag register.

® 21-bit reference address for UEM (RAE) register.
® 24-bit field length for UEM (FLE) register.

® 18-bit monitor address (MA) register.

The registers store data and control information, present operands to the execution
section, and store results.

The operating and support registers reside in the operand issue section.

Execution Section

The execution section combines the operands to achieve the result.

Cache Memory

The cache memory consists of two sets of fast bipolar memory, capable of storing 2048
60-bit words. It can be expanded to four sets with a capacity of 4096 words. The
memory addressing sections determine whether a requested word is in the cache
memory. If it is not, they read four consecutive words from central memory into the
cache memory.

Addressing Section

The addressing section checks memory addresses against the CP registers RAC, FLC,
RAE, and FLE to ensure isolation of user memory space.

Central Memory Control

Central memory control (CMC) is integrated within the CP and controls the flow of
data between CM and requesting system components.
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Central Memory

Central Memory

The CM (figure 4-5) consists of the following:
® Eight memory banks

® Memory ports

The CM without the Memory Upgrade Option is a refresh-type metal-oxide
semiconductor (MOS) memory organized into eight independent banks.

The CM with the Memory Upgrade Option is a dynamic random-access organized into
eight independent banks.

A portion of CM can be reserved for use as extended memory. It is called unified-
extended memory (UEM) and is referenced by the RAE and FLE registers. The
memory ports are located in the central processor cabinet, with one port having a
queuing buffer.
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Input/Output Unit

Input/Output Unit
The IOU (figure 4-5) consists of the following:

® Ten logically independent peripheral processors (PPs). Options are available to
increase total to 15 or 20 PPs.

® Internal interface to 12 I/O channels. 24-channel option is available.

e External interfaces to I/O channels

11 or 23 CYBER 170 channel interfaces.

Display controller interface (CYBER 170 channel 10g).
Real-time clock interface (channel 14g).

Two-port multiplexer interface (channel 15g).

Maintenance channel interface (channel 17g).

® Interface to central memory.

® Bounds register to limit writes to CM.

® Optional CIO PPs and DMA I/O channel adapter. Available only on systems with
IOU-NIO/CIO cabinet upgrades.

The PPs are organized in groups of five, called barrels. The PPs in a barrel time-share
common hardware. Each PP has its own independent memory and communicates with
all I/O channels and central memory.
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System Console

System Console

The system console, required for system operation, provides a visual, alphanumeric
readout for the computer. The receipt of symbol and position information from the
computer enables displaying program information on a 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
monitor and control system operation. Except for programming information in chapter
17, refer to the system console manual listed in the system publication index in About
This Manual for further information.
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System Console
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Models 845 and 855 Functional
Descrilytions 5

This chapter provides functional descriptions of the central processor (CP), central
memory (CM), and input/output unit (IOU) as shown in the system block diagram in
chapter 4. Functional descriptions for the system display station and the cooling system
are in their respective manuals listed in the system publication index in About This
Manual.

Central Processor

The CP consists of the instruction section, registers, the execution section, cache
memory, central memory control, and the addressing section.

Instruction Section

The instruction section consists of logic for instruction control.

Model 845 Instruction Lookahead

The model 845 instruction lookahead hardware (ILH) prefetches a maximum of 12
instructions to make the next instruction immediately available when the execution of
the previous instruction is complete. This is accomplished by reading instructions from
cache/CM into a series of buffer ranks.

The model 845 responds to both negative and positive resolution of a conditional
branch by purging the buffer ranks and reinitializing the Instruction Fetch Unit.

Model 855 Instruction Lookahead

The model 855 instruction lookahead hardware (ILH) prefetches a maximum of 12
instructions to make the next instruction immediately available when the execution of
the previous instruction is complete. This is accomplished by reading instructions from
cache/CM into a series of buffer ranks.

When ILH detects a conditional branch, it assumes that the branch condition will be
met. ILH computes the branch target address and reads instructions from cache/CM
starting at the target address. If the branch is taken, the buffer ranks contain the next
executable instruction words. If the branch is not taken, the hardware purges the
buffer ranks and resumes prefetching at the instruction word following the unsatisfied
branch instruction.

Maintenance Access Control

The maintenance access control performs initialization and maintenance operations in
the CP.
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Instruction Section

Instruction Control Sequences

The instruction control section 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 instruction 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 described in this
section. For further information, refer to CP Instruction Descriptions in chapter 16.

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 BXi Xj * Xk
12 Logical sum of (Xj) and (Xk) to Xi BXi Xj + Xk
13 Logical difference of (Xj) and (Xk) to Xi BXi Xj - Xk
15 Logical product of (Xj) with complement of (Xk) to Xi BXi -Xk * Xj
Logical sum of (Xj) with complement of (Xk) to Xi BXi -Xk + Xj
17 Logical difference of (Xj) with complement of (Xk) to Xi BXi -Xk - Xj

The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi BXi Xj

11 Transmit complement of (Xk) to Xi BXi -Xk
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Instruction Section

Shift Sequence

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

20 Left shift (Xi) by jk LXi jk
21 Right shift (Xi) by jk AXi jk
22 Left shift (Xk) nominally (Bj) places to Xi LXi Bj, Xk
23 Right shift (Xk) nominally (Bj) places to Xi AXi Bj, Xk
43 Form mask of jk bits to Xi MXi jk

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 instruction 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 UXi Bj, Xk
27 Pack (Xk) and (Bj) to Xi PXi Bj, Xk

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 NXi Bj, Xk
25 Round normalize (Xk) to Xi and Bj ZXi Bj, Xk
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Instruction Section

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 instructions are:

30 Floating sum of (Xj) and (Xk) to Xi FXi Xj + Xk
31 Floating difference of (Xj) and (Xk) to Xi FXi Xj - Xk
32 Floating double-precision sum of (Xj) and (Xk) to Xi DXi Xj + Xk

33 Floating double-precision difference of (Xj) and (Xk) to Xi DXi Xj - Xk
34 Round floating sum of (Xj) and (Xk) to Xi RXi Xj + Xk
35 Round floating difference of (Xj) and (Xk) to Xi RXi Xj - Xk

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 FXi Xj * Xk
41 Round floating product of (Xj) and (Xk) to Xi RXi Xj * Xk
42 Floating double-precision product of (Xj) and (Xk) to Xi DXi Xj * Xk

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

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 CXi Xk

Increment Sequence

The increment sequence controls the ones complement addition and subtraction of 18-bit
fixed-point operands for increment instructions 50 through 77. The sequence also
controls the 60-bit ones complement sum and difference values for long-add instructions
36 and 37.
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Instruction Section

The increment instructions are:

50  Set Ai to (Aj) + K SAi Aj + K
51  Set Ai to (Bj) + K SAi Bj + K
52 Set Ai to (Xj) + K SAi Xj + K
53  Set Ai to (Xj) + (Bk) SAi Xj + Bk
54  Set Ai to (Aj) + (Bk) SAi Aj + Bk
55  Set Ai to (Aj) - (Bk) SAi Aj - Bk
56 Set Ai to (Bj) + (Bk) SAi Bj + Bk
57  Set Ai to (Bj) - (Bk) SAi Bj - Bk
60  Set Bi to (Aj) + K SBi Aj + K
61  Set Bi to (Bj) + K SBi Bj + K
62  Set Bi to (Xj) + K SBi Xj + K
63  Set Bi to (Xj) + (Bk) SBi Xj + Bk
64  Set Bi to (Aj) + (Bk) SBi Aj + Bk
65  Set Bi to (Aj) - (Bk) SBi Aj - Bk
66  Set Bi to (Bj) + (Bk) SBi Bj + Bk
67  Set Bi to (Bj) - (Bk) SBi Bj - Bk
70  Set Xi to (Aj) + K | SXi Aj + K
71 Set Xi to (Bj) + K SXi Bj + K
72 Set Xito (Xj) + K SXi Xj + K
73 Set Xi to (Xj) + (Bk) SXi Xj + Bk
74 Set Xi to (Aj) + (Bk) SXi Aj + Bk
75  Set Xi to (Aj) - (Bk) SXi Aj - Bk
76 Set Xi to (Bj) + (Bk) SXi Bj + Bk
77 Set Xi to (Bj) - (BK) SXi Bj - Bk

The long-add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi IXi Xj + Xk
37 Integer difference of (Xj) and (Xk) to Xi IXi Xj - Xk
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Instruction Section

Compare/Move Sequence

The compare/move sequence controls data manipulation on a character basis. The
compare/move instructions (also referred to as CMU 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 indirect (Bj) + K IMBj + K
465  Move direct DM
466  Compare collated CcC
467 Compare uncollated CU

The support registers are:

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

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

® A 4-bit C1 register that specifies the character position or offset of the first CM
word of the source field.

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

® 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.

NOTE

CMU instructions are provided for compatibility with previous systems. For better
performance, recompile jobs to avoid use of CMU instructions.
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Instruction Section

CYBER 170 Exchange Sequence

A CYBER 170 exchange sequence is the method used to swap jobs in and out of
execution. When a CYBER 170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current job’s CP registers (described later
in this chapter) into an area of central memory called a CYBER 170 exchange package.
A CYBER 170 exchange package is associated with each job. It contains sufficient
information to restart a job if the job is interrupted during execution and swapped out
by a CYBER 170 exchange jump. To complete the sequence, CP registers for another
job are read from its CYBER 170 exchange package and that job begins or resumes
execution. For further information, refer to CYBER 170 Exchange Jump in chapter 17.

Block Copy Sequence

The block copy sequence controls the transfer of data between CM and UEM. The
number of words to be transferred is determined by the addition of K to the contents
of Bj. The starting address for CM is formed by adding either the A0 register or
certain bits of the X0 register to the RAC reference address. The starting address for
UEM is formed by adding certain bits of the X0 register to the RAE reference address.
The block copy instructions are:

011 Block copy Bj + K words from UEM to CM RE Bj + K
012 Block copy Bj + K words from CM to UEM WE Bj + K

Direct Read/Write Sequence

Instructions 014 and 015 perform single-word, direct read and write operations for
UEM; and instructions 660 and 670 perform single-word, direct read and write
operations for central memory.

014  Read one word from UEM at (Xk + RAE) into Xj RXj Xk
015 Write one word from Xj to UEM at (Xk + RAE) WXj Xk
660 Read central memory at (Xk) to Xj CRXj Xk
670 Write Xj into central memory at (Xk) CWXj Xk
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Instruction Section

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.
The branch -address is K with i equals zero. The 02 instruction is:

02 Jump to (Bi) + K JP 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 ZR Xj, K
031 Branch to K if (Xj) = 0 Nz Xj, K
032 Branch to K if (Xj) is positive PL Xj, K
033 Branch to K if (Xj) is negative NG Xj, K
034 Branch to K if (Xj) is in range IR Xj, K
035 Branch to K if (Xj) is out of range OR Xj, K
036  Branch to K if (Xj) is definite DF Xj, K
037 Branch to K if (Xj) is indefinite ID Xj, K
04 Branch to K if (Bi) = (Bj) EQ Bi, Bj, K
05 Branch to K if (Bi) # (Bj) - NE Bi, Bj, K
06 Branch to K if (Bi) = (Bj) GE Bi, Bj, K
07 Branch to K if (Bi) < (Bj) LT Bi, Bj, K

Return Jump Sequence

The return jump sequence controls the execution of three instructions.

00 Error exit to MA or program stop PS

010 Return jump to K RJ K

013 Central exchange jump to (Bj) + K or monitor exchange XJ BJ + K
jump to MA
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Registers

The CP contains the operating and support registers which are located in the operand
issue section (refer to figure 4-5).

The contents of these registers can be written into memory and reloaded from memory
as a CYBER 170 exchange package by a single CP instruction (CYBER 170 exchange
jump). Figure 5-1 shows the CYBER 170 exchange package.

The time a CYBER 170 exchange package resides in CP hardware is called an
execution interval. During this interval, the contents of X, A, B, and P registers can
be changed by CP instructions. The contents of other support registers change only as
a result of a CYBER 170 exchange jump. For further information, refer to CYBER 170
Exchange Jump in chapter 17.

59 56 53 50 47 41 35 17 0
N » = 7777
Ne L RAC Al 81
N+ 2 A FLC A2 B2
vn+3len] ruaes e oo A3 83
N+ 4 // RAE A4 84
N+ 5 FLE AS 85
N+ 6 ///A MA I 86
o INeT7 000000 , A7 87
LOCATIONS] . g %o
N+ o X1
N+10 x2
N+ x3
N+I2 x4
N+I3 x5
N+I4 X6
N+IS X7
m NO HARDWARE REGISTERS EXIST

Figure 5-1. CYBER 170 Exchange Package
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Operating Registers

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. Also, the X0
register provides the relative UEM starting address in a block copy operation.

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

A Registers

The CP contains eight 18-bit A registers, A0 through A7. The AQ register serves as an
intermediate register for the user’s discretion. The AO register is used in the compare
collate instruction for the collate table address. Also, the A0 register provides the
relative CM starting address in a block copy 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 a CM read reference to that address and transmits the CM word to
the corresponding X 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 control program execution. Program loop counts may also be
incremented 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.
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Support Registers

Eight 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 a CYBER 170 exchange sequence. With the exception of the P
register, the contents of the support registers cannot be altered during the execution
interval of a CYBER 170 exchange package. When the execution interval completes,
the data in the support registers is sent back to CM through a CYBER 170 exchange
jump.

P Register

The 18-bit program address (P) register loads from CM during the first word of a
CYBER 170 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 21-bit CM reference address (RAC) register loads from CM during the second word
of a CYBER 170 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 program address in CM. A P-equal-to-zero condition specifies
relative address 0 and, therefore, (RAC). This CM location is reserved for recording
error exit conditions and should not be used to store data or instructions.

FLC Register

The 21-bit CM field length (FLC) register loads from CM during the third word of a
CYBER 170 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.
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EM Register

The 6-bit exit mode (EM) register loads from CM during the fourth word of a CYBER
170 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 can be
set at one time. Clear EM register bits allow the CP to continue, without error
processing, when most of the corresponding conditions occur. Refer to the error exit
tables under Error Response in chapter 17 for specific cases. 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 Significance

48 Address out of range
49 Infinite operand

50 Indefinite operand
57 Hardware error

58 Hardware error

59 Hardware error
Flag Register

The 6-bit flag register loads from CM during the fourth word of a CYBER 170
exchange sequence. The flag register holds six bits that function as control flags.

Bit Condition
51 Hardware error bit.
52 Instruction stack (lookahead) purge flag. It set, extended purging of

instruction lookahead registers is enabled. For further information,
refer to Instruction Lookahead Purge Control under CP Programming

in chapter 17.

53 CMU interrupted flag. If set, one of instructions 464 through 467 has
been interrupted. The information necessary to resume operation has
been saved.

54 Block copy flag. If set, block copy instructions (011, 012) use bits 30

through 50 of X0 rather than AO to determine the CM address. For
further information, refer to the descriptions of the block copy
instructions in chapter 16.

55 Expanded addressing select flag. If set, UEM is operating in expanded
addressing mode; if clear, UEM is operating in 24-bit standard
addressing mode. For further information, refer to Addressing Modes
under Memory Programming in chapter 17.

56 UEM enable flag. If set, UEM is available. This flag must be set to
allow 011, 012, 014, and 015 instructions to access UEM.
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RAE Register

The 21-bit UEM reference address (RAE) register loads from CM during the fifth word
of a CYBER 170 exchange sequence. The lower 6 bits of this register are always zero.
An absolute UEM address forms by adding RAE to the relative address which is
determined by the instruction.

FLE Register

The 24-bit UEM field length (FLE) register loads from CM during the sixth word of a
CYBER 170 exchange sequence. The lower 6 bits of this register are always zero. The
FLE register defines the size of the field in UEM for the program in execution.
Relative UEM addresses are compared with FLE.

MA Register

The 18-bit monitor address (MA) register loads from CM during the seventh word of a
CYBER 170 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 CYBER 170 monitor flag clear, or when honoring a monitor
exchange jump to MA (262x) instruction with the CYBER 170 monitor flag clear. For
further information, refer to CYBER 170 Exchange Jump in chapter 17.
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Execution Section

The execution section combines the operands into results, providing additional
sequencing control where necessary.
Cache Memory

Cache memory is a high-speed buffer memory which is transparent to the user. It
reduces effective CM access time by eliminating unnecessary CM references. When the
CP first reads CM, a block of four words from CM (containing the requested word) is
read rapidly into cache memory, these words may be instructions or data. On
subsequent reading of any of these words, CM need not be accessed when these words
are in cache memory. Often this is the case because the same data is read more than
once, or because a loop of instructions is repeatedly executed. Cach memory is 2048
words or, optionally, 4096 words.

Addressing Section

An address adder calculates memory addresses for data and unconditional jump
instructions.

Memory management hardware verifies that memory addresses are to access permitted
memory areas. If this is the case, this hardware accesses cache memory and, if
necessary, central memory.

Central Memory Control

Central memory control (CMC) provides an interface to CM for the CP and IOU. It is
physically located in the CP cabinet. CMC includes:

® Ports and distributor
e SECDED logic

® Partial-write logic

® Memory control logic

® Maintenance registers
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Central Memory

The CM performs the following functions.

Without the Memory Upgrade Option, eight memory banks store from 524K to
2097K of 64-bit words (the leftmost 4 bits are undefined) and an 8-bit SECDED
code.

With the Memory Upgrade Option, eight memory banks store from 2097K to
16 776K of 64-bit words (the leftmost 4 bits are undefined) and an 8-bit SECDED
code.

The two ports make CM accessible to the CP and every PP.
A bounds register limits access to CM from either or both ports.

The SECDED generators generate the SECDED code bits stored with each word.
SECDED checks circuits, corrects single-bit errors, and detects double-bit errors.

The maintenance channel interface gives a PP in the IOU access to the CM
maintenance registers for system initialization, corrective action, error reporting and
diagnostics, and for setting the port bounds register.

Address Format Without Memory Upgrade Option

Figure 5-2 illustrates the address format without the Memory Upgrade Option.

20 18 16 32 0

Ll CHIP ADDRESS |

L I—ROW SELECT J
QUADRANT BANK

SELECT SELECT

Figure 5-2. Address Format Without Memory Upgrade Option

The following list defines the address fields for figure 5-2.

Bank Select specifies one of eight banks. Since the bank address is the lowest order
3 bits of the storage address, sequential addressing results in a phased-bank
operation which allows a maximum data transfer rate of one word each clock
period.

Chip Address specifies the address of one word in 16K MOS memory chips for the
selected bank.

Row Select selects one of four word rows in a quadrant.

Quadrant Select selects one of two quadrants (array packs). It is used only for
storage units larger than 524K.
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Address Format With Memory Upgrade Option
Figure 5-3 illustrates the address formdt with the Memory Upgrade Option.

23222120 1211 32 0

COLUMN ADDRESS| ROW ADDRESS
i I SELECT SELECT |

L CHIP ADDRESS
CHIP SELECT

QUADRANT SELECT BANK SELECT

Figure 5-3. Address Format With Memory Upgrade Option
The following list defines the address fields for figure 5-3.
® Quadrant Select specifies one of four quadrants (array packs) within a bank.

® Chip Select, if set, enables the row address select to the upper half (720) of the 144
chips on memory boards in all eight memory banks. If clear, enables the lower half
of the 144 chips on memory boards in all eight banks.

® Chip Address, which comprises column address select and row address select,
specifies the address of one word on a chip for the selected bank and quadrant.

® Row Address Select specifies the row-select portion of the chip address on a chip.

® Column Address Select specifies the column-select portion of the chip address on a
chip.

® Bank Select specifies one of eight banks.

CM Access and Cycle Times

The following paragraphs list CM access and cycle times. Without the Memory Upgrade
Option, CM operates on an internal clock period of 64 nanoseconds. One 64-nanosecond
clock period is referred to as a major cycle. With the Memory Upgrade Option, CM
operates on an internal clock period of 32 nanoseconds. One 32-nanosecond clock period
is referred to as a minor cycle.

With CM Without CM

Upgrade Upgrade

Option Option
Clock Period 32 ns 64 ns

(Minor cycle) (Major cycle)
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CM Access and Cycle Times Without Memory Upgrade Option

The CM access time for a read operation is 6 major cycles.

One bank cycle for a read or write operation is 7 major cycles. Cycle time for a partial
write (read/modify/write) is 14 major cycles.

CM Access and Cycle Times With Memory Upgrade Option
The CM access time for a read operation is 10 minor cycles.

One bank cycle for a read or write operation is 12 minor cycles. Cycle time for a
partial write (read/modify/write) is 24 minor cycles.

CM Ports and Priorities

A priority network resolves access conflicts on a rotating basis, preventing long-term
lockout of any port. In case of simultaneous requests, the CP has priority. The CM also
has a refresh mechanism which may consume a maximum of 7 percent (without the
Memory Upgrade Option) and 4 percent (with the Memory Upgrade Option) of memory
time. Refresh requests have priority over port requests. Refer to table 5-1 for maximum
request lockout time.

Table 5-1. Port Priority

Port Read or Write Requests
Refresh 1 )
Port 0 4

Port 1 5

Note:

Without the Memory Upgrade Option, 1 bank cycle equals 7 major cycles (448
nanoseconds). With the Memory Upgrade Option, 1 bank cycle equals 12 minor cycles
(384 nanoseconds).
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To present the information in this chapter in a structured format, this page has been
left blank.
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SECDED

The SECDED logic corrects single-bit errors during a CM read, permitting unimpeded
computer operation. The SECDED logic prepares for the error correction by generating
error correction code (ECC) bits for each data word and by storing these ECC bits in
CM with the data word during the CM write. Table 5-2 lists the hexadecimal codes for
all the combinations of syndrome bits with the number of the data bit assigned each
code or a note categorizing the code. Then, during a CM read, CM performs the
following SECDED sequence.

1. Read one CM word and generate new ECC bits for data portion of CM word.
Compare new ECC bits with CM word ECC bits.

If old and new ECC bits match, no error exists. Send data to requesting unit.

Lol A

If bits do not match, generate syndrome bits from result of ECC compare.
5. Decode syndrome bits to determine if single or multiple bit failure.

6. If single bit failure, correct by inverting failing bit in data word. Send corrected
word to requesting unit.

7. If multiple bit or other uncorrectable error, send uncorrectable error response code
to CP or IOU. A PP in the IOU may then analyze the syndrome bits using the
maintenance channel.
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Table 5-2. SECDED Syndrome Codes/Corrected Bits

Code Bit Code Bit Code Bit Code Bit
00 7 10 672 20 662 30 2/38
01 712 11 3 21 8 31 4
02 702 12 3 22 3 32 4
03 6/78 13 4 23 4 33 8
04 692 14 8 24 8 34 4
05 3 15 4 25 4 35 8
06 3 16 4 26 4 36 8
07 241 17 245 27 285 37 28!
08 682 18 8 28 8 38 4
09 3 19 4 29 4 39 3
0A 3 1A 4 2A 4 3A 3
0B 16! 1B 168 2B 205 3B 20!
oC 4/58 1C 4 2C 4 3C 8
0D 8! 1D g5 2D 125 3D 121
OE 0! 1E 05 2E 45 3E 41
OF 3 1F 4 2F 4 3F 3

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

. Double error or multiple error (even number of code bits set).

. Double error or multiple error with indicated bit(s) inverted.

3
4. Multiple error reported as a single error.
5
6

Double error or multiple error or forced double error due to a partial write parity

error on one of the two bytes.

7. No error detected.
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Table 5-2. SECDED Syndrome Codes/Corrected Bits (Continued)

SECDED

Code Bit Code Bit Code Bit Code Bit
40 652 50 8 60 8 70 561
41 8 51 4 61 4 (p! 565
42 3 52 4 62 4 72 60°
43 4 53 8 63 8 73 60!
44 3 54 4 64 4 74 585
45 4 55 8 65 3 75 58!
46 4 56 8 66 3 76 62!
47 265 57 26! 67 30! il 30/625
48 8 58 4 68 4 78 575
49 4 59 3 69 3 79 57!
4A 4 5A 8 6A B TA 61!
4B 185 5B 18! 6B 22! 7B 22/615
4C 4 5C 8 6C 3 7C 591
4D 105 5D 10! 6D 14! 7D 14/595
4E 25 5E 21 6E 6! TE 6/635
4F 4 5F 8 6F 3 TF 63!
1. Corrected single-bit error.
2. Syndrome code bit failed (single code bit set).
3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.
5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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Table 5-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
80 642 90 8 A0 8 B0 48!
81 8 91 4 Al 4 Bl 485
82 8 92 4 A2 4 B2 525
83 4 93 8 A3 8 B3 521
84 8 94 4 A4 4 B4 50°
85 4 95 3 A5 8 B5 50!
86 4 96 3 A6 8 B6 541
87 255 97 25! A7 29! B7 29/54%
88 8 98 4 A8 4 B8 49%
89 4 99 8 A9 3 B9 49!
8A 4 9A 8 AA 8 BA 53!
8B 175 9B 17 AB 21! BB 21/534
8C 4 9C 3 AC 3 BC 511
8D 95 9D 9! AD 13! BD 13/515
8E 15 9E 11 AE 51 BE 5/555
8F 4 9F 3 AF 3 BF 551
1. Corrected single-bit error.
2. Syndrome code bit failed (single code bit set).
3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.
5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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Table 5-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code - Bit Code Bit Code Bit
Co 0/15 DO 40! E0 32! 'FO 2
C1 8 D1 404 E1 324 F1 8
C2 3 D2 444 E2 364 F2 3
C3 2 D3 1 E3 36! F3 2
C4 3 D4 424 E4 344 F4 3
C5 2 D5 421 E5 341 F5 2
Cé 2 D6 46! E6 38! F6 2
C7 27 D7 27/46* E7 31/38¢ F7 2
Cs 3 D8 414 E8 334 F8 3
C9 2 D9 41! E9 33! F9 2
CA 2 DA 451 EA 37 FA 2
CB 191 DB 19/45¢ EB 23/37¢ FB 231
cC 2 DC 43! EC 35! FC 2
CD 11! DD 11/43¢  ED 15/35¢  FD 151
CE 3! DE 3/474 EE 7/394 FE 7
CF 2 DF 47 EF 391 FF 2

1. Corrected single-bit error.

2. Double error or multiple error (even number of code bits set).
3. Multiple error reported as a single error.

4. Double error or multiple error with indicated bit(s) inverted.

5. Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes.
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CM Layout

Central memory contains an area that is reserved for special software called Virtual
State software. Along with the hardware and microcode, this software handles the
operations of Virtual State as described in chapter 17. Virtual State software is located
at the higher end of memory. The remaining memory is available to the CYBER 170
State and may be allocated as central memory (accessible via RAC and FLC) or as
unified extended memory (accessible via RAE and FLE and the 011, 012, 014, and 015
instructions). Refer to figure 5-4.

Address 0
CM
UEM
Available CM size (optional)
Virtual State
Actual CM size Software

Figure 5-4. CM Layout

CM Bounds Register

The CM bounds register limits the write access to CM from specified ports. The ports
are limited to the area between an upper and lower bound as specified in the CM
bounds register. Bits in byte 0 specify the port(s) from which the write access is
limited. The CM bounds register is set through the maintenance channel. For further
information, refer to Maintenance Channel Programming in chapter 17.

Central Memory Reconfiguration

Central memory reconfiguration is a manually performed function that permits the
computer operator to restructure the CM addresses so that a failing part of CM can be
quickly locked out to provide a continuous block of usable CM. CM reconfiguration is
accomplished by setting the switches on the memory unit to manipulate the upper
address bits.

When a configuration switch is set forcing a CM address bit to a zero/one, the address
range corresponding to the original installed memory accesses some parts of the
reconfigured memory more than once. Addresses up to the rightmost forced bit, and
half the addresses using the rightmost forced bit, cover a contiguous address space
from location 0, which is the reconfigured memory. For further information, refer to
chapter 6.
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Input/Output Unit

Input/Output Unit

The input/output unit (IOU) performs the functions required to locate, select, and
initialize the external devices connected to the system, and controls the transfer of data
between a selected device and CM. The IOU also performs system maintenance
functions.

The IOU contains the following functional areas.
® Peripheral processor (PP)

® 1/O channels

® Real-time clock

® Two-port multiplexer

® Maintenance channel

® CM access

Peripheral Processor

The basic IOU contains 10 PPs and can be expanded to 20 PPs in 5-PP increments.
Each PP is a logically independent computer with its own memory. Each 5-PP group is
organized into a multiplexing system which allows the PPs to share common hardware
for arithmetic, logical, and I/O operations without losing independence. This
multiplexing system comprises five ranks of registers termed a barrel. Each rank
contains information related to the instruction being executed by one PP.

Each PP can communicate with the CP by issuing a CYBER 170 exchange request to a
-specific CYBER 170 exchange package associated with the issuing PP. In addition, a
PP can also communicate with the CP via CM read and write operations. PPs can
communicate with each other over the I/0 channels and through CM.

Each PP executes programs alone or with other PPs to control data transfers between
external devices and CM. These programs are comprised of instructions from the IQU
instruction set and respond to requests issued through CM by the operating system.
The programs translate generalized operating system requests into control functions for
accessing the external devices and may also perform device scheduling and
optimization. The programs use PP memory as a buffer for the data transfer between
external devices and CM to isolate IOU data transfer from variations in CM transfer
rate.

An IOU upgrade is available which is an optional concurrent input/output (CIO)

subsystem consisting of five or ten PPs. Optional ISI and CYBER 170 direct-memory
access (DMA) I/O channel adapters can be installed in the CIO.
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Peripheral Processor

Deadstart

A deadstart sequence allows the IOU to initialize itself. This deadstart sequence is

initiated by the DEAD START switch on the deadstart panel or the DEAD START

switch on the system console. The panel includes controls for assigning any PPM to
PPO. For further information, refer to chapter 6.

Barrel and Slot

The barrel consists of the R, A, P, Q, and K registers, each one of which has five
ranks 0 through 4. (Refer to figure 5-5.) Information in these registers moves from one
rank to the next at a uniform 20-megahertz rate, providing a multiplexed system of
five PPs, each operating at a 4-megahertz rate. The registers are stationary while the
PPs rotate. For example, rank 4 registers contain PP0, PP1, PP2, PP3, and PP4 in
succession, each consuming 50 nanoseconds of the total cycle time of 250 nanoseconds.
Since PP memories operate at a slower rate, independent memory with its own address
and data registers is provided for each PP,

Each time data enters the slot, a portion of the instruction for that data is executed.
The slot performs tasks such as arithmetic and logic operations and program address
manipulation. Complete execution of an instruction may require the R, A, P, Q, and K
register quantities to go more than one trip around the barrel and through the slot.

The PPM may be referenced once each time the PP passes around the barrel and
through the slot. During its slot time, the PP may also communicate with CM or with
any of the I/0 channels.
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Peripheral Processor

PP MEMORIES

SLOT
INPUT

~~—a] (TIME-SHARED |_—"
INSTRUCTION
CONTROL)

SLOT

4 [
SR
4 \
1 INSTRUCTION
IN SLOT
TO OTHER FROM OTHER
BARRELS BARRELS
CENTRAL CENTRAL
MEMORY ——] - MEMORY
(64) (64)
{12)
64-BIT WORD @ 64-BIT WORD @

{16)

lO | 1 I 2 I3Jd IS IG [7 I‘lOJ‘"J12J13J20]_;I22-E;£4:[25I26-J|:2;Jr_301-31-{-§;£3?] 1/0 CHANNELS @

t (12)

PERIPHERAL
EQUIPMENT

(1) OPTIONS OF 10,15 OR 20 PPS AVAILABLE.
(2 OPTIONS OF 12 OR 24 1/0 CHANNELS AVAILABLE.

(3 D Is THE ADDRESS OF THE FIRST PP WORD.

Figure 5-5. Barrel and Slot
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PP Registers
The PP registers, which are discussed in the following paragraphs, are:
® R register
® A register
® P register
® (Q register

o K register

R Register

The 28-bit R register, in conjunction with the A register, forms an absolute CM
address for CM read/write instructions. When bit 17 of the A register is set, the
absolute CM address is formed by appending six zeros to the lower end of the contents
of the R register and adding to the result bits 0 through 16 of the contents of the A
register (refer to figure 5-6).

27 65 0
R | 000000 |
+
16 0
I A ]

Figure 5-6. Formation of Absolute CM Address

A Register

The 18-bit A register holds one operand for arithmetic, logic, or selected 1/O operations.
The content of A may be an arithmetic operand, CM address, I/O function, or I/O data
word. Various instructions operate on 6, 12, 16, or 18 bits of the A register.

When the A register is used as the CM address, parity is generated for transmission
with the address to memory control. At deadstart, the A register is set to 10000
(octal). When bit 17 of the A register is clear, the A register is used as the CM
address; however, when bit 17 is set, the R register is added to the A register (as
described in the R register description) to obtain the absolute CM address for CM
read/write instructions.
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Peripheral Processor

P Register

The 12-bit P register is the program address register, except during the execution of
instructions 61, 63, 71, and 73. For these instructions, the P register contains the PPM
address of the data transfer. At deadstart, the P register is set to zero.

@ Register

The 12-bit Q register holds data for several functions such as the address of the
operand during direct addressing and indirect addressing, peripheral address of data
used during one-word central read or write instructions, upper 6 bits during constant
mode instructions, channel number on all /O and channel instructions, shift count, and
relative jump designator. At deadstart, each rank of the Q register is set to a
corresponding PP number. Rank 0 is set to PP0, rank 2 is set to PP2, and so on.

K Register

The 12-bit K register is visible to the programmer through the maintenance channel
only. This register holds the operation code field of an instruction for display on the
IOU deadstart panel and for deadstart panel interrogation. When a PP is halted (idled),
this register contains all ones.
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PP Numbering

PPs are numbered in octal as follows:

Barrel PPs

0 00 to 04
1 05 to 11
2 20 to 24
3 25 to 31

The deadstart sequence is used to determine PP numbering within a barrel. The
sequence assigns barrel numbers according to the switch settings and, during the first
minor cycle after deadstart, loads a zero into the Q register in barrel 0. This defines
all the data in that rank of the barrel as belonging to PP0 and, since Q is the channel
selector, assigns PPO to channel 0. During the next minor cycle, Q loads with a one.
This defines PP1 and assigns it to channel 1. This process occurs in parallel in all
barrels until the IOU assigns each rank of each barrel with a PP number and a
channel number. Reassignment can be done only during a deadstart.

PP Memory

Each PP has an independent 4K word memory. Each word contains 16 data bits with
the upper 4 bits set to zero and 1 parity bit. PP0 executes the deadstart program from
the deadstart panel during the deadstart operation. Therefore, PP memory 0 must be
operational. A PP memory reconfiguration feature allows the user to restore IOU
operation if the IOU detects a fault in the PP memory normally assigned to PPO.

To reconfigure, the operator assigns a good PP memory to PP0 and the operating
system removes the failing PP memory. Computer operation can continue without the
failing PP memory, and repairs can be made during scheduled maintenance. The
system must be deadstarted to reconfigure PPMs.
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I/0 Channels

The I/O channels are comprised of an internal interface that allows common hardware
and software to control the external devices, and an external interface that allows the
IOU to communicate with the external devices using 12-bit data channels. The internal
interface can transfer 16-bit data words between two PPs, or between a PP and an
external device at a maximum rate of one word every 250 nanoseconds. This rate can
be sustained for the maximum practical channel transfer (4096 words). During transfers
between PPs, if the PPs are in the slot at the same time, the transfer rate is 500
nanoseconds.

Any PP can access any of the CYBER 170 bidirectional I/O channels. All PPs
communicate with external devices through the independent I/O channels. Each channel
may be connected to one or more pieces of external equipment, but only one piece of
equipment can use a channel at one time. All channels can be active simultaneously.
Available channels are listed as follows:

® Twenty-four CYBER 170 compatible I/0 channels available with a maximum data
transfer rate of 3 megabytes per second.

® An optional DMA-enchanced intelligent standard interface (ISI) channel adapter or
CYBER 170 channel adapter that can be installed in any one of ten channel
locations in the CIO cabinet. The adapters transfer data between the ISI or CYBER
170 channel and PP memory using standard I/O instructions. They also support
DMA transfer in which data goes directly between CM and an external device
without going through the PP. There are two types of CYBER 170 DMA transfers,
fast and normal. Fast transfers are used with the Extended Semiconductor
Memory-II (ESM-II), and normal transfers are used with other CYBER 170 external
devices.

The display station controller (DSC) is attached to CYBER 170 channel 10g. The DSC
is the IOU interface between the PPs and the system console, servicing both the
keyboard and the cathode-ray tube (CRT). It transmits function words and digital
symbol size/position data to the system console, and receives digital character codes
from the keyboard. It also receives digital symbol codes from the PPs and converts
these to analog signals to the CRT.
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Real-Time Clock

The real-time clock is a 12-bit free-running counter, incrementing at a 1-megahertz
rate. It is permanently attached to channel 14g. This channel may be read at any time
as its active and full flags are always set.

Two-Port Multiplexer

The two-port multiplexer provides communication capability between a PP and two
attached terminals. One port is reserved for maintenance purposes and the other port
is reserved for future use. The two-port multiplexer is permanently attached to channel
15g.

Maintenance Channel

The maintenance channel is used for initialization of the CP and CM maintenance
registers and monitoring of error status.

The maintenance channel consists of the maintenance channel interface on channel 17g,
a maintenance access control in each system element, and a set of interconnecting
cables.

Central Memory Access

Any PP can access CM. During a write from the IOU to CM, the IOU assembles five
successive 12-bit PP words into a 64-bit CM word with the leftmost 4 bits undefined.
During a CM read, the IOU disassembles the rightmost 60 bits of the 64-bit CM word
into five PP words. To find the CM address, a PP reads the A register. If bit 17 of the
A register is clear, the PP uses the contents of the A register for the CM address. If
bit 17 of the A register is set, the PP adds the relocation address from the R register
to the A register to form the CM address.

A maximum of 20 PPs in various stages of assembly/disassembly can simultaneously
read CM words, and five PPs can write CM words.
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Models 845 and 855 Operating
Instructions 6

This chapter describes mainframe controls and indicators and the operating procedures
which are hardware dependent. Software-dependent procedures are in system software
reference manuals listed under Additional Related Manuals in About This Manual.

Controls and Indicators

This section describes IOU deadstart controls and indicators and CM configuration
switches used by the system operator. Other controls used by maintenance personnel
are described in the hardware operator’s guide and the hardware maintenance manuals
of the power distribution and warning system, the cooling system, and the system
console listed in the system publication index in About This Manual.

Deadstart Panel Controls/Indicators

The deadstart panel (figure 6-1) is in the IQOU. It contains PP register selection and
display facilities, deadstart controls, error indicators, and a switch matrix, which is the
source for a short PP program for initialization or troubleshooting. The switches,
indicators, and their functions are listed in table 6-1.
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Deadstart Panel Controls/Indicators
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Figure 6-1. Deadstart Panel
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Table 6-1. Deadstart Panel Controls/Indicators

Deadstart Panel Controls/Indicators

Panel Nomenclature

Description

Function

20 through 215 by 1

through 208g

PP NO

DATA

PP SELECT

Toggle switch matrix
(two-position switches)

Octal display

Octal display

Toggle switches

Provides a 16-word deadstart
program for PP0. Switches 20
through 21! set 12 bits for each of
the program words, labeled 1
through 20 (octal). Switches 212
through 215 are set to zero.

Up position sets bit. Down
position clears bit.

Shows the PP selected by PP
SELECT switches.

Shows the content of the register
selected by REGISTER SELECT
switches.

Selects the PP whose register is

(two-position) to be displayed.
REGISTER SELECT Toggle switches Selects the register to be
(two-position) displayed (00 = P, 01 = Q,
10 = K, 11 = A).
AK QP Indicators One of these lights to indicate
which register is selected by
REGISTER SELECT switches.
LAMP TEST Toggle switch Lights all indicators and display
(two-position) segments.
CLEAR AUTO Toggle switch Allows manual clearing of
(two-position) auto-mode bit (bit 34 of the
environment control register) to
override possible auto-mode
selection. This allows the
selection of the PP and register
from the deadstart panel if bit 34
is set.
FREQ MARGIN Toggle switch Determines the frequency margin
(three-position) selected (FAST/NORMAL/SLOW).
The setting of this switch is
sensed only at deadstart time.
(Continued)
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Deadstart Panel Controls/Indicators

Table 6-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature

Description

Function

RECONFIGURATION,
BARREL

RECONFIGURATION,
PPM

LONG/SHORT DEAD
START SEQUENCE

DEAD START

L.D.S. ERROR-A

L.D.S. ERROR-B

DEAD START ERROR

Toggle switches
(two-position)

Toggle switches
(two-position)

Toggle switch
(two-position)

Toggle switch
(three-position, center

is off)

Indicator

Indicator

Indicator

Selects the physical barrel which
is logical barrel 0. All the other
logical barrels are numbered from
the selected physical barrel
circularly. (If physical barrel 1 is
selected by the switches, physical
barrel 2 is logical barrel 1, and
s0 on.)

Selects the physical PP memory
which is logical PPMO0. All the
other PPMs in all barrels are
numbered from the selected
physical PPM circularly. If the
switches are set to a value
greater than four, no
reconfiguration takes place.

Selects the LONG/SHORT
deadstart sequence. The setting of
this switch is sensed only at
deadstart.

Selects the fast or slow repetitive
deadstart, which generates a
master clear pulse every 250 or
4000 microseconds respectively.
Up position selects fast deadstart;
down position selects slow
deadstart. (The single deadstart
control pushbutton is on the
system console.)

Remains lit when long deadstart
branch tests are not completed
within 10.25 microseconds.

Remains lit when a long
deadstart sequence does not go to
completion.

Lights in case of long deadstart
ROM address/data parity error.
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Deadstart Panel Controls/Indicators

Table 6-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature Description Function

M,CH, A PQ1IC Indicators Lights in case of hardware
failures as follows:

M: PP memory failure

CH: I/0 channel failure

A: A barrel failure

PQ: P or Q barrel failure

I: Firmware or control failure

C: 12/16 conversion failure
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Central Memory Controls

The CM, without the Memory Upgrade Option contains four three-position configuration
switches (figure 6-2). The CM with the Memory Upgrade Option contains six
two-position configuration switches. Without the Memory Upgrade Option, these
switches are located along the edge of a printed-circuit board located just to the right
of the center post in the lower section of the memory cabinet (location F04). With the
Memory Upgrade Option, these switches are located along the address interface pak
switch in the A section of the memory cabinet.

The switches are used to eliminate CM sections with malfunctions. Without the
Memory Upgrade Option, each switch, SW3 through SW6, forces one corresponding CM
address bit, 23 through 20, either to a zero (switch down) or to a one (switch up).
Refer to table 6-2. With the Memory Upgrade Option each switch, SW0 through SWS5,
inverts the corresponding CM address bit, 37 through 42. The inversion effectively
moves blocks of bad memory to the highest memory block and moves blocks of good
memory down, thereby providing a sequentially addressable block of error-free memory.
Refer to table 6-3.

In case of CM malfunctions, the remaining good memory can be reconfigured so it is
accessible by contiguous addresses from 0 to the maximum remaining address. This is
accomplished by setting configuration switches (figure 6-2) as listed in tables 6-2 and
6-3. Refer to the hardware operator’s guide listed in the system publication index in
About This Manual for further information.
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Central Memory Controls

Table 6-2. Central Memory Reconfiguration (Without Memory Upgrade Option)

Original CM Reconfigured CM
Location of Failing CM!
Words Address Words
(Size) Range (Size) Bit 28 - Bit 22 Bit 21 Bit 20
524K 0-1 777 717 262K 0 X
(4 MB) ‘ (2 MB)
262K 1 X
(2 MB)
1049K 0-3 777 717 524K 0 X X
(8 MB) (4 MB)
524K 1 X X
(4 MB)
1573K 0-5 777 717 524K ] 0 X X
(12 MB) (4 MB)
524K 0 1 X X
(4 MB)
1049K 1 0 X X
(8 MB)
2097K 0-7 777 117 1049K 0 X X X
(16 MB) (8 MB)
1049K 1 X X X
(8 MB)
1. CM remaining can be further reconfigured by setting additional configuration
switches.
(Continued)
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Central Memory Controls

Table 6-2. Central Memory Reconfiguration (Without Memory Upgrade Option)
(Continued)

Original .CM Reconfigured CM
Reconfiguration Setting?

Words Address Words
(Size) Range (Size) SwW3 Sw4 SwW5 SW6
524K 0-1 777 177 262K - - U -
(4 MB) (2 MB)
262K - - - D -
(2 MB)
1049K 0-3 777 777 524K - U - -
(8 MB) (4 MB)
524K - D - -
(4 MB)
1573K 0-5 777 777 524K - U - -
(12 MB) (4 MB)
524K - D - -
(4 MB)
1049K D - - -
(8 MB)
2097K 0-7 177 777 1049K U - - -
(16 MB) (8 MB)
1049K D - - -
(8 MB)

2. U equals up, D equals down, and dash (-) equals center positicn.
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Central Memory Controls

Table 6-3. Central Memory Reconfiguration (With Memory Upgrade Option)

Original CM Reconfigured CM (Reconfiguration Settings)
Words Address Error-Free SWo SW1 SW2
(Size) Range Size ADRS 37 ADRS 38 ADRS 39
2097K 0-7 777 177 1049K D D D
(16 MB) (8 MB)

4195K 0-17 777 1711 2097K D D U
(32 MB) (16 MB)

8390K 0-37 777 17 4195K D U D
(64 MB) (32 MB)

16780K 0-77 777 177 8390K U D D
(128 MB) (64 MB)

Notes:

1. CM remaining can be further reconfigured to obtain larger contiguous blocks of
error-free memory by setting additional configuration switches. See examples shown in
figure 6-3.

2. U equals up, D equals down. Normal setting of all switches is down.

(Continued)

6-10 60469290 ) . Revision F



Central Memory Controls

Table 6-3. Central Memory Reconfiguration (With Memory Upgrade Option)
(Continued)

Original CM Reconfigured CM (Reconfiguration Settings)
Words Address Error-Free Sw3 Sw4 SW5
(Size) Range Size ADRS 40 ADRS 41 ADRS 42
2097K 0-7 177 177 1049K U D D
(16 MB) (8 MB)

4195K 0-17 777 177 2097K D D D
(32 MB) (16 MB) '

8390K 0-37 777 717 4195K D D D
(64 MB) (32 MB)

16780K 0-77 777 777 8390K D D D
(128 MB) (64 MB)

Notes:

1. CM remaining can be further reconfigured to obtain larger contiguous blocks of
error-free memory by setting additional configuration switches. See examples shown in
figure 6-3.

2. U equals up, D equals down. Normal setting of all switches is down.
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To present the information in this chapter in a structured format, this page has been
left blank.
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Central Memory Controls

Set SWO0 up to move block of memory containing error to upper half of memory.

64 MB SWO0=Up

64 MB of
Error—Free
Memory

Error in lower 64-MB block of 128-MB memory.

Set SW1 up to move 32—-MB bilock containing error to next higher 32 MB. Then
set SW0 up to move block containing error to highest biock of memory.

32 MB SW1=Up 32 MB SWO0=Up R )
32 MB 32 MB 32 MB
32 MB BT MB - 32 MB 896 MB of
R TIIEE Error—Free
32 M8 >< 32 MB 32 MB Memory
128 MB

Error in lowest 32-MB block of 128—-MB memory.

Set SW2 up to move 16—MB block containing error to next higher block. Then set
SW1 up to move 32—-MB block containing error to highest block of memory.

16 MB Swz=Up 16 _MB SW1=Up Y6 MB
16 MB 16 MB 16 MB

16 MB 16 MB 16 MB Error—Free
16 MB 16 MB 16 MB Memory
16 MB 16 MB 16 MB
16 MB 16 MB 16 MB
128 MB

Error in lowest 16—-MB block of 128—MB memory.

“16-MB - - 16 MB 16 _MB 112 MB of

Figure 6-3. Reconfiguration Examples (With Memory Upgrade Option)
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Power-On and Power-Off Procedures

Power-On and Power-Off Procedures

In case of an emergency, use the system EMERGENCY OFF switch. The power-on and
power-off procedures are described in the hardware operator’s guide listed in the system
publication index in About This Manual.

CAUTION

Improper application or removal of power may damage system circuits and/or air
conditioning system. Power must be turned on/off by designated personnel only, except
for the system EMERGENCY OFF switch. Use only for extreme emergency, not for
normal shutdown.

Operating Procedures

Refer to the hardware operator’s guide listed in the system publication index in About
This Manual. The system is initialized by setting its control switches, and then by
running either a long or short deadstart sequence (defined later in this section). After
initialization, the keyboard is used to instruct the system further, under program
control.

Control Checks

Before activating a long or short deadstart sequence, check the positions of deadstart
panel switches against their intended use. These checks can be made by using
table 6-4. The normal settings of these switches is as follows:

Switch Position

CLEAR AUTO Down

FREQ MARGIN Center

RECONFIGURATION All down

LONG/SHORT DEAD START SEQUENCE Down for a short deadstart sequence
DEAD START Center

All error lights Not lit
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Control Checks

Deadstart Sequences

In response to a deadstart signal from either the deadstart pushbutton on the system
console or from the DEAD START switch on the deadstart panel, circuits in the IOU
perform a deadstart sequence. Depending on the setting of the LONG/SHORT DEAD
START SEQUENCE switch on the deadstart panel, either the long or the short
deadstart sequence is performed. The short deadstart sequence is used when hardware
integrity verification is not required. The long deadstart sequence performs all the
tasks performed by the short deadstart sequence and some additional tasks. The main
additional task is the running of a diagnostic program, from a read-only memory
(ROM) in the IOU, on logical PP0. The diagnostic program takes approximately 1
minute to run.

Both deadstart sequences begin with a master clear which sets up all PPs, except
logical PPO, for a 4096-word block input starting at PP location 0. The input into each
PP is from the channel with the same number as the logical number of the PP
concerned. The master clear also resets all external devices and sets maintenance
channel connect code bit 52. The individual channels and registers are set as follows.

Active/ Channel
Inactive Full/Empty Channel Error
Channel Flag Flag Flag Flag
0 Inactive Empty Clear Clear
10 (display controller) Active Empty Clear Clear
14 (real-time clock) Active Full Set Set
15 (two-port mux) Active Empty Clear Clear
17 (maintenance) Active Empty Clear Clear
Other installed channels  Active Empty Clear Clear
Noninstalled channels Inactive Empty Clear Clear

The flags of channel 14 and of noninstalled channels are fixed by hardware and cannot
be changed.

Register Initialization! Description

K 007100g Instruction display on deadstart panel

P 007777y Causes block input to start from location 0

A 10,0008 . Count of 4096 words

Q 0,1, 2. I/O) channel numbers (PP0: 0, PP1: 1, and so
on

All registers in all barrels are set to these values, except the registers of PPO.

1. Leading zeros are not displayed on deadstart panel.
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IOU Reconfiguration

If the long deadstart sequence is being performed, hardware clears location 7777g in all
PP memories and sets the P register of PP0 to 6000g. PP0 starts performing a test
program from a read-only memory in IOU and lights the deadstart panel L.D.S.
ERROR-A and L.D.S. ERROR-B indicators. Indicator A remains lit unless the test
program reaches location 6200g within 10.25 microseconds. Indicator B remains lit until
the test program reaches location 7776g. When this happens, the unique part of the
long deadstart sequence ends with a master clear.

Next, both deadstart sequences clear PP0O location 0, write the settings of the deadstart
panel matrix switches into PP0 memory locations 1g to 20g, and clear PP0 location 21g.
PPO then starts executing the program entered from the matrix switches, which is
normally a bootstrap program to input more data from an assigned external device.

The short deadstart sequence does not disturb PP memory other than PP0 locations 0
to 21g. Both deadstart sequences leave all PPs, except PP0, waiting for a block input or
for action through the maintenance channel. After the block input is complete, each PP
starts executing the program entered from whatever address was entered into location
0 of that PP.

IOU Reconfiguration

The logical PP numbers and hardware are assigned to physical PPs circularly from the
settings of IOU deadstart panel RECONFIGURATION switches, which specify which
physical barrel and PPM is PP0. If the PPM section of these switches is set to a value
greater than 4, the value 0 is substituted. If the BARREL section of these switches is
set to a value greater than the number of installed barrels, the value 0 is substituted.
Thus, possible barrel numbering is as described in table 6-4.

NOTE

The minimum system option is 10 PPs.

Table 6-4. Barrel Numbering Table

Logical PPs in Physical Barrel with
BARREL RECONFIGURATION
Barrels Installed Physical Barrel Switch Values

0 -1 2 3

4 Barrels (20 PPs) 0 0-4 25-31 20-24 5-11
1 5-11 0-4 25-31 20-24
2 20-24 5-11 0-4 25-31
3 25-31 20-24 5-11 0-4

3 Barrels (15 PPs) 0 0-4 20-24 5-11 (0-4)
1 5-11 0-4 20-24 (6-11)
2 20-24 5-11 0-4 (20-24)

2 Barrels (10 PPs) 0 0-4 5-11 (0-4) (0-4)
1 5-11 0-4 (6-11) (6-11)

1 Barrel (5 PPs) 0 0-4 (0-4) (0-4) (0-4)
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Models 840, 850, and 860 System
Description | 7

This chapter describes the physical and functional characteristics and major system
components.

These high-speed computer systems are for both business and scientific applications.
The systems include the following components.

® (Central processor (CP)
® (Central memory (CM)
® Input/output unit (IOU)

Physical Characteristics

The mainframe configuration for models 840 and 850 and the single-CP 860 include an
interconnected three-section cabinet for the CP, CM, and IOU. (The system console is
also required for system operation.) The model 860 supports an optional second CP,
which is contained in an additional one-bay section. Refer to figures 7-1 and 7-2. The
configuration in figure 7-2 contains the optional IQU-NIQ/CIO.

Each cabinet section contains a logic chassis with plug-in circuit boards. The CP
cabinet section comprises three attached subsections, each with separate power and
cooling facilities. A separate cooling unit provides cooling for the CP subsections and
CM. The IOU cabinet section has a self-contained cooling unit to cool the I0U logic
chassis. Each cabinet section also contains an ac/dc control section with voltage margin
testing facilities and dc power supplies. For additional cooling or power information,
refer to the cooling system and power system manuals listed in the system publication
index.
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Physical Characteristics
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Functional Characteristics

Functional Characteristics

To achieve high computation speeds ECL and large-scale integration (LSI) logic is used.
High speed is also the objective of the CP design, which is based on the assumption
that both data and instructions are, in most cases, accessed from successive memory
locations. Accordingly, the CP prefetches both instructions and data expected to be used
next while the current instruction is being processed.

The CP supports two states of operation.

Virtual State Operates with virtual-memory byte addressing, using the Virtual
State instruction set and data formats. Virtual State is the
native operating state of the CP.

CYBER 170 State Operates with real-memory word addressing, using the CYBER
170 State CP instruction set and data formats.

The Virtual State and CYBER 170 State environments may be present at the same
time with the CP executing in either environment.

® NOS/VE is the operating system of Virtual State.
® NOS is the operating system of CYBER 170 State.

The semiconductor central memory is divided into eight independent banks. These
banks may all be simultaneously in the process of completing read/write requests which
are queued and distributed at ECL speeds. System input/output speeds are determined
by the capabilities of existing external devices.
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CP Characteristics

Central Processor

The CP has the following characteristics:

60-bit internal word.

Eight 60-bit operand (X) registers.

Eight 18-bit address (A) registers.

Eight 18-bit index (B) registers.

Two registers that isolate each user’s central memory space (RAC, FLC).
Two registers that isolate each user’s extended memory space (RAE, FLE).
Register exchange instructions (exchange jumps) for interrupting programs.

Floating-point (FP) arithmetic (10-bit exponent plus sign bit, 48-bit coefficient plus
sign bit). Some FP instructions use 96-bit (double-precision) coefficients.

Integer arithmetic (60/18-bit operands).

Character string compare/move facilities (6-bit characters).

Packed instructions (15/30/60-bit instructions in 60-bit words).
Synchronous internal logic.

64-nanosecond clock period.

2048-word cache buffer memory, option available for 4096-word cache.
Instruction and branch instruction lookahead.

Microcode control.

Parity checking of all major data and address paths.

Maintenance channel to I0U.
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CM Characteristics

Central Memory
Timing references are from CMC/CPU interface.

® 72-bit data word (60 data bits, 8 single-error correction/double-error detection bits,
and 4 unused bits).

® 2097K words (16 megabytes) of dynamic random-access memory, options available to
16 776K words (128 megabytes).

® Organization of eight independent banks.

® Two memory ports (located in the central processor cabinet).

® Bounds register to limit write access.

® 64-nanosecond clock period.

® Maximum data transfer rate of one word every 32 nanoseconds.

® 464-nanosecond read access time.

® 384-nanosecond read/write cycle time.

® 768-nanosecond partial write cycle time.

¢ Read and write data queuing capability.

® Single-error correction/double-error detection (SECDED) on stored data.
® Parity checking of all major data, address, and control paths.

® Unified-extended memory (UEM) which serves as extended memory within CM.
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I0U Characteristics

Input/Output Unit

The IOU has the following characteristics:

Ten peripheral processors (PPs), 15-PP/20-PP options available. Each PP has 4K
independent memory (PPM) comprised of 16-bit words with the upper 4 bits zero.

Port to central memory.

Bounds register to limit writes to central memory.

Twelve 12-bit CYBER 170 channels to external devices, 24 channel option available.
Real-time clock (channel 14g).

Display controller (CYBER 170 channel 10g).

Two-port multiplexer (channel 15g).

Maintenance channel (channel 17g).

Parity checking on all major data and address paths.

Operating speed of 250 nanoseconds and a minor cycle of 50 nanoseconds.

Optional concurrent input/output (CIO) PPs and direct-memory access (DMA) I/O
channel adapter. Available only on systems with IOU-NIO/CIO cabinet upgrades.
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Major System Component Descriptions

Major System Component Descriptions

Central Processor

The CP hardware (figure 7-3) consists of the following:
® Instruction section

® Registers

® Execution section

® Cache memory

® Addressing section

® (Central memory control

Central Processor 0 (CP-0) is capable of dual-state operation: Virtual State and CYBER
170 State. If a second central processor is added (CP-1), it is capable of only
Virtual-State operation.

The CP is isolated from the IOU and is thus able to carry on computation or character
manipulation unencumbered by /O requirements.

Instruction Section

The instruction section directs the arithmetic and manipulative functions for instruction
execution. The instruction section prefetches instruction words from memory and
disassembles them into instructions.

Registers

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.

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

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

Eight support registers support the operating registers during program execution. These
registers are:

® 18-bit program address (P) register.

® 21-bit reference address for CM (RAC) register. This is a program’s lower bound.
® 21-bit field length for CM (FLC) register. This is a program’s upper bound.

® 6-bit exit mode (EM) register.

® 6-bit flag register.

® 21-bit reference address for UEM (RAE) register.

® 24-bit field length for UEM (FLE) register.

® 18-bit monitor address (MA) register.

The registers store data and control information, present operands to the execution
section, and store results.

Execution Section

The execution section combines the operands to achieve the result.

Cache Memory

The cache memory consists of two sets of fast bipolar memory, capable of storing 2048
60-bit words. It can be expanded to four sets with a capacity of 4096 words. The
memory addressing sections determine whether a requested word is in the cache
memory. If it is not, they read four consecutive words from central memory into the
cache memory.

Addressing Section

The addressing section checks memory addresses against the CP registers RAC, FLC,
RAE, and FLE to ensure isolation of user memory space.

Central Memory Control

Central memory control (CMC) is integrated within the CP and controls the flow of
data between CM and requesting system components.
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Central Memory

Central Memory

The CM (figure 7-3) consists of the following:
® FEight memory banks

® Memory ports

The CM with the Memory Upgrade Option is a dynamic random access organized into
eight independent banks.

A portion of CM can be reserved for use as extended memory. It is called unified-
extended memory (UEM), and is referenced by the RAE and FLE registers. The
memory ports are located in the central processor cabinet, with one port having a
queuing buffer.
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Input/Output Unit

Input/Output Unit
The I0U (figure 7-3) consists of the following:

® Ten logically independent peripheral processors (PPs). Options are available to
increase total to 15 or 20 PPs.

® Internal interface to 12 I/0 channels. 24-channel option is available.
® External interfaces to I/O channels.
- 11 or 23 CYBER 170 channel interfaces.
- Display controller interface (CYBER 170 channel 10g).
- Real-time clock interface (channel 14g).
- Two-port multiplexer interface (channel 15g).
- Maintenance channel interface (channel 17g).
® Interface to central memory.
® Bounds register to limit writes to CM.

® Optional CIO PPs and DMA V/O channel adapter. Available only on systems with
IOU-NIO/CIO cabinet upgrades.

The PPs are organized in groups of five, called barrels. The PPs in a barrel time-share

common hardware. Each PP has its own independent memory and communicates with
all I/O channels and central memory.
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System Console

System Console

The system console, required for system operation, provides a visual, alphanumeric
readout for the computer. The receipt of symbol and position information from the
computer enables displaying program information on a 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
monitor and control system operation. Except for programming information in chapter
17, refer to the system console manual listed in additional related manuals in About
This Manual for further information.
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System Console

CENTRAL

MEMORY lﬂ-pl

-

EXTERNAL

INSTRUCTION
SECTION

.
|
| I
: PROCESSING DEVICES :
| I INSTRUCTIONS |
' |
| |
o OPERAND EXECU-
l (h:ﬂ?':g:# | —— it ] sé?:s’rll,gn P seggpc‘m l
CONTROL MEMORY |
| |
[ |
| |
| |
| ADDRESSING I
| OPERANDS SECTION I
|
| |
| |
I MAINgggsAsNCE :
A CENTRAL
| CONTROL PROCESSOR }
A B MAINTENANCE CHANNEL -
MAINTENANCE
CHANNEL
——— T
|
SYSTEM

R |

< ! CYBER 170 1/0 CHANNELS PERIPHERAL :

i PROCESSORS I

| 1 l

| |

I TWO-PORT I

| MULTIPLEXER |

| INPUT/OUTPUT UNIT |

e e e e e e — ]

RS 232-C INTERFACE

7-12 60469290

Figure 7-3. Computer System Block Diagram

Revision G



Models 840, 850, and 860 Functional

M [ L3
Descriptions 8
Central Processor . . . . . . . v v v i it it e e e e e e e e e 8-1
Instruction Section . . . . . .. . ... ... . e 8-1
Models 840 and 850 Instruction Lookahead .. ... ... .. .......... 8-1
Model 860 Instruction Lookahead . . . ... .. ... ... ... .......... 8-1
Maintenance Access Control . . . . . . . .. .. .. ... ... .. ... ... 8-1
Instruction Control Sequences . . . . .. ... ... ... ... ... ... 8-2
Boolean Sequence . . . . . . . . .. ... 8-2
Shift Sequence . . . . . . . . ... e 8-3
Floating-Add Sequence . . . . . . . . . . . . . ... e 8-4
Floating-Multiply and Floating-Divide Sequence . . . .. ... ... ... .. 8-4
Increment Sequence . . . . . . . . ... o 8-4
Compare/Move Sequence . . . . . . . . . . .o v v vt et 8-6
CYBER 170 Exchange Sequence . . . .. ... ... .............. 8-7
Block Copy Sequence . . . . . . . . . . . . . . i it 8-7
Direct Read/Write Sequence . . . . . . . . . . . . . . . .. ... ... 8-7
Normal Jump Sequence . . . .. .. ... .. . ... 8-8
Return Jump Sequence . . . . . . . . . . . . ..ttt 8-8
Registers . . . . . . . . . . . e e e e e e 8-9
Operating Registers . . . . . . . . . . . . ... . . .. e 8-10
X Registers . . . . . . . . . . i i e e e e e e e e 8-10
A Registers . . . . . . . .. e e e e e e e 8-10
B Registers . . . . . . . . . ... e 8-10
Support Registers . . . . . . . . . . . . . . . e e e e 8-11
P Register . . . . . . . . . . . . e e 8-11
RAC Register . . . . . . . . . . . . e e e e 8-11
FLC Register . . . . . . . . . . . . et e e ettt 8-11
EM Register . . . . . . . . . . .. 8-12
Flag Register . . . . . . . . . . . . . e 8-12
RAE Register . . . . . . . . . . .. . e 8-13
FLE Register . . . . . . . . . . . . e e e e e e e e e e 8-13
MA Register . . . . . . . . . . e 8-13
Execution Section . . . . . . . . . .. L e e e 8-14
Cache Memory . . . . . . . . . . . . i i i e e e e e e e 8-14
Addressing Section . . . . . . .. .. ... 8-14
Central Memory Control . . . . . . . . . . . . . . . . e 8-14
Central Memory . . . . . . . . . . . e e e e e e e e e e e 8-15
Address Format . . . . . . . . . . . . . .. e e e e e e e 8-15
CM Access and Cycle Times . . . . . . . . . . . . i i i i ittt i et e e e 8-16
CM Ports and Priorities . . . . . . . .. . ... . ... ... 8-16
SECDED . . . . . . e e e e e e e 8-17
CM Layout . . . . . . . . . e e e e e e e e e e e 8-22
CM Bounds Register . . . . . . . . . . . . . . e e 8-22
Central Memory Reconfiguration . . . . . ... .. .. ... ............. 8-22
Inmput/Output Unit . . . . . . . . . .. . . e e e e 8-23
Peripheral Processor . . . . . . . . . . . . . . . i i e e 8-23
Deadstart . . . . ... .. e e e e e e e e e e e e e e e e e e e e e e 8-24
Barrel and Slot . . . . . . . .. ... ... 8-24
PP Registers . . . . . . . . . . . . e e e e e 8-26
RRegister . . . . . .. . . . . e 8-26

A Register . . . . . . ... e e e e e 8-26



QRegister . . . ... ... e 8-27
KRegister . . . . .. .. . . . i e e e e 8-27

PP Numbering . . . . . . . . . . . . . . . e .. 828
PP MemoOry . . . . . it e e e e e e e e e e e e e e e e e e e e 8-28
VO Channels . . . . . .. . . . i i i it it e e et e e e e e e e e e 8-29
Real-Time Clock . . . . . . . . . . . e e e e e e e e e e e 8-30
Two-Port Multiplexer . . . . .. . .. . .. .. . . .. i e 8-30
Maintenance Channel . . . . . . . . . . . . . . . .. e 8-30

Central Memory ACCESS . . . . . . o v i v it e e et e e e e e e e e e e 8-30



Models 840, 850, and 860 Functional
Descriptions 8

This chapter provides functional descriptions of the central processor (CP), central
memory (CM), and input/output unit (IOQU) as shown in the system block diagram in
chapter 7. Functional descriptions for the system display station and the cooling system
are in their respective manuals listed in the system publication index in About This
Manual.

Central Processor

The CP consists of the instruction section, registers, the execution section, cache
memory, central memory control, and the addressing section.

Instruction Section

The instruction section consists of logic for instruction control.

Models 840 and 850 Instruction Lookahead

The models 840 and 850 instruction lookahead hardware (ILH) prefetches a maximum
of 12 instructions to make the next instruction immediately available when the
execution of the previous instruction is complete. This is accomplished by reading
instructions from cache/CM into a series of buffer ranks.

Model 860 Instruction Lookahead

The model 860 instruction lookahead hardware (ILH) prefetches a maximum of 12
instructions to make the next instruction immediately available when the execution of
the previous instruction is complete. This is accomplished by reading instructions from
cache/CM into a series of buffer ranks.

When ILH detects a conditional branch, it assumes that the branch condition will be
met. ILH computes the branch target address and reads instructions from cache/CM
starting at the target address. If the branch is taken, the buffer ranks contain the next
executable instruction words. If the branch is not taken, the hardware purges the
buffer ranks and resumes prefetching at the instruction word following the unsatisfied
branch instruction.

Maintenance Access Control

The maintenance access control performs initialization and maintenance operations in
the CP.
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Instruction Section

Instruction Control Sequences

The instruction control section 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 instruction words that are in four 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 described in this
section. For further information, refer to CP Instruction Descriptions in chapter 16.

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 BXi Xj * Xk
12 Logical sum of (Xj) and (Xk) to Xi BXi Xj + Xk
13 Logical difference of (Xj) and (Xk) to Xi BXi Xj - Xk
15 Logical product of (Xj) with complement of (Xk) to Xi BXi -Xk * Xj
Logical sum of (Xj) with complement of (Xk) to Xi BXi -Xk + Xj
17 Logical difference of (Xj) with complement of (Xk) to Xi BXi -Xk - Xj

The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi BXi Xj
11 Transmit complement of (Xk) to Xi BXi -Xk
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Instruction Section

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 jk LXi jk
21 Right shift (Xi) by jk AXi jk
22 Left shift (Xk) nominally (Bj) places to Xi LXi Bj, Xk
23 Right shift (Xk) nominally (Bj) places to Xi AXi Bj, Xk
43 Form mask of jk bits to Xi MXi jk

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 instruction 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 UXi Bj, Xk
27 Pack (Xk) and (Bj) to Xi PXi Bj, Xk

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 NXi Bj, Xk
25 Round normalize (Xk) to Xi and Bj ZXi Bj, Xk
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Instruction Section

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 instructions are:

30 Floating sum of (Xj) and (Xk) to Xi FXi Xj + Xk
31 Floating difference of (Xj) and (Xk) to Xi FXi Xj - Xk
32 Floating double-precision sum of (Xj) and (Xk) to Xi DXi Xj + Xk

33 Floating double-precision difference of (Xj) and (Xk) to Xi DXi Xj - Xk
34 Round floating sum of (Xj) and (Xk) to Xi RXi Xj + Xk
35 Round floating difference of (Xj) and (Xk) to Xi RXi Xj - Xk

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 FXi Xj * Xk
41 Round floating product of (Xj) and (Xk) to Xi RXi Xj * Xk
42 Floating double-precision product of (Xj) and (Xk) to Xi DXi Xj * Xk

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

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 CXi Xk

Increment Sequence

The increment sequence controls the ones complement addition and subtraction of 18-bit
fixed-point operands for increment instructions 50 through 77. The sequence also
controls the 60-bit ones complement sum and difference values for long-add instructions
36 and 37.
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The increment instructions are:
50 Set Ai to (Aj) + K

51 Set Ai to (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 Set Bi to (Aj) + K

61 Set Bi to (Bj) + K

62 Set Bi to (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 Xi to (Aj) + K

71 Set Xi to (Bj) + K

72 Set Xi to 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)
7 Set Xi to (Bj) - (Bk)
The long-add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi
37 Integer difference of (Xj) and (Xk) to Xi

Instruction Section

SAi Aj + K
SAi Bj + K
SAi Xj + K
SAi Xj + Bk
SAi Aj + Bk
SAi Aj - Bk
SAi Bj + Bk
SAi Bj - Bk
SBi Aj + K
SBi Bj + K
SBi Xj + K
SBi Xj + Bk
SBi Aj + Bk
SBi Aj - Bk
SBi Bj + Bk
SBi Bj - Bk
SXi Aj + K
SXi Bj + K
SXi Xj + K
SXi Xj + Bk
SXi Aj + Bk
SXi Aj - Bk
SXi Bj + Bk
SXi Bj - Bk

IXi Xj + Xk
IXi Xj - Xk
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Instruction Section

Compare/Move Sequence

The compare/move sequence controls data manipulation on a character basis. The
compare/move instructions (also referred to as CMU 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 indirect (Bj) + K IM Bj + K
465  Move direct DM
466 Compare collated CcC
467 Compare uncollated CuU

The support registers are:

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

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

® A 4-bit C1 register that specifies the character position or offset of the first CM
word of the source field.

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

® 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.

NOTE

CMU instructions are provided for compatibility with previous systems. For better
performance, recompile jobs to avoid use of CMU instructions.
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Instruction Section

CYBER 170 Exchange Sequence

A CYBER 170 exchange sequence is the method used to swap jobs in and out of
execution. When a CYBER 170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current job’s CP registers (described later
in this chapter) into an area of central memory called a CYBER 170 exchange package.
A CYBER 170 exchange package is associated with each job. It contains sufficient
information to restart a job if the job is interrupted during execution and swapped out
by a CYBER 170 exchange jump. To complete the sequence, CP registers for another
job are read from its CYBER 170 exchange package and that job begins or resumes
execution. For further information, refer to CYBER 170 Exchange Jump in chapter 17.

Block Copy Sequence

The block copy sequence controls the transfer of data between CM and UEM. The
number of words to be transferred is determined by the addition of K to the contents
of Bj. The starting address for CM is formed by adding either the AO register or
certain bits of the X0 register to the RAC reference address. The starting address for
UEM is formed by adding certain bits of the X0 register to the RAE reference address.
The block copy instructions are:

011 Block copy Bj + K words from UEM to CM RE Bj + K
012 Block copy Bj + K words from CM to UEM WE Bj + K

Direct Read/Write Sequence

Instructions 014 and 015 perform single-word, direct read and write operations for
UEM; and instructions 660 and 670 perform single-word, direct read and write
operations for central memory.

014 Read one word from UEM at (Xk + RAE) into Xj RXj Xk
015 Write one word from Xj to UEM at (Xk + RAE) WXj Xk
660 Read central memory at (Xk) to Xj CRXj Xk
670 Write Xj into central memory at (Xk) CWXj Xk
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Instruction Section

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.

The branch address is K with i equals zero. The 02 instruction is:

02

Jump to (Bi) + K

JP Bi + K

The conditional jump instructions 03 through‘ 07 branch to address K if the jump
condition is met.

These instructions are:

030
031
032
033
034
035
036
037
04
05
06
07

Branch to K if (Xj)

0
Branch to K if (Xj) = 0
Branch to K if (Xj) is positive
Branch to K if (Xj) is negative
Branch to K if (Xj) is in range

Branch to K if (Xj) is out of range

Branch to K if (Xj) is definite
Branch to K if (Xj) is indefinite
Branch to K if (Bi) = (Bj)
Branch to K if (Bi) # (Bj)
Branch to K if (Bi) = (Bj)
Branch to K if (Bi) < (Bj)

Return Jump Sequence

The return jump sequence controls the execution of three instructions.

00
010
013

Error exit to MA or program stop
Return jump to K

Central exchange jump to (Bj) + K or monitor exchange
jump to MA

8-8 60469290

ZR Xj, K
NZ Xj, K
PL Xj, K
NG Xj, K
IR Xj, K
OR Xj, K
DF Xj, K
ID Xj, K
EQ Bi, Bj, K
NE Bi, Bj, K
GE Bi, Bj, K
LT Bi, Bj, K

PS
RJ K
XJ Bj + K
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Registers

Registers

The CP contains the operating and support registers described in the following
paragraphs. These registers are located in the operand issue section (refer to figure
7-3).

The contents of these registers can be written into memory and reloaded from memory
as a CYBER 170 exchange package by a single CP instruction (CYBER 170 exchange
jump). Figure 8-1 shows the CYBER 170 exchange package.

The time a CYBER 170 exchange package resides in CP hardware is called an
execution interval. During this interval, the contents of X, A, B, and P registers can
be changed by CP instructions. The contents of other support registers change only as
a result of a CYBER 170 exchange jump. For further information, refer to CYBER 170
Exchange Jump in chapter 17.

59 86 53 50 47 4 35 17 0
N » D % 7
Ne L RAC Al Bl
N+ 2 A FLC A2 B2
ne3|em| rass |Em 777777 2 A3 83
N+ 4l RAE A4 B4
N+ S FLE AS 85
nest ) MA A6 86
O % =
LOCATIONS } . %o
N+ O X1
N+10 x2
N+l x3
N+i2 X4
N+i3 x5
N+14 X6
N+I5 X7
[7///] NO HARDWARE REGISTERS EXIST

Figure 8-1. CYBER 170 Exchange Package
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Registers

Operating Registers

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. Also, the X0
register provides the relative UEM starting address in a block copy operation.

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

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 AQ register is used in the compare
collate instruction for the collate table address. Also, the A0 register provides the
relative CM starting address in a block copy 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 a CM read reference to that address and transmits the CM word to
the corresponding X 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 control program execution. Program loop counts may also be
incremented 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.
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Registers

Support Registers

Eight 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 a CYBER 170 exchange sequence. With the exception of the P
register, the contents of the support registers cannot be altered during the execution
interval of a CYBER 170 exchange package. When the execution interval completes,
the data in the support registers is sent back to CM through a CYBER 170 exchange
jump.

P Register

The 18-bit program address (P) register loads from CM during the first word of a
CYBER 170 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 21-bit CM reference address (RAC) register loads from CM during the second word
of a CYBER 170 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 program address in CM. A P-equal-to-zero condition specifies
relative address 0 and, therefore, (RAC). This CM location is reserved for recording
error exit conditions and should not be used to store data or instructions.

FLC Register

The 21-bit CM field length (FLC) register loads from CM during the third word of a
CYBER 170 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.
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Registers

EM Register

The 6-bit exit mode (EM) register loads from CM during the fourth word of a CYBER
170 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 can be
set at one time. Clear EM register bits allow the CP to continue, without error
processing, when most of the corresponding conditions occur. Refer to the error exit
tables under Error Response in chapter 17 for specific cases. 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 Significance

48 Address out of range
49 Infinite operand

50 Indefinite operand
57 Hardwafe error

58 Hardware error

59 Hardware error

Flag Register

The 6-bit flag register loads from CM during the fourth word of a CYBER 170
exchange sequence. The flag register holds six bits that function as control flags.

Bit Condition
51 Hardware error bit.
52 Instruction stack (lookahead) purge flag. It set, extended purging of

instruction lookahead registers is enabled. For further information,
refer to Instruction Lookahead Purge Control under CP Programming

in chapter 17.

53 CMU interrupted flag. If set, one of instructions 464 through 467 has
been interrupted. The information necessary to resume operation has
been saved.

54 Block copy flag. If set, block copy instructions (011, 012) use bits 30

through 50 of X0 rather than A0 to determine the CM address. For
further information, refer to the descriptions of the block copy
instructions in chapter 16.

55 Expanded addressing select flag. If set, UEM is operating in expanded
addressing mode; if clear, UEM is operating in 24-bit standard
addressing mode. For further information, refer to Addressing Modes
under Memory Programming in chapter 17.

56 UEM enable flag. If set, UEM is available. This flag must be set to
allow 011, 012, 014, and 015 instructions to access UEM.
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Registers

RAE Register

The 21-bit UEM reference address (RAE) register loads from CM during the fifth word
of a CYBER 170 exchange sequence. The lower six bits of this register are always
zero. An absolute UEM address forms by adding RAE to the relative address which is
determined by the instruction.

FLE Register

The 24-bit UEM field length (FLE) register loads from CM during the sixth word of a
CYBER 170 exchange sequence. The lower six bits of this register are always zero. The
FLE register defines the size of the field in UEM for the program in execution.
Relative UEM addresses are compared with FLE.

MA Register

The 18-bit monitor address (MA) register loads from CM during the seventh word of a
CYBER 170 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 CYBER 170 monitor flag clear, or when honoring a monitor
exchange jump to MA (262x) instruction with the CYBER 170 monitor flag clear. For
further information, refer to CYBER 170 Exchange Jump in chapter 17.
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Execution Section

Execution Section

The execution section combines the operands into results, providing additional
sequencing control where necessary.

Cache Memory

Cache memory is a high-speed buffer memory which is transparent to the user. It
reduces effective CM access time by eliminating unnecessary CM references. When the
CP first reads CM, a block of four words from CM (containing the rquested word) is
read rapidly into cache memory. These words may be instructions or data. On
subsequent reading of any of these words, CM need not be accessed when these words
are in cache memory. Often this is the case because the same data is read more than
once, or because a loop of instructions is repeatedly executed. Cache memory is 2048
words or, optionally, 4096 words.

Addressing Section

An address adder calculates memory addresses for data and unconditional jump
instructions.

Memory management hardware verifies that memory addresses are to access permitted
memory areas. If this is the case, this hardware accesses cache memory and, if
necessary, central memory.

Central Memory Control

Central memory control (CMC) provides an interface to CM for the CP and IOU. It is
physically located in the CP cabinet. CMC includes:

® Ports and distributor
e SECDED logic

® Partial-write logic

® Memory control logic

® Maintenance registers
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Central Memory

Central Memory

The CM performs the following functions.

Eight memory banks store from 2097K to 16 776K of 64-bit words (the leftmost 4
bits are undefined) and an 8-bit SECDED code.

The two ports make CM accessible to the CP and every PP.
A bounds register limits access to CM from either or both ports.

The SECDED generators generate the SECDED code bits store with each word.
SECDED checks circuits, corrects single-bit errors, and detects double-bit errors.

The maintenance channel interface gives a PP in the IOU access to the CM
maintenance registers for system initialization, corrective action, error reporting and
diagnostics, and for setting the port bounds register.

Address Format

Figure 8-2 illustrates the address format.

23222120 1211 32 0

COLUMN ADDRESS| ROW ADDRESS
| | SELECT SELECT |

l_ CHIP ADDRESS
CHIP SELECT

QUADRANT SELECT BANK SELECT

Figure 8-2, Address Format

The following list defines the address fields for figure 8-2.

Quadrant Select specifies one of four quadrants (array packs) within a bank.

Chip Select, if set, enables the row address select to the upper half (720) of the 144
chips on memory boards in all eight memory banks. If clear, enables the lower half
of the 144 chips on memory boards in all eight banks.

Chip Address, which comprises column address select and row address select,
specifies the address of one word on a chip for the selected bank and quadrant.

Row Address Select specifies the row-select portion of the chip address on a chip.

Column Address Select specifies the column-select portion of the chip address on a
chip.

Bank Select specifies one of eight banks.
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CM Access and Cycle Times

CM Access and Cycle Times

The CM access and cycle times operate on an internal clock period of 32 nanoseconds
(minor cycle). The CM access time for a read operation is 320 nanoseconds (10 minor
clock periods or 5 major cycles).

One bank cycle for a read or write operation is 384 nanoseconds (12 minor clock
periods or 6 major cycles). Cycle time for a partial write (read/modify/write) is 768
nanoseconds (24 minor clock periods or 12 major cycles).

CM Ports and Priorities

A priority network resolves access conflicts on a rotating basis, preventing long-term
lockout of any port. In case of simultaneous requests, the CP has priority. The CM also
has a refresh mechanism which may consume a maximum of 4 percent of memory
time. Refresh requests have priority over port requests. Refer to table 8-1 for maximum
request lockout time in bank cycles.

Table 8-1. Port Priority

Port Read or Write Requests
Refresh 1

Port 0 4

Port 1 5

Note:

One bank cycle equals 5 clock periods which equals 384 nanoseconds.
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SECDED

SECDED

The SECDED logic corrects single-bit errors during a CM read, permitting unimpeded
computer operation. The SECDED logic prepares for the error correction by generating
error correction code (ECC) bits for each data word, and by storing these ECC bits in
CM with the data word during the CM write.

Table 8-2 lists the hexadecimal codes for all combinations of syndrome bits with the
number of the data bit assigned each code or a note categorizing the code. Then,
during a CM read, CM performs the following SECDED sequence.

1.

2
3
4.
5
6

Read one CM word and generate new ECC bits for data portion of CM word.

. Compare new ECC bits with CM word ECC bits.

. If old and new ECC bits match, no error exists. Send data to requesting unit.

If bits do not match, generate syndrome bits from result of ECC compare.

. Decode syndrome bits to determine if single or multiple bit failure.

. If single bit failure, correct by inverting failing bit in data word. Send corrected

word to requesting unit.

If multiple bit or other uncorrectable error, send uncorrectable error response code
to CP or I0U. A PP in the IOU may then analyze the syndrome bits using the
maintenance channel.
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SECDED

Table 8-2. SECDED Syndrome Codes/Corrected Bits

Code Bit Code Bit Code Bit Code Bit
00 7 10 672 20 662 30 2/36
01 712 11 3 21 8 31 4
02 702 12 3 22 3 32 4
03 6/76 13 4 23 4 33 8
04 692 14 3 24 3 34 ¢
05 8 15 4 25 4 35 3
06 3 16 4 26 4 36 8
07 241 17 245 27 285 37 281
08 682 18 8 28 3 38 4
09 8 19 4 29 4 39 8
0A 8 1A 4 2A 4 3A 8
0B 16! 1B 165 2B 205 3B 20!
0oC 4/58 1C 4 2C 4 3C 8
0D 8l 1D 85 2D 125 3D 12!
OE 0! 1E 05 2E 45 3E 4!
OF 8 1F 4 2F 4 3F 3

Corrected single-bit error.
Syndrome code bit failed (single code bit set).
Double error or multiple error (even number of code bits set).

1.

2.

3.

4. Multiple error reported as a single error.

5. Double error or multiple error with indicated bit(s) inverted.
6.

Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes.

7. No error detected.

(Continued)
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Table 8-2. SECDED Syndrome Codes/Corrected Bits (Continued)

SECDED

Code Bit Code Bit Code Bit Code Bit
40 652 50 8 60 8 70 561
41 8 51 4 61 4 71 565
42 3 52 4 62 ¢ 72 605
43 4 53 8 63 8 3 60!
44 3 54 4 64 4 74 585
45 4 55 8 65 3 75 58!
46 4 56 3 66 8 76 62!
47 265 57 26! 67 30! 77 30/62°
48 3 58 4 68 4 78 575
49 4 59 8 69 8 79 57!
4A 4 5A 3 6A 8 TA 61!
4B 185 5B 181 6B 22! 7B 22/615
4C 4 5C 8 6C 8 7C 59!
4D 105 5D 10 6D 141 7D 14/59°
4E 25 5E 21 6E 61 TE 6/635
4F 4 5F 8 6F 8 TF 63!
1. Corrected single-bit error.
2. Syndrome code bit failed (single code bit set).
3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.
5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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SECDED

Table 8-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
80 642 9 - 3 A0 8 BO 481

81 3 91 4 Al ¢ B1 485
82 3 92 4 A2 4 B2 525
83 4 93 3 A3 3 B3 521
84 3 94 ¢ A4 4 B4 505
85 4 95 3 A5 8 B5 50!

86 4 96 8 A6 3 B6 541

87 255 97 25! AT 29! B7 29/545
88 3 98 4 A8 4 B8 495
89 4 99 3 A9 3 B9 49!
8A 4 9A 3 AA 8 BA 531
8B 175 9B 17! AB 21! BB 21/534
8C 4 9C 3 AC 8 BC 511
8D 95 9D 9! AD 131 BD 13/515
8E 15 9E 1! AE 51 BE 5/55°
g8F 4 oF 8 AF 8 BF 55!

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.

5. Double error or multiple error with indicated bit(s) inverted.

(Continued)
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SECDED

Table 8-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code  Bit Code  Bit Code  Bit Code  Bit
Co 0/15 DO 40! E0 321 FoO 2
C1 3 D1 404 E1l 324 F1 3
C2 8 D2 444 E2 364 F2 3
C3 2 D3 44! E3 36! F3 2
C4 3 D4 424 E4 344 F4 3
C5 2 D5 42! E5 341 F5 2
Cé 2 D6 46! E6 38! F6 2
C7 27! D7 27/46¢  E7 31/38¢ F7 2
cs 8 D8 414 ES 334 F8 3
c9 2 D9 41! E9 33! F9 2
CA 2 DA 451 EA 37 FA 2
CB 19! DB 19/45¢ EB 23/37*  FB 231
cC 2 DC 43! EC 351 FC 2
CDh 11! DD 11/43¢ ED 15/35¢  FD 151
CE 31 DE 3/474 EE 7/39* FE 7!
CF 2 DF 47! EF 39! FF 2

1. Corrected single-bit error.

2. Double error or multiple error (even number of code bits set).
3. Multiple error reported as a single error.

4. Double error or multiple error with indicated bit(s) inverted.

5. Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes.
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CM Layout

CM Layout

Central memory contains an area that ‘is reserved for special software called Virtual
State software. Along with the hardware and microcode, this software handles the
operations of Virtual State as described in chapter 17. Virtual State software is located
at the higher end of memory. The remaining memory is available to the CYBER 170
State and may be allocated as central memory (accessible via RAC and FLC) or as
unified extended memory (accessible via RAE and FLE and the 011, 012, 014, and 015
instructions). Refer to figure 8-3.

Address 0

cM

UEM

Available CM size {optional)

‘Virtual State
Software

Actual CM size

Figure 8-3. CM Layout

CM Bounds Register

The CM bounds register limits the write access to CM from specified ports. The ports
are limited to the area between an upper and lower bound as specified in the CM
bounds register. Bits in byte 0 specify the port(s) from which the write access is
limited. The CM bounds register is set through the maintenance channel. For further
information, refer to Maintenance Channel Programming in chapter 17.

Central Memory Reconfiguration

Central memory reconfiguration is a manually performed function that permits the
computer operator to restructure the CM addresses so that a failing part of CM can be
quickly locked out to provide a continuous block of usable CM. CM reconfiguration is
accomplished by setting the switches on the memory unit to manipulate the upper
address bits.

When a configuration switch is set forcing a CM address bit to a zero/one, the address
range corresponding to the original installed memory accesses some parts of the
reconfigured memory more than once. Addresses up to the rightmost forced bit, and
half the addresses using the rightmost forced bit, cover a contiguous address space
from location 0, which is the reconfigured memory. For further information, refer to
chapter 9.
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Input/Output Unit

Input/Output Unit

The input/output unit (IOU) performs the functions required to locate, select, and
initialize the external devices connected to the system, and controls the transfer of data
between a selected device and CM. The IOU also performs system maintenance
functions.

The IOU contains the following functional areas.
® Peripheral processor (PP)

® [/O channels

® Real-time clock

® Two-port multiplexer

® Maintenance channel

® CM access

Peripheral Processor

The basic IOU contains 10 PPs and can be expanded to 20 PPs in 5-PP increments.
Each PP is a logically independent computer with its own memory. Each 5-PP group is
organized into a multiplexing system which allows the PPs to share common hardware
for arithmetic, logical, and I/O operations without losing independence. This
multiplexing system comprises five ranks. of registers termed a barrel. Each rank
contains information related to the instruction being executed by one PP.

Each PP can communicate with the CP by issuing a CYBER 170 exchange request to a
specific CYBER 170 exchange package associated with the issuing PP. In addition, a
PP can also communicate with the CP via CM read and write operations. PPs can
communicate with each other over the I/O channels and through CM.

Each PP executes programs alone or with other PPs to control data transfers between
external devices and CM. These programs are comprised of instructions from the IQU
instruction set and respond to requests issued through CM by the operating system.
The programs translate generalized operating system requests into control functions for
accessing the external devices and may also perform device scheduling and
optimization. The programs use PP memory as a buffer for the data transfer between
external devices and CM to isolate IQU data transfer from variations in CM transfer
rate.

An IOU upgrade is available which is an optional concurrent input/output (CIO)
subsystem consisting of five or ten PPs. Optional intelligent standard interface (ISI),
intelligent peripheral interface (IPI), and CYBER 170 DMA (d1rect memory access) I/O
channel adapters can be installed in the CIO.
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Peripheral Processor

Deadstart

A deadstart sequence allows the IOU to initialize itself. This deadstart sequence is
initiated by the DEAD START switch on the deadstart panel. The panel includes
controls for assigning any PPM to PPO. For further information, refer to chapter 9.

Barrel and Slot

The barrel consists of the R, A, P, Q, and K registers, each one of which has five
ranks 0 through 4. (Refer to figure 8-4.) Information in these registers moves from one
rank to the next at a uniform 20-megahertz rate, providing a multiplexed system of
five PPs, each operating at a 4-megahertz rate. The registers are stationary while the
PPs rotate. For example, rank 4 registers contain PP0, PP1, PP2, PP3, and PP4 in
succession, each consuming 50 nanoseconds of the total cycle time of 250 nanoseconds.
Since PP memories operate at a slower rate, independent memory with its own address
and data registers is provided for each PP.

Each time data enters the slot, a portion of the instruction for that data is executed.
The slot performs tasks such as arithmetic and logic operations and program address
manipulation. Complete execution of an instruction may require the R, A, P, Q, and K
register quantities to go more than one trip around the barrel and through the slot.

The PPM may be referenced once each time the PP passes around the barrel and

through the slot. During its slot time, the PP may also communicate with CM or any
of the I/O channels.
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Peripheral Processor
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Peripheral Processor

PP Registers
The PP registers, which are discussed in the following paragraphs, are:
® R register
® A register
® P register
® Q register

® K register

R Register

The 28-bit R register, in conjunction with the A register, forms an absolute CM
address for CM read/write instructions. When bit 17 of the A register is set, the
absolute CM address is formed by appending six zeros to the lower end of the contents
of the R register and adding to the result bits 0 through 16 of the contents of the A
register (figure 8-5).

27 65 0
| R | 000000
+
16 0
L A I

Figure 8-5. Formation of Absolute CM Address

A Register

The 18-bit A register holds one operand for arithmetic, logic, or selected I/O operations.
The content of A may be an arithmetic operand, CM address, I/O function, or I/O data
word. Various instructions operate on 6, 12, 16, or 18 bits of the A register.

When the A register is used as the CM address, parity is generated for transmission
with the address to memory control. At deadstart, the A register is set to 10000g.
When bit 17 of the A register is clear, the A register is used as the CM address;
however, when bit 17 is set, the R register is added to the A register (as described in

the R register description) to obtain the absolute CM address for CM read/write
instructions.
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Peripheral Processor

P Register

The 12-bit P register is the program address register, except during the execution of
instructions 61, 63, 71, and 73. For these instructions, the P register contains the PPM
address of the data transfer. At deadstart, the P register is set to zero.

Q Register

The 12-bit Q register holds data for several functions such as the address of the
operand during direct addressing and indirect addressing, peripheral address of data
used during one-word central read or write instructions, upper 6 bits during constant
mode instructions, channel number on all /O and channel instructions, shift count, and
relative jump designator. At deadstart, each rank of the Q register is set to a
corresponding PP number. Rank 0 is set to PP0, rank 2 is set to PP2, and so on.

K Register

The 12-bit K register is visible to the programmer through the maintenance channel
only. This register holds the operation code field of an instruction for display on the
I0U deadstart panel and for deadstart panel interrogation. When a PP is halted (idled),
this register contains all ones.
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Peripheral Processor

PP Numbering

PPs are numbered in octal as follows:

Barrel PPs

0 00 to 04
1 05 to 11
2 20 to 24
3 25 to 31

The deadstart sequence is used to determine PP numbering within a barrel. The
sequence assigns barrel numbers according to the switch settings and, during the first
minor cycle after deadstart, loads a zero into the Q register in barrel 0. This defines
all the data in that rank of the barrel as belonging to PPO and since Q is the channel
selector, assigns PP0 to channel 0. During the next minor cycle, Q loads with a one.
This defines PP1 and assigns it to channel 1. This process occurs in parallel in all
barrels until the IOU assigns each rank of each barrel with a PP number and a
channel number. Reassignment can be done only during a deadstart.

PP Memory

Each PP has an independent 4K word memory. Each word contains 16 data bits with
the upper 4 bits set to zero, and 1 parity bit. PPO executes the deadstart program from
the deadstart panel during the deadstart operation. Therefore, PP memory 0 must be
operational. A PP memory reconfiguration feature allows the user to restore IOU
operation if the IOU detects a fault in the PP memory normally assigned to PPO.

To reconfigure, the operator assigns a good PP memory to PPO and the operating
system removes the failing PP memory. Computer operation can continue without the
failing PP memory, and repairs can be made during scheduled maintenance. The
system must be deadstarted to reconfigure PPMs.
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1/0 Channels

I/0 Channels

The I/O channels are comprised of an internal interface that allows common hardware
and software to control the external devices, and an external interface that allows the
IOU to communicate with the external devices using 12-bit data channels. The internal
interface can transfer 16-bit data words between two PPs, or between a PP and an
external device at a maximum rate of one word every 250 nanoseconds. This rate can
be sustained for the maximum practical channel transfer (4096 words). During transfers
between PPs, if the PPs are in the slot at the same time, the transfer rate is 500
nanoseconds.

Any PP can access any of the CYBER 170 bidirectional I/O channels. All PPs
communicate with external devices through the independent I/O channels. Each channel
may be connected to one or more pieces of external equipment, but only one piece of
equipment can use a channel at one time. All channels can be active simultaneously.
Available channels are listed as follows:

e Twenty-four CYBER 170 campatible I/O channels available with a maximum data
transfer rate of 3 megabytes/second.

® An optional DMA-enchanced intelligent standard interface (ISI) channel adapter,
intelligent peripheral interface (IPI) channel adapter, or CYBER 170 channel
adapter that can be installed in any one of ten channel locations in the CIO
cabinet. The adapters transfer data between the ISI, IPI, or CYBER 170 channel
and PP memory using standard I/O instructions. They also support DMA transfer in
which data goes directly between CM and an external device without going through
the PP. There are two types of CYBER 170 DMA transfers, fast and normal. Fast
transfers are used with the Extended Semiconductor Memory-II (ESM-II), and
normal transfers are used with other CYBER 170 external devices.

The display station controller (DSC) is attached to CYBER 170 channel 10g. The DSC
is the IOU interface between the PPs and the system console, servicing both the
keyboard and the cathode-ray tube (CRT). It transmits function words and digital
symbol size/position data to the system console and receives digital character codes
from the keyboard. It also receives digital symbol codes from the PPs and converts
these to analog signals to the CRT.
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Real-Time Clock

Real-Time Clock

The real-time clock is a 12-bit free-running counter, incrementing at a 1-megahertz
rate. It is permanently attached to channel 14g. This channel may be read at any time
as its active and full flags are always set.

Two-Port Multiplexer

The two-port multiplexer provides communication capability between a PP and two
attached terminals. One port is reserved for maintenance purposes and the other port
is reserved for future use. The two-port multiplexer is permanently attached to channel
15g.

Maintenance Channel

The maintenance channel is used for initialization of the CP and CM maintenance
registers and monitoring of error status.

The maintenance channel consists of the maintenance channel interface on channel 17g,
a maintenance access control in each system element, and a set of interconnecting
cables.

Central Memory Access

Any PP can access CM. During a write from the IOU to CM, the IOU assembles five
successive 12-bit PP words into a 64-bit CM word with the leftmost 4 bits undefined.
During a CM read, the IOU disassembles the rightmost 60 bits of the 64-bit CM word
into five PP words. To find the CM address, a PP reads the A register. If bit 17 of the
A register is clear, the PP uses the contents of the A register for the CM address. If
bit 17 of the A register is set, the PP adds the relocation address from the R register
to the A register to form the CM address.

A maximum of 20 PPs in various stages of assembly/disassembly can simultaneously
read CM words, and five PPs can write CM words.
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This chapter describes mainframe controls and indicators and the operating procedures
which are hardware dependent. Software-dependent procedures are in system software
reference manuals listed under Additional Related Manuals in About This Manual.

Controls and Indicators

This section describes IOU deadstart controls and indicators and CM configuration
switches used by the system operator. Other controls used by maintenance personnel
are described in the hardware operator’s guide and the hardware maintenance manuals
of the power distribution and warning system, the cooling system, and the system
console listed in the system publication index in About This Manual.

Deadstart Panel Controls/Indicators

The deadstart panel (figure 9-1) is in the IOU. It contains PP register selection and
display facilities, deadstart controls, error indicators, and a switch matrix, which is the
source for a short PP program for initialization or troubleshooting. The switches,
indicators, and their functions are listed in table 9-1.
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Deadstart Panel Controls/Indicators
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Figure 9-1. Deadstart Panel
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Table 9-1. Deadstart Panel Controls/Indicators

Deadstart Panel Controls/Indicators

Panel Nomenclature

Description

Funection

20 through 215 by 1
through 208g

PP NO

DATA

PP SELECT

REGISTER SELECT

A K QP

LAMP TEST

CLEAR AUTO

FREQ MARGIN

Toggle switch matrix
(two-position switches)

Octal display

Octal display

Toggle switches
(two-position)

Toggle switches
(two-position)

Indicators

Toggle switch
(two-position)

Toggle switch
(two-position)

Toggle switch
(three-position)

Provides a 16-word deadstart
program for PP0. Switches 20
through 2!! set 12 bits for each of
the program words, labeled 1
through 20 (octal). Switches 212
through 21% are set to zero.

Up position sets bit. Down
position clears bit.

Shows the PP selected by PP
SELECT switches.

Shows the content of the register
selected by REGISTER SELECT
switches.

Selects the PP whose register is
to be displayed.

Selects the register to be
displayed (00 = P, 01 = Q,
10 = K, 11 = A).

One of these lights to indicate
which register is selected by
REGISTER SELECT switches.

Lights all indicators and display
segments.

Allows manual clearing of
auto-mode bit (bit 34 of the
environment control register) to
override possible auto-mode
selection. This allows the
selection of the PP and register
from the deadstart panel if bit 34
is set.

Determines the frequency margin
selected (FAST/NORMAL/SLOW).
The setting of this switch is
sensed only at deadstart time,
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Deadstart Panel Controls/Indicators

Table 9-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature

Description

Function

RECONFIGURATION,
BARREL

RECONFIGURATION,
PPM

LONG/SHORT DEAD
START SEQUENCE

DEAD START

L.D.S. ERROR-A

L.D.S. ERROR-B

DEAD START ERROR

Toggle switches
(two-position)

Toggle switches
(two-position)

Toggle switch
(two-position)

Toggle switch
(three-position, center

is off)

Indicator
Indicator

Indicator

Selects the physical barrel which
is logical barrel 0. All the other
logical barrels are numbered from
the selected physical barrel
circularly. (If physical barrel 1 is
selected by the switches, physical
barrel 2 is logical barrel 1, and
S0 on.)

Selects the physical PP memory
which is logical PPMO. All the
other PPMs in all barrels are
numbered from the selected
physical PPM circularly. If the
switches are set to a value
greater than four, no
reconfiguration takes place.

Selects the LONG/SHORT
deadstart sequence. The setting of
this switch is sensed only at
deadstart.

Selects the fast or slow repetitive
deadstart, which generates a
master clear pulse every 250 or
4000 microseconds respectively.
Up position selects fast deadstart;
down position selects slow
deadstart. (The single deadstart
control pushbutton is on the
system console.)

Remains lit when long deadstart
branch tests are not completed
within 10.25 microseconds.

Remains lit when a long
deadstart sequence does not go to
completion.

Lights in case of long deadstart
ROM address/data parity error.
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Deadstart Panel Controls/Indicators

Table 9-1. Deadstart Panel Controls/Indicators (Continued)

Panel Nomenclature Description Function

M,CH, A PQ1IC Indicators Lights in case of hardware
failures as follows:

M: PP memory failure

CH: I/0 channel failure

A: A barrel failure

PQ: P or Q barrel failure

I: Firmware or control failure

C: 12/16 conversion failure
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Central Memory Controls

Central Memory Controls

The CM contains six two-position configuration switches’ (figure 9-2). These switches are
located along the address interface pak switch in the A section of the memory cabinet.
The switches are used to eliminate CM sections with malfunctions.

Each switch, SWO through SW5, inverts the corresponding CM address bit 37 through
42. The inversion effectively moves blocks of bad memory to the highest memory block
and moves blocks of good memory down, thereby providing a sequentially addressable
block of error-free memory. Refer to table 9-2.

In case of CM malfunctions, the remaining good memory can be reconfigured so it is
accessible by contiguous addresses from 0 to the maximum remaining address. This is
accomplished by setting configuration switches (figure 9-2) as listed in table 9-2. Refer
to the hardware operator’s guide listed in the system publication index for further
information.

INV

NORM

ADRS SWOo
37 l

ADRS swW1
38

ADRS sw2

ADRS SW4
4 l
ADRS SW§
42 l
CM PANEL A

Figure 9-2. CM Configuration Switches
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Central Memory Controls

Table 9-2. Central Memory Reconfiguration

Original CM Reconfigured CM (Reconfiguration Settings)
Words Address Error-Free SWo SwWi1 SwW2
(Size) Range Size ADRS 37 ADRS 38 ADRS 39
2097K 0-7 777 17 1049K D D D
(16 MB) (8 MB)

4195K 0-17 777 777 2097K D D U
(32 MB) (16 MB)

8390K 0-37 777 777 4195K D U D
(64 MB) (32 MB)

16780K 0-77 777 777 8390K U D D
(128 MB) (64 MB)

Notes:

1. CM remaining can be further reconfigured to obtain larger contiguous blocks of
error-free memory by setting additional configuration switches. See examples shown in
figure 9-3.

2. U equals up, D equals down. Normal setting of all switches is down.

(Continued)
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- Central Memory Controls

Table 9-2. Central Memory Reconfiguration (Continued)

‘Original CM Reconfigured CM (Reconfiguration Settings)
Words Address Error-Free SWO SW1 SW2
(Size) RangLe Size ADRS 40 ADRS 41 ADRS 42
2097K 0-7 777 1M1 1049K U D D
(16 MB) (8 MB)

4195K 0-17 7771 117 2097K D D D
(32 MB) (16 MB)

8390K 0-37 777 177 4195K D D D
(64 MB) (32 MB)

16780K 0-77 7717 17 8390K D D D
(128 MB) (64 MB)

Notes:

1. CM remaining can be further reconfigured to obtain larger contiguous blocks of
error-free memory by setting additional configuration switches. See examples shown in

figure 9-3.

2. U equals up, D equals down. Normal setting of all switches is down.

9-8 60469290

Revision G



Central Memory Controls

Set SWO0 up to move block of memory containing error to upper half of memory.

64 MB SWO0=Up

64 MB of
Error—Free
Memory

128 MB
Error in lower 64—MB block of 128-MB memory.

Set SW1 up to move 32—MB block containing error to next higher 32 MB. Then
set SWO up to move block containing error to highest block of memory.

32 MB SWi=Up 32 MB SWO0=Up '_-::z:zsg.:sgm
32 MB 32 MB 32 MB
32 MB : B 32 MB 96 MB of
RAEICR Error—Free
TREME >< 32 MB 32 MB | Memory
128 MB
Error in lowest 32—-MB block of 128—MB memory.
Set SW2 up to move 16—MB block containing error to next higher block. Then set
SW1 up to move 32—-MB block containing error to highest block of memory.
16 MB >5W2_=UP<: 16 _MB SW1=Up BT
16 MB 16 MB 16 MB
18 MB o -] OMB 16_MB
T AB MB - 16 MB 16 _MB 112 MB of
16 MB ><: 16 MB 16 MB Error—Free
16_MB 16_MB 16_MB Memory
16 MBI 16_MB 16 MB
16 MB 16 MB 16 MB
128 MB

Error in lowest 16—MB block of 128-MB memory.

Figure 9-3. Reconfiguration Examples
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Power-On and Power-Off Procedures

Power-On and Power-Off Procedures

In case of an emergency, use the system EMERGENCY OFF switch. The power-on and
power-off procedures are described in the hardware operator’s guide listed in the system
publication index.

CAUTION

Improper application or removal of power may damage system circuits and/or air
conditioning system. Power must be turned on/off by designated personnel only, except
for the system EMERGENCY OFF switch. Use only for extreme emergency, not for
normal shutdown.

Operating Procedures

Refer to the hardware operator’s guide listed in the system publication index. The
system is initialized by setting its control switches, and then by running either a long
or short deadstart sequence (defined later in this section). After initialization, the
keyboard is used to instruct the system further, under program control.

Control Checks

Before activating a long or short deadstart sequence, check the positions of deadstart
panel switches against their intended use. These checks can be made by using
table 9-3. The normal settings of these switches is as follows:

Switch Position
CLEAR AUTO Down
FREQ MARGIN Center

RECONFIGURATION All down

LONG/SHORT DEAD Down for a short deadstart sequence
START SEQUENCE

DEAD. START Center
All error lights Not lit
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Control Checks

Deadstart Sequences

In response to a deadstart signal from either the deadstart pushbutton on the system
console, or from the DEAD START switch on the deadstart panel, circuits in the IOU
perform a deadstart sequence. Depending on the setting of the LONG/SHORT DEAD
START SEQUENCE switch on the deadstart panel, either the long or the short
deadstart sequence is performed. The short deadstart sequence is used when hardware
integrity verification is not required. The long deadstart sequence performs all the
tasks performed by the short deadstart sequence and some additional tasks. The main
additional task is the running of a diagnostic program, from a read-only memory
(ROM) in the IOU, on logical PP0. The diagnostic program takes approximately

1 minute to run.

Both deadstart sequences begin with a master clear which sets up all PPs, except
logical PPQ, for a 4096-word block input starting at PP location 0. The input into each
PP is from the channel with the same number as the logical number of the PP
concerned. The master clear also resets all external devices and sets maintenance
channel connect code bit 52. The individual channels and registers are set as follows:

Active/ Full/ Channel
Inactive Empty Channel Error
Channel Flag Flag Flag Flag
0 Inactive Empty Clear Clear
10 (display controller) Active Empty Clear Clear
14 (real-time clock) Active Full Set Set
15 (two-port mux) Active Empty Clear Clear
17 (maintenance) Active Empty Clear Clear
Other installed channels Active Empty Clear Clear
Noninstalled channels Inactive Empty Clear Clear

The flags of channel 14 and of noninstalled channels are fixed by hardware and cannot
be changed.

Register Iniﬁalizaﬁonl Description
K 007100g Instruction display on deadstart panel
P 007777g gauses block input to start from location
10,0008 Count of 4096 words
Q 0,1, 2. I/O channel numbers (PPO: 0, PP1: 1,
and so on)

All registers in all barrels are set to these values, except the registers of PPO.

1. Leading zeros are not displayed on deadstart panel.
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10U Reconfiguration

If the long deadstart sequence is being performed, hardware clears location 7777g in all
PP memories and sets the P register of PP0 to 6000g. PPO starts performing a test
program from a read-only memory in IOU and lights the deadstart panel L.D.S.
ERROR-A and L.D.S. ERROR-B indicators. Indicator A remains lit unless the test
program reaches location 6200g within 10.25 microseconds. Indicator B remains lit until
the test program reaches location 7776g. When this happens, the unique part of the
long deadstart sequence ends with a master clear.

Next, both deadstart sequences clear PP0O location 0, write the settings of the deadstart
panel matrix switches into PP0 memory locations 1g to 20g, and clear PP0O location 21g.
PPO then starts executing the program entered from the matrix switches, which is
normally a bootstrap program to input more data from an assigned external device.

The short deadstart sequence does not disturb PP memory other than PPO locations 0
to 21g. Both deadstart sequences leave all PPs, except PP0, waiting for a block input,
or for action through the maintenance channel. After the block input is complete, each
PP starts executing the program entered from whatever address was entered into
location 0 of that PP.

IOU Reconfiguration

The logical PP numbers and hardware are assigned to physical PPs circularly from the
settings of IOU deadstart panel RECONFIGURATION switches, which specify which
physical barrel and PPM is PPO. If the PPM section of these switches is set to a value
greater than 4, the value 0 is substituted. If the BARREL section of these switches is
set to a value greater than the number of installed barrels, the value 0 is substituted.
Thus, possible barrel numbering is as described in table 9-3.

NOTE

The minimum system option is 10 PPs.

Table 9-3. Barrel Numbering Table

Logical PPs in Physical Barrel with
BARREL RECONFIGURATION
Barrels Installed Physical Barrel Switch Values

0 1 2 3

4 Barrels (20 PPs) 0 0-4 25-31 20-24 5-11
1 5-11 0-4 25-31 20-24
2 20-24 5-11 0-4 25-31
3 25-31 20-24 5-11 0-4

3 Barrels (15 PPs) 0 0-4 20-24 5-11 (0-4)
1 5-11 0-4 20-24 (5-11)
2 20-24 5-11 0-4 (20-24)

2 Barrels (10 PPs) 0 0-4 5-11 (0-4) (0-4)
1 5-11 0-4 (5-11) (5-11)

1 Barrel (5 PPs) 0 0-4 (0-4) (0-4) (0-4)
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Model 990 System Description 10

This chapter describes the physical and functional characteristics and major system
components.

This high-speed computer systems is used for both business and scientific applications.
The system includes the following components.

® Central processor (CP)
® (Central memory (CM)

® Input/output unit (IOU)

Physical Characteristics

The system configuration (figure 10-1) includes interconnected CP, CM, and IOU
cabinet sections that compose the system cabinet. (The system console is also required
for system operation.) Each cabinet section contains a logic chassis with plug-in circuit
boards. The CP consists of 10 sections, plus a single section for central memory control
(CMC). With the dual-CP option, an additional identical cabinet contains the second
CP. (The second CP does not support CYBER 170 State operation.) The CM consists of
one section with four memory cages. The IOU consists of two sections and performs
initialization and maintenance functions. A second IOQU is installed in a separate
cabinet for a dual-IOU option.

The CP, CM, and IOU sections each contain an ac/dc control section with voltage
margin testing facilities and dc power supplies. A standalone cooling unit provides
cooling for the CP, CM, and IOU logic chassis.
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Physical Characteristics
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Functional Characteristics

Functional Characteristics

Emitter-coupled logic (ECL) and large-scale integration (LSI) logic are used to achieve
high computation speeds. High speed is also the objective of the CP design, which is
based on the capability to execute many operations concurrently.

The CP supports two states of operation.

Virtual State Operates with virtual-memory byte addressing, using the Virtual
State instruction set and data formats. Virtual State is the native
operating state of the CP.

CYBER 170 State Operates with real-memory word addressing, using the CYBER
170 State CP instruction set and data formats.

The Virtual State and CYBER 170 State environments may be present at the same
time with the CP executing in either environment.

® NOS/VE is the operating system of Virtual State.
® NOS is the operating system of CYBER 170 State.

The bipolar central memory is divided into eight independent banks to minimize
conflicts between central memory requests. System input/output speeds are determined
by the capabilities of existing external devices.
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CP Characteristics

Central Processor

The CP has the following characteristics:

® 60-bit internal word.

® Eight 60-bit operand (X) registers.

® Eight 18-bit address (A) registers.

® Eight 18-bit index (B) registers.

® Two registers that isolate each user’s extended memory space (RAC, FLC).
e Two registers that isolate each user’s extended memory space (RAE, FLE).
® Register exchange instructions (exchange jumps) for interrupting programs.

® Floating-point (FP) arithmetic (10-bit exponent plus sign bit, 48-bit coefficient plus
sign bit). Some FP instructions use 96-bit (double precision) coefficients.

® Integer arithmetic (60/18-bit operands).

® Character string compare/move facilities (6-bit characters).

® Packed instructions (15/30/60-bit instructions in 60-bit words).
® Synchronous internal logic.

® 16-nanosecond clock period.

® 4096-word cache buffer memory.

® Instruction and branch instruction lookahead.

® Microcode control.

® Parity checking of selected data and address paths.

® Maintenance channel to I0U.
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CM Characteristics

Central Memory
The CM has the following characteristics:

® 72-bit data word (60 data bits, 8 single-error correction/double-error detection bits,
and 4 unused bits).

® 1048K words of bipolar memory, options available to 4194K words in 1048K-word
increments.

® Organization of eight independent banks.

® Memory ports (located in the central processof cabinet).

® Bounds register to limit write access.

® 64-nanosecond clock period.

® Maximum data transfer rate of four words every 16 nanoseconds.
® 80-nanosecond read access time.

® 64-nanosecond read/write cycle time.

® 192-nanosecond partial-write cycle time.

® Read and write data queuing capability.

® Single-error correction/double-error detection (SECDED) on stored data.
® Parity checking of all major data, address, and control paths.

® Unified-extended memory (UEM) which serves as extended memory within CM.
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IOU Characteristics

Input/Output Unit
The IOU has the following characteristics:

® A nonconcurrent input/output (NIO) subsystem consisting of 20 CYBER 170
compatible peripheral processors (PPs). Each PP has an 8K x 16-bit word-
independent memory (PPM) degradeable to 4K x 16 bits (refer to the CIP User’s
Handbook listed under Additional Related Manuals in About This Manual for
information on degrading PPMs).

® A concurrent input/output (CIO) subsystem consisting of five or ten PPs. Each PP
has an 8K x 16-bit PPM. In addition, there is an optional direct-memory access
(DMA)-enhanced intelligent standard interface (ISI) channel adapter, an optional
DMA intelligent peripheral interface (IPI) channel adapter, and an optional CYBER
170 DMA channel adapter. These adapters support DMA transfer between CM and
an external device as well as standard /O data transfer. An adapter can be
installed in any one of ten channel locations in the CIO cabinet. There are two
types of CYBER 170 DMA transfers, fast and normal. Fast transfers are used with
the Extended Semiconductor Memory-II (ESM-II), and normal transfers are used
with other CYBER 170 external devices.

® Execution of 12- or 16-bit PP code.
® Port to central memory.

® Twenty-four CYBER 170 compatible I/O channels available with a maximum data
transfer rate of 3 megabytes/second.

® Interface to real-time clock, display controller, and two-port multiplexer.
® Bounds register controlling write access to CM.

e SECDED data verification on all PP memories.

® Parity checking on all major data and address paths.

® Maintenance channels giving PPs access to CP, CM, and IOU registers to perform
system initialization and maintenance functions.

® Operating speed of 250 nanoseconds and a minor cycle of 50 nanoseconds.
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Major System Component Descriptions

Major System Component Descriptions

Central Processor

The CP hardware (figure 10-2) consists of the following:
¢ Instruction section

® Registers

® Execution section

® (Cache memory

® Addressing section

® (Central memory control

Central Processor 0 (CP-0) is capable of dual-state operation: Virtual State and CYBER
170 State. If a second central processor is added (CP-1), it is capable of only Virtual
State operation.

The CP is isolated from the IOU and is thus able to carry on computation of character
manipulation unencumbered by I/O requirements.

Instruction Section

The instruction section directs the arithmetic and manipulative functions for instruction
execution. The instruction section prefetches instruction words from memory and
disassembles them into instructions.

Registers

Operating registers reduce storage accesses for operands used during the execution of
an instruction. These registers are:

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

® Eight 18-bit A registers (A0 through A7) which use A0 primarily for indexing and
A1l through A7 for CM operand addressing.

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

Eight support registers support the operating registers during program execution. These
registers are: :

® 18-bit program address (P) register.

® 21-bit reference address for CM (RAC) register. This is a program’s lower bound.
® 21-bit field length for CM (FLC) register. This is a program’s upper bound.

® 6-bit exit mode (EM) register.

® 6-bit flag register.

® 21.-bit reference address for UEM (RAE) register.

® 24-bit field length for UEM (FLE) register.

® 18-bit monitor address (MA) register.

The registers store data and control information, present operands to the execution
section, and store results.

The operating and support registers reside in the register unit and process state
registers section.

Execution Section

The execution section combines the operands to achieve the result.

Cache Memory
The cache memory consists of 4096 words. The memory addressing sections determine

whether a requested word is in the cache memory. If it is not, they read four
consecutive words from central memory into the cache memory.

Addressing Section

The addressing section checks memory addresses against the CP registers RAC, FLC,
RAE, and FLE to ensure isolation of user memory space.

Central Memory Control

Central memory control (CMC) is integrated within the CP and controls the flow of
data between CM and requesting system components.
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Central Memory

Central Memory

The CM (figure 10-2) consists of the following:

® FEight memory banks

® Memory ports

The CM is a bipolar memory organized into eight independent banks.

A portion of CM can be reserved for use as extended memory. It is called unified
extended memory (UEM) and is referenced by the RAE and FLE registers. The UEM
operates in 24-bit standard addressing mode. All memory ports have queuing buffers.
The memory ports are located in the central processor cabinet.

The following CM option is available.

Option Model Description
18855 001 Adds ™M 64K-words to increase size from 1M to 8M words

(8 MB to 64 MB). Use of Upgrade Option 18850 allows
additional expansion up to 16M words (128 MB). Memory
sizes above 2M words (16 MB) are supported by NOS/VE
only.
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Input/Output Unit

Input/Output Unit
The IOU (figure 10-2) consists of:

® Twenty logically independent nonconcurrent input/output (NIO) peripheral
processors (PPs). Options are available to increase the total to 25 or 30 PPs.

® Five or ten logically independent concurrent input/output (CIO) PPs and DMA
channel adapters.

® Internal interface to 24 I/O channels. Options are available to increase the total to
34 channels.

® External interfaces to I/O channels:
- 11 or 23 CYBER 170 channel interfaces.
- Display controller interface (CYBER 170 channel 10g).
- Real-time clock interface (channel 14g).
- Two-port multiplexer interface (channel 15g).
- Maintenance channel interface (channel 17g).

® Interface to CM.

® Bounds register to limit writes and exchanges to CM.

The PPs are organized in groups of five, called barrels. The PPs in a barrel time-share
common hardware. Each PP has its own 4K or 8K independent memory, and
communicates with all I/O channels and with CM.
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System Console

System Console

The system console, required for system operation, provides a visual, alphanumeric
readout for the computer. The receipt of symbol and position information from the
computer enables displaying program information on a 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
monitor and control system operation. Except for programming information in chapter
17, refer to the system console manual listed in additional related manuals in About
This Manual for further information.
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Model 990 Functional Descriptions 11

This chapter provides functional descriptions of the central processor (CP), central
memory (CM), and input/output unit (IOU) as shown in the system block diagram in
chapter 10. Functional descriptions for the system display station and the cooling
system are in their respective manuals listed in the system publication index in About
This Manual. '

Central Processor

The CP consists of the instruction section, registers, execution section, cache memory,
addressing section, and central memory control.

Instruction Section

The instruction section consists of logic for instruction control.

Instruction Lookahead

The instruction lookahead hardware (ILH) speeds up instruction processing by stacking
prefetched instructions to make them immediately available for execution. It also
accurately predicts program branching based on the recent history of each conditional
branch.

To maintain a continuous flow of instructions, the instruction section prefetches
instruction words ahead of the instruction being read and stores them in the 64-word
instruction buffer stack (IBS). This high-speed buffer is set in the instruction stream
between CM and the CP execution section. When an instruction is requested for
execution, IBS checks whether that instruction is in the stack. If in the stack, the
instruction proceeds to instruction decode and initiation. If not in the stack, the
instruction is fetched from CM and placed in the IBS. A least-recently-used
replacement algorithm determines the new instruction’s position in the IBS.

If the instruction issued is a conditional branch, the instruction section predicts the
branch taken or not taken based on the recent history of the branch. It then prefetches
instructions along that path before the branch outcome is known.

The actual result of the branch determines whether the conditionally issued
instructions may execute to completion. If a branch prediction is correct, the instruction
section enables the modifying of registers and CM from issued instructions. If a branch
prediction is incorrect, hardware purges the issued instructions along the incorrect
branch and issues instructions along the correct branch. In this case, registers and CM
appear as if no instructions were issued after the incorrectly predicted branch. As a
precaution to incorrect branch prediction, the instruction section will not issue
subsequent branch instructions until the prior branch instruction is resolved.

Maintenance Access Control

The maintenance access control performs initializaﬁon and maintenance operations in
the CP.
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Instruction Section

Instruction Control Sequences

The instruction control section 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 instruction 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 -described in this
chapter. For further information, refer to CP Instruction Descriptions in chapter 16.

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 BXi Xj * Xk
12 Logical sum of (Xj) and (Xk) to Xi BXi Xj + Xk
13 Logical difference of (Xj) and (Xk) to Xi BXi Xj - Xk
15 Logical product of (Xj) with complement of (Xk) to Xi BXi -Xk * Xj
Logical sum of (Xj) with complement of (Xk) to Xi BXi -Xk + Xj
17 Logical difference of (Xj) with complement of (Xk) to Xi BXi -Xk - Xj

The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi BXi Xj
11 Transmit complement of (Xk) to Xi BXi -Xk
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Instruction Section

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 jk LXi jk
21  Right shift (Xi) by jk AXi jk
22 Left shift (Xk) nominally (Bj) places to Xi LXi Bj, Xk
23 Right shift (Xk) nominally (Bj) places to Xi AXi Bj, Xk
43 Form mask of jk bits to Xi MXi jk

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 instruction 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 UXi Bj, Xk
27 Pack (Xk) and (Bj) to Xi PXi Bj, Xk

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 NXi Bj, Xk
25 Round normalize (Xk) to Xi and Bj ZXi Bj, Xk
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Instruction Section

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 instructions are:

30 Floating sum of (Xj) and (Xk) to Xi FXi Xj + Xk
31 Floating difference of (Xj) and (Xk) to Xi FXi Xj - Xk
32 Floating double-precision sum of (Xj) and (Xk) to Xi DXi Xj + Xk

33 Floating double-precision difference of (Xj) and (Xk) to Xi DXi Xj - Xk
34 Round floating sum of (Xj) and (Xk) to Xi RXi Xj + Xk
35 Round floating difference of (Xj) and (Xk) to Xi RXi Xj - Xk

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 FXi Xj * Xk
41 Round floating product of (Xj) and (Xk) to Xi RXi Xj * Xk
42 Floating double-precision product of (Xj) and (Xk) to Xi DXi Xj * Xk

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

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 CXi Xk

Increment Sequence

The increment sequence controls the ones complement addition and subtraction of 18-bit
fixed-point operands for increment instructions 50 through 77. The sequence also
controls the 60-bit ones complement sum and difference values for long-add instructions
36 and 37.
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Instruction Section

The increment instructions are:

50  Set Aito (A) + K SAi Aj + K
51  Set Aito (Bj) + K SAi Bj + K
52 Set Aito (Xj) + K SAi Xj + K
53  Set Ai to (Xj) + (BK) SAi Xj + Bk
54  Set Ai to (Aj) + (BK) SAi Aj + Bk
55  Set Ai to (Aj) - (BK) SAi Aj - Bk
56 Set Ai to (Bj) + (BK) SAi Bj + Bk
57  Set Ai to (Bj) - (Bk) SAi Bj - Bk
60  Set Bi to (Aj) + K SBi Aj + K
61  Set Bi to (Bj) + K SBi Bj + K
62  Set Bi to (Xj) + K SBi Xj + K
63  Set Bi to (Xj) + (Bk) SBi Xj + Bk
64  Set Bi to (Aj) + (BK) SBi Aj + Bk
65  Set Bi to (Aj) - (Bk) SBi Aj - Bk
66  Set Bi to (Bj) + (Bk) SBi Bj + Bk
67  Set Bi to (Bj) - (Bk) SBi Bj - Bk
70  Set Xito (A)) + K SXi Aj + K
71 Set Xi to (Bj) + K SXi Bj + K
72 Set Xi to (Xj) + K SXi Xj + K
73 Set Xi to (Xj) + (Bk) | SXi Xj + Bk
74 Set Xi to (Aj) + (Bk) SXi Aj + Bk
75  Set Xi to (Aj) - (Bk) SXi Aj - Bk
76  Set Xi to (Bj) + (Bk) - SXi Bj + Bk
77 Set Xi to (Bj) - (BK) SXi Bj - Bk

The long-add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi ) IXi Xj + Xk
37 Integer difference of (Xj) and (Xk) to Xi IXi Xj - Xk
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Instruction Section

Compare/Move Sequence

The compare/move sequence controls data manipulation on a character basis. The
compare/move instructions (also referred to as CMU 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 indirect (Bj) + K IM Bj + K
465  Move direct DM
466  Compare collated CcC
467 Compare uncollated CU

The support registers are:

NO

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

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

A 4-bit C1 register that specifies the character position or offset of the first CM
word of the source field.

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

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 8 register bits.

TE

CMU instructions are provided for compatibility with previous systems. For better
performance, recompile jobs to avoid use of CMU instructions.
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Instruction chtion

CYBER 170 Exchange Sequence

A CYBER 170 exchange sequence is the method used to swap jobs in and out of
execution. When a CYBER 170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current job’s CP registers (described later
in this chapter) into an area of central memory called a CYBER 170 exchange package.
A CYBER 170 exchange package is associated with each job. It contains sufficient
information to restart a job if the job is interrupted during execution and swapped out
by a CYBER 170 exchange jump. To complete the sequence, CP registers for another
job are read from its CYBER 170 exchange package and that job begins or resumes
execution. For further information, refer to CYBER 170 Exchange Jump in chapter 17.

Block Copy Sequence

The block copy sequence controls the transfer of data between CM and UEM. The
number of words to be transferred is determined by the addition of K to the contents
of Bj. The starting address for CM is formed by adding either the AO register or
certain bits of the X0 register to the RAC reference address. The starting address for
UEM is formed by adding certain bits of the X0 register to the RAE reference address.
The block copy instructions are:

011 Block copy Bj + K words from UEM to CM RE Bj + K
012 Block copy Bj + K words from CM to UEM WE Bj + K

Direct Read/Write Sequence

Instructions 014 and 015 perform single-word, direct read and write operations for
UEM; and instructions 660 and 670 perform single-word, direct read and write
operations for central memory.

014 Read one word from UEM at (Xk + RAE) into Xj RXj Xk
015 Write one word from Xj to UEM at (Xk + RAE) WXj Xk
660 Read central memory at (Xk) to Xj CRXj Xk
670 Write Xj into central memory at (Xk) CWXj Xk
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Instruction Section

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.

The branch address is K with i equals zero. The 02 instruction is:

02

Jump to (Bi) + K

JPBi + K

The conditional jump instructions 03 through 07 branch to address K if the jump
condition is met.

These instructions are:

030
031
032
033
034
035
036
037
04
05
06
07

Branch to K if (Xj) = 0
Branch to K if (Xj) = 0
Branch to K if (Xj) is positive
Branch to K if (Xj) is negative
Branch to K if (Xj) is in range
Branch to K if (Xj) is out of range
Branch to K if (Xj) is definite
Branch to K if (Xj) is indefinite
Branch to K if (Bi) = (Bj)
Branch to K if (Bi) # (Bj)
Branch to K if (Bi) = (Bj)
Branch to K if (Bi) < (Bj)

Return Jump Sequence

The return jump sequence controls the execution of three instructions.

00
010
013

Error exit to MA or program stop
Return jump to K

Central exchange jump to (Bj) + K or monitor exchange
jump to MA
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ZR Xj, K
NZ Xj, K
PL Xj, K
NG Xj, K
IR Xj, K
OR Xj, K
DF Xj, K
ID Xj, K
EQ Bi, Bj, K
NE Bi, Bj, K
GE Bi, Bj, K
LT Bi, Bj, K

PS
RJ K
XJ Bj + K
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Registers

Registers

The CP contains the operating and support registers described in the following
paragraphs. These registers are located in the register unit and process state registers
sections (refer to figure 10-2).

The contents of these registers can be written into memory and reloaded from memory
as a CYBER 170 exchange package by a single CP instruction (CYBER 170 exchange
jump). Figure 11-1 shows the CYBER 170 exchange package.

The time a CYBER 170 exchange package resides in CP hardware is called an
execution interval. During this interval, the contents of X, A, B, and P registers can
be changed by CP instructions. The contents of other support registers change only as
a result of a CYBER 170 exchange jump. For further information, refer to CYBER 170
Exchange Jump in chapter 17.

59 56 53 50 47 4l 35 17 0
N ; = Y,
N1 RAC Al B
N+ 2 P/ 7 FLC A2 B2
ne3lem| raes | en ) a3 83
N+ a RAE A4 B4
N+ S FLE A5 B85
N+ 6/ A MA A6 B6
w777 5 "
n =
N:ls X5
N+l4 X6
[////] No HARDWARE REGISTERS EXIST

Figure 11-1. CYBER 170 Exchange Package
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Registers

Operating Registers

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. Also, the X0
register provides the relative UEM starting address in a block copy operation.

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

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 AO register is used in the compare
collate instruction for the collate table address. Also, the A0 register provides the
relative CM starting address in a block copy 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 a CM read reference to that address and transmits the CM word to
the corresponding X 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 control program execution. Program loop counts may also be
incremented 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.
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Registers

Support Registers

Eight 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 a CYBER 170 exchange sequence. With the exception of the P
register, the contents of the support registers cannot be altered during the execution
interval of a CYBER 170 exchange package. When the execution interval completes,
the data in the support registers is sent back to CM through a CYBER 170 exchange
jump.

P Register

The 18-bit program address (P) register loads from CM during the first word of a
CYBER 170 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 21-bit CM reference address (RAC) register loads from CM during the second word
of a CYBER 170 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 program address in CM. A P-equal-to-zero condition specifies
relative address 0 and, therefore, (RAC). This CM location is reserved for recording
error exit conditions and should not be used to store data or instructions.

FLC Register

The 21-bit CM field length (FLC) register loads from CM during the third word of a
CYBER 170 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.
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EM Register

The 6-bit exit mode (EM) register loads from CM during the fourth word of a CYBER
170 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 can be
set at one time. Clear EM register bits allow the CP to continue, without error
processing, when most of the corresponding conditions occur. Refer to the error exit
tables under Error Response in chapter 17 for specific cases. 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 Significance

48 Address out of range
49 Infinite operand

50 Indefinite operand
57 Hardware error

58 Hardware error

59 Hardware error

Flag Register

The 6-bit flag register loads from CM during the fourth word of a CYBER 170
exchange sequence. The flag register holds six bits that function as control flags.

Bit Condition
51 Hardware error bit.
52 Instruction stack (lookahead) purge flag. If set, extended purging of

instruction lookahead registers is enabled. For further information, refer to
Instruction Lookahead Purge Control under CP Programming in chapter 17.

53 CMU interrupted flag. If set, one of instructions 464 through 467 has been
interrupted. The information necessary to resume operation has been saved.

54 Block copy flag. If set, block copy instructions (011, 012) use bits 30
through 50 of X0 rather than AQ to determine the CM address. For further
information, refer to the descriptions of the block copy instructions in
chapter 16.

55 Expanded addressing select flag. If set, UEM is operating in expanded
addressing mode; if clear, UEM is operating in 24-bit standard addressing
mode. For further information, refer to Addressing Modes under Memory
Programming in chapter 17.

56 UEM enable flag. If set, UEM is available. This flag must be set to allow
011, 012, 014, and 015 instructions to access UEM.
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Registers

RAE Register

The 21-bit UEM reference address (RAE) register loads from CM during the fifth word
of a CYBER 170 exchange sequence. The lower six bits of this register are always
zero. An absolute UEM address forms by adding RAE to the relative address which is
determined by the instruction.

FLE Register

The 24-bit UEM field length (FLE) register loads from CM during the sixth word of a
CYBER 170 exchange sequence. The lower six bits of this register are always zero. The
FLE register defines the size of the field in UEM for the program in execution.
Relative UEM addresses are compared with FLE.

MA Register

The 18-bit monitor address (MA) register loads from CM during the seventh word of a
CYBER 170 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 CYBER 170 monitor flag clear, or when honoring a monitor
exchange jump to MA (262x) instruction with the CYBER 170 monitor flag clear. For
further information, refer to CYBER 170 Exchange Jump in chapter 17.
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Execution Section

Execution Section

The execution section combines the operands into results providing additional
sequencing control where necessary.

Cache Memory

Cache memory is a high-speed buffer memory which is transparent to the user. It
reduces effective CM access time by eliminating unnecessary CM references. When the
CP first reads CM, a block of four words from CM (containing the requested word) is
read rapidly into cache memory. These words include all data except instructions. On
subsequent reading of any of these words, CM need not be accessed when these words
are in cache memory. Often this is the case because the same data is read more than
once, or because a loop of instructions is repeatedly executed.

Addressing Section

An address adder calculates memory addresses for data and unconditional jump
instructions.

Memory management hardware verifies that memory addresses are to access permitted
memory areas. If this is the case, this hardware accesses cache memory and, if
necessary, central memory.

Central Memory Control

Central memory control (CMC) provides an interface to CM for the CP and IOU. It is
physically located in the CP cabinet. CMC includes:

® Ports and distributor
e SECDED logic

® Partial-write logic

® Memory control logic

® Maintenance registers
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Central Memory

The CM performs the following functions.

Central Memory

® A memory cabinet contains eight banks, storing 2M 64-bit words (the leftmost 4
bits are undefined) and an 8-bit SECDED code. A maximum of two memory

cabinets allows a total of 4M 64-bit words.

The two ports make CM accessible to the CP and every PP.

A bounds register limits access to CM from either or both ports.

The SECDED generators generate the SECDED code bits stored with each word.
SECDED checks circuits, corrects single-bit errors, and detects double-bit errors.

The maintenance channel interface gives a PP in the IOU access to the CM
maintenance registers for system initialization, corrective action, error reporting
and diagnostics, and for setting the port bounds register.

Address Format

Figure 11-2 illustrates the address format.

39404142

55 56

585960

L

L

COLUMN—' ROW CHIP ADDRESS BANK I—DISTRIBUTOR /CAGE
SELECT SELECT

SELECT SELECT

Figure 11-2. Address Format

The following list defines the address fields for figure 11-2.

Column Select specifies one of two columns.

Row Select specifies one of four word rows in a bank. (Each word row corresponds

to a set of chips in a bank.)

Chip Address specifies the address of one word in 16K bipolar memory chips for

the selected bank.

Bank Select specifies one of eight banks in a cage.

Distributor/Cage Select specifies one of four cages in a column. (The cage number
in a column corresponds to the distributor number in central memory control.)
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CM Access and Cycle Times

CM Access and Cycle Times

The CM access time for a single-word read operation is 208 nanoseconds (13 clock
periods). The CM access time for a four-word block read is 256 nanoseconds (16 clock
periods).

Cycle time for a normal read or write operation is 64 nanoseconds (4 clock periods).
Cycle time for a partial write, read/set/clear/lock, and exchange is 192 nanoseconds
(12 clock periods).

The CM bounds register, located in CMC, limits CM write access for the selected
ports to an area between two addresses specified in this register. The CM bounds
register is set through the maintenance channel (refer to Maintenance Channel
Programming in chapter 17).

CM Ports and Priorities

A priority network resolves access conflicts on a rotating basis, preventing long-term
lockout of any port. In case of simultaneous requests, the CP has priority.

Refresh requests have priority over port requests. Refer to table 11-1 for maximum
request lockout time in bank cycles.

Table 11-1. Port Priority

Port Read or Write Requests
Refresh 1

Port 0 4

Port 1 5

Note:

One bank cycle equals 4 clock periods (64 nanoseconds).
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SECDED

The SECDED logic corrects single-bit errors during a CM read, permitting unimpeded
computer operation. The SECDED logic prepares for the error correction by generating
error correction code (ECC) bits for each data word, and by storing these ECC bits in
CM with the data word during the CM write. Table 11-2 lists the hexadecimal codes
for all the combinations of syndrome bits with the number of the data bit assigned
each code or a note categorizing the code. Then, during a CM read, CM performs the
following SECDED sequence.

1.

2
3
4.
5
6

Read one CM word and generate new ECC bits for data portion of CM word.

. Compare new ECC bits with CM word ECC bits.

. If old and new ECC bits match, no error exists. Send data to requesting unit.

If bits do not match, generate syndrome bits from result of ECC compare.

. Decode syndrome bits to determine if single or multiple bit failure.

. If single bit failure, correct by inverting failing bit in data word. Send corrected

word to requesting unit.

If multiple bit or other uncorrectable error, send uncorrectable error response code
to CP or IOU. A PP in the IOU may then analyze the syndrome bits using the
maintenance channel.
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SECDED

Table 11-2. SECDED Syndrome Codes/Corrected Bits

Code Bit Code Bit Code Bit Code Bit
00 6 10 672 20 662 30 2/35
01 712 11 3 21 8 31 4
02 702 12 8 22 8 32 4
03 6/75 13 4 23 4 33 3
04 692 14 8 24 8 34 4
05 3 15 4 25 4 35 8
06 3 16 4 26 4 36 3
07 241 17 5 217 b 37 28!
08 682 18 3 28 3 38 4
09 3 19 4 29 4 39 3
0A 3 1A 4 2A 4 3A 3
0B 16! 1B 5 2B 5 3B 20!
oC 4/55 1C 4 2C 4 3C 8
oD 8! 1D 5 2D 5 3D 121
OE ol 1E 5 2E 5 3E 4l
OF 3 1F 4 2F 4 3F 3

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

3. Double error or multiple error (even number of code bits set).

4. Multiple error reported as a single error.

5. Double error or multiple error or forced double error due to a partial write parity

error on one of the two bytes indicated.

6. No error detected.

(Continued)
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SECDED

Table 11-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
40 - 652 50 8 60 3 70 56!
41 3 51 4 61 ¢ 71 5
42 3 52 4 62 4 72 5
43 4 53 3 63 3 73 60!
44 8 54 4 64 4 74 5
45 4 55 3 65 3 75 581
46 4 56 3 66 8 76 62!
47 5 57 26! 67 30! 71 5
48 3 58 4 68 4 78 &
49 4 59 3 69 3 79 571
4A 4 5A 3 6A 3 TA 611
4B 5 5B 18! 6B 221 7B 5
4C 4 5C 3 6C 3 7C 591
4D 10° 5D 10! 6D 141 7D 5
4E 5 5E 2! 6E 6! TE 5
4F 4 5F 8 6F 8 TF 63!

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.

5. Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes indicated.

(Continued)
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SECDED

Table 11-2. SECDED Syndrome Codes/Corrected Bits (Continued)

Code Bit Code Bit Code Bit Code Bit
80 642 90 3 A0 8 BO 481
81 3 91 4 Al 4 Bl 5
82 8 92 4 A2 4 B2 5
83 4 93 3 A3 8 B3 521
84 8 94 ¢ A4 4 B4 5
85 4 95 3 A5 3 B5 501
86 4 96 3 A6 8 B6 541
87 5 97 251 A7 291 B7 b
88 3 98 4 A8 1 B8 5
89 4 99 3 A9 3 B9 49!
8A 4 9A 3 AA 8 BA 53!
8B 5 9B 17! AB 21! BB 5
8C 4 9C 8 AC 3 BC 511
8D 5 9D 9! AD 131 BD 5
8E 5 9E 1! AE 51 BE 5
8F 4 9F 8 AF 3 BF 55!

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

3. Double error or multiple error (even number of code bits set).
4. Multiple error reported as a single error.

5. Double error or multiple error or forced double error due to a partial write parity
error on one of the two bytes indicated.

(Continued)
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Table 11-2. SECDED Syndrome Codes/Corrected Bits (Continued)

SECDED

Code Bit - Code Bit Code Bit Code Bit
Co 0/15 DO 40! E0 321 Fo0 3
C1 4 D1 5 E1l 5 F1 4
C2 4 D2 5 E2 5 F2 4
C3 3 D3 44! E3 36! F3 3
C4 4 D4 5 E4 5 F4 4
Cs 3 D5 421 E5 341 F5 3
Cé 3 D6 46! E6 38! F6 3
c7 271 D7 5 E7 5 F7 311
c8 4 D8 5 E8 5 F8 4
C9 3 D9 41! E9 33! F9 3
CA 3 DA 451 EA 37! FA 3
CB 19! DB 5 EB 5 FB 23!
cC 8 DC 431 EC 351 FC 3
CD 11! DD 5 ED 5 FD 15!
CE 3! DE 5 EE 5 FE 7
CF 3 DF 47! EF 391 FF 3

1. Corrected single-bit error.

2. Syndrome code bit failed (single code bit set).

3. Double error or multiple error (even number of code bits set).

4. Multiple error reported as a single error.

5. Double error or multiple error or forced double error due to a partial write parity

error on one of the two bytes indicated.
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CM Layout

CM Layout

Central memory contains an area that is reserved for special software called Virtual
State software. Along with the hardware and microcode, this software handles the
operations of Virtual State as described in chapter 17. Virtual State software is located
at the higher end of memory. The remaining memory is available to the CYBER 170
State and may be allocated as central memory (accessible via RAC and FLC) or as
unified extended memory (accessible via RAE and FLE and the 011, 012, 014, and 015
instructions). Refer to figure 11-3.

Address 0

cm

UEM

Available CM size loptional)

Virtual State
Software

Actual CM size

Figure 11-3. CM Layout

CM Bounds Register

The CM bounds register limits the write access to CM from specified ports. The ports
are limited to the area between an upper and lower bound as specified in the CM
bounds register. Bits in byte 0 specify the port(s) from which the write access is

_limited. The CM bounds register is set through the maintenance channel. For further
information, refer to Maintenance Channel Programming in chapter 17.

Central Memory Reconfiguration

Central memory reconfiguration is a manually performed function that permits the
computer operator to restructure the CM addresses so that a failing part of CM can be
quickly locked out to provide a continuous block of usable CM. CM reconfiguration is
accomplished by setting the switches on the memory unit to manipulate the upper
address bits.

When a configuration switch is set forcing a CM address bit to a zero/one, the address
range corresponding to the original installed memory accesses some parts of the
reconfigured memory more than once. Addresses up to the rightmost forced bit, and
half the addresses using the rightmost forced bit, cover a contiguous address space
from location 0, which is the reconfigured memory. For further information, refer to
chapter 12.
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Input/Output Unit

Input/Output Unit

The IOU consists of the nonconcurrent input/output (NIO) subsystem and the
concurrent input/output (CIO) subsystem. The NIO consists of 20 PPs, each having 8K
x 16-bit words of memory and a repertoire of 122 instructions. All 20 PPs share access
to 24 1/O channels. The PPs are partitioned into four barrels of five PPs.

The CIO consists of one or two barrels each containing five PPs per barrel. Each
barrel of the CIO has a group of five direct-memory access (DMA) I/O channels.
These channel groups are dedicated to a barrel and no inter-barrel communication is
possible on DMA channels.

An optional DMA-enhanced intelligent standard interface (ISI) channel adapter,
intelligent peripheral interface (IPI) channel adapter, or CYBER 170 channel adapter
can be installed in any one of 10 channel locations in the CIO cabinet. The adapter
transfers data between the ISI, IPI or CYBER 170 channel and PP memory using
standard 1/O intructions. It also supports DMA transfer in which data flows directly
between the CM and an external device without going through the PP.

There are two types of CYBER 170 DMA transfers, fast and normal. Fast transfers
are used with the Extended Semiconductor Memory-II (ESM-II), and normal transfers
are used with other CYBER 170 external devices.

This data flow is called DMA since it accesses memory directly. DMA allows a higher
I/O bandwidth and also allows the PP execution unit to operate independently from
the I/O channel during data transfers (concurrently). This concurrency gives the PP
more instruction cycle time to process I/O requests from the CP.

The IOU performs the functions necessary to locate, select, and initialize the external
devices connected to the system and controls the transfer of data between a selected
device and CM. The IOU also performs system maintenance functions.

The IOU contains the following functional areas:
® Peripheral processors

® J/O channels

® Display Station Controller

¢ Real-Time Clock

® Two-Port Multiplexer

® Maintenance channel

® (CM access
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Peripheral Processor

Peripheral Processor

The basic IOU contains 20 NIO PPs and can be expanded to include five or ten CIO
PPs. Each PP is a logically independent computer with its own memory.

Each 5-PP group is organized inte a multiplexing system which allows the PPs to
share common hardware for arithmetic, logical, and 1/0 operations without losing
independence.

This multiplexing system comprises five ranks of registers termed a barrel. Each
rank contains information related to the instruction being executed by one PP.

Within the NIO subsystem:

® Any PP in a barrel may communicate with any other PP over any of the 24 1/O
channels.

® The channels are numbered from 0 through 11g and from 20g through 31g.
® Inter-PP communication is always on a 16-bit boundary.

® The NIO subsystem supports CYBER 170 peripheral equipment (12 bits) using
CYBER 170 channel modules.

® Special I/O instructions are provided to convert 12-bit channel words to 16-bit PP
words and vice versa.

Within the CIO subsystem:

® PPs within a barrel may communicate with any other PP in the same barrel on
any of the five dedicated I/0 channels.

® Communication between barrel or with the NIO subsystem must be done via
channels 15g or 17g.

® Inter-PP communication is always on a 16-bit boundary. The CIO channels are 0
through 11g.
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Peripheral Processor

Each PP can communicate with:

® Other PPs over the I/O channels (subject to restrictions stated above).
® The CP via CM read and write operations.

® The CP (in CYBER 170 State operation) by issuing a CYBER 170 State exchange
request to a specific CYBER 170 State exchange package associated with the
issuing PP.

Each PP can also cause an interrupt condition with the CP operating in either Virtual
State or CYBER 170 State.

Each PP executes programs alone or with other PPs to control data transfers between
external devices and CM. These programs, called I/O drivers, comprised I0U
instructions combined to interact with operating system requests issued through CM.

The I/O drivers translate generalized operating system requests into control functions
for accessing the external devices and may also perform device scheduling and
optimization.

The I/O drivers use PP memory as a buffer for the data transfer between external
devices and CM to isolate IOU data transfers from variations in CM transfer rate.

The optional DMA-enhanced ISI, IPI, and CYBER 170 channels can access CM
directly and do not require buffer memories.
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Peripheral Processor

Deadstart

A deadstart sequence allows the IOU to initialize itself. A deadstart sequence is
initiated, depending on the terminal, as follows:

® (CC5b45 display station console -- press the DEADSTART switch and either the S
key or CR.

® (CC634-B display terminal -- press CTRL-G, CTRL-R, and either the S key or CR.

e (C598-B system console -- press either CTRL-G or CTRL-F2 and either the S key
or CR.

For further information regarding the deadstart sequence and options, refer to CYBER
Initialization Package (CIP) Reference Manual listed in About This Manual.

Barrel and Slot

The barrel consists of the A, K, P, Q, and R registers, each one of which has five
ranks numbered 0 through 4 (figure 11-4).

Information in these registers is transferred from one rank to the next at a uniform

20-MHz rate, providing a multiplexed system of five PPs, each operating at a 4-MHz

rate. The registers are stationary while the PPs rotate. For example, rank 4 registers
contain PP0O, PP1, PP2, PP3, and PP4 in succession, each consuming 50 nanoseconds

of the total cycle time of 250 nanoseconds.

Since PP memories operate at a slower rate, independent memory with its own
address and data registers is provided for each PP.

Each time data enters the slot, a portion of the instruction for that data is executed.
The slot performs tasks such as arithmetic and logic operations and program address
manipulation. Complete execution of an instruction may require the A, K, P, Q, and
R register quantities to go more than one trip around the barrel and through the
slot.

The PPM may be referenced once each time the PP passes around the barrel and
through the slot. During its slot time, the PP may also communicate with CM or
with any of the I/O channels.
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Peripheral Processor

PP MEMORIES
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Figure 11-4. Barrel and Slot
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PP Registers

The PP registers, which are discussed in the following paragraphs, are:
® R register ’

® A register

® P register

® Q register

® K register

R Register

The 22-bit R register, in conjunction with the A register, forms an absolute CM
address for CM read/write instruction (refer to Central Memory Access by PPs later in
this chapter).

A Register

The 18-bit A register contains one of two operands for arithmetic and logic operations.
The content of A may be:

® Arithmetic operand

® A CM address or part of a CM address

® An /O function

® An I/O data word

® Word count for a block 1/0 or CM transfer

Various instructions operate on 6, 12, 16, or 18 bits of the A register. Calculation
results are always placed in the A register, although some instructions also write the
result into PP memory.

When the A register provides the CM address, parity is generated with the address for
transmission to memory control. When the A register provides data or function words
for /O activities, channel parity is always generated on 16 bits of A.

At deadstart, the A register is set to 10000g for the standard 20 PPs and to 20000g for
the optional 10 PPs.
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Peripheral Processor

P Register

The P register operates in two different modes. In 4K mode, P is a 12-bit register; and
in 8K mode, P is a 16-bit register. In 8K mode, the PP memory uses only the least
significant 13 bits.

The P register is the PP program address counter. Also, during bleck /O and CM
transfers, the P register temporarily contains the PP memory address of the data
transfer. At deadstart, the P register is set to 7777g for the NIO PPs and is set to 1g
for the CIO PPs.

@ Register

The Q register operates in two different modes. In 4K mode, Q is a 12-bit register; and
in 8K mode, Q is a 16-bit register. In 8K mode, the PP memory uses only the least
significant 13 bits.

The Q register may hold the following data:

® Operand address for direct and indirect addressing.

® Peripheral address of data used during single-word CM read/write instructions.
® Shift count.

® Word count for CM block transfers.

® Upper six bits during constant mode PP instructions.

® Target address for relative jump.

® Channel number for all /O and channel instructions.

At deadstart, each rank of the Q register is set to a corresponding PP number. Rank 0
is set to PPO, rank 2 is set to PP2, and so on.

K Register

The 7-bit K register is visible to the programmer through the maintenance channel
and the IOU deadstart display. This register holds the operation code field of an
instruction for display and is used for maintenance purposes. When a PP is halted
(idled), this register contains all ones.
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PP Numbering

PPs are numbered in octal as follows:

Barrel PPs

0 NOO through N04
1 NO5 through N11
2 N20 through N24
3 N25 through N31
0 C00 through C04

1 C05 through C11

The deadstart sequence decodes a program stored in the IOU microprocessor RAM to
determine PP numbering within a barrel. The sequence:

® Assigns barrel numbers according to the program.

® Loads a zero into the Q register in barrel 0 during the first minor cycle after
deadstart.

This defines all the data in that rank of the barrel as belonging to PP0 and, since Q
is the channel selector, assigns PP0 to channel 0.

During the next minor cycle, Q loads with a one. This defines PP1 and assigns it to
channel 1.

This process occurs in parallel in all barrels until the IOU assigns each rank of the
barrel with a PP number and a channel number. Reassignment can only be done at
deadstart. For further information on PP reassignments, refer to the CIP User’s
Handbook listed under Additional Related Manuals in About This Manual.

PP Memory

Each NIO PP has an independent 8K-word memory degradeable to 4K; each word
contains 16 data bits and 6 bits of SECDED code. Each CIO PP has an independent
8K-word memory; each word contains 16 data bits and six bits of SECDED code.

PPO reads the deadstart program from the microprocessor RAM during the deadstart
operation. Therefore, PP memory 0 must be operational. A PP memory reconfiguration
feature allows the user to restore IOU operation if the IOU detects a fault in the PP
memory normally assigned to PPO.

To reconfigure, the operator assigns a good PP memory to PP0, and the operating
system removes the failing PP memory. Computer operation can continue without the
failing PP memory, and repairs can be made during scheduled maintenance. The
system must be deadstarted to reconfigure PPs.
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1/0 Channels

I/0 Channels

The I/0 channels are composed of:

® An internal interface that allows common hardware and software to control the
external devices, and

® An external interface that allows the IOU to communicate with the external
devices using 12-bit data channels. The internal interface can transfer 16-bit data
words between two PPs or between a PP and an external device at a maximum
rate of 1 word every 250 ns.

This rate can be sustained for the maximum practical channel transfer (4096 words).
During transfers between PPs, if the PPs are in the slot at the same time, the transfer
rate is 500 ns.

Any PP can access any of the CYBER 170 bidirectional I/O channels. All PPs
communicate with external devices through the independent I/O channels. Each
channel may be connected to one or more pieces of external equipment, but only one
piece of equipment can use a channel at one time. All channels can be active
simultaneously. Available channels are listed as follows:

¢ Twenty-four CYBER 170 compatible I/O channels or 10 CIO channels available
with a2 maximum data transfer rate of 3 megabytes per second.

¢ An optional DMA-enhanced ISI channel adapter, IPI channel adapter, or CYBER
170 channel adapter that can be installed in any one of 10 channel locations in
the CIO cabinet. The adapters transfer data between the ISI, IPI, or CYBER 170
channels and PP memory using standard I/O instructions. They also support DMA
transfer in which data goes directly between CM and an external device without
going through the PP. There are two types of CYBER 170 DMA transfers, fast
and normal. Fast transfers are used with the ESM-II, and normal transfers are
used with other CYBER 170 external devices.

Display Station Controller

The display station controller (DSC) is the IOU interface between the PPs and the
display station servicing both the keyboard and the cathode-ray tube (CRT). The DSC
transmits function words and digital symbol size/position data to the display station
and receives digital character codes from the keyboard. It also receives digital symbol
codes from the PPs and converts these to analog symbols to the CRT.

Real-Time Clock

The real-time clock is a 12-bit free-running counter, incrementing at a 1-MHz rate. It
is permanently attached to channel 14g. This channel may be read at any time since it
is active and full flags are always set.

Two-Port Multiplexer

The two-port multiplexer provides communication capability between a PP and two
attached terminals. It can simultaneously drive the two terminals at different baud
rates. One port is reserved for maintenance, and the other port is reserved for future
use. The two-port multiplexer is permanently attached to channel 15g. Each port may
drive a separate terminal.
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Maintenance Channel

For a dual-IOU option, both ports of the primary IOU two-port multiplexer are
connected to the 1900X System Console (CC598-B). Only one port of the second I0U
two-port multiplexer is connected to the same 1900X System Console, and the other
port is not used.

Maintenance Channel

The maintenance channel (MCH) is used for initialization of the CP and CM
maintenance registers and monitoring of error status.

The maintenance channel consists of the maintenance channel interface on channel
17g; a maintenance access control (MAC) in the CP, CM, and IOU; and a set of
interconnecting cables. The maintenance channel of the second IOU in a dual-IOU
option has access only to the MAC in the IOU.

Any PP can be programmed to act as the maintenance control unit (MCU). However,
hardware dictates PPO as having special deadstart functions such that PP0 optimally
serves as the MCU. In any case, the PP acting as the MCU performs initialization
and maintenance functions that include:

® Initializing registers, controls, and memories.
® Monitoring and recording error information.
® Verifying error detection and correction hardware.

The MCU directs these operations by sending function words (instructions) over the
maintenance channel to the CP, CM, and IOU. The MCU retains all normal PP
capabilities and, except for PP0O deadstart functions, does not gain any special hardware
capabilities.

A separate MCU in the second IOU in a dual-IOU option reports its error status to
the primary IOU via central memory.

IOU Maintenance Registers

The MAC in the IOU contains several maintenance registers which hold IOU status or
error information. Table 11-3 lists the IOU maintenance registers. For detailed
descriptions of these registers, refer to IOU Registers in volume 2 of this manual
(listed in About This Manual).
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Maintenance Channel

Table 11-3. IOU Maintenance Registers

Access Access

Number Type Type
Register Name of Bits Address Copy MCH
Element identifier (EID) 32 10 - R
Environment control (EC) 32 30 - R/W
Fault status 1 (FS-1) 64 80 - R/W
Fault status 2 (FS-2) 64 81 - R/W
Fault status mask (FSM) 64 . 18 - R/W
Options installed (OI) 64 12 - R
OS bounds (OSB) 64 21 - R/W
Status summary (SS) 6 00 - R
Test mode (TM) 16 A0 - R/W

Element Identifier (EID) Register

The 32-bit EID register is a backpanel-wired register identifying each system hardware
element. The EID bits are represented as follows:

Bits Description

32 through 39 Element type
40 through 47 Model number

48 through 63 Serial number (hexadecimal)

Environment Control (EC) Register

The 64-bit EC register controls timing margins, test mode and deadstart, PP memory
dumps, reconfiguration, and stop-on-error conditions for the IOU. It also selects PP
internal registers for reading. Refer to the Maintenance Register Codes Booklet listed
in About This Manual for further information.

Fault Status (FS) Registers

The 64-bit FS registers indicate the presence of uncorrectable faults in the IOU, PP
memories, I/O channels, or PP hardware. Refer to the Maintenance Register Codes
Booklet listed in About This Manual for further information.

Fault Status Mask Register

This 64-bit register controls IOU fault reporting to the IOU fault status (FS) registers.
Refer to the Maintenance Register Codes Booklet listed in About This Manual for
further information.
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Central Memory Access by PPs

Options Installed (OI) Register

The 64-bit OI register identifies the options installed in the IOU. Refer to the
Maintenance Register Codes Booklet listed in About This Manual for further
information.

OS Bounds Register

The 64-bit operating system (OS) bounds register divides the CM into an upper and a
lower region for system protection. The OS bounds register contains a bit for each PP
which indicates the region in CM into which the specified PP may initiate exchange
operations or writes. Refer to the Maintenance Register Codes Booklet listed in About
This Manual for further information.

Status Summary Register

The status summary register indicates errors in the CP, CM and IOU. It also provides
information about the PP-halt, error status, and physical environment conditions. Refer
to the Maintenance Register Codes Booklet listed in About This Manual for further
information.

Test Mode (TM) Register

The 64-bit TM register forces faults in the IOU for testing of the fault sensing logic.
Bits 48 through 63 of this register serve a dual role. With the Enable Test Mode
Register bit set in the EC register, these bits are used to force test conditions (refer to
the Maintenance Register Codes Booklet listed in About This Manual for further
information). When the Enable Test Mode Register bit is clear, these read/write bits
can be used by software as interlock/flag status bits.

Central Memory Access by PPs

Any PP can access CM. During a write from the IOU to CM, the IOU assembles either
four successive 16-bit PP words into one 64-bit CM word (Virtual State) or five
successive 12-bit PP words into one 60-bit CM word (CYBER 170 State).

During a CM read, the IOU disassembles either a 64-bit CM word into four 16-bit PP
words (Virtual State), or a 60-bit CM word into five 12-bit PP words (CYBER 170
State).

To find the CM address, a PP reads the A register. If bit 17 of the A register is
clear, the PP uses the contents of the A register for the CM address. If bit 17 of the
A register is set, the PP adds the relocation address from the R register to the A
register for the CM address.

A maximum of 30 PPs can simultaneously read CM words, and 30 PPs can write CM
words. -
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Model 990 Operating Instructions 12

This chapter describes mainframe controls and indicators and the operating procedures
which are hardware dependent. Software-dependent procedures are in system software
reference manuals listed under Additional Related Manuals in About This Manual.

Controls and Indicators

This section describes IOU deadstart controls and indicators and CM configuration
switches used by the system operator. Other controls used by maintenance personnel
are described in the hardware operator’s guide and the hardware maintenance manuals
of the power distribution and warning system, the cooling system, and the system
console listed in the system publication index in About This Manual.

Deadstart Displays/Controls

Pressing the DEADSTART pushbutton on the CC545 system console, or pressing the
CTRL-G, CTRL-R, then M key on the CC634-B system console or pressing either
CTRL-G or CTRL-F2, then the M key on the CC598-B system console initiates
deadstart, and an initial deadstart display appears on the screen of the system console.
It is created by an independent microcomputer in the mainframe and does not rely on
any program being operational in the PPs. The initial deadstart display is used to
select a 16-word deadstart program for PPO and to initiate the deadstart sequence for
PPO. It is also used to reconfigure PPMs and barrels, and to display error status and
maintenance information.

The format of the deadstart options display is shown in figure 12-1, and the deadstart
display is shown in figure 12-2. Table 12-1 describes the two operator-selectable
options and table 12-2 describes the operator entries and functions for the deadstart
display. Other deadstart displays are available for maintenance use. Refer to the
CYBER Initialization Package (CIP) Reference Manual listed in About This Manual
for additional information.

/ DEADSTART OPTIONS \

S SYSTEM LOAD OPTIONS
M MAINTENANCE OPTIONS
(CR) SYSTEM LOAD OPTIONS

PROGRAM N SELECTED

o /

Figure 12-1. Deadstart Options Display
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Deadstart Displays/Controls

/////’—v DEADSTART - REV. 01

XX YYYYYY=CHANGE DS PRG PPM CONF = 00
XX+YYYYYY=CHANGE DS PRG INC NIO BRL CONF = 0
S$=SHORT DS DLY LOOP = O

L=LONG DS LDS ADDR = 6000
H=HELP CLK FREQ = NORMAL

PROGRAM 1

01 001402
02 007306
03 000017
04 007546
05 007706
06 000120
07 007406
10 007106
11 007301
12 000710
13 000000
14 000000
15 000000
16 000000
17 000000

20 007112 /

Figure 12-2. Initial Deadstart Display
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Deadstart Displays/Controls

Table 12-1. Deadstart Options Display

Option Description

S Selects a short deadstart sequence using the deadstart program identified
at the bottom of the display. Upon completion of the deadstart sequence,
a display for loading system software appears.

M Causes the deadstart display to appear on the screen.

Table 12-2. Deadstart Display Operator Entries and Functions

Operator Entry Function

XX YYyyyy Enters a single word in the deadstart program at xx to a new
value yyyyyy (octal).

XX+ YYYyyy Changes words in the deadstart program in sequence starting at
XX.

S Selects a short deadstart sequence.

L Selects a long deadstart sequence.

H Brings up a display that lists and explains all available

commands. Refer to the hardware operator’s guide for detailed
information about these commands.
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Central Memory Controls

Central Memory Controls

The CM contains a three-position configuration switch (figure 12-3). The switch is
located on a switch box attached to the underside of the top panel over the CMC
section. .

Each switch, SW2 through SW4, forces one corresponding CM address bit, 39 through
41, either to a zero (switch down) or to a one (switch up). Refer to table 12-3.

In case of CM malfunctions, the remaining good memory can be reconfigured so it is
accessible by contiguous addresses from 0 to the maximum remaining address. This is
accomplished by setting configuration switches (figure 12-3) as listed in table 12-3.
Refer to the hardware operator’s guide listed in the system publication index for
further information.

up upP
sw2 @ OFF SwW3 @ OFF Sw4 @ OFF
DOWN

DOWN

MODEL 990

Figure 12-3. CM Configuration Switches
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Table 12-3. Central Memory Reconfiguration

Central Memory Controls

Original CM Reconfigured CM
Location of Failing Reconfiguration Setting?
cMm!
RMA RMA RMA
Words Address Words  Bit Bit Bit
(Size) Range (Size) 39 40 41 Sw2 SW3 Sw4
1049K 0-3 777 777 524K X X 0 - - U
(8 MB) (4 MB)
524K X X 1 - - D
(4 MB)
2097K 0-7 777 777  1049K X 0 X - U -
(16 (8 MB)
MB)
1049K X 1 X - D -
(8 MB)
3146K 0-13 777 777 1049K 0 0 X - U -
(24 (8 MB)
MB)
1049K 0 1 X - D -
(8 MB)
2097K 1 0 X D - -
(16 MB)
4195K 0-17 777 777 2097K 0 X X U - -
(32 (16 MB)
MB)
2097K 1 X X D - -
(16 MB)

1. CM remaining can be further reconfigured by setting additional configuration

switches.

2. U equals up, D equals down, and dash (-) equals center position.
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Power-On and Power-Off Procedures

Power-On and Power-Off Procedures

In case of an emergency, use the system EMERGENCY OFF switch. The power-on and
power-off procedures are described in the hardware operator’s guide listed in the system
publication index.

CAUTION

Inproper application or removal of power may damage system circuits and/or air
conditioning system. Power must be turned on/off by designated personnel only, except
for the system EMERGENCY OFF switch. Use only for extreme emergency, not for
normal shutdown.

Operating Procedures

Refer to the hardware operator’s guide listed in the system publication index. The
system is initialized by setting its deadstart display control parameters, and then by
running either a long or short deadstart sequence (defined later in this section). After
initialization, the keyboard is used to instruct the system further, under program
control.

Control Checks

Before activating a long or short deadstart sequence, check the deadstart display
parameters against their intended use. The normal settings of these parameters are as
follows:

Parameter Value
PPM CONF 00
BRL CONF 0
LDS ADDR 6000
Error messages None

Deadstart Sequences

In response to a keyboard command (L or S) to the deadstart display, the IOU
performs a deadstart sequence. Depending on the command (L or S), either the long or
the short deadstart sequence is performed. The short deadstart sequence is used when
hardware integrity verification is not required. The long deadstart sequence performs
all the tasks performed by the short deadstart sequence and some additional tasks. The
main additional task is the running of a diagnostic program, from a read-only memory
(ROM) in the IOU, on logical PP0. The diagnostic program takes approximately 15
seconds to run.

Both deadstart sequences begin with a master clear which sets up all PPs, except
logical PPO, for a 4096-word block input starting at PP location 0. The input into each
PP is from the channel with the same number as the logical number of the PP
concerned. The master clear also resets all external devices and sets maintenance
channel connect code bit 52. The individual registers are set as follows.
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IOU Reconfiguration

Register Initialization Description

K 007100g Instruction display

P 007777g Causes block input to start from location 0

A 10,000g Count of 4096 words

Q 01, 2. I/O channel numbers (PP0: 0, PP1: 1, and so on)

All registers in both barrels are set to these values, except the registers of PPO.

If the long deadstart sequence is being performed, hardware clears location T777g in
all PP memories and sets the P register of PPO to the value indicated by the
parameter LDS ADDR = XXXX (normally 6000g). PPO starts performing a test
program from a read-only memory in I0U. Hardware errors cause the LDS program
to hang before completion. In the absence of errors, execution proceeds until the test
program reaches location 7776g. When this happens, the unique part of the long
deadstart sequence ends with a master clear.

Next both deadstart sequences clear PP0 location 0, write the deadstart program on
the display into PPO memory locations 1 to 20g, and clears PPO location 21g. PPO
then starts executing the program entered from the deadstart display (which is
normally a bootstrap program to input more data from an assigned external device).

The short deadstart sequence does not disturb PP memory other than PPO locations 0
to 21g. Both deadstart sequences leave all PPs, except PP0, waiting for a block input
or for action through the maintenance channel. After the block input is complete,
each PP starts executing the program entered from whatever address was entered
into location 0 of that PP.

IOU Reconfiguration

NOTE

Only PPs can be reconfigured in an AT511-A/AT512-A IOU. Ignore all mention of the
RB X command and the BRL CONF parameter in the following discussion if the IQU
to be reconfigured has this equipment number(s). In tables 12-4 and 12-5, only the
RB=0 examples are applicable.

The logical PP numbers and hardware are assigned to physical PPs circularly from the
settings of IOU deadstart display PPM CONF and BRL CONF parameters, specifying
which physical barrel and PPM is PP0. Maximum values for these parameters depend
on the number of PPs installed. Illegal values entered in RB X and RP XX commands
are rejected by the deadstart display and cause error messages to appear on the screen
(refer to the hardware operator’s guide). Reconfiguration is discussed in detail in the
hardware operator’s guide; allowable values for the PPM CONF and BRL CONF
parameters and reconfiguration examples are shown in tables 12-4 and 12-5.
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10U Reconfiguration

Table 12-4. PP and Barrel Reconfiguration Example, RP=0

No. of Physical PPMs
PPs in each Barrel BARO BAR1 BAR2 BAR3
Logical PP
RB=0
10 00 00 05
01 01 06
02 02 07 X X
03 03 10
04 04 11
15 00 00 05 20
01 01 06 21
02 02 07 22 X
03 03 10 23
04 04 11 24
20 00 00 05 20 25
01 01 06 21 26
02 02 07 22 27
03 03 10 23 30
04 04 11 24 31
Notes:
X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.
RB: NIO barrel configuration only.
BARO-3: Physical barrels.
(Continued)
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IOU Reconfiguration

Table 12-4. PP and Barrel Reconfiguration Example, RP=0 (Continued)

No. of Physical PPMs
PPs in each Barrel BARO BAR1 BAR2 BAR3
Logical PP
RB=1
10 00 05 00
01 06 01
02 07 02 X X
03 10 03
04 11 04
15 00 20 00 05
01 21 01 06
02 22 02 07 X
03 23 - 03 10
04 24 04 11
20 00 25 00 05 20
01 26 01 06 21
02 27 02 07 22
03 30 03 10 23
04 31 04 11 24
Notes:

X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.

RB: NIO barrel configuration only.

BARO0-3: Physical barrels.

(Continued)
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10U Reconfiguration

Table 12-4. PP and Barrel Reconfiguration Example, RP=0 (Continued)

No. of Physical PPMs
PPs in each Barrel BARO BAR1 BAR2 BAR3
Logical PP
RB=2
10 00
01
02 X X X X
03
04
15 00 05 20 00
01 06 21 01
02 07 22 02 X
03 10 23 03
04 11 24 04
20 00 20 25 00 050
01 21 26 01 061
02 22 27 02 072
03 23 30 03 103
04 24 31 04 114
Notes:
X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.
RB: NIO barrel configuration only.
BARO-3: Physical barrels.
(Continued)
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IOU Reconfiguration

Table 12-4. PP and Barrel Reconfiguration Example, RP=0 (Continued)

No. of Physical PPMs :
PPs in each Barrel BARO BARI1 BAR2 BAR3
Logical PP
RB=3
10 00
01
02 X X X X
03
04
15 00
01
02 X X X X
03
04
20 00 05 20 25 00
01 06 21 26 01
02 07 22 27 02
03 10 23 30 03
04 11 24 31 04
Notes:

X: Not applicable; results in message, Error BRL not installed.

RP: PP configuration.

RB: NIO barrel configuration only.

BARO-3: Physical barrels.
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I0U Reconfiguration

Table 12-5. PP and Barrel Reconﬁguration Example, RP=2

No. of Physical PPMs
PPs . in each Barrel BARO BARI1 BAR2 BAR3
Logical PP
RB=0
10 00 03 10
01 04 11
02 00 05 X X
03 01 06
04 02 07
15 00 03 10 23
01 04 11 24
02 00 05 20 X
03 01 06 21
04 02 07 22
20 00 03 10 23 30
01 04 11 24 31
02 00 05 20 25
03 01 06 21 26
04 02 07 22 27
Notes:
X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.
RB: NIO barrel configuration only.
BARO0-3: Physical barrels.
(Continued)
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IOU Reconfiguration

Table 12-5. PP and Barrel Reconfiguration Example, RP=2 (Continued)

No. of Physical PPMs
PPs in each Barrel BARO BARI1 BAR2 BAR3
Logical PP
RB=1
10 00 10 03
01 11 04
02 05 00 X X
03 06 01
04 07 02
15 00 23 03 10
01 24 04 11
02 20 00 05 X
03 21 01 06
04 22 02 07
20 00 30 03 10 23
01 31 04 11 24
02 25 00 05 20
03 26 01 06 21
04 27 02 07 22
Notes:

X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.

RB: NIO barrel configuration only.

BARO0-3: Physical barrels.

(Continued)
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IOU Reconfiguration

Table 12-5. PP and Barrel Reconfiguration Example, RP=2 (Continued)

No. of Physical PPMs .
PPs in each Barrel BARO BARI1 BAR2 BAR3
Logical PP
RB=2
10 00
01
02 X X X X
03
04
15 00 10 23 03
01 11 24 04
02 05 20 - 00 X
03 06 21 01
04 07 22 02
20 00 23 30 03 10
01 24 31 04 11
02 20 25 00 05
03 21 26 01 06
04 22 27 02 07
Notes:
X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.
RB: NIO barrel configuration only.
BARO0-3: Physical barrels.
(Continued)
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10U Reconfiguration

Table 12-5. PP and Barrel Reconfiguration Example, RP=2 (Continued)

No. of Physical PPMs
PPs in each Barrel BARO BARI1 BAR2 BAR3
Logical PP
RB=3
10 00
01
02 X X X X
03
04
15 00
01
02 X X X X
03
04
20 00 10 23 30 03
01 11 24 31 04
02 05 20 25 00
03 06 21 26 01
04 07 22 27 02
Notes:

X: Not applicable; results in message, Error BRL not installed.
RP: PP configuration.

RB: NIO barrel configuration only.

BARO0-3: Physical barrels.
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CYBER 990E, 995E, and 994 System
Description 13

This chapter describes the physical and functional characteristics and major system
components.

These high-speed computer systems are used for both business and scientific
applications. The system includes the following components.

® (Central processor (CP)
® (Central memory (CM)

® Input/output unit (IOU)

Physical Characteristics

The mainframe configuration (figure 13-1) includes interconnected CP, CM, and IOU
cabinet sections that compose the system cabinet. (The system console is also required
for system operation.) Each cabinet section contains a logic chassis with plug-in circuit
boards. The CP consists of 10 sections, plus a single section for central memory control
(CMC). With the CYBER 995E dual-CP, an additional identical cabinet contains the
second CP. If a second CP is installed in a CYBER 990E, it then becomes a CYBER
995E. (The second CP does not support CYBER 170 State operation.) If a second CP is
installed on a CYBER 994, it is defined as a CYBER 994 with a dual-CP. A CYBER
995E always contains two CPs (dual-CP).

The basic metal-oxide semiconductor (MOS) CM consists of one section with four
distributors. The single- and dual-CP systems both support an additional CM section
as an option (CYBER 990E and 995E only). The IOU consists of two sections (CIO
section optional on CYBER 994) with initialization and maintenance controls and
displays. A second IOU is installed in a separate cabinet for a dual-IOU option. This
secondary IOU provides the same number and types of channels as the primary I0U.

Computer System No. of CPs Type of CM

CYBER 990E 1 MOS (64K circuits)
CYBER 995E 2 MOS (64K circuits)
CYBER 994 lor?2 MOS (256K circuits)

The CP, CM, and IOU sections each contain an ac/dc control section with voltage
margin testing facilities and dc power supplies. A standalone cooling unit provides
cooling for the CP, CM, and IOU logic chassis, except IOU chassis for CYBER 994 is
air-cooled.
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Physical Characteristics

CYBER 990E
g b
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i | water |
| | | COOLING |
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I |
A Addition of CP-1 upgrades system to a CYBER 995E.
A Optiona! water cooling required for CP-1.
3. PRefer to the appropriate site preparation manual for specific
water cooling unit requirements.
A Second IOU required for dual~lOU option.

Figure 13-1. System Configuration
(Continued)
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Physical Characteristics

(Continued)
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Figure 13-1. System Configuration
(Continued)
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Physical Characteristics

(Continued)
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A Second IOU required for dual-10U option.

2. Refer to the appropriate site preparation manual for specific
water cooling unit requirements.

Figure 13-1. System Configuration
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Functional Characteristics

Functional Characteristics

Emitter-coupled logic (ECL) and large-scale integration (LSI) logic is used to achieve
high computation speeds. High speed is also the objective of the CP design, which is
based on the capability to execute many operations concurrently.

The CP supports two states of operation.

Virtual State Operates with virtual-memory byte addressing, using the
Virtual State instruction set and data formats. Virtual State is
the native operating state of the CP.

CYBER 170 State Operates with real-memory word addressing, using the CYBER
170 State CP instruction set and data formats. .

The Virtual State and CYBER 170 State environments may be present at the same
time with the CP executing in either environment.

® NOS/VE is the operating system of Virtual State.
® NOS is the operating system of CYBER 170 State.

The MOS memory is divided into eight independent banks. System input/output speeds
are determined by the capabilities of existing external devices.

The CYBER 990E contains a single central processor (CP-0) capable of dual-state
operations. The dual states are: CYBER 170 State and Virtual State.

The CYBER 995E contains dual central processors (CP-0 and CP-1). CP-0 is capable
of dual-state operation. CP-1 is capable of only Virtual State operation.

The CYBER 994 can contain up to two central processors (CP-0 and CP-1). CP-0 is
capable of dual-state operation. Optional CP-1 is capable of only Virtual State
operation.
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CP Characteristics

Central Processor

The CP has the following characteristics:

® §0-bit internal word.

® Eight 60-bit operand (X) registers.

® Eight 18-bit address (A) registers.

® Eight 18-bit index (B) registers.

® Two registers that isolate each user’s extended memory space (RAC, FLC).
® Two registers that isolate each user’s extended memory space (RAE, FLE).
® Register exchange instructions (exchange jumps) for interrupting programs.

® Floating-point (FP) arithmetic (10-bit exponent plus sign bit, 48-bit coefficient plus
sign bit). Some FP instructions use 96-bit (double precision) coefficients.

® Integer arithmetic (60/18-bit operands).

® Character string compare/move facilities (6-bit characters).

® Packed instructions (15/30/60-bit instructions in 60-bit words).
® Synchronous internal logic.

® 16-nanosecond clock period.

® 4096-word cache buffer memory.

® Instruction and branch instruction lookahead.

® Microcode control.

® Parity checking of selected data and address paths.

® Maintenance channel to I0U.
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CM Characteristics

Central Memory (CYBER 990E and 995E)

The CM has the following characteristics:

Each column (cabinet) contains four distributors and contains a minimum of
2097K words (16 MB), MOS memory; options available to 16M words (128 MB) in
2097K word increments.

Each distributor has a 72-bit data word, consisting of 64 data bits and 8
single-error correction/double-error detection (SECDED) bits. (There are an
additional 8 unused bits.)

Organization of eight independent banks.
Memory ports located in the CMC cabinet.
16-nanosecond clock period.

Maximum data transfer rate of one word every 16 nanoseconds from each of the
four CMC distributors.

113-nanosecond read access time,

96-nanosecond read/write cycle time.
192-nanosecond partial-write cycle time.

Read and write data queuing capability in CMC.
Parity checking of address paths.

Bounds register to limit write access.

Unified-extended memory (UEM), an extended memory within CM.
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Central Memory (CYBER 994)

Central Memory (CYBER 994)

The CM has the following characteristics:

8,388K (8M) words (64 MB), MOS memory; options available to 32M words
(256 MB) in 8,388K (8M) word increments.

Each distributor has a 72-bit data word, consisting of 64 data bits and 8 SECDED
bits. (There are an additional 8 unused bits.)

Organization of eight independent banks.
Memory ports located in the CMC cabinet.
16-nanosecond clock period.

Maximum data transfer rate of one word every 16 nanoseconds from each of the
four CMC distributors.

113-nanosecond read access time.

96-nanosecond read/write cycle time.
192-nanosecond partial-write cycle time.

Read and write data queuing capability in CMC.
Parity checking of address paths.

Bounds register to limit write access.

Unified-extended memory (UEM), an extended memory within CM.
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10U Characteristics

Input/Output Unit
The IOU has the following characteristics:

® A nonconcurrent input/output (NIO) subsystem consisting of 20 CYBER 170
compatible peripheral processors (PPs). Each PP has an 8K x 16-bit word
independent memory (PPM) degradeable to 4K x 16 bits (refer to the CYBER
Initialization Package (CIP) Reference Manual listed under Additional Related
Manuals in About This Manual for information on degrading PPMs).

® A concurrent input/output (CIO) subsystem consisting of five or ten PPs (CYBER
990E and 995E) and none, five, or ten PPs (CYBER 994). Each PP has an 8K x
16-bit PPM. In addition, there is an optional direct-memory access
(DMA)-enhanced intelligent standard interface (ISI) channel adapter, an optional
intelligent peripheral interface (IPI) channel adapter, and an optional CYBER 170
DMA channel adapter. These adapters support DMA transfer between CM and an
external device as well as standard I/O data transfer. An adapter can be installed
in any one of 10 channel locations in the CIO cabinet. There are two types of
CYBER 170 DMA transfers, fast and normal. Fast transfers are used with the
Extended Semiconductor Memory-II (ESM-II), and normal transfers are used with
other CYBER 170 external devices.

® Execution of 12- or 16-bit PP code.
® Port to CM.

¢ Twenty-four CYBER 170 compatible I/O channels available with a maximum data
transfer rate of 3 megabytes/second.

® Interface to real-time clock, display controller, and two-port multiplexer.

® Bounds register controlling write access to CM.

® SECDED data verification on all PP memories.

® Parity checking on all major data and address paths.

® Maintenance channels giving PPs access to CP, CM, and 10U registers to perform
system initialization and maintenance functions. The maintenance channe! of

second IOU in a dual-IOU option has access to only IOU registers.

® Operating speed of 250 nanoseconds and a minor cycle of 50 nanoseconds.
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Major System Component Descriptions

Major System Component Descriptions
The following are the major system components:

® Central processor (CP)

® Central memory (CM)

® Input/output unit (I0U)

® System console

Brief descriptions of these components are provided in the remainder of this chapter.
The system block diagram is shown on figure 13-2.

Central Processor

The CP hardware (figure 13-2) consists of the following:
® Instruction section

® Registers

® Execution section

® Cache memory

® Addressing section

¢ Central memory control

Central Processor 0 (CP-0) is capable of dual-state operation: Virtual State and CYBER
170 State. If a second central processor is added (CP-1), it is capable of only Virtual
State operation.

The CP is isolated from the IOU and is thus able to carry on computation or
character manipulation unencumbered by I/O requirements.

Instruction Section
The instruction section directs the arithmetic and manipulative functions for instruction

execution. The instruction section prefetches instruction words from memory and
disassembles them into instructions.
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Central Processor

Registers

Operating registers reduce storage accesses for operands used during the execution of
an instruction. These registers are:

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

® Eight 18-bit A registers (A0 through A7) which use A0 primarily for indexing and
A1l through A7 for CM operand addressing.

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

Eight support registers support the operating registers during program execution. These
registers are:

® 18-bit program address (P) register.

® 21-bit reference address for CM (RAC) register. This is a program’s lower bound.
® 21-bit field length for CM (FLC) register. This is a program’s upper bound.

® 6-bit exit mode (EM) register.

® (6-bit flag register.

® 21-bit reference address for UEM (RAE) register.

® 24-bit field length for UEM (FLE) register.

® 18-bit monitor address (MA) register.

The registers store data and control information, present operands to the execution
section, and store results.

The operating and support registers reside in the register unit and process state
registers section.

Execution Section

The execution section combines the operands to achieve the result.

Cache Memory

The cache memory consists of 4096 words. The memory addressing sections determine
whether a requested word is in the cache memory. If it is not, they read four
consecutive words from central memory into the cache memory.

Addressing Section

The addressing section checks memory addresses against the CP registers RAC, FLC,
RAE, and FLE to ensure isolation of user memory space.

Central Memory Control

CMC is integrated within the CP and controls the flow of data between CM and
requesting system components.
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Central Memory

Central Memory

The CM (figure 13-2) consists of the following:
® FEight memory banks

® Memory ports

The CM is a static MOS memory organized into eight independent banks. The
distributor is located in the CMC and is used for bank phasing. The CYBER 990E and
995E use 64K chips, and CYBER 994 uses 256K chips.

A portion of CM can be reserved for use as extended memory. It is UEM and is
referenced by the RAE and FLE registers. The UEM operates in 24-bit standard
addressing mode. All memory ports have queuing buffers. The memory ports are
located in the central processor cabinet.

The following CM option used on CYBER 990E and 995E allows selection of seven
memory size increments.

Option Model Description
18850 32 Adds 2M 64K-words to increase size from 2M to 4M words

(16 MB to 32 MB)

48 Adds 2M 64K-words to increase size from 4M to 6M words
(32 MB to 48 MB)

64 Adds 2M 64K-words to increase size from 6M to 8M words
(48 MB to 64 MB)

80 Adds 2M 64K-words to increase size from 8M to 10M words
(64 MB to 80 MB). Second cabinet required.

96 Adds 2M 64K-words to increase size from 10M to 12M
words (80' MB to 96 MB)

112 Adds 2M 64K-words to increase size from 12M to 14M
words (96 MB to 112 MB)

128 Adds 2M 64K-words to increase size from 14M to 16M
words (112 MB to 128 MB) .

The following option is available to replace all existing 64K chips with 256K chips in a

CYBER 990E or 995E.

Option Model Description
19712 64 Adds 8M 64K-weords (64 MB)
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Input/Output Unit

The following option is available to upgrade a memory using 256K chips in a CYBER
990E, 995E, or 994.

Option Model Description

19701 128 Adds 8M 256K-words to increase size from 8M to 16M words
’ (64 MB to 128 MB).

192 Adds 8M 256K-words to increase size from 16M to 24M words
(128 MB to 192 MB).

256 Adds 8M 256K-words to increase size from 24M to 32M words
(192 MB to 256 MB).

Input/Output Unit
The IOU (figure 13-2) consists of:

® Twenty logically independent NIO PPs. Options are available to increase the total
to 25 or 30 PPs.

® None (cabinet is an option on CYBER 994), five, or ten optional logically
independent CIO PPs and DMA channel adapters. Internal interface exists to 24
I/O channels. Options are available to increase the total to 34 channels.

® External interfaces to I/O channels:
- 11 or 23 CYBER 170 channel interfaces.
- Display controller interface (CYBER 170 channel 10g).
- Real-time clock interface (channel 14g).
- Two-port multiplexer interface (channel 15g).
— Maintenance channel interface (channel 17g).
® Interface to CM.

® Bounds register to limit writes and exchanges to CM.

The PPs are organized in groups of five, called barrels. The PPs in a barrel
time-share comon hardware. Each PP has its own 4K or 8K independent memory
and communicates with all /O channels and with CM.
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System Console

System Console

The system console, required for system operation, provides a visual, alphanumeric
readout for the computer. The receipt of symbol and position information from the
computer enables displaying program information on a video display terminal (VDT).
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 monitor and control system operation. Except for programming information
in chapter 17, refer to the system console manual listed in About This Manual for
further information.
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System Console
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Figure 13-2. Computer System Block Diagram
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CYBER 990E, 995E, and 994 Functional
Descriptions 14

This chapter provides functional descriptions of the central processor (CP), central
memory (CM), and input/output unit (IOU) as shown in the system block diagram in
chapter 13. Functional descriptions for the system display station and the cooling
system are in their respective manuals listed in the system publication index in About
This Manual.

Central Processor

The CP consists of the instruction section, registers, execution section, cache memory,
and central memory control.

Instruction Section

The instruction section consists of logic for instruction control.

Instruction Lookahead

The instruction lookahead hardware (ILH) speeds up instruction processing by stacking
prefetched instructions to make them immediately available for execution. It also
accurately predicts program branching based on the recent history of each conditional
branch.

To maintain a continuous flow of instructions, the instruction section prefetches
instruction words ahead of the instruction being read and stores them in the 64-word
instruction buffer stack (IBS). This high-speed buffer is set in the instruction stream
between CM and the CP execution section. When an instruction is requested for
execution, IBS checks whether that instruction is in the stack. If in the stack, the
instruction proceeds to instruction decode and initiation. If not in the stack, the
instruction is fetched from CM and placed in the IBS. A least-recently-used
replacement algorithm determines the new instruction’s position in the IBS.

If the instruction issued is a conditional branch, the instruction section predicts the
branch taken or not taken based on the recent history of the branch. It then
prefetches instructions along that path before the branch outcome is known.

The actual result of the branch determines whether the conditionally issued
instructions may execute to completion. If a branch prediction is correct, the
instruction section enables the modifying of registers and CM from issued
instructions. If a branch prediction is incorrect, hardware purges the issued
instructions along the incorrect branch and issues instructions along the correct
branch. In this case, registers and CM appear as if no instructions were issued after
the incorrectly predicted branch. As a precaution to incorrect branch prediction, the
instruction section will not issue subsequent branch instructions until the prior
branch instruction is resolved.

Maintenance Access Control

The maintenance access control performs initialization and maintenance operations in
the CP.
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Instruction Section

Instruction Control Sequences

The instruction control section 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 instruction 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 described in
this section. For further information, refer to CP Instruction Descriptions in chapter
16.

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 BXi Xj * Xk
12 Logical sum of (Xj) and (Xk) to Xi BXi Xj + Xk
13 Logical difference of (Xj) and (Xk) to Xi BXi Xj - Xk
15 Logical product of (Xj) with complement of (Xk) to Xi BXi -Xk * Xj
Logical sum of (Xj) with complement of (Xk) to Xi BXi -Xk + Xj
17 Logical difference of (Xj) with complement of (Xk) to Xi BXi -Xk - Xj

The instructions requiring transmissive operations are:
10 Transmit (Xj) to Xi . BXi Xj
11 Transmit complement of (Xk) to Xi BXi -Xk
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Instruction Section

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 jk LXi jk
21 Right shift (Xi) by jk AXi jk
22 Left shift (Xk) nominally (Bj) places to Xi LXi Bj, Xk
23 Right shift (Xk) nominally (Bj) places to Xi AXi Bj, Xk
43 Form mask of jk bits to Xi MXi jk

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 instruction 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 UXi Bj, Xk
27 Pack (Xk) and (Bj) to Xi PXi Bj, Xk

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 NXi Bj, Xk
25 Round normalize (Xk) to Xi and Bj ZXi Bj, Xk
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Instruction Section

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 instructions are:

30 Floating sum of (Xj) and (Xk) to Xi FXi Xj + Xk
31 Floating difference of (Xj) and (Xk) to Xi FXi Xj - Xk
32 Floating double-precision sum of (Xj) and (Xk) to Xi DXi Xj + Xk

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

34 Round floating sum of (Xj) and (Xk) to Xi RXi Xj + Xk
35 Round floating difference of (Xj) and (Xk) to Xi RXi Xj - Xk

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 FXi Xj * Xk
41 Round floating product of (Xj) and (Xk) to Xi RXi Xj * Xk
42 Floating double-precision product of (Xj) and (Xk) to Xi DXi Xj * Xk

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

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 CXi Xk

Increment Sequence

The increment sequence controls the ones complement addition and subtraction of 18-bit
fixed-point operands for increment instructions 50 through 77. The sequence also
controls the 60-bit ones complement sum and difference values for long-add instructions
36 and 37.
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The increment instructions are:
50 Set Ai to (Aj) + K

51 Set Ai to (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 Set Bi to (Aj) + K

61 Set Bi to (Bj) + K

62 Set Bi to (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 Xi to (Aj) + K

7 Set Xi to (Bj) + K

72 Set Xi to (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)
The long-add instructions are:
36 Integer sum of (Xj) and (Xk) to Xi
37 Integer difference of (Xj) and (Xk) to Xi
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SAi Aj
SAi Bj
SAi Xj
SAi Xj
SAi Aj
SAi Aj
SAi Bj
SAi Bj
SBi Aj
SBi Bj
SBi Xj
SBi Xj
SBi Aj
SBi Aj
SBi Bj
SBi Bj
SXi Aj
SXi Bj
SXi Xj
SXi Xj
SXi Aj
SXi Aj
SXi Bj
SXi Bj

IXi Xj

+ K
+ K
+ K
+ Bk
+ Bk
- Bk
+ Bk
- Bk
+ K
+ K
+ K
+ Bk
+ Bk
- Bk
+ Bk
- Bk
+ K
+ K
+ K
+ Bk
+ Bk
- Bk
+ Bk
- Bk

+ Xk

IXi Xj - Xk



Instruction Section

Compare/Move Sequence

The compare/move sequence controls data manipulation on a character basis. The
compare/move instructions (also referred to as CMU 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 indirect (Bj) + K IMBj + K
465 Move direct - DM
466 Compare collated CC
467 Compare uncollated CU

The support registers are:

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

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

® A 4-bit C1 register that specifies the character position or offset of the first CM
word of the source field.

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

® 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.

NOTE

CMU instructions are provided for compatibility with previous systems. For better
performance, recompile jobs to avoid use of CMU instructions.
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Instruction Section

CYBER 170 Exchange Sequence

A CYBER 170 exchange sequence is the method used to swap jobs in and out of
execution. When a CYBER 170 exchange jump instruction occurs, the CYBER 170
exchange sequence writes the contents of the current job’s CP registers (described later
in this chapter) into an area of central memory called a CYBER 170 exchange package.
A CYBER 170 exchange package is associated with each job. It contains sufficient
information to restart a job if the job is interrupted during execution and swapped out
by a CYBER 170 exchange jump. To complete the sequence, CP registers for another
job are read from its CYBER 170 exchange package and that job begins or resumes
execution. For further information, refer to CYBER 170 Exchange Jump in chapter 17.

Block Copy Sequence

The block copy sequence controls the transfer of data between CM and UEM. The
number of words to be transferred is determined by the addition of K to the contents
of Bj. The starting address for CM is formed by adding either the A0 register or
certain bits of the X0 register to the RAC reference address. The starting address for
UEM is formed by adding certain bits of the X0 register to the RAE reference address.
The block copy instructions are:

011 Block copy Bj + K words from UEM to CM RE Bj + K
012 Block copy Bj + K words from CM to UEM WE Bj + K

Direct Read/Write Sequence

Instructions 014 and 015 perform single-word, direct read and write operations for
UEM; and instructions 660 and 670 perform single-word, direct read and write
operations for central memory.

014 Read one word from UEM at (Xk + RAE) into Xj RXj Xk
015 Write one word from Xj to UEM at (Xk + RAE) WXj Xk
660 Read central memory at (Xk) to Xj CRXj Xk
670 Write Xj into central memory at (Xk) CWXj Xk
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Instruction Section

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.

The branch address is K with i equals zero. The 02 instruction is:

02

dJump to (Bi) + K

JP Bi + K

The conditional jump instructions 03 through 07 branch to address K if the jump
condition is met.

These instructions are:

030
031
032
033
034
035
036
037
04
05
06
07

Branch to K if (Xj)
Branch to K if (Xj)

Branch to K if (Xj) i

Branch to K if (Xj)
Branch to K if (Xj)
Branch to K if (Xj)
Branch to K if (Xj)
Branch to K if (Xj)
Branch to K if (Bi)
Branch to K if (Bi)
Branch to K if (Bi)
Branch to K if (Bi)

Return Jump Sequence

is
is
is
is
is
is
+
P

<

0

0
positive
negative
in range
out of range
definite
indefinite
(Bj)

(Bj)

(Bj)

(Bj)

ZR Xj, K
NZ Xj, K
PL Xj, K
NG Xj, K
IR Xj, K
OR Xj, K
DF Xj, K
ID Xj, K
EQ Bi, Bj, K
NE Bi, Bj, K
GE Bi, Bj, K
LT Bi, Bj, K

The return jump sequence controls the execution of three instructions.

00
010
013

Error exit to MA or program stop

Return jump to K

Central exchange jump to (Bj) + K or monitor exchange

jump to MA
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Registers

Registers

The CP contains the operating and support registers described in the following
paragraphs. These registers are located in the register unit and process state registers
sections (refer to figure 13-3).

The contents of these registers can be written into memory and reloaded from
memory as a CYBER 170 exchange package by a single CP instruction (CYBER 170
exchange jump). Figure 14-1 shows the CYBER 170 exchange package.

The time a CYBER 170 exchange package resides in CP hardware is called an
execution interval. During this interval, the contents of X, A, B, and P registers can
be changed by CP instructions. The contents of other support registers change only as
a result of a CYBER 170 exchange jump. For further information, refer to CYBER
170 Exchange Jump in chapter 17<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>