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PREFACE

[ TR
This manual econtains hardware reference information Publication
for the CDC® CYBER 170 Models 865 and B75 Computer Control Data Publication Number
Systems.
: NOS Version 1 Operator’s Guide 60493500
The manval describes the functional, operational, .
and programming characteristics of the computer NOS/BE Version 1 System Programmer’s
system hardware. Reference Manual, Volume 1 60494100
This manual 15 Ffor wuse by customer, marketing, NOS/BE Versjion 1 System Programmer‘s
training, programming, and Engineering Services Reference Manual, Volume 2 60457370
personnel who operate, program, and wmaintain the
computer systems. CYBER 170 Models 175, 740, 750
and 760 Refrigeration Manual 60427800
Other manuals that are applicable to the CYBER 170 CYBER 170 Models 720, 730, 740,
computer systems are: 750, 760 Power Distribution
and Warning System Hardware
Publication Maintenance Manual 60456 160
Control Data Publicatien Number
- e Extended Semiconducteor Memory (ESHM)
NOS Version 2 Operator/Amalyst Hardware Reference Manual 60455990
Handbook 60459310
Publication ordering information and latest revision
NOS Version 2 Systems levels are available from the Literature Distribu—
Programmer’'s Instant 60459370 tion Services catalog, publication number 90310500.

This equipment generates, uses and can radiate radio
frequency energy and if not imstalled and used in
accordance with the instructions manual, may cause
interference to radio communications. As  temporarily
permitted by regulation, 1t has mnuot been tested for
compliance with the limits for Class A computing devices
pursuant to Subpart J of Part 15 of the FCC Rules which
are designed to provide reasonable protection against
such interference. Operation of this equipment in a
residential area is likely to cause Interference in which
case the user at his own expense will be required to take
whatever neasures may be required to correct the
interference. =
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SYSTEM DESCRIPTIONS 1

This section introduces the CYBER 170 Models 865 and and scientifiec applications. Both systems include
875 Computer BSystems, gilves physical and functional the following components.
characteristics, and provides descriptions of majoy
system components.
. Central processor (CP).

s Central memory (CHM).

INTRODUCTION

Models 865 and 875 {figures 1-1 and 1~2) are large
scale, high-speed computer systems for both business

Input/output unit (IOWU).

bigplay station.

Figure 1-1. Model B65 Computer System
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Figure 1-2. Model B75 Computer System

PHYSICAL CHARACTERISTICS

The model 865 basic mainframe configuratien includes
a display station and a two-bay cabinet for the CP,
CHM, and I0U. The medel 875 basic mainframe
configuration includes a display station and a
three-bay cabinet for the CP, CM, and IOU. With
both models, an additional one-bay cabinet contains
the optional second CP (figures 1-3 and 1-4).

Each bay in the models 865 and 875 cabinets contains
a logic chassis with plug-fn circuit boards. The
logic chassis in the IOU also contains a deadstart
panel with inltialization and maintenance controls.
A ptand-alone condensing unit provides logic chassis
cooling for the models 865 and 875 cabinets. Also
provided are dc power supplies and an ac/dc control
section with veoltage wargin testing facilities. For
additional cooling or power information, refer to
the cooling system and power distribution and
warning system manuals listed In the preface.

FUNCTIONAL CHARACTERISTICS

The models 865 and BY5 use emitter-coupled logic
(ECL) to achleve high computation speeds. The CP
uses nine independent functional units in parallel
operation. In this operation, the specialized
aritlmetic units provide simultaneous retrieval and
execution of instructions. The CP design 18 based
on the assumption that Instructions are, in most
cages, accessed from successive memory locations.
Accordingly, the CP prefetches imstructions expected
to be used next while the courrent instruction is
being processed.

The models B65 and 875 offer a second CP as an
option. It operates in a manner parallel to the
first CP, but with separate, 1ndividual access to

central memory and the capability of executing the
entire instruction set independently.

The model B6&5 CM is a semlconductor memory divided
into eight independent banks. The model 875 €M is a
bipolar memory divided into 16 independent banks.
For both models, 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 sapeeds are
determined by the capabilities of existing external
devices. Both models have the option of using
extended memory, either logically partitiomned within
CM (unified extended memory), or physically separate
from CM (external extended memory).

MODEL 865 CHARACTERISTICS

Central Processor
e 60-bit internal word.
e Eight 60-bit operand (X) registers.
] Eight 18-bit address (A) registers.
e Eight 1B-bit index (B) registers.

e Two registers that isolate user central
memory (RAC, FLC).

[ Two registers that disolate wuser extended
menory (RAE, FLE).

® Repister exchanging instructions (exchange
Jumps).

60458920 A
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e TFloating-point arithmetic (ll-bit exponent,

48/96-bit coefficient).
e Integer arithmetic {60/18-bit operands).

s Packed instructioms (15/30/60-bit instruc—
ticns in 60-bit words).

L] 12-word Instruction word stack.
. Synchronous internal logic.
¢ 25-nanosecond clock period.

] Branch instruction lockahead.

60458920 A

Parity checking of all major data and
address paths crossing bay boundaries.

Central Memory

68-bit data word (60 data hits, &
single-error correction double—arror
detection bits).

262K words of static metal-oxide
semiconductor (MOS) memory with optioms
available to 104BK words.

Organization of eight independent banks.

Clock period of 50 manoseconds.

Maximum data transfer rate of one word every
50 panoseconds.

Read access time to CP of 375 nanoseconds in
both single and dual CP systems.

Read/write cycle time of 200 nanoseconds.

Single-error correction double-error detec—
tion (SECDED} on stored data.

Parity checking of all wmajor data and
address paths. .

Unified extended memory (UEM).

Input/Output Unit

‘Ten peripheral processors {PPs), l5-FF/20-PP

opticns available. Each PP has independent
memory (PPM) comprised of 4K 12-bit words.

Port  to central- memory via central memory

contrel (CMC).

Twelve 12-bit channels to external devices,
24-channel option available.

Real-time clock {channel lé4g).
Display controller (channei 10g).

Communications interface for remote
technical assistance (RTA) (channmel 15g}.

Parity checking on .all major data and
address paths. -

- Operating speed of 500 nanoseconds and a

minor eycle of 50 nanoseconds.

MODEL 875 CHARACTERISTICS

Central Processor

‘The model B75 CP is the same as that of model 865.

Refer to the description of the CPF under Model 865
Characteristics.



Central Memory
. 68-bit data word {60 data bits, 8
single-error correction double-error
detection bits).

e . 262K worde of bipolar memory with options
. available to 1048K words.

¢ Organization of 16 independent banks.
-. Two memory ports with 512K increments.
e Clock period of 25 nanoseconds.

¢ Maximum:data transfer rate of one word every
25 panoseconds.

[ Read access time .tu CP of 200 nanoseconds in
both single and dual CP systems.

o Read/write cycle time of 75 nanoseconds.

& Single-error correction double-error detec-
tion {SECDED) on stored data.

e« Parity .checking of all major data and
address paths. . )

- Unified extended memory (UEM).

Input/OQutput Unit
The model 875 IOU Is the same ag that of model .8635..

Refer to the description of the IOU under Model 8653
Characteristics.

MAJOR SYSTEM COMPONENT DESCRIPTIONS

'fhe following are the major system components.
# Central processor {CP).
s Central memory {(CM).
e Input/output wnit (IOD).

e Display station.

CENTRAL PROCESSOR

The CP hardware
following:

(figure 1-5) consists of the

e Central processing unit (CPU).

L] Nine functional units.

I
!
!
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i
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Figure 1-5. Models 865 and B75 Computer System Block Diagram
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e Storage move unit (SMU).
. Central memory control (CMC).
The CP is isolated from the IOU unit and is thus

able to carry on computEtion or  character
manipulation unencimbered by ¥/0 requirements.

Central Processing Unit (CPU)

The CPU is comprised of the following:
¢ Control section.
. Registers,
» Execution gection.

. Instruction work stack {(IWS).

Control Section

The control esection directs the arithmetic and
manipulative functlions for dnstruction execution.
The control section prefetches instruction words
from memory and disassembles them into instructions.

Registers

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

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

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

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

Eight support registers
registers during program execution.
ara:

support the operating
These registers
s 18-bit program address (P) register.

[ 21-bit reference
. reglster.

- address. - for (M - (RAC)
. 21-bit field length fFor CM (FLG) register.

. 6~bit exit mode (EM) register.

e 6-bit flag register.

° 21-bit reference address for extended memory
-(RAE) reglster. .

. 24—bit field length for extended memory
(FLE) register.

e 18-bit monitor address (MA) register.
The registers store data and control informatiom,

present pperands to the execution Bectlon, and store
results.
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Execution Section

The execution section combines the operands to
achieve the result,

Instruction Word Stack (IWS)

The IWS {8 a group of 12 60-bit registers that hold
progra;m dinstruction words for execution. It 1is
essentially a woving window in the program code.
The IWS fills two words ahead of the program address
currently being executed. © A program loop of up to
10 instruction words may - be entirely contained
within the IWS.  When this happens, the instruetion
loop may be executed repeatedly without Ffurther
references to the CM.

Funetional Units

Each ' CF functiomal  wunit is an independent,
specialized arithmetie unit with an algorithm for
performing a portion of the CP instructions in a
fixed amount of time (refer to Functional Units in
gection 2).

Storage Move Unit (SMU)

The SMU performs all block ~copy transfers to/from
unified extended wmemory and external extended
memory. - .The SMU! alsoe performs the single-word
transfers to/from EEM. i :

Central Memory Control {CMC)

The CMC, which 1s part of the CP chassls, controls
the flow of data between the CM and the requesting
system components. The CMC also generates and
cthecks parity on addresses transferred within the
system. B

CENTRAL MEMORY
The €M (figure 1-5) consists of the following:

. Eight memory banks (model B65).

8 Sixteen memory banks (model B75).
The model 865 CH is a static metal-oxide
semiconductor (MOS) memory, which is organized into
eipght independent banks. The model 875 CM is a

bipolar memory, which 1s organized dInto 16
independent banks.

EXTENDED MEMORY

Extended memory (figure 1-6) is used for its larpe

storage capacity and high transfer rates. When a
program requests extended memory, a block is
asgsigned for the duration of the program, The hlock

is designated by the RAE and FLE registers, which
are included din the CP exchange package. in
addition to ©block copies, CP instructious may
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read/write single words in extended memory. Two
forms of extended memory exist for the models 863
and B875: unified extended wmemory {(UEM) and the
optional external extended memory (EEM).

Unified Extended Memory (UEM)

The models 865 and 875 €4 may be logically
partitioned to have a portion reserved for extended
memory, called UEM. This partition is set by the
operating system software; there d1is no physical
distinction. The amcunt of UEM available matches CM
memory size, or a maximum of 1024K words. - Refer to
the COMPASS Version 3 Reference Manual, publication
number 60492600, for further information..

External Extended Memory (EEM)

The models 865 and B75 offer EEM as an option. This
memory is located in a2 physlcally separate cabilnet.
The EEM interface, required with the EEM option,
expands the SMI to add an external interface to
EEM. The models B65 and 875 support two versions of
EEM:

» Extended semiconductor memory (ESM), with a
maximum size of 16 million wnrds.

. Extended core storage (ECS), with a maximum
size of 2 million words.

.ESM and ECS are commonly referred to as EEM in this
manual, except where it is neecessary to wuse the
gpecific names to distinguish the two versions,

CENTRAL EXTERNAL
MEMORY EXTENDED
) ‘MEMORY
LOGICAL
CENTRAL
MEMORY ESM
OR
_______ ECS
LOGICAL -
LasieaL ) | & exrenneo
MEMORY 3
{UEM)
Flgure 1-6. Extended Memory

ADDRESSING MODES

Two addressing modes are used to reference UEM and
EEM. These are standard addressing mode and
expanded addressing mode. The addressing modes
differ in how RAE and FLE are defined in an exchange
package. Refer to Extended Memory Addressing Mades,
section 5, for complete descriptionm,

Standard Addressing Mode

Thie mode provides addressing up to 21 bits in a
24-bit fnrmat or a paximum of 2 wmillion 60-bit
words. ! L . .
Expunded Addressing Mode

This mode provides addressing up to 24 hits in a

30-bit format, or a maximum of 16 million 60-bit
worde.

INPUT/OUTPUT UNIT

The I0U (figure 1-5) consists of the following?

e Ten logically independent peripheral
processors (PPas), called IQU-0. Options are
available to Increase total te 15 or 20 PPs,
called I0U-~1.

e Internal interface' to 12 I/0 channels. A
24—channel option is available. :

e External interfaces to I/0 channels
= 11 or 23 channel interfaces.

- Display centroller interfa::e (channel

10g).

~ Real-time cloek dInterface (channel
l4g).

- Communications interface (channel
15g3.

L] Interface to central memory.

I0U0-0 and the optional I0U-1 consist of PPs
organized in groups of tem, called barrels. The PPs
in a barrel time-share common hardware. Each PP has

itz own independent wmemory, and communicates with
all I/0 channels and with central memory.

DISPLAY STATION

The display statlion provides a visual, alphanumeric
readout for the computer. The receipt of symbol and
position information from the computer enables
displaying - program information on a  2l-inch
cathode-ray tube (CRT), The station =also contains
an alphanumeric keyboard which enables an operator
to send data to the computer. The keyboard and CRT
combination permits the computer aperator to modify
computer programs and view the result om the
sCTeen. The computer outputs two alternate,
nonrelated data streams. The display station
keyboard has a switch which enables the operator to
select either of the data streams or to select both
for presentation om the CRT. Except for programming
information 1in section 5, refer to the display
station manual listed I1n the preface for further
display station information.
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FUNCTIONAL DESCRIPTIONS : 2

This section provides functional descriptions of the CPU -includes the registers and control Jlogie to
central - processor (CP), central memory (CM), and direct the arithmetic operations and provide
input/output (IOU) parts- as shown in block diagram interface bhetween the functional units and CMC. 1In
in section 1. addition to instruction execution, the CPU performs

instruction fetehing, address preparation, memory
protection, and data fetching and storing. Figure
2-1 illustrates the general flow of information. '

Functional descriptions for the Bystém display sta-
tion and the cooling system are In their respective
manuals listed in the preface.

CENTRAL PROCESSOR
: Program execution begine with execution of an
The CP consists of a central processing uanit (CPU), exchange jump, which 1loads the CPU operating
nine functional units, a storage move unit (SMO), registers with a lé~word block from CM. An exchange
and the central memory control (CMC). Jjump also stores the original contents of the CPU
- . ' operating registers in the same 16-word block in
CM., The operating system can use an exchange jump
CENTRAL PROCESSING UNIT . to switch program execution between twe CM programs,
: : leaving the first program in a usable state for
The CPU congists of the control section, 24 later reentry into the CPl. For further

operating registers, and 8 support registers. The information, refer to Exchange Jump in sectiom 3.

INSTRUCTION WORD STACK (50 BITS]

FUNCTIONAL
UNITS

LONG ADD
FLOATING ADD
MULTIPLY |
PIVIDE ]
BOOLEAN [
EHIFT - |
NORMALIZE }
POPULATION COUNT |
INCREMENT |

‘ 3 yyd

I CURRENT INSTRUCTION WORD

FROM
cM

INSTRUCTION
1S5UE

OPERATING REGISTERS
A, X, AND B :

A REGISTERS (18 BITS} © X REGISTERS (60 BITS)

B REGISTERS (18 BITS} —I

Hj

1 T ]

STARTING CM CM STARTING ’ UEM/EEM
CM ADDRESS ADDRESS o PATA UEM/EEM . WORD

FOR UEM/EEM ) ADDRESS . COUNT (8j + K]

Figure 2-1. CP Information Flow
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The CPU reads 60-bit words from CM and enters them
in the 1imstruction word stack (IWS), which is
capable of holding up to twelve 60-bit words. Each
instruction word, in turm, leaves the IWS and enters
the current dinstruection word (CIW) register for
interpretation and testing. The CIW reglster holds
four 15-bit instructions, two 30-bit instructions,
or combinations of the two types of instruetioms.
The 15~ or 30-bit Instructlons issue individually
from the CIW register. The functiomal units obtain
the instruction operands from and store results in
24 operating registers. Reservation control keeps
an account of active operating registers to resolve
conflicts. ) i

Control Section

section conslsts of
instruction centrol

The instruction control
instruction lookahead and
SeqUENces .

Instruction Lookahead

The instructien lockahead hardware consists of the
instruction stack (IS} and the CIW register. The IS
consigts of the IWS and the instruction address
stack (IAS).

The IS holds up to twelve 60-bit instnuction words
for program execution along with the relative CM
address associated with each word. All instructions
executed by the CPU must pass through the IS. The
I5 fetches and stores up to twoe iInstruction words
ghead of progrem execution. The instruction stack
also provides the capability of executing program
lopps (lO-word 1imit) without referencing memory
once the loop is loaded in the IS,

Instruction Word Stack

The IWS is a group of twelve 60-bit registers that
hold program instruction words for execution by the
CPU. The IWS 1s accessed by entering instruction
fetch data 'and by reading iInstructions to be entered
in the CIW. The IWS fills two words ahead of the
program address currently being executed. A program
loap of up to 10 ipnstructicon words may be entirely
contained within the IWS. When this happens, the
instruction loop may be executed repeatedly without
further references to CM.

The 12 IWS reglsters are individually identified by
rank. The rank 1 register contains the oldest
data. 1In both IWS and IAS, the ranmk mumber and the
physical reglster number may differ from each
other. if the IWS contains sequential program
instruction words, the rank 1 register corresponds
to the lowest CM address in the ITAS.

The IWS has separate read and write address ports
such that data can enter and instructions can leave
during the same clock cycle. The IWS write address
comes from IAS control logic, and corresponds to the
IAS register number (I through 12) associated with
. the Instruetion stored In the IWS. The IWS read
‘address 1s generated based on coincidence between

‘the IAS5 rank address and the current program

address. The IWS may be purged under certain
conditiona. Purging the stack means that the IWS is
not accessible, and the IAS clears. New dinatruc-—
tions must then be read from CM into the IWS and
IAS. Purging the stack results from an exchange
jump, return jump, jump to Bi plus K {instructiom
02), or a branch to B location not im the stack
(instructions 03 through 07). The stack always
contains a sequential code.

The IWS shifts to accommodate a new word arriving
from CM. New informatiom arriving from CH enters
rank 12. Ranks 11 throwugh 1 clear and are entered
with information from the next highest~order rank.
The information in rank 1 discards.

Instruction Addrees Stack

The IAS 1s a group of twelve 1B-bit address
registers assoclated with the IWS. It holds
relative CM program addresses on a one—-for-one basis
with the program words in the IWS. The IAS address
reglsters also have twelve 18-bit comparators and
their associated control, used for coincldence tests.

An  address from the mnext stack addresa (N5A)
register enters one of the 12 address registers as
data corresponding to that address enters the IWS.
IAS control chooses one of the 12 address registers
with which to replace the oldest (rank 1) data and
address. The selected reglster then becomes rank 12
and the other teglsters shift accordingly. A
coincidence test oeccurs for each of the 12 1IAS
ranks, in which the rank addresses compare with the
current program address. When coincidence occurs
for a rank, the data in the corregponding IWS rank
gates to the 60-bit CIW register.

IAS logic senses when a word has been read from the
most recent entry {rank 12 coincidence). The
ingtruction fetch control uses rwank 11 and rank 12
coincidence terms to attempt to maintain instruction
requests two instruction words ahead of program
execution.

Each IAS address register has a. full bit contailned
in a ehift vegister. The £full bit enables the
coincidence test for that address register. As
addresses are assigned, full bits shift in to
indicate that the address register centains a valid
address.

The TAS is purged by clearing the IAS full bite. A
purged gtack causes the next instruction (P + 1) to
read from CM into the IWS before execution. After
the stack 1s purged, dnstruvctions in remaining
parcels of CIW [current dinstruction word (P}]
execute without being reloaded from memory.
Purging of the IAS 1s caused by the following:

¢ Exchange jump execution (XSF).

e Return jump execution {010).

e Jump instruction execution (02).

¢ Any jump to an address not in IAS (jump out
of gtack condition).
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s Extended memory (UEM/EEM) block read (011).

s Branch dInstructions 03 through 07 (branch
taken and branch not taken) while stack
purge flag set.

¢ - Increment write Instructions 5X6 and 3X7
while stack purge flag set.

A maintenapnce switech disables either TAS ranks 1
through 10 or twanks 1 through 4. Disabling the
ranks prevents the full bits from aetting for the
disabled ranks. .

Current Instruction Word (CIW) Register

The CIW register i1p divided dinte four 15-bit
parcels. All four parcels load whenr an iInstruction
word reads from the IWS. An instruction, consisting
of one, two, or four parcels, issues from the CIW
register when conditions in the functional units and
‘operating reglsters permit the instruetion to
execute without conflicting with previously issued
instructions.

Instruction Control Sequences

‘Block Copy Sequence

The storage move unit performs block copies of data
between M and extended memory. If the UEM flag is
set, the copy 1s between (M and UEM. If the UEM
flag is clear, the copy 15 between (M and EEM. The
CH starting address is determined by A0 or the upper
30 bits of X0, depending on the  state of the
enhanced bleck copy ~flag. The number of words
transferred 1s determined by the sum of (Bj) + K.
The block copy imetructions are:

011 Block eopy (B}) + K from REC Bj + K
TUEM or EEM to CM
012 Block copy {(Bj} + K
- from CM to UEM or EEM WEC Bj + K
Direct Read/Write Sequence (CM, UEM)
The increment wunit performs direct rtead/write

. sequences between CM and UEM.

The direct read/write
sequences are: ; :

.560_ Read central memory ‘CR Xj,Xk
at (Xk) to X3} .

670 Write central memory CW Xj,Xk
at (Xk) from Xj :

014 . Read ome word from UEM RX Xj,Xk
at (Xk + RAE) to Xi
{UEM flag set)

015 Write onme word from Xj - WX E3,Ek

to UEM at (Xk -+ RAE)
(UEM flag set)
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Direct Read/Write Sequence (EEM)

The storage move unit performs the direct read/write
references to external extended memory. If the UEM
flag dis clear, the storage move unit parforms
single~word direct read and write operations to/from
EFM. The direct tead/write operations are:

014 Read one word from EEM RX Xj,¥k
at (Xk + RAE) to Xj
(UEM flag clear)

015 Write one word from Xj WK Xj,Xk

to EEM at {Xk + RAE)
(UEM flag clear)

Exchange Sequence

The exchanpe sequence generates timed CHM reference
signals to implement the exchange of data between
the CP and CM, as required by the exchange jump
instruction. In addition, the exchange gsequence
provides internal control signals to the operating
and control registers to systematically enter the
contents of an exchange jump package. For further
information, refer to Exchange Jump in section 5.

Normal Jump Sequence

The mnormal jump sequence controls the exscution 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
when 1 equals 0. Bi + K and the P register are
18~blt quantities which restrict the executable
portion of the program to the first 262K of relative
CM addresses. The 02 instruction isg: :

02 Jump te (Bi) + K JP
The conditional jump instruetions 03 through 07
branch to address K 1if the jump condition 1s met.
These instructions are:
030 Branch to K 1f (X)) =0 2R
031 Branch to K if (¥Xj) = 0 Nz

032 Branch te K if (Xj)
positive PL

033 Branch to K 1f (Xj)
" . negative ’ NG

034 Branch to K if (X3i) in
... range ] IR

035 Branch to K if (Xj) out cf . OR
. range

036 Branmch to K if (Xj)

definite DF
037 Branch to K if (X3j) ID
Indefinite

04 Branch to K if (Bi) = (Bj) EQ
05 Branch to K 1f (Bi) § (Bj) MNE
06  Branch to K if (Bi) > (Bj) GE

07 - Branch to K if (Bi) < (Bj)} LT
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Return Jump Sequence

The return jump sequence controls the execution of
three instructions. ’

0 Error exit toc MA or
program stop PS

010 Return jump to K RJ
013 Central exchange jump to XJ Bj + K

(Bj) + K or monitor
exchange to MA =

Registers

The CP contains the operating and support registers
described in the following paragraphs. The contents
of these registers can be writtem into memory and
reloaded from memory as an exchange package by a
single CP instruction (exchange jump).

The time an exchange package resides in CP hardware
ie called an execution interval. During this
interval, the contents of X, A, B and P reglsters
can be changed by CP instructions. The contents of
other support registers change only as a result of a
exchange jump.

Operating Regis ters

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

X Registers

The CP contains eight 60-hit X registers, X0 through
X7. The X0 throuvgh X7 reglsters are primarily data
handling registers for computation., Operands and
resul ts transfer between CM and the X registers as a
result of placing CM addresses into corresponding A
registers. . :

The X0 register provides the relative: starting
address in extended wemory for mnormal block copy
transfers, and in CM for an enhanced block copy
transfer {(refer to section 5). X1 through X5 are
used to Input ‘data from CM, and X6 and X7 are used
to transmit data to CM. X0 through X7 can also
directly reference CM wusing the Xk register as an
address to rtead or write data to or:from the Xj
register.

A Registers

The CP contains eipht 18-bit A registers, A0 through
Al. The A0 register serves as an intermediate
register for the user’s discretion. Also, the AOQ
register provides the relative CM starting address
in a normal block copy cperation.

The Al through A7 registers are essentially CM
operand address registers associated : one-for-one
with the X registers. Placing a gquantity into an
address rtegister (Al through AS5) causes a CM read
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reference to that address and transmits the CM word
to the corresponding X register (X1 through X35).
Similarly, placing a quantity into the A6 or A7
reglgter 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
BY. These registers are primarily dindexing
registers to control program execution. Program
loop counts may alsc be incremented or decremented
in these registers,

Program addresses may be modified on the way to an A
reglster 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 repister always contains positive zero which can
be used as an operand. This register cannot hold
results from instructions.

Support Registers

Eight support vregleters assist the operating
registers during the executlon of programs. The
contents of the support registers are stored in CM,
and their new contents are loaded from CM during an
exchange sequence. With the exception of the
program address (P) reglister, the contents of the
support vTegisters cannot be altered during the
execution interval of an exchange package. When the
execution dIntervel completes, the data in the
support tegisters is sent back to CM through an

exchange jump.

P Register

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

RAC Register

The 21-bit CM reference address (RAC) reglster loads
from CM during the second word of an exchange

sequence. An absolute CM address forme by adding
RAC to a vrelative address determined by - the
instruction. The content of the P register is added

to RAC to form the program address inm CM. A
P-aqual-to-zero condition specifies relative address
zera and, therefore, {(RAC). This CM location is
resarved for recording error exit conditions and
should not be wsed to store data or imstructions,

FLC Begister

The 21-bit CM field length (FLC) register loads from
CM during the third word of an exchange sequence.
The FLC register defines the size of the field of
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the program In execution. Relative CM addresses are
compared with ¥LC to check that the progrem is not
going out of its allocated memory range.

EM Register

The 6-bit exit made (EM) register loads from CM
during the fourth word of an exchange sequence. The
EM register holds 6 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 conditiens oecur. Any or all
of the 6 bits can be set .at one time. Clear EM
register bits alloew the CP to continue, without
error processing, when wmost of the corresponding
conditions occur. The exit mode gelection bits
appear in the exchange package as bits 48 through

50, and 57 through 59. The bits and . their
corresponding conditions are: N
© Made
" Selection
Bit Condition Sensed
48 Address out of range.
49 Infinite operand.
50 Indefinite operand.
57 EEM flag function parity error
or direct parity error.
' 58 CHMC iInput error.
59 CM data error.

Flag Register

The 6~bit flag repgister loads from €M during the
fourth word of an exchange segquence. The flag
regiater holds 6 bite that funetion as control flags.

Bits Condition

51 Not used.

52 Instruction stack purge flag. If set,
S enables extended purging of instruction

-atack .

53 : Not'used.

54 Enhanced block copy flag. If set,

! “ 1. bleock copy instructions (011, 012} use

bits 30 through 50 of X0 rather than
AD to determine the CM address.

55 Expanded addressing -select flag. If
set, UEM or EEM operate 1in expanded
‘addresging mode; if clear, UEM or EEM
operate In standard addressing mode.

56 ‘"UEM epable flag. If wset,- UEM is

- uzed. If clear, EEM is used.
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RAE Register

The RAE register containg the relative address Ffor
extended memory references (UEM or EEM). The 21-bit
UEM reference address (RAE) register loads from CM
during the fifth word of an exchange sequence. The
lower 6 bits of this register are always zero. An
absolute UEM or EEM address formse by adding RAE to
the relative address which is determined by the
instruction. The addressing mode selection is made
via the expanded addressing select f£lag, which -is
bit 55 of the third word of an exchange sequence.
This flag selects standard or expanded addressing
for extended memory direct read/write and bloc.k copy
transfers.

Extended memory references use EEM if UEM mode is
not selected. Standard addressing mode iz used if
expanded addressing mode 1s not selected. In any
extended memory reference, RAE contents add to
extended memory addresses specified by instructions
to form an absolute extended memory address. If the
UEM flag is clear, the ahsolute extended memory
address 1s Jocated in EEM. If the UEM flag is set,
the absolute extended memory address is located in
CM. :

FIE Reglster -

The 24-bit extended memory field 1length (FLE)
register loads from CM during the sixth word of an
exchange sequence. -~ The lower 6 bits of this
register are always zero. The FLE register defines
the size of the field in UEM or EEM for the program
in execution. Relative UEH or EEM addresses are
cnmpared with FLE. :

MA Register

The 1B~bit monitor address (MA) register loads from
CM during the seventh word of an exchange sequence.
The MA register contains - the absolute starting
address of an exchange package which is used when
executing a central exchange jump (013) dinstruction
with the wmonitor flag set, or when honoring a
monitor exchange jump to MA {262x) instruction with
the monitor flag clear. For further informationm,
refer to Exchange Jump in section 5.

FUNCTIONAL UNITS

Each of the nine functional units in the CP is a
specialized arithmetic unit ‘with an algorithm for
performing a portiom of the CP inmstructions. Each
unit is independent of the other units, and a number
of functional units may be in operation at the same
time. MNo visible registers are in the functional
units from a programming standpoint. A Ffunctional
unit receives ome or two operands from operating
reglsters at the beginning of instruction execution
and delivers the result _to the operating registers
when = the function -has ‘been performed.: No



information is retained in a fumnctiomal unit for
reference in subsequent imstructions.

A11 functional units, with the exception of the
multiply and divide units, have a l-clock-period
segmentation. This means that the = information
arriving at & unit, or moving within a unit, is
captured and held in a new set of registers every
ctock peried. It is possible to start a new set of
operands for unrelated computation in a functional
unit each cloek period even though the unit may
require more than 1 clock periocd to complete the
calculation. This process may be compared to a
delay line in which datz moves through the unit in
segments to arrive at the destination in the proper
order but at a later time. All functiomal units
perform their algorithms in a fixed amount of time.
No delays are posaible once the Instruction issues.

The multiply unit has a 2-clock-period segmentation.
Operands may enter the multiply unit In any clock
period providing there was no multiply instruction
initiated in the preceding clock peried. There is a
l1-clock-peried delay in initiating a wmultiply
instruction if another nmultiply instruction has just
started.

The divide unit 1s the only functional unit in which
an 1terative algerithm executes. No segmentation 1s
possible in this unit although the beginning of a
new operation can overlap the cnmpletion of the
previou& operal:ion by 2 clock periuds. :

Boolean Unit

The Boolean unit performs instructions that tequire
bit-by-bit data manipulation. This includes both
the logical and tramnsmissive operations. The
instructions requiring logical operations are:

11 Logical prudunt {Xi) and BYi Xj * Xk
: ,(xk)tn Xi : . .
12 Lugical sum of (Xj) and B{i Xj + Xk
2 (xk_) tao Xi .
13 Logical difference of (xj) CBYL K§ - Xk
. and (Xk) to Xi o
15 Logical product of (Xi) BXl —Xk * Xj
with complement of (Xk)
to Xi
16 Logical sum of {Xj) X1 XK+ X
with complement of (Xk) o
to Xi
17 Lopical difference of {X3)

Byl Xk - Xj |
with complement of (Xk) :
to Xi

-The inatruct:ions requiring transmissive operations
are:

10 Tramsmit (Xj) to Xi BYd Xj
14 Transmit complement of‘ :
(Xk) to Xi BXi - Xk

Shift Unit

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

70 Lleft shift (¥i) by ik ixi ke
21 Right shift (Xi) by ik AL 3k
22 Left shift (Xk) nominally Lxi Bj Xk
(Bj) places to Xi
23 Right shift (Xk) nominally AXi Bj Xk
~(Bj) places to Xi
43 Form mask of jk bits to Xi MXi jk

The shift unit alsc controls the pack and unpack
instructions. In the packed floating format, the
coefficient is contained in the lower 48 bits. The
sign and blased exponents are contalned 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 B Xk

Normalize Unit

The normalize wunit executes instructiona that
require rearranging operands 1in floating-point
format. The unit left shifts the coefficlent so-
that the most significant bit shifts into the
highest-order bhit position of the coeffieient. The

exponent adjusts hy subtracting the shift count.
The normalize instructions are: -

24 Narmalize (Xk) to ¥i and Bj NXi Bi Xk

25 Round normalize (Xk} to Xi
and Bj

ZXi Bj Xk

Floating-Add Unit

The floating-add unit - performs the operations
necessary to form the 48-bit fleoating swm with a
12-bit exponent of the floating-point sum or
difference of two floating-point . operands. The
floating-add instructions are: : :

FX1 Xj + Xk

30 Floating sum of (Xj)
and (Xk) to Xi
31 Floating difference of FXi Xj - Xk
{Xj) and (Xk) to Xi
32 Floating double-precision DXL Xj + Xk
oo sum of (X3) and {Xk) to X1
33 Floating double-precision DXt Xj - Xk

difference of (X3j) and
(¥k) to Xi
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34 Round fleating sum of (Xj) RXi Xj + Xk
and (Xk) to X1
35 Round floating difference BR¥i Xi - Xk

of (X1) and (Xk) to Xi

Long-Add Unit

The long-add unit executes instructions that require
integer addition of two 60-bit operands. The
long-add instructions are:

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

37 Integer difference of (X3j) and (Xk) to Xi

Multiply Unit
This unit perferms multiply operations.
The multiply instructions are:

40 Floating product of (Xj) - FXI Xj % Xk
and (Xk) to Xi .

41 Round floatimg product of
“(X]) and (Xk} to Xi RXi Xi * Xk
- 42 TFloating double-precision
product of (Xj) and (Xk)

to Xi

DXi X3 * Xk

Divide Unit

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

4% Tloating divide (Xj) by FXi Xj/Xk
(Xk) to X1
45 Round Floating divide (X_']) _RXL Xj/Xk

by (¥k) to Xi

Population-Count Unit

The population—count unit executes an instruction.

that requires counting the number of one bits in a

60-bit operand. The population—count imstruction is:

47 Population count of (XK} CXi Xk .

to Xi

Increment Unit

The increment unit executes instructions 50 through
77 that tequire arithmetic operations on two 18-bit
operands. During the 50 through 57 instructions,
the rtesult transmits to an A register. The same
result plus RAC is sent to CM for the increment read
or write address. The increment unit also directs
the read/write sequences with central/extended
mewory [014 (UEM), OGl5 (UEM), 660, 670].
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The increment fnstructione are:

50 Set Af to (Aj) +K sa1 X K
.51 Set Al to (Bj) + K SA1 Bi K
52 Set Ai to (Xj) + K SA1 Xj K
53 Set Al to (Xj) + (Bk) 8A1 Xj + Bl
54 Set Al to (Aj) + (Bk) SAi Aj + Bk
55 Set Ai to (Aj) - (Bk) SAi j - Bk
56 Ser Ai to (Bj) + (Bk) 5A1 Bj + Bk
57 Set Ai to (Bj) - (Bk) 5Ai Bj ~ Bk
60 Set Bi to (Aj) +K SBi Aj K
6l Set Bi te (Bj) + K SBi Bj K
62 Sat Bi to (Xj) + K 5Bi Xj K
63 Set Bi to (Xj) + (Bk) SB1 Xj + Bk
64 Set Bi to (Aj) + (Bk) SBi Aj + Bk
65 Set Bl to (Aj) - (Bk) SBi Aj - Bk
66 Set Bi to (Bj) + (Bk) SB1 Bj + Bk
67 Set Bi to (Bj) - (Bk) “§Bi Bj - Bk
70 Set Xi to {Aj) +K 5%i A K .
71 Set X{ to (Bj) + K S¥1 Bj K
72" Set X1 to (X1) + K 5X1 Xj K
73" Set Xi to (X1) + (BK) SXi Xj + Bk
74 Set X1 to (AJ) + (Bk) SXi Aj + Bk
75 Set xl to-(Aj) - (Bk) 5Xi Aj - Bk
76 Set X1 to {B]) + (BK) 8¥i Bj + Bk
77. Set Xi

te (Bj) - (Bk) SXi Bj - Bk

STORAGE MOVE UNIT (SMU)

The SMU (not a functional unit) performs the direct
read/write references to EEM, and performs all block
copy Sequences tof/from UEM and EEM. Refer to Block
Copy Sequence and Direct Read/Write Sequence (EEM) in
this section for additional information.

CENTRAL MEMORY CONTROL {CMC)

The CMC provides an interface between CM, CP and the
IoU. The CMC has provisions to zllow connection
with a second CP/CMC for dual CP systems. CMC
provides the following functions:

e Asgigns priority to CM requests from CP, IO0U
and extended memory.

@ Resolves LM bank conflicts d1ncluding bank
busy and reservations.



SECDED

Provides control for CM read/write data.

Increments addresses for exchange jumps and
extended memory transfers.

Controls data transfers, during an exchange
jump, between CM and CP.

Parity checks addresses from IOU.
Parity checks data from IOU and EEM.

Genarates parity (parity mode only) on data
to 100 and EEM.

Generates parity for address to CM.
Breakpoirnt checks.
Controls CHM reconfipuration.

Reaulves conflicts ecaused by dual CP memory
requests.

Contains 21-bit address.

Provides memory degrade selections.

The SECDED logic corrects single—bit errors during a

M read,
(figure 2-2).

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 2-1 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.

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

2. Compare new ECC bits with CM word ECC bits.

3. 1If old and new ECC bits match, no error
exists. Send data to requesting unit.

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

5. Decode syndrome bits to determine 1if 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 wultiple bit or other
error, send uncorrectable error Tesponse
code to CP or TOU. A PP in the IOU may then
analyze the ° syndrome - bits using the
maintenance channel. :

uncorrectable

CENTRAL

WRITE DATA AND
SECDED CODE BITS

WRITE
DATA

SECDED
CGDE
GENERATOR

P, TOU,
EEM, AND
Aux PORTS

CENTRAL MEMORY CONTROL

SBREAD DATA AMD
SECDED CODE BITS

REQUESTING
PORTS

DOUBLE ERRCR o MAINTENANCE
v REGL

STER AND
REQUESTING PORT

__TRANSMISSION PARITY

# REQUESTING PORT

(8} SYNDROME HITS -
= -

. MATNTENANCE
ey ADDRESS BITS REGISTER
=4

2-8

Figure 2-2.

SECDED Network Block Diagram {SECDED Mode)
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Table 2-1. SECDED Syndrome Codes/Corrected Bits

Code | Bit Code | Bit || Code | Bit [| Code | Bit || Code | Bit || Code | Bit || Code | Bit || Code | Bit
00 | ® [fos0 |65 100 [66@|f 140 | @ [[200 {67D 260 | @ || 300 | @ || 340 50
oo1 |eo@losl | @[ w1 | @ | 41 53 ] 201 @ || 241 57 || 301 58 || 341 | @
aoz | 61(D)|| 042 @ o2 | @ 142 54 || 202 @ 1] 242 5¢ {i 302 @® || 342 @
003 | @ | 043 o (f 103 1 )| 143 | @ || 203 2 23 [ @303 | @ff33 | @
004 |62 044 | @ || 106 | @ || 144 40200 | @ |f2ss | @) 304 | B |34 | @
a0s | (@ || 045 23 || 105 3 i 145 @ || 205 5 (2 { @f30s [ @|ws | @
006 | (@ |I 046 22 j| 106 8 1146 | @D | 208 9 Hze | @306 | @ |34 | O
- 007 1007 | @ 107 | @ | 147 @ || 207 | @ || 247 4 | 307 | @ || 347 @
oo [63(Dffose | @ || tio | @ || 150 sllf2zi0 | @ || 250 43 1 310 i 3se | @
011 | @ || o051 47 || 111 7|15t | @ 212 6 (|25t | @ 311 | @ 32 28
o1z | (@ {| os2 27 4 112 4l 152 | @ || 212 ilasz | @312 | @352 | @
013 Bz | @fus | @3 | @lay | @23 | @ a3 @335 | @
o1 | @ |los | 29 114 0015 | @ || 214 16256 | @ 316 | @354 | O
015 17joss | @ffus | @5 | @)fzus | Q25 | @ a5 | @35 | @
0l6 18llose | @ e | @f 6 | @|j2te | @256 | @36 | @356 | @
017 | @ || 057 ® || uz szfl 157 | @ 217 | @) 27 | @ 317 | @Y 357 ©)
020 |6s(Df os0 | @ || 120 | @ || 160 420 220 | @ || 260 451 320 491 360 | @
021 [ @ | oel 46 || 121 | 51l 161 | @) 221 56 261 | @ | 321 @i 36 | O
022 | (@ || os2 3z )| 122 55| 162 | @ || 222 15 262 | @ 322 | @) 382 | ®
023 “ljoes | @ 123 | @163 | @223 | @) 269 | @ 323 B[ 363 | @
024 064 33| 124 5164 | @ || 224 | 39 266 | @ | 326 | @ | 364 20
025 19 || 065 @ |i 125 @l 185 | @ 225 @ 265 | @ 325 | @ 365 | @
026 21 || oes @ || 126 @ || 166 @ || 226 @ 266 | @I 326 | @ || 366 @
027 | @ floe7 | Dff 127 | DY 167 | @ 27 | O 267 | @ 327 | @ 367 | O
030 | @ || 070 343 130 7| 170 | @ 230 | 38| 270 | @) 330 | @ 30 | ®
ol | wllon | @ | @ | @ | @llen | @ | @) | @
032 oz | @ 132 | @] 172 | 12| 232 @ 272. | @ 332 | @ | 372 @
03 | @3] @ [ @ | @2 | @l | @3 | @73 | ®
034 267074 | @D 13 | O 17s | @ 2% | @ 24 | @ 3% | O3 | @
035 | @|[ors | 4135 | @ 5 | @ | @25 | @ 35 | @ 35 | O
036 | @ffore | @ 136 | @) 176 | @ 236 | @ 276 | O 336 | @ 376 | &
072 @7 | @ w | @ | @l w7 | @27 | @ 37 | @ 377 | @
. -Syndrome - codes are cn:tal repreaentations of eight syndrome code bits. Circled numhers in the bit .
.columns refer to the following. . : . o s
() Syndrome code bit failed {single code bit set).
-{2) Double error or multiple error (even number of code bits set).
@ Multiple error reported as single error (five or seven code hits sat).
@ ©Not used because of 64-bit-algorithm.
(3 No error detected. D
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ERROR DETECTION AND RESPONSE

CMC checks for address parity errors, data parity
errors, SECDED errors, and breakpoint conditions.
When errors occur or breakpoint conditions are met,
information is -sent to the maintenance register and
to the requesting port. Refer to fipure 2-3 for all
CMC error communications. : :

CMC INPUT ERROR FLAG

DOUSLE ERAQR FLAG {CPU ONLY)
EREAKPOINT MATCH

DATA PAF!ITY ERROR :

REQUESTING
PORT

CM ADDRESS PARITY ERAOR cM

ZEHDO CODE AND DATA PARITY
ZERQ ADDRESS PARITY TO CM

GMC | mReAkPQINT FORT CONTROL &
BREAKPOINT PORT CODE @_-
PARITY ERROR PORT CODE 7\ .| MAINTENANCE
REGISTER

CMC INPUT PARITY ERROR FLAG _
ADDRESS/DATA PARITY ERROR ‘

ChM ADDRESS PARITY ERROR

SECDED ERROR FLAG i

SINGLE/DOUBLE ERROR

SYNDROME CODE (B) )

SECDED ADDHESS CODE @_.

Figure:2-3. CMC Error Communications

Address Parity
The CMC checks parity on the address paths from:

] I0U-0 (PPs 1-10).

] I0U-1 (PPs 11-20), 1if present.
If an address parity error occurs at the CMG,
applicable error information 1s sent to the
malntenance register as follows:

] CMC input parity error flag.

[ ] Requesting port code.

e Address error.

2-10

-0 is used as the parity bit.

if the address parity error occurs on a write
request, the write signal iz blocked (not sent to
Cit) to protect memory.

If the address parity error occurs on a read
request, the read data is replaced by a word of all
ones.

Address parity is pgenerated in CMC for the address
going to CM., If CM detects anm error, the error
signal is =sent back to CMC. The CMC them sends a CM
address parity error to the maintenance register.

If the CP is the requesting port to CM, a CMC error
elgnal eets the parity error condition. TIf the exit
mode bit 59 sets, additional action is tazkem in the
CP. Refer to Error Rasponse under CP Programming in
section 5 for additional information. ‘

Data Parity

The CMC checks parity on the data paths from:
[ I0U-0 (PPs 1-10) to CHMC.
. 10U~-1 (PPs 11-20), 1if present, to CMC.

If a data parity error occurs at the CMC, a CMC
input error signal is sent to the requesting port
which initiated the reference, and applicable error
information 1s sent to the wmaintenance register as
follows:

»  CMC input parity error flag.
e - Requesting port code or EEM error flag.

The previous slgnals are the same as the address
parity information with the exception of the address
error. The absence of the address error indicates a
data arror. Refer to Maintenance Reglster in
section 5 for additiomal parity information.

In parity mdde on a write operation, the data parity
generates in the CMC. for transmission to CM and
substitutes in pldce of SECDED code bit Q.

Parity is checked on the data from CM, and code bit
When a parity error
occurs, the CMC sends only an error signal to the
CPU if the CPU is the requesting unit. For other
ports, the parity bit propagates for dinterrpgation
by the requesting unit.

In SECDED mode on a write operation, data parity is
checked at the input requesting ports {except for
the CPU and SMU)}. SECDED code bits then pgenerate
for transmission to CM.

In SECDED mode on a read operation, all models send
data through the SECDED network. A parity bit is
generated in CMC and transmits to the Tequesting
unit {except the CPU) along with the read data.
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CENTRAL MEMORY

The model B65 CM consists of a single chassis in bay
1. The memory is organized into eight banks of
static metal-oxide semiconductor (M0OS) memory. The
basic memory size is 262K words, expandable to one
million words in 262K increments. The word size is
60 bits plus eight SECDED bits.

The model 865 CM provides the following performance
 features:
¢  50-nanosecond data transfer rate.

. 200-nanosecond memory cycle time.

. 375-nanosecond CP increment read to X for

single and dual CP system.

The model B75 CM consists of a single chassis 1in
bay 4. The basic memory size is 262K words,
expandable to one million words in increments of
262K. The CM 15 accessed through up to four ports.
Each port accesses an independent 262K words of
high-speed hipolar memory. Each 262K increment adds
a memory port. The word size 1s 60 bits plus eipght
SECDED bits. ; C

The model B75 CM pruv1des the follcwing performance
features

e 25-nanosecond data transfer rate
(12.5-nanosecond rate on dual CP systems
where two ports are referenced in parallel).

e  75-panpBecond memory cycle time.

. 200-nanosecond CP increment read to X for
gingle and dual CP system.

CM PRIORITIES

Model 865

M references from central memory contral {CMC)
normally pass through the &gtorage address stack
(SAS) to CM, The SAS is a group of three registers
which can stack up to three addresses for buffering
of memory references, if necessary. Addresses enter
SAS in the order in which they arrive from CMC. CMC
requests recelved gimultaneously are given a
‘priority which determines the sequence of CM access
via S5AS5. These priorities to 5AS are: ’

a CPU return jump,
' (PPs '1-10),

exchange jump - IOU-O

» CPU return Jump, exchange Jump -~ I0U-1
(PPs 11-20, if present). :

s Increment, storage move (CE).

s Instruction fetch (CP).

A1l memory references appear the same to CM. CMC
provides hardware tags to identify the Bource or
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destination of any €M word reference. A CM
raference sends the address to all €M banks, where
the selected bank accepts the address. If the CM
address 1s unavailable, an address backup condition
occurs in  SAS. Address backup results from the
stacking of two or more words in the three-word SAS
due to reference conflicts. Address backup disables
subsequent requests to CM. Thege requasts represaent
issue of instructions 50 through 57, 660, 670, 014
and 015. GStorage move and I0U requests are alsn not
honored. Address backup 1z caused by the fulluwing
reference conflicts:

] Bank busy.

[} Simultaneous CM requests from each CP in a
dual CP system. :

If the selected bank 1s busy, the request waits .in
the SAS until that bank is free and the address is
available. Simultaneous requests from each CMC in a
dual CP system result in an arbitrary assignment of
priority to each CMC. Loss of priority appears the
same as a bank busy for 50 nanoseconds or two clock
cycles. Once a backup condition oceurs, up to two
requests may be waiting iIn SAS at the same time.

Instruction issue does  not start again until all

addresses 1n S5AS are accepted by .CM.

CMC provides eight bank busy registers to correspond
to the eight banks of CM. The bank busy registers
set  when .a memory reference initiates . for a
particular bank, and remain set until the .CM bank
becomes available for another request.

Model 875

CM references from CMC normally pass through the SAS
to all CM banks with ports installed. The SAS is a
group of three registers which can stack wp to three
addresses for buffering of memory references, 1if
necessary. Addresses enter BSAS in  the order. in
which they arrive from CMC. CMC requests received
simultaneously are given a priority which determines
the sequence of CM access via S5AS. These priorities
to SAS are:

e CPU return jump, exchange jump - IOU-0
{(PPs 1-10).

e CPU return jump, exchange jump - 10U-1
(PPs ll 20, if present).

#  Increment, Btorage move (CP).
s Instruction fetch {CP)}.

All memory references appear the same to CM. CMC
provides hardware tags to identify the source or
destination of any €M word reference. A CM
reference sends the address to all ports of CM
banks. The selected bank in the port with a request

‘to one of its two cages accepts the address.

If the CM address 1s unavailable, an address backup
condition occurs In SAS. Address backup results
from the stacking of two or more words in the
three-word SAS due to reference conflicts. Address

- backup disables subsequent requests to CM. These
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requests represent Issue of instructions 50 through
57, 660, 670, 014 and 015. Storage move and IOU
requests are also not honored. Address backup 1is
caused by the following reference conflicts:

s Bank busy.

. Simul taneous (M requests from each CP in a
dual CP system (single or multiple CM ports).

If the selected bank is busy, the request waits im
the SAS until that bank is free and the address is
available, Simultameous requeste from each CHMC in a
dual CP system with one CM port result in an arbi-
trary assigmment of priority to each CMC. Simultan-~
eous requests from each CMC in a dual CP system with
multiple CM ports first cause a bank busy test so
that priority is not assigned to a request to a busy
bank, If the bank is not busy, the port comflict 1s
resolved by assligning CP-0 prierity to even—numbered
ports and CP-1 priority to odd-numbered ports. A
port conflict appears the Bame as a 25-nanosecond
bank busy conflict., Leoss of priority appears the
game as a bank busy for 50 nanoseconds or two clock
cycles., Once a backwp condition occurs, up to two
requests may be waiting im SAS at the same time.
Instruction issue does not start again until all
addresses in SAS are accepted by CM.

CMC provides 16 bank busy repisters to eorrespond te
the 16 banks of CM. The bank busy registers set when
a memory reference initlates for a particular bank,
and remain set until the CH bank becomes available
for another request. -

ADDRESS FORMATS

The address contalned in SAS represents the address
used to reference memory. Before addresses are sent
to CM, bits 4, 5, 18 and 19 are operated on by the
memory reconfiguration switches which contain infor-
mation about -the number of available memory quad-—
rants. The memory address also includes three parity
bits (parity B, C, and D)} which are generated after
the address is altered by memory reconfipuration.-
*

Figures 2-4 and 2-5 show models 865 and 875 CM
address formats before reconfiguration. The address
formats are the same a5 the address format for a
one-million-word system.

0 C Blg 65 432 8]

PARITY : BANK
BITS CHIP ADDRESS I l SELECT
QUADHAIE]
SELECT
ROW
© SELECT

Figure 2-4. Model B65 CM Address Format

D C B3 187 65 43 u]

PARITY | ROW
BITS SELECT

! PORT BANK
CHIP ADDHFSS . SELECT| SELECT

Figure 2-5. Model 875 CM Address Format
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The following list defines the address formats:

Model 865

s Bank select cspecifies one of eight banks.
Since the bank address 1is the lowest-order

three bits of the storage  address,
saquential addressing results in a
phased-bank  operation. This allows a

maximum data transfer rate of one word each
2 c¢lock periods. A read or write bhank cycle
time is 8 clock periods.

¢ Chip address specifies the address of one

word dIn 16K MOS wmemory chips for the
selected bank.

° Row select selects one of four word rows in
a quadrant.

»  Quadrant gelect  selects one of four
gquadrants. It is wused only for storage
units larger than 324K words.

®» For a 262K system, the quadrant select is
foreed to quadrant zero and bits 4 and 5 are
copied to bit positions 18 and 19.

e For a 524K system, bit 5 into quadrant
selection is forced to zero such that only
quadrants 0 and 1 are selected. Bit 5 is
also copied to the bit 19 position,

 For a 786K system, bits 18 and 19 are used

for quadrant selection if hits 4 and 5
specify quadrant 3.

Model B75

e Bank select specifies one of 16 banks.
Since the bank address 1s the lowest-order

three bits of the storage  address,
sequential addressing results in a
phased~bank operation. This allows a

maximum data transfer rate of one word each
clock period. A read or write bank cycle
time is 3 clock perinds.

e Chip address specifies the address of one
word in 4K bipolar memory chips for the
selected bank.

- Row select selects one of four word rows in
a port. ’ )

e Port select selects one of two ports. It is
used only for storage units larger than 524K
words. ) .

¢ For & 262K system, the quadrant select is
Forced to port zero and bits 4 and 5 are
copied to bit positions 18 and 19.

® For a 524K system, bit 5, port selectlon, is
forced to zero such that only ports O and 1
are selected. Bit 5 is also copled téa the
bit 19 position. v . :

[ For a 7B6K system, bits 18 and 19 are used

for port selection 1f bits 4 and 5 specify
quadrant 3.
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CENTRAL MEMORY RECONFIGURATION

Central memory teconfiguration is a manually performed
function that permits the computer operator to
restructure the CM addresses so that the failing part
of CM can be guickly relocated to provide a continuous
block of usable CHM. M reconfiguration consists 'of
memary degrades, accomplished by setting switches ‘to
manipulate address bits 4, 5, 18, and I% on chassis
5. Refer to Table 3-5, Central Memory
Reconfiguration, for possible memory degrade options,

Certain restrictions exist for reconfiguration,
depending on the location of the Ffailing CM quadrant
{model B65) or port (model B73):

'] If the failing quadrant (port} i1s not the top
262K of CM, only one degrade from a nominal
configuration is available.

® If che top 262K quadrant (port) 1is degraded,
the next highest 262K guadrant (port), if
Failing, may be degraded since the first
degrade reduced CH
reconfigure CM.

¢ In a [024K CM, a third degrade may be used 1E

the first two degrades are performed an the
top two quadrants (ports). ; :

menry reconfipuration and degrade sometimes result in

a2 memory reference being made to & reconfigured
quadrant (port), instead of the = gquadrant (port)
originally specified by address bits 4, 3, 18, and
19. For these references, error address information

pertains to the actual post-degrade memory address.

The models B65 and 875 do not sSupport memory address
wraparound. Memory references which exceed the amount
of M installed may result in an undefined operation.
Predefined memory wraparound requirements are. mot
required because the " maintenance register  Dbits
176/260g through 1B2/266g define how puch CM is
availahla. Refer to malntenance register  bit
assignments in section 5 for further detail.

INPUT/OUTPUT UNIT

The 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 10U also
pecrforms system maintenance functioms.  The IQU

cqntains the ﬁullowimg functiun;l areas:
¢ Peripheral processor (PP).
. I/0 channels.
] Real-time clock.
. Communications interface.
s HMaintenance register.
° CM access.

. Data channel converter (DCC).
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size but did not

1 The “barrel o
registers, each one of which has 10 ranks 0 through €

PERIPHERAL PROCESSOR

The basic I0U contains 10 PPs and can be expanded &«
20 PPs in 5-PP increments. The first group of 10 PP:
is referred to as IOU~-0. The optional second group
which may contain 5 or 10 PPs, is called I0U~1. Eac!
PP is a logically independent computer with i1its ow

HEMOCY . Each 10-PP group 1s organized into
multiplexing system which allows the PPs to share
common  hardware for arithmetic, logical, and T/(
operations - without losing independence. This
multiplexing system 1s comprised of 10 ranks of
reglaters termed a barrel. Each rank containe

. information related to the imstruction being executec
. by one PF.

Each PP can communicate with the CP through CM using

the exchange jump.  The PPs may communicate with eact

* other over the I/0 channels.

Each PP executes programs alone or with other PPs tc
control data transfers between external devices anc
CH. These programs are comprised of instructions from
the I0U instruction set and respond to requests issuec
through CM by the operating system. The programs
translate generalized operating system rTegquests istc
control funetions for accessing the external devices
and ‘may also per form device scheduling anc
optimization. The programs use PP memory as a buffer
for the data transfer batween external devices and Cb
to isolate I0U data transfer from variations in Cb
transfer rate. '

Deadstart
Deadstart sequence allows the T0U to initialize
itself. ‘Deadstart sequence 1s initiated by the DEAI

START switch on the deadstart panel or the DEAD STARI
switch ‘on the display station. The panel includes
controls for assigning any PPM to PPO.

s N

Barrel and Slot
consists ‘of the R, A, F, Q, and

{figure 2-6). Information in these registers moves
from one rank to the next at a uniform 20-megahert:
rate, providing a wultiplexed system of ten PPs, each
operating at a 2-megahertz rate. The registers are
stationary while the PPs rotate. For example, rank 4
reglsters contain PP through PP9 in succession, each

. consuming 30 panoseconds of the total cycle time of

500 manoseconds. Since PP memorles operate at a
slower rate, independent memory with its own address
and data registers 1s provided for each PP.

Each time data enters the slot, a portion of the
instruction for that data 1is executed. The slot
performs tasks such as arithmetlc and logile operations
and program address manipulation. Complete execution
of an iInstructlion 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 wit
any of the I/0 channels. :



PP MEMORIES

{TIME-SHARED
INSTRUCTION
CONTROL}

RANK '
: o
A \
1 INSTRUCTION
. : IN SLOT -
TO QTHER FROM OTHER
BARRELS BARRELS
CENTRAL . CENTRAL
MEMORY  ——3» —3 MEMORY
{60} {60}
60-B1T WORD @ :

[D |1 |2 13 |4 |5 |E l? |10’11l12,13 20?;};21;}41;51;({2}1;&;1;2133] 1/0 CHANNELS @
: : 'y
: Loz

PERIPHERAL
EQUIPMENT

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

D 1S THE ADDRESS OF THE FIRST PP WORD. THE LEFTMOST 4 BITS
OF EACH CM WORD ARE UNDEFINED AND ARE IGNORED BY THE FP.
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Figure 2-6. DBarrel and Slot
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PP Registers
R Register

The 21-bit R register, in conjunction with the 4
register, forms an ahsolute CHM address for CM
read/write instructions. When bit 17 of the A
register 1s 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 repgister. Refer
to figure 2-7. : -

20 65 0
R 000000
i
_ + .
16 0
A

Figure 2~7.  Formation of Absolute M Address

A Register

The -18-bit A register holds . one operand ° for
arithmetic, logic, or selected I/0 operations. The
content of A may be an arilthmetic operand, CM address,
1/0 function, or I/0 data word. Various instructions
operate on 6, 12, or 18 bits of the A register.

When the A register is used as the (M address, parity
i5 generated for transmission with the address to
central memory control. At deadstart, the A register
i set to 10000 (octal). When bit 17 of the A
register is clear, the A register is wsed as the CM

address; however, when bit 17 is set, the R register
is added to the A register as described above to
ohtain the

absolute CM address for (M read/write
instructions. : I T

P Reglster

The 12-bit P register is the progrem address register,
except during the executlon of dnstructions 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.

O Repister

The 12-bit § register holds data for several functions
guch 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, wupper 6 ©bits during constant mode

instructions, channel number on all I/0 and channel
instructions, shift count, and relative Jump
deslgnator. At deadstart, each rank of the Q register

is set to a corresponding PP number.
PP0, renk 2 is set to FP2, and &0 on.

Rank 0 1is set to

60458920 A

K Register

The 9-bit EK-register holds a 6-bit F portien of a
instruction word and a 3-bit trip count. The tri
count determines the operation of an imstruction a
different stages of completion. At deadstart, in loa
mode the K repister is forced to 710; in sweep mod
the K regilster i1s forced te 505; and in dump mode th
K repgister is forced to 730. :

PP Numbering

PPe are numbered as follows:

Barrel [ ; PPs
0 00 to 11 {octal)
1 20 to 31 (octal)

The deadstart sequence decodes deadstart panel
switches to determine PP mumbering within a barrel.
The sequence assigns barrel numbers according to the
switeh =ettings and, during the first minor cyele
after deadstart, loads a zero into the @ register in
barrel 0. This defines all the data In that rank of

-the ‘barrel as belonging tc PPO and simce Q is the

channel selector, assigne PP0 to channel 0. During
the next minor cyele, @ loads with a 1. This
defines PPl and assigns It to chaonel 1. This

process occurs in parallel in all harrels until the
10U 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 hag an independent 4K word wmemory; each word
contains 12 data bits and 1 parity bit. PPO reads
the deadstart program from the deadstart panel
during the deadstart operation. Therefore, PP
wmemory ¢  must- be operational. A TFP memoTy
reconfiguration feature allows the wuser to restore
10U operation if the IOU detects a fault in the PP
memory normally assipned to PPO.

To rteconfigure, the operator assigns a good PP
memory to PPO and the operating system removes the
failing PP memory. Computer operation can ‘continue
without the failfng PP memory, and repalrs can be
made "during scheduled maintenance. The system must
be deadstarted to reconfigure PPMs. o

1/0 CHANNELS

The I/0 channels are comprised of an internal
interface that allows common hardware and software
to control the external devices, amd an extermal
interface that allows the I0U to communicate with
the external devices using 12-bit data channels.

The internal interface can tranefer 12-bit data
words between two PPs, or between a PP  and an
external device at a maximum rate of one word every
300 nanoseconds. This rate can be sustained for the
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maximum practical channel transfer (4096 words).
During tranefers between PPs, 1f the PPs are Iin the
glot at the same time, the transfer rate is 500
nanoseconds.

Any PP can access any of the bidirectiomal I/0
-channels. All PPs communicate with external devices
through the independent I/0 channels. Each channel
may be connected to one or more pieces of external
equipment, but only one plece of equipment can use a
channel at one time. All channels can be active
simul tapeously. .

The display station controller (DS5C) iz attached to
channel 10g. The DSC is the IOU interface between
the PPs and the display station, servicing both the
keyboard and the cathoede-ray tube
tranemits  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 sigpals to the CRT,

REAL-TIME CLOCK

The real-time clock 18 a 12-bit free-running
counter, incrementing at a l-megahertz rate. It is
permanently attached to channel l4g. This channel
may be read at any time as ite active and full flags
are always set. : :

COMMUNICATIONS INTERFACE

An R5232~-C communications interface provides
communication capabllity between a PP and one
attached terminal. This interface is reserved for
maintenance purposes. The communications interface
is permanently attached to chanrel 15g. . o

MAINTENANCE REGISTER

The maintenance register consists of the maintenance
channel dinterface on channel 16g (I0U-0) and
channel 36g ({optional T0U-~1), and a set of
interconnecting cables. The maintenance  Tegister
has bit assigmments to monitor all parity error and
‘SECDED networks, asnd also 1s the source of ceontrol
for testing these networks. 5Status bits ecan be
externally set. Control bits can be set and tested
Andividually, or read as 12-bit worde. Status bits
can also be read im 12-bit words using functiom
codes and an input inetruction. Refer to
Maintenance Register iIn section 5 for complete
description and bit assignments.

2-16
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CM ACCESS

Any PP ecan access CM. During a write from the IOU
to CHM, the IOU assembles five successive 12-bit PP
words into a 60-bit CHM word. During a CM read, the
10UV disacsembles the 60-bit CM word into five PP
words., A PP forms a 21-bit CM address by adding the
21-bit base relocation address from the R register
toc the 17-bit relative address from the A repister.

A maximim of 20 PPs in wvarious stages of
assembly/disassembly can simultaneously read CM
words, and five PPs can write CM words. Each of the
PPs transfers a 60-bit word to or from the CM every
50 nanoseconds.

DATA CHANNEL CONVERTER

Each system data channel converter (DCC) attaches to
a data channel of the I0U. A DCC may share the data
channel with up to seven other pleces of CDC 6000
Computer Systems peripheral equipment. As many as

eight 3000 Computer Systems controllers can be
attached to one DCC.

To prepare any of the 3000 Computer Systems
equipment for operation, the DCC must £first he
selected. The desired 3000 Computer Systems

equipment is selected (connected). The two select
operations are made by function codes sent from a PP
through the data channel. A data channel is part of
the I/0 channel that exlsts between a PP and
external equipment which wuses the same type
transmitters and receivers fFor information
interchange. The DCC differs from other 6000
Computer Systems equipment as follows:

‘- The DCC must be attached to the data channel
before all other 6000 Computer Systems
devices. : .

¢ The DCC does mot relay (pass on} information
to other equipment on the same data channel
when selected. This prevents unwanted
activity In the other equipment caused by
identical function codes.

¢ The DCC must be deselected {2100) before
other 6000 - Computer Systems equipment
sharing the data channel can be selected.

® A master clear (MC) signal on deadstart

operations selects all DCCs in the computer
ByBlenm. ’
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OPERATING INSTRUCTIONS 3

This section describes mainframe controls and
indicators and the operating procedures which are
hardware-dependent . Software—dependent procedures
are in system software reference manuals 1iated in
the preface :

CONTROLS AND INDICATORS

This section describes IOU deadstart panel controls
and indicators and CM configuration switches used by
the system operator. Other controle wused by
maintenance personnel are descrlbed in the hardware
maintenance manuals of the power distribution and
warning system, the cooling system, and the display
console 1isted in the preface.

DEADSTART PANEL CONTROLS/INDICATORS

The deadstart panel for both models (figure 3-1) is
in the 10U, located in bay 1 (refer to fipures 1-3
and 1-4). The panel contains peripheral processor
(PP) control switches which are only active during a
deadstart. The switches and their functions are
listed in table 3-1. The deadstart panel also
contains FP register selection and display
faecilities, deadstart controls, error Indicators,
and a switch matrix, which 1a the source for a
short PP program for initialization or
troubleshooting. The switches, Indicators, and

* their functions are listed im table 3-1.
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Table 3-1. Deadstart Pamnel Controls/Indicators

Panel Nemenclature

Description

Function

20 through 207; by
1 through 20

CEJ/MEJT
ENAELE
DISABLE

I0U-0
IoU-1

PP MEMORY SELECT
23, 22, 91, 20

SWEEP
LOAD
DUMP

DEADSTART

SLOW

OFF

FAST

Topgle switch matrix (two-
position switches)

Toggle switch (two-
position)

Toggle switches (two-—
position}

Toggle switches (two-
position)

Toggle switch (three-—
position)

Toggle switch (three—
position)

‘'may be used prior to a deadstart dump to move

"can be saved. Additional iInformation on this

Provides a lé-word deadstart program for PPO.
Switches 20 through 211 ger 12 bits for
each of the program words, labelad 1 through
20 (octal).

Up position sets bit, Down position clears
bit..

Enables or disables the central exchange Jjump
(CEJ) dinstruction for the CP and the monitor
exchange Jjump (MEJ) instructions for the
peripheral  processors (PPs). The switch
position 1is set prior to a deadstart.
Resetting the switch after a deadstart does mnot
affect the computer operation until the next
deadstart.

Select IO0U-0 and IOU-1 to coatalm the
controiling FP-0. . For PP-0 to be in
I0U-1,I0U-1 must contain all 10 PPs. Resetting
the switch after a deadstart does mnot affect
the computer operation until the next deadstart,

Permit the assignment of any peripheral
processor memory (PPM) to PP-0. PP-0 has a
gpecial control function at deadstart time. If
the PPM for PP-0) malfunctions, the user may set
the switches to assign any of the other nine
PrMs to PP-0. The selection retains the PP
order of rotatiomn in the barrel and slot matrix
{refer to Barrel and Slot in section 2}.

The assignment is made by enabling the gwitches
to form a binary number of the PPM chosen for
PP-0 (for example, 0101 selects PPM-5).

These switches do not affect the IQU-1 chassis
unless that chassis contains all 10 PPs.

For software debugging purposes, these switches
the logical position of PPM-0 so its contents
capability is in the NOS Versiom 1 Operator’s
Guide and the NOS Versien 1 System Programmer’s
Instant (refer to the preface for publication
numbers).

Up position sets bit. Down position clears bit.
Selects PP-0 mode of operation (refer to
Deadstart in this sectiom).

Provides system deadstart. The deadstart
stops the CP.

Causes deadstart to repeat each 4096
mlicroseconds, which includes a master clear
duration of 1.0 microsecond.

Sets deadstart to off.

Cauces deadstart to repeat each 256

microseconds, which includes a master clear
duration of 1.0 microsecend.
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{/0 CHANNEL PARITY SWITCHES

The I0U has dinput/eoutput (I/0) channel parity
switches for the 12 chanmels 0 through 13 {octal) on
the UE module at location Il0 (figure 3-2). Channel
parity switches for the 12 channels 20 through 33
(octal), if installed, are on a second UE module at
location J10. =

Switch X0 at the top of the module contrels the
parity selection for channel 0 or 20, depending on
the respective module locatien. In top to  hottom
order, the following switches contrel successive
channels 1 through 13 or 21 through 33.

Channel parity is enabled when the PARITY switch is
set to ON and disabled when the switch is set to OFF.

Figure 3-2. Module at IL0 and J10

CLOCK SELECTION SWITCHES AND INDICATORS

" The eclock selectlon switches are on modules at
locations 2426 and 2A27 (figures 3-3 and 3-4).

The module at 2A26 has one two-position topgle
switch, a momentary-contact switch (pushbutton or
toggle), and three  rad, light-emitting diocde
indicators. )
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LPO
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©

CHANGE
COUNT

Figure 3-3. Module at 2426

| S—

The module at 2A27 has two two-position toggle
switches.

@]

|-
SOFT

@

MAN

LQO

- INT

@

- Figure 3-4. Module at 2427

Table 3-2 lists the switch and indicator functioms
of both modules.



Table 3-2. Function of CP Modules at 2AZ6 and 2427

Panel Nomenclature Description

Function

INT Toggle switch
EXT : :

SOFT Toggle switch
MAN

CHANGE. COUNT ‘Pushbutten switch

Indicators

aH e

BINARY COUNT
UP/DOWN

Toggle switch

“the clock frequency margins. Software control is

light-emitting diodes A, B, and C.
-Indicate a _
‘B is bit -1, and A dis bl 2. The count
‘for normal clock operating frequency is 3, where A

‘of these indicators is described inm the hardware

Selects internal or external clock
source. Internal source is required for
clock-margin checks. External source 1s required
for use with EEM.

Selects software or manual control aof
described by the maintenance register bits 141
through 143 d1n section 2. Manual control is
desecribed by the following switches. i

After & removal of power from the CP or ECS/ESM
controller, this switch must be set to SOFT to
ensure the selection of the external clock during
deadstart.,

Permits the clock to be manually incremented to a
fast, slow, or mnormal operating frequency, when
the SOFT/MAN switch is set to the MAN position,
Normal operation requires the clock to be set at
the normal operating frequency as indicated by

binary cbun;. C is bit @,

does not light and B and C do light. Further use
maintenance manuals listed in the preface.
Selects an increment or decrement of

the binary count, changed with the CHANGE COUNT
awitch. '

P REGISTER AND 5TATUS BIT SELECTION SWITCHES

The peripheral processor program {(P) register and
status bit selection switches are located in chassis
2. The switches are on modules at locations 2D33
(I0U-0) and 2P34 (IOU-1) (figure 3-5).

The CP wmodule thas four two-position toggle
switches. The switches permit the gelection of the
contents of any of the IOU P registers for display
on indicators on BZ medules at IOU locations 2C28
(I0U~-0) and 2P32 (I0DU-1). The switches alsc define
which PP is emabled for status hits 12% and 126 when
maintenance register stakus bit 124 is not set.

The switches form a binary number code with the
bottom switch as code bit 0 and the tep switch as
code bit 3, Table 3-3 lists the switches and their
functions.

The switches are active when contrel bit 124 clears
and disabled when bit 124 sets.

D@ © © @@

Figure 3-5. Module at 2D33 and 2P34
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Table 3-3. Function of CP Modules at 2D33 and 2P34

Panel Location Description Function

Top Toggle switch UP positior enables ecode bit 3. Down position
disables code bit.

Next-to-top Toggle switch UP position enables code ©bit 2, Down posicion
disables cede bit.

Next-to~-bottom Toggle switch UP posltion enables code bit 1. Down position
disables code bit.

Bottom Toggle switch UP position enables code bit 0. Down position
disables code bit.

KEYBOARD DISPLAY SELECTION SWITCHES

The keyboard display selection switch is on a module
at location 2R36 (figure 3-6).

el
@

DR

@l

Figure 3-6. Module at 2R36

The DR module is a keyboard input receiver with one
two-position toggle switeh. The switch enables (down
position) or disables (up position) the keyboard of
the display station. The switch is always active.

10U-0 MAINTENANCE REGISTER INDICATORS

The maintenance register indicators for IOQU-0 {PP-0
through PP-3) are on modules at locations 2C41, 2D40,
2837, 2C2B, 2031, and 2E40 (figures 3-7 through
3-12).
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‘control), and

‘lights when the bhit sets.

Each - module has two columns of onine, red,
light-emitting diodes. The diedes indicate the
condition of certain maintenance reglster bits.
Each diode represents a bit in the register and
lights when the bhit sets. A pushbutton switeh on
the wmodule permits testing all the diodes on
themodule without changing any of the data bits.
The light displays are useful in debugging software.

Figures 3-7 through 3-12 show the modules, diode
locations (decimal and oetal), usage (status or
descriptions  for I0U-0. The
light-emitting diocdes which are not used but have
bit number designations are wired to the maintenance
register. The diodes without hit designators are
not wired. : '

'10U-1 MAINTENANCE REGISTER INDICATORS

The malntenance register indicators for IQU-1 (PP-10
through PP-19)} are located in chassls 2, when

installed. The indicators are on modules at
locations 2N35, 2038, and 2P32 (figure 3-13 through
3-15).

Each module has two columns of nine, ted,
light-emitting diodes. The diodes 1indicate the
condition of certain maintenance register bits.
Each diode represents a bit in the register and
A pushbutton switch on
the module permits testimg all the diodes on the
module without changing any of the data bits. The
light displays are useful in debugging seftware,

Figures 3-13 through 3-~15 show the modules, diode
locations {(decimal and octal), usage (status or
control), and descriptions for IoU-1. The

“light—emitting diodes which are not used. but have

bit number designations are wired to the maintenance
regleter. The diodes without- bit desipnators are
not wired,
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BIT | BIT BIT | BIT

ND. | NO. |us- I NO. | NO. [Us-

DEC.| OCT. |aGE| DESCRIPTION $ DEC.| OCT. [AGE] DESCRIPTION
10 | 12 |5 [ANY ERROR BIT EQUALS ONE —\ BZ /— o} o |s|cMm PARITY ERROR
Il |13 |s |ECS TRANSFER ERHOR 1 1 |5 {cwm apRs PE

12 |14 [s |cP-0 PE \\ r/_ 2 | 2 SECDED ERROR CP-)
| SHE

13 | 15 i s |cP—1 PE {USED ONLY IN

DUAL CP MODELS) el ——1 3 | 3 |s |SECDED ERROR

14 [ 16 |5 fPPMO FE g E -ti1e3| 267 | 5 | DOUBLE ERROR
t5 | 17 | 5 |PPMI PE N y T | o | 3 |8 ]|CMC FE

16 120 |'s lepme pe y:% g:\&_ 7|7 NOT USED.

7 | 21 |5 {pPPM3 PE \ 8 [0 NOT USED

18 |22 |5 [PPM4 PE a | u EEM-TRANSFER ERROR

Figure 3-7. Module at 2C41

BIT | BIT . @ | 8IT | BT

NO. | NO. |us- 1 NO. | NO. fUS-
0EC,| ocT. JaGE DESCRIPTION ﬁ DEC.| OCT. [AG DESCRIPTION
28 | 34 |5 JCHANNEL 4 PE —\ BZ /— 18 | 23 15 [ PPM5 PE

29 | 35 | 5 | CHANNEL 5 PE 20 |24 |5 |PPM8 PE

30 | 36 | 5 | CHANNEL & RE N\ .~ |2 |35 |s|pPM7PE

TNEE |

31 | 37 {5 | CHANNEL 7 PE g | —— |22 |28 |5 |PPMa PE

32 | 40 | § | cHANNEL 10 PE % E 23 |27 |5 |PPMB PE

a3 | 41 | 5 | CHANNEL I PE __H H | 24 |30 |5 | CHANNEL O PE

24 | 42 | 5 | GHANNEL 12 PE _—7:% E;i—- 25 | 31 | S | CHANNEL | PE

35 | 43 | 5 | CHANNEL (3 PE 26 | 32 | 5 | CHANNEL 2 FE

36 | 44 | 5 | MAINS PWR FAILURE ' 27 | 33 | § | CHANNEL 3 PE

~

Figure 3-8. Module at 2D40
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BIT | BIT i @ %‘IJT %g’ us

ND. | NO. [us- I . . |us-

DEC.| OCT. |AGE DESCRIPTION -+ DEC.| OCT. |AGE] DESCRIPTION

UF

48 | 60 | 5 | SYNDRDME ADRS BIT O BZ 37 | 45 | 5 | SHUTDOWN IMMINENT

49 | &1 | 5 | SYNDROME ADRS BIT | —\ /_ 40 | 50 | S | SYNDROME BIT O

50 | 82 | 5 | SYNDROME ADRS BIT 2 N »/— 4l |51 [s| sYnoRoME BIT |
BT

51 | 53 | 5| SYNDROME ADRS BIT I6 — i |42 | 52 | 5 | SYNDROME AIT 2

52 | 64 | 5 | SYNDROME ADRS BITIT % E ‘43 | 53 | 5 | SYNDROME BIT 3

118 | 186 | C | INHIBIT SE REPORT - sl | 44|54 5| SYNDROME BIT 4

139|213 [ 5 | CMC ADRS/DATA PE —/:% g::\— 45 | 55 S5 | SYNDROME BIT 5

152 | 230 | ¢ | Lk MARGIN WIDTH % % 46 | 56 | 5 | SYNDROME BIT &

153 | 231 | ¢ | CLk MARGIN WIDTH 47 | 57 | 5 | .SYNDROME BIT 7

Figure 3-9. Module at 2837

BIT | BIT E @ BIT | BIT

NO, | NO. |us- 1 NO. [ NO. {us-

DEC.| 0CT |AGE DESCRIBTION. ~$ DEC.| OCT. {AGE] DESCRIPTION

63 |105fs | PINPUT BIT B BZ 60 | 74 | S| P INPUT BIT O

70 [106 s { P INPUT BIT 1D \ /_ 61 | 75 [5 | P INPUT 8IT |

71| 107 |5 | P INPUT BIT I N 1 62 | 76 |5 [ P INPUT BIT 2
St

72 | 1o |s|{ PPS F CODE BIT O — - 83 | 77 |5 [ P INPUT BIT3

73 | 111 | 5 { PPS P CODE BIT | % E 64 100 |8 | P NPUT BT 4

74 |1tz j5 | PPS P CODEBIT 2 - s lses |10l s | P INPUT BITS

75 | ti3 | 5 | PRSP CODE BIT 3 —/’% g:\\; 66 102 |5 | P INPUT BITH

76 | N4 [ 5| PPS BRKPT BIT _/ : ' 67 [ 103 |5 | P INPUT BIT T

77 ] 15| 5 | CMC-0 BRKPT MATCH 68 | 104 |5 | PINPUT BITE

@ —
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BIT | BIT 1 @ I BIT | BIT
NO. | No. |us- NO..| NOD. |US-
DEC.} OCT. laGE: DESCRIPTION $ DEC, | OCT. |AGE] DESCRIPTION
as [ 137 | ¢'| sTOP ON PPM PE BZ 54 |66 | S | PE PORT CODE BIT O
190 | 276 | ¢ | SYNDROME ADRS BIT 3 _\ ‘ / 55 |67 | s | PE PORT CODE &IT
(M 171, 172,173) BIT 4 04 175) | _ NN /"~ | 56 |70 |s | BRkeT PORT CODE BIT 0
ter | 277 NOT USED \~g g/—
1s2 | 300 s | cP~0 sSTOPPED —_—]] [ _— [ 57 [ 71 | § | BRKPT PORT CODE BIT |
193 | 301 | 5 | €F—| STOFPED % E - | 58 |72 |5 | BRKPT FGTN CODE BIT O
le4 | 302| S | ECS IN PROGRESS FLAG R H~__ | 59 | 73 |S | BRKPT FCTN CODE BIT }
1 B '
195 | 303| 5 | MONITOR FLAG GP-0 —/1% g‘% 79 |LI7 CMC-1 BRKPT MATCH
196 | 304| 5 | MONITOR FLAG CP—| % B5 |25 {C | INHIAIT CMC REQUEST TO
202 | 312 | 5 | EXP ADRS MOBE _ | cMe
94 [136 |C | STOP ON ERROR
1 mL
Figure 3-11. Module at 2C31
BT | BIT @ BIT | BiT
No. | ND. |us- 1 1 NO. | NO. |uS-
DEC.| OCT. |AGE DESCRIPTION ‘u. DEC.} OCT. |AGE] DESCRIPTION
" P
48 { 224| S | RVM ADRS BIT 4 STATUS BZ 120 | 170 | € | PP SEL CODE BIT O
149 | 225 | 5 | RVM ADRS BIT 5 STATUS —\ /— 121 [ 171 | C | PP SEL CODEBIT I
150 1226 | S | RVM ADRS HI/LD ¥\§ g;4 122 [ 172 | ¢ | PP SEL GODE BIT 2
™~ L1
I51 {227 |5 | RYM ALL/ONE | p—1 [| — [123 | 173 |c | PPSEL CODE BIT 3
88 | 130 |5 | piagNosTIC AD g E t24 | 174 | ¢ | PP SEL AUTG/MNI. MODE
89 | 131 | 5 | DIAGNOSTIC AID = H— | 196 | 220 | s | RYM ADRS BIT O STATUS
50| i32 | 5 | DIAGNOSTIC AID __7:% g:& 145 | 221 | S | RYM ADRS BIT | STATUS
9| | 133 {5 | DIAGNOSTIC AID _/ \_ 146 | 222 | 5 | RVM ADRS BIT 2 STATUS
92 | 134 5 | DIAGNDSTIC AID 147 | 223 | § | RYM ADRS BIT 3 STATUS
L m 1

Figure 3-12.

Module at 2E40
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BIT [ &IT ;@ : 81T | sIT

NO. | NO. |US- 1 NO. | NO. [US-
DEC.[ OCT. |AGE| DESCRIPTION g DEC.] OCT. [AGE] DESCRIPTION
1:] 22 |S | PPM 24 PE Bz

[+} o 5 | READ DISASSEMBLER PE
] 6 NOT USED :
7 7 NOT USED

"9 [ 23 | S | PPM 25 PE
200 | 24 | 5§ | PPM 25 PE

H,ﬁ
7/ ™

<l RS | 5 | FPM 27 PE 12 14 {5 | CP—0 RGTR PE
22| 26 | S | PPM 28 PE 13 15 5 { CP—I RGTR PE
23| 27 |5 | PPM 29 PE PPM 20 PE
24 { 30 | 5 | CHANNEL 20 PE 15 IT | 5| PPM 2] PE
2514 3] {5 | CHANNEL 2| PE 6 [ 20 { S| PPM 22 PE

26 | 32 | 5 | CHANNEL 22 FE 17 21 1 5| PPM 23 PE

Figore 3-13. Module at 2N35

.a:'.r a|..7. | @ T alT.

NO. | NO. |US- i i NO. | NO. usJ : .

DEC.| OCT. [AGE DESCRIPTION . . ﬁ DEC.| OCT. [aG DESCRIPTION
B5 [ 125 | C | INMIBIT CMC REQUEST BZ 27 | 33 |5 | CHANNEL 23 pE
84 | 136 | C | STOP ON DOUBLE SECDED ER 28 | 34 |5 | CHANNEL 24 PE

..... 95 | 137 | C | STOP ON PP MEMORY ER 29 | 35 |5 | GHANNEL 25 PE

H,ﬁ
T AWN

NOT USED
120 I70| C | PP SEL CODE BIT O
121 {171 | G [ PP SEL GODE BIT |

30 | 36 | s | cHAaNNEL 26 PE
31 | 37 CHANNEL 27 PE
32 | 40 |5 | CHANNEL 30 PE

n

33 | 41 |5 | CHANNEL 31 PE

34 j42 | S | CHANNEL 32 PE
35 143 {5 CHANNEL 33 PE

fe2 | 172|C | PP SEL CODE BIT 2
123{173|C | PP SEL GOODE: BIT 3
124] 174 | C | PP SEL AUTO/MNL MODE

N4

Figure 3-14. Module at 2038 .
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BIT | BIT i @ i BIT | BIT
NO. | NO. [us- NO. | NO. |us-
DEC.| OCT. |AGE DESCRIPTION 4% DEC, | OCT, JAGE] BESCRIPTION
uP
69 [IDE |5 { P INPUT BIT 9 Bz ED | 74 S |# INPUT BIT O
70 [106 {5 | P INPUT BIT IO _\ /_ 6l {75 |5 |P INPUT BIT |
71 {107 |s | P npuT EIT N1 s*% g‘f_ 62 |76 |5 |P INPUT BIT 2
72 |1l0|S | PP GODE BIT O — ) — 63 (77 | S | P INFUT BIT 3
73 | 141 |'s | PP copE BIT g % 64 (100 |5 | P inPUT BIT 4
T4 | 112 | 5 { PP CODE BIT 2 I, y T | 65 |10l |S [P INPUT BIT 5
75 {n3 | s| PP CODE BIT 3 /'% g:\_ 66 {102 [ 5 | P INPUT BIT &
76 |4 [ S | PPS BKPT BIT _/ ) %_ 67 | 103 | S | P INPUT _BlT T
: 668 {104 |5 | P INPUT BIT B
Figure 3-15. Module at ZP32
CM CONFIGURATION AND CLOCK SWITCHES AND INDICATORS (port) may be reconfigured at one. time. The
: switches accomplish a loglcal reconfiguration by
The CP contains clock switches and indicators at "manipulating the B&storage address stack (SAS) bits
module locations 5Al through 5A3 (figure 3-16). 24, 25, 218, and 219,
Table 3-4 1lists the switches, indicators, and their
functions. Table 3-5 lists the Ewitch settings for Any errors detected while CM dis . operating in a
a nnrmal or reconfigured CM. reconfigured (degraded) mode appear to the
maintenance register in translated form, pgiving the

M quadrants (model 865) or ports {model 875),
a particular CM size, are avallable for use by
system when the CM configuration switches are
to the normal ocperation. positions shown in table

All
For
the
set
3-3.

if one of the CM quadrants (model B865) or ports

(model B875) becomes defective, -‘the  CM may be.
reconfipured to operate . without the quadrant
(port). The reconfiguration 1is° performed by
determining the defective quadrant (port)} and then
setting the €M configuraton switches for that
quadrant (port} to the reconfigured operation switeh
positions shown d1n table 3-5. Any one gquadrant
@ @O @
CONFIG
WIDE GISABLE B8WORD PARITY
CLOCK ERROR IWS MEMOHY
F'ULSE EXCH MOD
©o®® ® |~ -
NARROW 2 WORD s so
Figure 3-16. Modules 5A1 through 5A3

3-10

physical address (bank, quadrant, and so on) of the

EETOr.

~ The switches are always active.

In case of an emergency,

POWER-ON AND POWER-OFF PROCEDURES

use the system EMERGENCY .
OFF switch. The power-on and power—-off procedures
are described in the power distribution and warning

" system manual listed in the preface.

CAUTION

Improper application or xemoval of
power may damage System circuilts and/or
air conditioning system. Power must be
turned oun/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 operator/amalyst handbook listed in the

preface. The system 15 initialized by setting its
control switches, and then by running a deadstart
sequence. After imnitialization, the keyboard is

used to instruct the system further,
control.

under program

60458920 A



Table 3-4.

Functions of Controls on Modules at 5A1 Through 5A3 — Models 865 and 875

Panel Nomenclature

Deseription

Function

MEMORY CONFIG
50, s1, s2, §3

CLOCK PULSE

WIDE, NARROW
ERROR EXCH
DISABLE

IWS MODE

8 WORD, 2 WORD

Toggle switches

Toggle switch

Indicators
Toggle switch
Indicator

Togegle switch

Indicators

Control CM quadrant (model 865) or port {(model 875)
confipuration.

Up positions get bits. Down positions clear bits.
Controle clock pulse width. Up position provides wide
pulgse. Middle position enables software control of
pulse width. -Down position provides narrow pulse.

Light te show respective clock pulse widths.

Up position disables CEJ on error exit. Down position
enables CEJ on error exit.

Lights to show CEJ disabled on error exit conditionm.
Selects slze of instruction word stack (IWS). Up
position selects 8 words. Middle position selects 12

words. Down position selects 2 words.

Light to show respective IWS words selected. Nelther
indicator lighted denctes a 1Z-word IWS selection.

MEMORY MODE Toggle switch Selects 3 parity or single-error correction
double-error detection (SECDED) mode. Changing the
position of this switch requires CM to be rewritten.

Up position selects parity mode. Down position selects
SECDED mode.
PARITY Indicator Lights to show parity mode selection.
Table 3-5. Central Memory Reconfipuration — Models B65 and 875
Normal Operation Degrade Operation
Switch Positions T Switch Positionat
Central Memory Confipguration Switches Faulty Memory Configuration Switches Resulting
Memory |[Range of Quadrant/ Memory
S5ize |Address 50 51 82 83 Port S0 51 52 83 Size
Quad  Port
262K 0-777717 1 0 0 0 1 1 No Degrade -
524K 0-1777777 1 1 0 0 1 1 0 1 0 0
1 0 1 0 0 0 262K
786K 0-27777717 1 1 1 0 1 1 o 1 1 0
: 1 0 1 0 1 0 512K
o 1 1 1 0 0
1048k [0-3777777 1 1 1 1 1 1 0 1 1 1
1 0 1 0 1 1
0. 1 1 1 0 1 7B6K
4] [ 1 1 1 o

tswitches penerate a 1 when in the up position and a 0 when in the down position.

604589204
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INSTRUCTION DESCRIPTIONS 4

CP INSTRUCTIONS : . instruction format. When an instruction occupies
: . two parcels, 1t must occupy two parcels within the

. . : - : same program word. A program word may be filled
CP INSTRUCTION FORMATS . o . with a one~parcel pass instruction or sn instruction
- : ) acting ae a two-parcel pass imstruction. These
instrucktions are used to f1i11l a propgram word when

necessary to place a particular ilastruction in the

. firat parcel of a program word or to avoild starting

a two-parcel instruction in the fourth parcel of a

CP dinstructions use a 60~bit word. program word. Pass instructions may also be used
For these iInstructionms, the most for branch entry points because a branch instruction
slgnificant bit ir bit 59 and the destination address must begin with a new word.
least significant bit is bit 0. One-parcel pass iInstructlons are &60xx through

463xx. Instructions 60xx through 62xxx may be used

as two—parcel pass instructions by setting the i

: instruction designator to zero. Refer to table 4-~1

Program instruction words are divided into 15-bit for CP instruction designatoxs. '

flelds called parcels. The first parcel {parcel 0)
is the highest-order 15 bits of the 60-bit word. CP instructions 011 and 012 have special proper-
The second, third, and Ffourth parcels (parcels 1, 2, ties. They are 60-bit double instructions which
"and 3) follow in order. Filgure 4-1 shows possible must start at parcel 0. The programmer has the
parcel arrangements for instructions within a option of providing a branch instructiom at parcels
program instruction word. 2 and 3 in the same iInstruetion word, {to an error
. ’ handling software routine), or filling this space
An  instructlon may occupy one, twe, or four with pass instructions. BRefer to instructions 011
parcels. This arrangement depends upon - the and 012, '
INSTRUCTION COMBINATIONS oo pmpmm em
33 a4 23 14 ] LORCODE: T 101k
[ s T 7% T 75 1 v leoasrs
“ramceL TPangEL
1 3 14 8 5 2z 10
8 [3]3]3]smrs
59 29 4 '] \—Em‘l APERAND REGISTER (I ol B)
r- 30 15 I 15 | st OPERAND REGISTER {) ot B
] ’ : RESULT REGISTERKI of Bl '
ORERATEION CODE :
59 44 i [}
15 30 ] 5]
58 A4 29 0
5 ] s ] 10 ]
sa a8 o Topcope 10 {11 x )
30 I o | TToTThETmEmmmmmm oo
9 73 20 17 o
8 [ 3] 3] 18 30 8ITS
; . \_ Znd ORERAND
2 n "] \ \ I5! GPERAND REGISTER{1 of 8)
- RESULT REGISTER {i nf B}
' ) QPERATION CODE

Figure 4~1. CP Instruction Parcel Arrangement
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Instruction 013 is a 60-bit dinstruction that must
start at parcel 0. It ignores any information in
parcels 2 and 3; however, these parcels are normally
set to all zeroa.

Table 4-1. Central Processor
Instruction Deslgnators

Designator Uge

6-bit/9-bit field specifying
instruction operation code.

Cpcode

i -1 ‘3~bit code. specifyin one of
elght reglsters. .

i 3~bit code @specifying one of
elpht registers.

jk 6-bit code specifying amount of
shift or mask.

k 3-bit ~code specifying one of
elght registers.

K . 18-bit operand or address.

x -| Unused designator.

A dne of eight 18-bit address

regieters.

B One of eight 18-bit index
: ragisters; BO is fixed and equal
to zero.
X One of eight 60-bit operand
: reglsters.
[$] Content of the word at a CM

address.

CP OPERATING MODES

The CP executes instructions dIn. job mode or
monitor mede, and changes these operating modes
through exchange  Jumps. Such exchanges are
caused by CP instruction 013, PP instructions
2600, 2610, 2620, or by hardware-detected error
conditions. Hardware-caused exchanges are also
called error exits; most of these can be
enabled/disabled by setting/clearing bits in the
exchange package. Refer to Exchange Jump and
Error Response, sectiom 5.

A hardware flag called the monitor flag {(MF) when
set/clear dindicates that the CP is in the
monitor/job mode.

CP INSTRUCTION DESCRIPTIONS

The instruction descriptions are in mnumerical
order. The shaded areas, 1like those in the
following 00wmx and 010K instruction formats,
indicate unused bits. The wunused bite are
ipgnored by the CP.

42

00xxx  Error Exit to MA or Program Stop P

14 ] O

= v

The CEJ/MEJ switch determines which functions this
instruction can perform. When the switeh is In the
DISABLE position, the -system has no central exchange
or monitor exchange jump capability 8o this
instruction stops the CP. When this steop occurs,
the content of the P register may not correspond to
the address of the 00 instruction. The P register
may have been incremented prior teo the execution of
the 00 instruction. When the switch is in the
ENABLE position, this dinstruction causes an error
exit response that i3 the same as an illegal
Instruection. Refer toc ZError Response under CP
Programming in sectiom 5.

010xK  Return Jump to K RI

29 21201817 ]

[ oo P72 K ]

This two-parcel instruction uses the lower—order 18
bits as operand K. This instruction writes a
special word into CM at relative address K. The
current program sequence then terminates hy & Jjump
te address K plus 1. The word stored in memory
contains a Jump instruction which causes an
unconditional jump to the address of this return
Jjump instruction plus 1.

Thig instruction calls a subroutine and inserts
execution of the subroutine betwsen execution of
this instruction word and the following instruction
word. Imnstructions appearing after the return jump
instruction - in the instruction word are not
executed. ~ The called subroutine exit must be at
address K. The called subroutine entrance address
must be K plus 1.

This Instruction stores a 60-bit word at address K
in memory. The upper half of this word contains . an
unconditional jump (0400) instruetion with an
address which dis equal to the current program
address plug 1. The lower half of the storad word
is all zerog. The octal digits in the stored word
then appear as d1llustrated with the =x field
indicating the location of the current program
address plus 1.

K 0400x ook 00000 00000  Subroutine
exit

K+ 1 yyyyy YYYyy Y¥¥¥YYy ¥¥¥yy Subroutine

entrance
011jK  Block Copy {B]) + K Words REC Bj + K
from (X0 + RAE) to (A0 + RAC)
59 51 47 3029 0
on i K INST. FOR HALF EXIT

60458520 A



This dinstruetion copies a block of B plus K
consecutive words from unified extended memory (UEM)
or external extended memory (EEM) to €M, beginning
at address A0 plus RAC in CM and address X0 plus RAE
in UEM or EEM. It leavez Bj, X0, and A0 unchanped.
Bj and K are both sipgned 18-bit one”s complement
numbers, making it possible to transfer a maximum of
131 071 60-bit words. 1If B plus K is zero, the
instruction acts as a 60-bit pass instruction.

With the exception of I0U requests and Tequests by
the opposite CP on dusl CP systems, all other CP
activity stops during this bloek - transfer. AIlL
instructions which have 1issued prior to this
instruction execute to completion. No further
instructions are 1ssued until the block transfer
completes. As a result of these restrictions, the
waximm rate of data flow from UEM to CHM iz 100
nanoseconds {model B&5) or 50 nanoseconds (model
875).  The maximum rate of data flow from EEM to CM
is 100 nampseconds for both models. Whem an 10D
raquest for CM occurs during the bloek transfer, the
10U word address ir dinserted .in the stream of
addresses to the storage address stack (5AS).

The selection of UEM or EEM depends on the state af
the UEM enable flag bit. If the flag is set, the
transfer 1s between UEM and CM; 1f the flag s
clear, the transfer is between EEM and CM.

A fake read/write and exit can ogcur only with EEM
references. A fake read/write and exit oceurs in
standard addressing mode 1if X0 plus RAE bit 21 or 22
is set. A fake read/write and exit occurs fn
expanded addressing mode if X0 plus RAE bit 28 is
set. In both cases, a half exit to parcel 2 of the
same iastruction word occurs (refer to Fake
Read/Write and Exit in section 5). If this is not
the case, the next instruction is taken from parcel
0 of the next iInstruction word.

In standard addressing mode, a set condition of bit
23 of the X0 address and TLE register causes a flag
register operation (refer to Flapg Register Operation
in section 5). In expanded addressing mode, a et
condifion of bit 29 of the X0 address and FLE reg-
ister causes a flag register operation. Flag reg-
ister operations exist only for EEM references, and
result In an address range error for UEM references.

Enbanced block copy addressing permits accessing of
a block of CM memory words more than 262K from RAC.
This is achieved by using the upper 30 bits of X0 as
a CM starting address instead of the customary 18
bits of AD. X0 bits 30 through 50 provide a 21-bit
‘format for the CM starting addrese, as compared to
the 18-bit format of AO. The enhanced block copy
mode flag is bit 54 of word 3 of an exchange package.
A clear flag selects AD as the starting CM address;
a set flag selects the upper 30-bit parcel of X0 as
the starting CM address.

00124K  Block Copy (Bj) + K Words WEC Bi+ K
from (A0 + RAC) to (X0 + RAE)
59 51 47 30 29 0
o [i] K INST, FOR HALF EXIT

60458920 A

This instruction is identical to block copy instruc-—
tion 0113jK, except that the transfer 1s a block of Bj
plus K consecutive words from CM to UEM or EEM,
rather than vice versa. Refer to instruetion 011iK,
preceding. :

013 3K Central Exchange Jump to T Bl + K
Bj + K when MF Set
01 3%x ‘Monitor Exchange Jump to MA X
when MF Clear
59 51

a7
oz [I]  «

3Oé%%g%%gé%%é%gé%%é%%g%%%

This instructlon must start at parcel 0. Also, an
exchange package must be ready at address BJ plus K
or at address MA. .

This instruction stores P plus 1 into the outgoing
exchange package in hardware and then exchanges this
exchange package with the exchange package stored in
memory. If, at the beginning of the instruction,
the MF is set, then the incoming exchange packape
Btarts at absolute address 3] plus XK. If, at the
beginning, the MF is clear, then the j and K Fields
of the instruction are ignored, and the incoming
exchange package starts at absolute address MA which
is obtained from the outgoing exchange package. 1In
either case, the MF is topgled and the outgoing
exchange package 1z stored beglnning at the same CM
address from where the incoming exchange package is
obtained. Also, the Jjump 15 always to relative
address P, parcel 0, from the new exchange package.
Refer to Exchanpge Jump, section 5.

O0l4jk  Read Extended Memory Xk to Xj “BX Xj, Xk

14 65 32 O

o4 [ilk]

This is a 15-bit instruction that reads one 60-bit
word from UEM or EEM address (Xk) to X register Xj.
If the UEM mode flag is clear, EEM is read. If the
UEM mode flag 1s set, UEM im read per RAE/IVF.

1f EEM is referenced, the instruction 1s executed by
the storage move unlt and canmot segment or ocverlap
execution with other - instruetions wuantlil the data
enters the Xj register. If UEM is referenced, the
instruction 1is executed by dimcrement anmd is fully
segmented.

Instruction 014 may execute in standard or expanded
addressing mode to access UEM -or EEM. The
addressing mode 18 selected by a Bet or clear
condition of the expanded addressing select £lag
(refer to Extended Memory Addressimg Modes in
section 5). In -~ standard addressing mode,
instruction 014 uses the memory address Xk (21 bits)
plus RAE (21 bits) to address UEM or EEM, depending
on the condition of the UEM mode flag. In expanded
addressing mode, iInstruction 014 uses the memory
addreas Xk (24 bits) plus RAE (24 bits) to address
UEM or EEM, depending on the condition of the UEM
mode flag.

4=3



A fake read/write and exit may occur with EEM
references in a direct read/write instruction. A
fake read/write and exit oceurs in standard
addressing mode if X0 plus RAE bit 21 or 22 is set,
A fake read/write and exit occurs in expanded
addressing mode if X0 plus RAE bit 28 is set. 1In
both cases, Xj in CM is entered with zero and the
next Instruction is taken from parcel 0 of the
following instruction word. '

0153k Write Extended Memory Xk WX Xj,Xk
from Xj
14 65 32 O
o5 - ||| k|
This 153-bit dinstruction 1z ddentieal to direct
read/write instruction 043K, except that the

one~word transfer is from CHM address ¥j to UEM or

EEM address Xk, rather than vice versa. Refer to
instruction 014jK, preceding.
0l6jk  Read Microsecond Counter teo Xj RC
14 .63 32 0
ote | i«

This dInstruction reads the contents of the 32-bit
microgecond counter te reglster Xj. The upper 28
‘bits .of Xj are entered with zeros.

017 jk Illegal Instruction

Refer to Illegal Instructions, section 3.

021xK Jump to {(Bi) + K JP

29 2423 2120 IBIT ' 0
o2 | | K

This two-parcel Iinstruetlon uses the Jower-order 18
bite as operand K. The instruction causes the
current program sequence to terminate with a jump te
address Bi plus K in CM. i

This dinstruction allows computed branch point
destinations. This is the only instruction in which
a computed parsmeter can sSpecify @ program branch
destinatiom address. All other jump Instructions
have preassigned destination addresses.

The quantities in Bi and operand K are added in an
18-bit one’s complement mede. The result is treated
as. an 18-bit positive Iinteger which specifies the
- beginning address in CM for the new program
sequence. The remaining dinstructions, if any, in
the instruction word do not execute.

4=4

030jK Branch to K if (Xj) = 0 ZR

29 2120 1817 0
| oz0 || K

This two-parcel Iinstruction uses the lower-order 18
bits as operand K. Execution of this instruction
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program- sequence, depending upon the content of Xj.
The branch to address K occurs only on the following
conditions. The current program sequence continues
for all other cases. : :

Jump to K if: (X3i) = 0000 0000 Q000 000C 00ODO
(positive zera)

(X3) = 7777 77177 7777 77177 7777
{negative zerog)

This instruction branches or a zero result f£from
either a fixed-point or a floating-point operation.

0313k - Branch to K if (XJ) £ O : NZ

29 2120 1817 0
03t | j| | K I

This two-parcel instruction uses the lower—order 18
bits as operand K. Execution of this instruction
causes the program sequence to terminate with a
jump to address K in CM or to continue with the
current program sequence, depending upon the content
of Xj. The program sequence continues only on the
following conditions. The branch to address X
occurs for all other cases.

0000 0000 0000 0000 Q000
(positive zero)
777 7777 1777 7777 7777
(negative zero)

Continue if: (XJ)

(x3)

This instruction branches on a2 nonzero result from
either a fixed-point or a floating-point operation,.

032jK  Branch to K if (Xj) is Positive PL

23 2120 1817 0
032 | i | K

This two-parcel Iinstruction uses the lower-order 18
bits as operand K. Execution of this instruction
causes the program sequence to terminate with a jump
to address K in CM or to continune with the current
program sequence, depending upon the content of Xj.
The branch decision for this instruction i1s based on
the value of the sign bit in Xj.

Jump to K if: Bit 59 of Xj = 0 (positive)

Continue 1f: Bit 59 of X3

I

1 (negative)
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This imstruction branches on a positive result from
either a fixed-point or a floating-point operation.
033jK  Branch to XK iF (Xj) is Negative NG

29 2120 1817 0
033 I;L K

This two~parcel instruction uses the lower-order 18
bits as opersnd K. Execution of this instruction
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending wpon the content of Xj.
The branch decision for this instruction is based on
the value of the sign bit in Xj. :

Jump to K if: Bit 59 of Xj 1 (negative)

Continue if: Bit 59 of Xj = 0 (positive)
This instruction branches on a negative result from
either a fixed-point or a floating-point operation.

034jK  Branch to K if (Xj) is in Range : .IR

29 2120 1817 . .0
034 [ | k]

This two-parcel instruction uses the lower-order 1B
bits as operand K. Execution of this instruction
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The program sequence continues only on the following
conditions, The branch to address K occurs For all
other cases,

Continue if: (X3) = 3777 xOaX X0 XXKE XKEX
{positive overflow)}
(X3) = 4000 xxxx X000 KXKX XNXK

(negative overflow)

This instruction branches on a floating-polnt quan—
tity within the floating—point range. The value of
the coefficient Is dgnored in wmaking this branch
test. An underflow quantity is considered in ramge
for purposes of this test.

035jK  Branch to K 1f (Xj) is Qut of Range OR

29 2120 1817 0
035 [ ] ' K ‘

This two-parcel instruction uses the lower—order 18
bits as operand K. Execution of this instruction
- causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequence, depending upon the content of Xj.
The branch to address K occurs only on the following
conditions. The current program seguence continues
for all other cases.

Jump to K if: {Xj) = 3777 xnor xxux Xaxk moox
(positive overflow)

{Xj) = 4000 xonor X300 XUMH AHK
" {negative overilow)

60458920 A

036jK  Branch to K if (Xj) is Definite DF

29 21201817 4]

036 | j | K ]

This two-parcel imstruction uses the lower-order 18
bits ae operand K. Execution of this instruction
causes the program sequence to terminate with a jump
to addreses K in CM or to continue with the current
program sequence, depending ‘wpon the content of Xj.
The program sequence contlnues only on the following
conditions. The branch te address K occurs for all
other cases. : :

1777 000K XXXK KX 3K
{positive indefinite)
6000 000X OfXX EXXX XH0x
(negative indefinite)

Continue if: (Xj)

(X3}

1]

This instructiom branches on a floating-peint
quantity which may be out of range but is still
defined. The value of the coefficient - is ignored in
making this branch test. An overflow quantity or an
underflow quantity is considered defined for pur~
poses of this test.

037jK  Branch to K if (Xj) is Indefinite D

29 2120 1817 o
037 [i ] K

This two-parcel instruction uses the lower-order 18
bits as operand K. Execution of this dinstruction
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program sequepnce, depending upon the coantent of the
Xj register. The branch to address K occurs only on
the following conditions. The current program
sequence continues for all other caszes.

1777 X0 KXXX KXNX XXXX
(positive indefinite)
6000 XXX XXAX XKAX KEXK
(negative indefinite)

Jump to K if: (Xj)

Ir

(X1

This instruction branches on a floating-point
quantity which is not defined. The value of the
coefficient is ignored in making this branch test.
An overflow quantity or an underflow quantity is
considered defined for purposes of this test.

#41jK Branch te K if (Bi) = (Bj) EQ
29 2423 2120 1817 8]
o4 [ 1] ] K

This two-parcel instruction uses the lower—order 18
bits as operand K. Execution of this instruetion
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current
program Sequence, depending upon a comparison of the
contents of the Bi and Bj registers. The branch to
address K occurs only 1f the two quantities are
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identical on a bit-by-bit comparison basis. The cur-
rTent program sequence continues for all other cases.

‘This iInstruction branches on an index equality test.

A quantity consisting of all zeros and a quantity
consisting of all ones are not equal for this test.

p5ijK  Branch to K if (Bi) # (Bj) NE

29 2423 2120 817 ) C Q
% [ 1]1] X |

This two-—parcel instruction uses the lower-order 18
bite as operand K. Execution of this imstruction
causes the program sBequence to terminate with a jump
to address K in CHM or to continue with the current
program tequence, depending upon a comparison of the
contents of the Bi and Bj registers. The program
sequence continues only if the two quantities are
identical on a bit-by-bit comparisom basis. The
branch to address K occcurs for all other cases.

This dimstructiom branches on an index dInequality
test, A quantity consisting of all =zeros and a
quantity consisting of all omnes are not equal for
this test.

061jK Branch to K if (Bi) is > (B]) GE
29 2423 2120 1B¥7 ) Q0
[ o8 [ i] 1] K

This two-parcel instruction uses the lower-order 18
bits as operand K. Execution of this dinstruction
causes the program sequence to terminate with a jump
to address K in CM or to continue with the current

program sequence, depending upon a comparison of the
contents of Bi and Bj. -Both guantities are treated

as sipned integers. The branch to address K occurs
if the content of Bl is greater than or equal to the
content of Bj. The current program Sequence
continues If the content of Bl is less than Bj.

This instruction branches on an index thresheld test.
A positive zero quantity is considered greater tham a
negative zero quantity.

07ijKk Braneh to K if (B1) < (Bj) LT
29 24 23 2120 1817 [}
o7 | 1 ]i] K

This two-parcel instruction uses the lower-order 18
bits a5 operand K. Execution of this I1nstruction
causes the program sequence to terminate with a jump
to address K in M or to continue with the current
program sequence, depending uponr a compariscn of the
contents of BL and Bj. Both gquantities are treated
ag gmigned integers., The branch to address K occurs
if the content of Bi is less than the content of Bj.
The current program sequence continues if the content
of Bi is greater than or equal to the content of Bj.

‘This imstruction branches on an index threshold test.
A positive zero gquantity is cnnsidared greater than a
negative zero quantity.

10ijx  Transmit (Xj) to Xi BXi Xj

4 98 65 32 0
o |t

This dnstruction transfers a 60-bit word from Xj
into Xi.

This iInstruction moves data from one X register to

another - X regilster. No loglcal function is per-
formed on the data.

11ijk  Logical Product of (Xj) and

BYL Xj * ¥k
{Xk) to Xi
14 98 65 32 0

no [

This instructien reads operandes from two X registers,
operates upon them to form a result, and delivers
this result to a third X register. The operands for
this instruction are im Xj and Xk. The result
delivered to X1 is the bit-by-bit logical product of
the two operands. Each of the 60 bits in Xj is com-
pared with the ecorresponding bit in Xk to form a
single bit in Xi. A.sample computation is listed in
octal notation to illustrate the operation performed
and ineludes the four possible bit combinations that
may occur.

(X3) = 7777 7000 0123 4567 1010
(Xk) = 0123 4567 0077 7700 1100
(xi) = 0123 4000 0023 4500 1000

This instruction extracts portions of a 60-bit word
during data processing.

121k Logical Sum of {Xj) and BXi Xj + Xk
(Xk) to xi
19 898 65 32 O
2 [t ]1]x]

This instruction reads operands from two X registers,
operates upon them to form a result, and delivers
this result to a third X reglster. The operands for
this dinstruction are in Xj and Xk. The result
delivered to Xi is the bit-by-bit logical sum of the
two operands, Fach of the 60 bite in Xj is compared
with the correspending bit in Xk to form a single bit
in Xdi. A sample computation 18 listed in octal
notation to i1llustrate the operation. performed and
includes the four possible bit combinationms that may
OCCUT

{(Xj) = 0000 7777 0123 4567 1010
(Xk) = 0123 4567 7777 0000 1100
(xi) = 0123 7777 7777 4567 1110

This instruction merges portions of a 60-bit word
into a composite word during data processing.
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13ijk Logical Difference of (Xj)
and {Xk) to Xi

BX1 Xj - Xk

14 898 65 32 0O

3 i [i]«]

This instruction reads operands from two X reglsters,
operates upon them to form a result, and delivers
this result to a third X register. The operands for
this dInstruction are in Xj and Xk. The result
delivered to Xi is the bit-by-bit logical differasnce
of the two operands. Each of the 60 bits in Xj is

compared with the corresponding bit in Xk to form a

single bit in Xi. A sample computation is listed in
octal notation to 1llustrate the operation performed
and inecludes the four possible bit combinations that
may occur. .

0123 7777 0123 4567 1010

(X3) =
(Xk) = 0123 4567 7777 3210 1100
(X1) = 0000 3210 7654 7777 0110

This Instruction compares bit patterns or cnmplements
bit patterns during data processing. .

l4igk  Tranemit Cowplement of (Xk) BX{ -Xk

to Xi

4 58 65 32 0O
14 i k

This instruction teads a 60-bit word from Xk,‘

complements the word, and writes the result into Xi.

This instruction changes the sipn of a fixed-point or
floating-point ¢uantity. . The instruction also in-
verts an entlre 60-bit field during data processing.

151jk Logieal Produect of (Xj) with
Complement of (Xk) to Xi

BXL =Xk * Xj

4 98 65 32 ©
& [v[i[¥]

This instruction reads operands from two X registers,
operates upon them to form a result, and delivers
this result to a third X register. The operands for
this instruction are in Xj and Xk. The result
delivered to Xi is the bit-by-bit logical product of
the value in Xj and the complement of the wvalue in
Xk. Each of the 60 bits in Xj 1s compared with the
corresponding bit in Xk to form a sinple bit in Xi.
A sample computation is listed in octal notation to
illugtrate the oaperation performed and includes the
four possible bit combinations that may occur.

(1) = 7777 7000 0123 4567 1010
(Xk) = 0123 4567 0007 7700 1100
(X1) = 7654 3000 0120 0067 0010

This imstruction extracts portions of a 60-bit word
during data processing.
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161jk  Logical Sum of {Xj) with

BXi -Xk + Xj
Complement of (Xk) to Xi :

4. QE 65 32 O
s [ [i]k]

This inetruction reads operands from two X registersg,
operates upon them to form a& result, and delivers
this result to a third X repister. The operands for
this d1nstruction are in Xj and Xk. The result
delivered to Xi is the bit-by-bit logical sum of the
value in Xj and the complement of the value in Xk.
Each of the 60 bits in Xj is -compared with the
corresponding bit in Xk to form a single bit in Xi.
A =ample computation is listed in- octal riotation to
illustrate the operation performed and includes the
four possible bit combinations that may occur.

(Xj)- = 0000 7777 0123 4567 1010
(X&) = 0123 4567 7777 0000 1100
(¥1) = 7654 7777 0123 7717 7677
This dinstruction merges éortiona of a 60-bit word

into a composite word during data procesaing.

17ijk  Logical Difference of (Xj)
with Complement of (xk)
to Xi

B¥i -Xk - Xj

14 98 65 32 0

v Jufilw]

This instruction reads operands from two X registers,
operates upon them to form a result, and delivers
this result to a third X register. The operands for
this instruction are in Xj and Xk. The result
delivered te Xi is the bit-by-bit logilcal difference
of the value in Xj and the complement of the value
in Xk. Each of the 60 bits in Xj is compared with
the corresponding bit in Xk to form a single bit in
¥i. A pample computation is listed in octal notation
to illustrate the operation performed and includes
the four possible combinatione that may ocecur. :

(X1 = 0123 7777 0123 4567 1010
(Xk) = 0123 4567 7777 3210 1100
(Xi) = 7777 4567 0123 CO0O 7667

This instruction compares bit patterns or cnmplements
bit patterns during data processing.

2014k - Left Shift (Xi) by jk Lxi. jk
14 28 65 0
[ 20 [t] i ]

This instruction reads one operand from X1, shifts

the 60-bit word left circularly by jk bit positions,
and writes the resulting 60-bit word back into the
gsame X{I register. The j and k designators are
treated as a sinpgle 6-bit positive integer operand
in this instructiom.



A left—circular shift implies that the bit pattern in
the 60-bit word is displaced towards the highest-
order bit positioms. The bits shifted off the upper
end of the 60-bit word are inserted in the lowest-
okder bit positione -in the same sequence. The
resulting 60-bit word has the same quantity of bits
with values of ome and zero as In the original
operand.

A sample computation is listed im octal notatinn to
illustrate the uperstiun performed._

Initial (1) 2323 6600 0000 QOGO Q111 °

Jk 12 (octal)

7540 0000 0000 D022 2464

Final (Xi)

This instruction, together with instructiom 21, may
be used whenever a data word is to be shifted by a
predetermined amount. ~If the amount of shift is
derived in the execution of the program, instruction
22 or 23 should be used.

211jk  Right Shift (Xi) by ik AXI jk

4 98 65 o
2l i | ok ]

This instruction reads ‘one operand from Xi, shifts
the 60-bit word right with sign extension by jk bit
positions, and writes the resulting 60-bit word back
inte the mame Xi register. The } and k designators

are treated as a single -6-bit positive integer

operand in this- instructien.

A right shift with sign extension implies that the
bit pattern in the @0-bit word is displaced toward
the lowest-order bit positions. The bits shifted
off the lower end of the word are discarded. The
highest-order bit positions are filled with copies
of the origipal sipn bit.

Two sample computations are listed in octal notation
to 1llustrate the operation performed. The first
example contains a positive operand, and the second
example contains a negative operand.

Initial (Xi)

2004 7655 0002 3400 0004

jk 30 (octal)

Final {xi) 0000 0000 2004 7655 0002

Initial (Xi)

6000 4420 2222 0000 5643

Jk 10 (octal)

Final {Xi)

]

7774 0011 0404 4440 0013

This instruction, together with instruction 2{, may
be used whenever a data word is to he shifted by a
predetermined amount. If the amount of shift is
derived in the execution of the program, instruction
22 or 23 should be used. -
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2213k Left Shift (Xk} Nominally
(Bj) Places to Xi

Xt Bj Xk

4 .98 &5 32 0O
[ 22 [i[1]¢«]

This imstruction reads a 60-bit operand from Xk,
shifts the data either left or right as specified by
Bj, and writes the resulting 60-bit word into Xi. If
the value in Bj is positive, the data is left shifted
circularly the number of bit peositlons designated by
the value in Bj. If the value in Bj is negative, the
data is right shifted with sign extension the number
of bit positions designated by the value in Bj. The
sign of Bj is determiomed by Bj bit 17.

A left circular shift implies that the bit pattern in
the 60-bit word 1s displaced towards the highest-
order bit positions. The bits shifted off the upper
end are inserted in the lowest-order bit positions in
the game sequence. The resulting 60-bit word has the
same quantity of bits with values of one aud Zero as
in the origimal operand.

A right shift with sign extension implies that the
bit pattern in the 60~bit word is displaced towards
the lowest-order positions. The bits shifted off the
lower end are discarded. The highest~order bit posi-
tions are filled with copies of the original sigh
bit.

Two sample computations are listed in cctal notation
te 11lustrate the operation performed. The first
example contalns a-positive shift count resulting in
a left circular shift, and the second example
1llustrates the right shift with sign extension.

(Xk) = 2323 6600 0000 0000 G111
(B = (0 0012

(X{) = 7540 0000 0000 0022 2464
(xk) = 1327 60000000 3333 2422
(B} = 77 7771 _

(xi) = 0013 2760 0000 0033 3324

If Bj bite 6 through 10 are different from Bj bit 17
and Bj bit 17 is set, the shift count is greater than
63 (decimal) places right, and a result of positive
zero iB rteturned te Xi. Bj bits 11 through 16 are
not tested by this imstruction. '

This iInstruction is used when the amount of shift is
derived in the computation. The instruction is also
used for correcting the ccoefficient of a floating~
point number when the exponent has been unpacked into
a B register. '

231ik  Right Shifted (Xk) Nominally AXi Bj Xk
{Bj) Places to Xi
14 98 65 32 O
23 [ 1] ]w]
60458920 A



Thie dnstruction reads a 60-bit operand from Xk,
ghifts the data either left or right as specified by
the content of Bj, and writes the resulting 60-bit
word imto Xi. If the value in Bj is positive, the
data is right shifted with sign extension the number
of bit positions designated by the value in Bj. If
the value in Bj 1 negative, the data is left shifted
circularly the number of bit positions designated by
the value in Bj. The sign of Bj is determined by Bj
bit 17. . -

A left eircular shift implies that the bit pattern in
the 60-bit word is displaced towards the highest—
order bit positions. The bits shifted off the upper
end are inserted in the lowest—order bit positions in
the same segquence. The resulting 60-bit word has the
same quaantity of bits with values of one and zero as
in the original operand.

A Tight ghift with sign extension implies that the
bit pattern in the 60-bit words is displaced towards
the lowest—order bit positions. The bits shifted off
the lower end of the word are discarded. The
highest-order bit positions are filled with coples of
the original sign bit.

Two sample computations are listed In octal notation
to 1llustrate the operatlion performed. The first
example contains a.positive shift count resulting in
a right shift with sign extension, and the second
example contains a negative shift count resulting in
a left circular shift.

C(Xk) = 1327 6000 000D 3333 2422
(ﬁj) ~ o0 0006
(x) = 0013 2760 0000 0033 3324
(Xk) = 2323 6600 0000 0000 0111
(B1) = 77 7765
(Xi) = 7540 000D 0DOO 0022 2464

If Bj bite 6 through 10 are different from Bj bit 17
and Bj bit 17 is clear, the shift count is greater
than 63 (decimal) places right, and a result of
positive zern is returned to Xi. Bj bits 11 through
16 ars not tested by this inetruction.

This Instruction is used when the amount of shift is
derlved in the computation. The instruction is alse
used for correcting the coefficient of a floating—
point number when the exponent has been unpacked into
a B register.

24ijk  NWormalize (¥k) to Xi and Bj NXi Bj Xk

14 58 65 32 O
Za KRR Y

This dinstruction reads one operand from ¥k, performs
a normalizing operation on this word in fleating-
point format, and delivers the normalized result to
Xi. 1In addition, a positive integer shift count is
sent to Bj. This shift count is the number of bit
positions of shift required to normalize the origipal
operand coefficient.

The normalizing operation consistes of repositioning
the coefficient portion of the operand and then

60458920 A

adjusting the exponent portion of the operand to
leave the value of the result unaltered. The
coefficient 1is shifted towards the higher-order bit
positions of the word. The coefficient is shifted
the minimum mmber of bit positiomns required to make
bit 47 different from sign bit 59. This places the
most significant blt of the coefficient in the
highest-order pogsition. The exponent 1s then
decreased by the mumber of bit positions shifted.

Twe sample computations are listed in octal notation
to illustrate the oaperation performed. The £first
example l1nvolves a positive floating-point number,
and the second example involves a negative number,

(Xk) = 2034 0047 6500 0000 2262
(k1) = 2026 4765 0000 0022 6200
(B}) = 00 0006
(X} = 5743 7730.1277 7777 5515
(X1) = 5751 3012 7777 7755 1577
(Bj) = 00 0006

Normalizing a number with either a positive or nega—
tive zero coeffieclent sets a shift count in Bj to 48
{decimal) and enters Xi with positive zero. If Xk
contains an infinite quantity (3777x;tx...x or
4000xxx...x) or an indefinite quantity (1777xxx...-x
or 6000xxx...x), no shift takes place. The content
of Xk is copled to Xi, and Bj is set to zero. Corre~
sponding infinite and indefinite exlt conditioms are
also set in the CP for exit mode action. For Further
informatiomn, refer to Flnating—Point Arithmetic under
CP Programming in section 5. :

251jk  Round Normalize (Xk) to Xi and Bj 2ZXi Bj Xk

4 98 65 32 0O
25 [ 1]i]k]

This inatruction reads one operand from Xk, performs
a rounding and then & normalizing operation in
floating-point format, and delivers the round
normalized result to Xi. TIn addition, a positive
integer shift count is sent to Bj. This shift count
is ‘the nueber of bit positions of shift required to
normalize the original operand coefficient.

The rounding operation consists of adding a bit to
the coefficient portion of the operand in a bit
position immediately below the least significant bit
position. This round bit has a value equal to the
complement of the operand sign bit. The result
increases the magnitude of the coefficient by
one-half the value of the least significant bit.

The normalizing operation consists of repositioning
the coefficient and adjusting the exponent to leave
the wvalue of the resvlting floating-point guantity
unaltered. The coefficient is shifted towards the
higher-order bit positions. The round bit is shifted
aleng with the coefficient. The displacement is the
minimum number of bit pesitions required to wmake bit
47 different from sign bit 59. This places the most
pignificant bit of the coefficient in the hipghest-
order bit position. The exponent is decreased by
the number of bit positions shifted.
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Two sample computations are listed in octal notation
to illustrate the normalizing operation performed.
The first example invelves a positive floating-point
number, and the asecond example involves a negative
mmber. ’

(k) = 2034 0047 6500 0000 2262
(x1) = 2026 4765 0ODOD 0022 6420

(B}) = OO0 0006

(Xk) = 5743 7730 1277 7777 5515
(X1} = 5751 3012 7777 7755 1537
(Bi) = 00 0006
If Xk contains elther an infinite quantity

(3777xxx...x or 4000xxx...x) or am indefinite
guantity (1777xxx...x or 6000xxx...x), no shift takes

place. The content of Xk is copled to X1, and Bj is-

set to zero. Corresponding infipnite and indefinite
exit conditions are also set in the CP for exlt mede
action. For further information, refer to Floating-
Point Arithmetic under CP Programming in section 3.

261 3k Unpack (Xk) to Xi and Bj UXi Bj Xk
14 - 9B 65 32 0

[ 26 [0 ] 1k

This instruction reads one operand from Xk, unpacks
this word from floating-point format, and delivers
the coefficient and exponents to Xi and Bj, respec—
tively. The 60-bit word delivered to X1 consists of
the lowest 48 bits unaltered from  the original
operand plus the upper 12 bits, each equal to the
original sign bit. This is a signed integer equal
to the wvalue of the coeffiedent in the original
operand. The 18-bit quantity delivered to Bj is a
signed integer equal to the value of the exponent im
the original operand. The 11-bit exponent f£field in
the operand i1s altered to remove the bias and then
gign extended to fill out the 18-bilt quantity. The
sign of the coefficient is removed in this process.

Four sample sets of operands and unpacked results are
listed in octal notation to illustrate the operation
performed. These examples contain the four combin-
ations of coefficient sign and exponent sign.

(Xlc) = 2034 4500 3333 2000 0077

(x1) = 0000 4500 3333 2000 €077

(B1) = 00 0034

(Xk) = 1743 4500 3333 2000 0077
(Xi} = 0000 4500 3333 2000 0077

(Bfy = 77 7743

(Xk) = 5743 3277 4444 5777 7700
(Xi) = 7777 3277 G444 5777 7700
(Bj) = 0D 0034
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{Xk}) = 6034 3277 4444 5777 7700
(X1) = 7777 3277 4444 5777 7700

(Bj) = 77 7743

This instruction converts a number from
floating-point format to fixed-point format. For
further information, refer to Floating-Point
Arithmetic under CP Programming in section 5.

2713k  Fack (Xk) and (Bj) to Xi PXi Bj Xk

14 88 65 32 O

& [T]1]+]

This dinstruction reads the contents of Xk and Bj,
packs them inte a =ingle word in floating-point for—
mat, and delivers this result to Xi. The coefficient
for the value In Xi is obtained from the content of
Xk, which 1is treated as a sligned integer. The
exponent for the walue din X1 is obtained from the
content of Bj, which is treated as a signed integer.

The lowest-order 48 bits in Xi are copled directly
from the lowest-order 48 bits 1n Xk. The sign bit in
Xi is copled direectly from the sign bit in Xk. The
exponent field in ¥4 is derived from the value in Bj
by extracting the Ilowest—order 11 bits in Bj and
modifying this gquantity for exponent bias and
coefficient sign.

Four sample sets of operands and packed results are
listed fin octal notation to illustrate the operation
performed. These examples contain the four combina-

tions of coefficlent sign and exponent sipgn.

(Xk) = 0000 4500 3333 2000 0077

(B1) 00 0034

(xi) = 2034 4500 3333 2000 0077

(Xk) = 0000 4300 3333 2000 0077
(BD)
(x1i) = 1743 4500 3333 2000 0077

77 7743

(Xk) = 7777 3277 4444 5777 7700
(Bi) = 00 0034

(%1) = 5743 3277 444k 5777 7700

(X} = FI77 3277 4444 5777 7700
(B1) = 77 7743

(Xi) = 6034 3277 4444 5777 7700

This instruction converts a number in fixed~point
format to floating-point format.
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30ijk Floating Sum of (Xj) and (Xk)

to Xi

FXi Xj + Xk

14 98 65 32 O

o ][ i[v]

This ingtruction reads operands from two X registers,
operates wpon them to form a fleoating~point sum, and
delivers this result to a third X register. The
operands for this .instruction are in Xj and Xk.
These operands are in floating-point format and are
not necessarily normalized. The sum of the quanti-
ties In Xj and Xk 15 delivered to Xi in floating-
point format and is not necessarily normalized.

The two operands are unpacked from floating-point
format, and the exponents are compared. The coeffi-
cient with the smaller exponent 1s right shifted by
the difference of the two exponents such that both
coefficients are the same significance. The two co-
efficients are then added to form a 96-bit result.
The upper half of the result is then selected as a
coefficient and packed along with the larger exponent
to form the result sent to Xi. If coefficient over—
flow occurs, the sum 1s right shifted one place, and
the exponent is Increased by one.

If the two operands have unlike sipns, the result
coefficient may have leading zeros. No normalize
operation is bullt into this instruction to correct
this sitwatlon. A separate normalize instruction
must be programmed if the result is to be kept in a
normalized form.

When the difference between the exponents is greater
than 128 (decimal), the shifted sign bit is extended
to the entire ghifted operand. Infinite (3777xxx...%
or 4000xxx...x) or indefinite (1777xxx...x or
6000xxx...x) operands cause corresponding exit
conditions to set in the CP for exit mode actiom.
For further information, refer to Floating-Point
Arithmetic under CP Programming in section 5.

311ijk Floating Difference of Fii Xj - Xk
(Xj) and (Xk) to Xi
14 98 65 32 0O
3 [ i k]

This instruction reads operands from two X registers,
operates upon them te form a floating-point differ-
ence, and delivers this result to a third X register.
The operande for this instruction are in Xj and Xk.
These operands are in floating-point format and are
not necessarlly normalized. The result of subtract-
ing the gquantity In Xk from the quantity in Xj is
delivered to Xi in floating-point format and is not
necesgarily normalized.

The two operands are unpacked from floating-point
- format, and the exponents are compared. The
coefficient with the smaller exponent iIs Tight
shifted by the difference of the two exponents such
that both coefficients are the same significance.
The Xk coefficient is then subtracted from the Xj
coefficient to form a 96-bit result. The upper half
of the result is then selected and packed along with
the larger exponent to form the result sent to Xi.
- If coefficient overflow occurs, the result is tight
shifted one place, and the exponent is increased hy
one.
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If the two operands have 1ike signs, the result co-
efficient may have leading zeros. No normalize oper—
ation is built into this instruction to correct this
situation. A peparate normalize instructien must be
programmed if the result is to be kept in a normal-~
ized form. Infinite (3777xxx...x or 4000xx...X) or
indefinite (1777:ox...x or 6000xxx...x) operands
cause corresponding exit conditions to set in the CP
for exit mode action. TFor further information, refer
te Floating-Point Arithmetic under CP Prograwming in
aectinn 5.

Floating Double~Precision Sum of DXi Xj + Xk
(X3i) and (Xk) to Xi

32ijk

9B 65 32 0

R

This instruction reads operands from two X registers,
operates upon them to form a double-precision
floating-point sum, and delivers the lower half of
this result te a third X register. The operands for
this instruction are in Xj and Xk. These operands
are in floating-point format and are not necessarily
normalized. The sum of the quantities in Xj and Xk
ip delivered to X1 in floating-point format and is
not necessarily mormalized.

The two operands are unpacked from floating-point
format, and the exponents are compared. The coeffi-
cient with the smaller exponent is right shifted by
the difference of the two exponents such that both
coefficients are the same significance. The two
coefficients are then added to form a 96-bit re-—
sult. The lower half of the result is then selected
and packed along with the larger exponent ninus 48
(decimal) to form the result ment to Xi. If
coefficient overflow occurs, the- result is right
shifted by one place, and the expoment is increaged
by one. Infinite (3777xxx...x or 4000mtx...x) or
indefinite (1777xxx...x or 6000xxxX...x) operands
cause corresponding exit conditions to eet in the CP
for - exit wmode action. For further information,
refer to  Floating-Point  Arithmetic under CP
Programming in sectiom 5.

33itk Floating Double-Precision
Difference of (Xj) and {Xk)

to Xif

DXi Xj - Xk

14 98 65 32 O
m [T [1]x]

Thig instruction reads
replsters, operates upon them to form a
double-precision  floating-point  difference, and
delivers the lower half of this result to a third X
register. The operands for this instructiom are in
Xj and Xk. These operande are in floating-point
format and are mnot necessarily normalized. The

operands from two X

" result of subtracting the quantity in Xk from the

quantity in Xj is delivered to Xi dim floatingnpoint
format and is not necessarily nurmalized

The two operands are unpacked from Ffloating-poimt
format, and the exponents are compared. The
coefficlent with the smaller exponent ie right
shifted by the difference of the two expoments such
that beoth coefficients are the same significance.



The ¥k coefficient is then subtracted from the Xj
coefficient to Form a 96-bit result. The lower half
of the result is then selected and packed along with
the larger exponent minus 48 (decimal} to form the
result sent to Xi. If. coefficient overflow occurs,
the tesult 15 right shifted one place, amd the
exponent is increased by one.

Infinite (3777xxx...x or 4000xxx...x)} or indefinite
(L777%1K. 0 or 6000x1x .« » o) operands cause
corresponding exit conditions. to set in the CF for
exit mode action. For further information, refer to
Floating-Point Arithmetic under CP Programming in
section 5. -

341k Round Floatimg Sum of, (X3)
and (Xk) to Xi S

RXL X3 + Xk

14 98 65 32 0Q
3¢ | [ [k

This instruction Teads operands from two X
registers, operates upon them to form a rounded
floating—point sum, and delivers this result to a
third X register. The operands for this Instruection
are in Xj and Xk. These operands are in floatlng—
point format and are not necessarily normalized.
The result 1is delivered to X¥i in f£floating-point
format and is not necessarily normalized.

The tound floating-point asum 1is a single-precision
floating-point sum with a round bit (or bits) in-
serted before the add operation takes place. A round
bit is always ingerted in the coefficient with the
larger exponent. If the two exponents are equal, the
round bit is ineerted in the coefficient for Xk. The
round bit is equal to the complement of the sign bit
and is inserted iImmediately to the right of the
lowest~order bit in the coefficient. This has the
effect of increasing the magnitude of the coefficient
by one~half of the least slignificant bit. A second
round bit 1is inserted in a corresponding manner to
the other coefficlent if both operands are normalized
or have unlike signs. The second round bit is in-
serted before the coefficient has been shifted by the
difference of the expenents. Inflnite (3777mx...x
or 4000xxx...x) or Indefinite (1777xxx...x or
6000xxx...x) operands <cause corresponding exit
conditions to set in the CP for exit mede action.
For Further dinformation, refer to TFloating-Point
Arithmetic under CP Programming im section 5. .

35ijk Round Floating Difference of

(X3) snd (Xk) to Xi

R¥I Xj - Xk

4 98 &5 32 O
= [i]i]x]

This instruction reads operands from two X registers,
operates upon them to form a rounded floating-point
difference, and delivers this result to a third X
register. The operands for this instruction ave in
Xj and Xk. These operands are in floating-point
format and are not necessarlly normalized. The
result of subtracting the quantity in Xk from the
quantity in Xj ie delivered to Xi in floating-point
format and is not necessarily normalized.
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The round floating-point difference is a single-
precision floating-point difference with a round bit
(or bits) inserted before the subtract operation
takes place. A round bit 1s always iImserted im the
coefficient with the larger exponeat. TIf the two
exponents are equal, the round bit 1s added to the
coefficient for Xk. The round bit is equal to the
complement of the sign bit and 15 dinserted
immediately to the right of the lowest-order bit in
the coefficient. This has the effect of increasing
the magnitude of the coefficient by one-half of the
least significant bit. A pgecond Tound bit 1is
inserted in a corresponding manner to the aother
coefficient 1f both operands are normalized or have
like signs. The second tound bit is inserted before
the coefficient has been shifted by the difference

of the exponents. Infinite (377710« o or
4000%%% .+ o %) or indefinite (1777100¢.0 o % or
6000xx%x%.+.x) operands  cause corresponding exit

conditions to set in the CP for exit mode action.
For further information, refer to Floating-Point
Arithmetic under CP Programming In section 3.

36ijk - Integer Sum of (XJ)
and {Xk) to Xi

XL Xj + ¥k

4 98 65 32 0
3 | i || k|

This instruction reads operands from two X regiaters,
operates upon them to form a 60-bit integer sum, and
delivers this result te a third X register. The
operands for this instruction are in Xj and ZXk.
These operands are signed integers. The resulting
inteper sum is delivered to Xi. Overflow is not
detected.

This instruction adds integers too large for handling
by 50 through 77 instructions. The iInstruction also
merges and compares data fieldes during data process-
ing.  For further information, refer to Fleating-
Point Arithmetic under CP Programming in section 3.

37ijk  Integer Difference of (XJ)

and (Xk) to Xi
98 65 32 0O

14
L3z [i]ilx]

This instruction reads operands from two X reglsters,
operates upon them to form a 60-bit integer differ-
ence, and delivers this result to a third X register.
The operands for this instruction are in Xj and Xk.
These operands are slgned integers. The result of
subtracting the quantity im Xk from the quantity im
Xj 1s delivered to Xi. Overflow 1s not detected.

X1 £j - %k

This instruction subtracts integers too large for
handling by 50 through 77 instructions. The instruc-
tion also compares data fields during data process—
ing. For further infermation, refer to Fleating-
Point Arithmetic under CP Programming in section 5.

401jk  Floating Product of (Xj) and

(¥k) to Xi

4 98 65 32 0O
40 | 1} i ok

TR Xj * Xk
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This imstruction reads operands from two X reglsters,
operates upon them to form a floating-point product,
and delivers this result to a third X register. The
operands for this instruction are in Xj and Xk.
These operands are in floating-point format and are
not necessarily normalized. The result is delivered
te X1 in floating-point format. If both operands are
normalized, the result is also normalized. 1If both
operands ara not normalized, the result is unot
normalized.

The two operands are unpacked Erom floating-point
format. The exponents are added with a correction
factor to determine the exponent for the result.
The coefficients are multiplied as signed integers to
form a 96~bit integer product. The upper half of
this product iz extracted to form the coefficient for
the result. If the original operands are normalized
and the product has only 95 significant bits, a 1-bit
left shift te normalize the result coefficlent 1s
done. The resulting exponent is reduced by one count
in this case.

1f both operands are not normalized, the regulting
double-precision product has less than 96 significant
bits. No test 1s made for the position of the most
significant bit. The upper 48 bits are read from the
double-precislion product register. Leading =zeraos
oceur In this result coefficient. ’

This instruction is used in floating-point calcula-—
tions where rounding of operands 1s not desired, such
as 1in multiple-precision arithmetic and {imn.calcula-
tions involving ecror analysis. Infinite
(3777xux. .. x or 4000x30x. . . %) or indefinite
(1777xxx...x or 6000xx...x) operands cause corres—
ponding exit conditions ko set in the CP for exit
mode action. For further informatlion, refer to
Floating—Point Arithmetic under CP Programming in
section 5.

411jk  Round Floating Product of {Xj)
. and (Xk) to Xi

RXi Xj * Xk

4 98 65 32 O

A [orfafw]

This instruction reads operands from two X registers,
operates upon them to form a rounded £loating-point
product, and delivers this result to a third X repgi-
ster. The operands for this instruction are in Xj
and Xk. These operands are in floating-point format
and are not necessarily normalized. ‘The result is
delivered to XI in floating-point format. If both
- operands are normalized, the result 1s also normal-
ized. 1If hoth operands are not normalized, the
result is not normalized.

The two operands are unpacked from Elpating-point
format., The exponents are added with a correction
factor to determine the exponent Ffor the . resultk.
The coefflelents are multiplied as signed integers
to form a 96-bit integer product. A rounding bit is
added to bit position 46 of this product. The upper
half of this product is extracted to form the coeffi-
clent for the result. TIf the original operands are
normalized and the product has only 35 significant
bits, a 1-bit left shift to normalize the result
coefficient 1is done. The resulting exponent 1=
reduced by one count in this case.

60458520 A

If beth operands are not normallzed, the resulting
double—precision product has less than 96 significant
bits. No test i made for the position of the most
significant bit. The upper 48 bits are read from the
double-precision produet register. Leading =zeros
occur in this result coefficient.

This instruction 18 wused in single-precision
floating-point calculations. For multiple-precision
calculations, the 40 and 42 imstructions must be
used. Infinite (3777xx%...x or 4000xxx...x) or in-
definite (1777xxx...x or 6000xxx...x) operands cause
corresponding exit conditions to set in the CP for
exit mode action. For further information, refer to
Floating-Point Arithmetic under CP Programming in
section 5.

Floating Double~Precision DXi Xj * Xk

Product of (Xj) and (¥k) to Xi

424 ik

58 65 32 0O

HEEREN

This instruction reads operands f£rom two X registers,
operates wupon them ko form a. double-precision
floating-point product, and delivers the lower half
of this result to a third X register. The operands
for this imnstruction are in Xj and Xk. These oper-
ands are in floating-point format and are not neceg-
sarily normalized. The lower half of the double-
precision preoduct is delivered to Xi in floating-
point format and is not necessarily normalized.

14
| a2

The operands are not rounded in this operation. The
two operands are unpacked from fleating-point Eormat.
The exponents are added to determine the exponent for
the result. The result exponent 1s exactly 4B less
than the exponent for a 40 instruction. The coeffi-
clentes are multiplied as signed integers to form a
96-bit integer product. The lower half of this
product is extracted to form the coefficient for the
regult. If the original eperands are normalized and
the double-precision product has only 93 significant
bits, a 1l-bit left shift to normalize the xresult
coefficient i1s done. The resulting exponent is
reduced by one count inm this case.

If both operands are not mnormalized, the resulting
double~precision product has less than 96 significant
bits. No test is made for the position of the most
significant bit. The lower 48 bits are always read
from the 96-bit product reglster.

This instruction is wused in multiple-precision
floating-point caleculations. This instruction also
provides Ffor integer multiplication capabilities
where both operands have an exponent value of plus or
minus zero, and nelther coefficlient has been normal-
ized. The integer result semnt to Xi{ is 48 bits with
60-bit sign extension. TIf the result exceeds 48
bits, the hardware does not detect an overflow. An
overflow check can be made by executing a 40 instrue—
tion using the same two operands. If the result is
nonzero, overflow is them dindicated. An integer
multiply operation 1s not  imtended to be used with

normalized operands. Infinite (3777xxx...x and
4000%x%. . .%) or indefinite (1777x00. . .x ot
6000xxx...X) operands cause corresponding exit

conditions to set in the CP for exit mode action.
For further information, refer to Floating—Point
Arithmetic under CP Programming in sectionm 5.
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43ijk  Form Mask of jk Bite to Xi MEi Jk

19 98 65 32 0
a3 [ i1 ] «]

This instruction generates a masklng word using the
34 and k designators as parameters. No operands are
read from operating vegisters. The J and k
designators are treated as a slngle 6-bit octal
quantity to designate the width of the masking
field. A fileld of  ones, beginning at the
highest-order end of the word, is extended downward
on a background of zeros. The completed masking
word consists of one bits in the highest-order jk
bit positione and zero bits in the remainder of the
word. This masking word is then delivered to Xi.
The following are sample parameters.

i=2

k=4

Xt = 7777 7760 0000 0000 QOGO
This instruction generates variable width masks for
logieal operations. This instruction, together with
a shift instruction, generally creates an arbitrary

field mask faster than reading a pregenerated mask
Erom CM.

4413k  Floating Divide (X3)
by (Xk) to Xi

FXi Xi/%Xk

14 98 65 32 0O
ag | i || x|

This instruction reads operands from two X
registers, operates upon them to form a
floating=point quotient, and delivers this result to
a third X Tregister. The operands for this
instruction are in Xj and Xk. These operands are in
floating-point format. The result of dividing the
content of Xj by the content of ¥k is delivered to
Xi. If both operands are normalized, the quotient
is also normalized. The remainder from the division
process is discarded.

The twe operands are unpacked from floating-point
format. The exponents are subtracted with a
correction factor to determine the exponent for the
result. The coefficient from Xj is positioned in a
dividend register. The coefficient from Xk is
trial-subtracted repeatedly from the dividend. The
quotient bits are assembled in a quotient register.
When 4B bits of the quotient are assembled, they are
packed with the result exponent into floating-polnt
format and delivered to ¥i.

If the exponent subtraction causes an underflew or
overflow, an underflow or overflow result is
returned even with the occurrence of a divide fault.

If the dividend is not normalized, the quotient
cannot be normalized. However, the guotient 1is
correct even though there may be leading =zeros in
the coefficient. If the divisor is not normalized,
the quotient may be incorrect. 1If the coefficient
for the content of Xj is larger than the coefficient
for the content of Xk by a factor of two or more, a
divide fmult causes an dndefinite result to be
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returned to X¥i. TFor further information, refer to
Floating-Point Arithmetic under CP Programming in
section 5.

This instruction is~ used in floating-point
calculations where rounding of operands 18 not
desired. - In wmuitiple-precision division, this
instruction must be followed by a multiplication of
the gquotient by the divisor and subtracted from the
dividend to reconstruct the remainder.

If dinfinite (3777x0x...x or 4000xxx...x) or
indefinite (1777xm¢...x or 6000xxx...x) operands are
used, corresponding exlt conditions are set in the
CP for exit mode action. For further information,
refer to Floating-Point  Arithmetic  under CP
Programming in section 5. :

451ik  Round Floating Divide (X3j) RX{ Xi/Xk
by (Zk) to X
14 98 65 32 0O
as [ 1|1 k|

This instruction reads operands from twe X
registers, operates upon them to form a rounded
floating-point quotient, and delivers this result to
a third X register. The operands for this
instruction are in X] and Xk. These operands are in
floating-point format. The result of dividing the
content of Xj by the content of Xk is delivered to
Xi. If both operande are normalized, the quotient is
also normalized. The remainder from the division
process 1s discarded.

The two operands are unpacked from floating-point
format In this operation. The exponents are
subtracted with a correction factor te determine the
exponent for the result. The coefficlent from Xj is
positioned 1n a dividend register. The Xj quantity
is modified by inserting a 2525...25 round pattern
below the lowest—order bit of the dividend
coefficient. The coefficlent from Xk 4is trial-
subtracted repeatedly from the .dividend. The
quotient bits are ascembled in a quotient register.
When 48 bits of the quotient are assembled, they are
packed with the result expenent into floating-point
format and delivered to Xi. :

If the dividend is not normalized, the quotient
cannot be normalized. However, the quotient is
correct even though there may be leading zexos in
the coefficient. If the divisor 1s not normalized,
the quotient may be incorrect. If the coefficient
for the content of Xj is larger than the coefficient
for the content of Xk by a factor of two or more, a
divide fault oeceurs. A divide Ffault causes an
indefinite result to be returned to Xi. Refer to
Floating—-Peint Arithmetic under CP Programming in
section 5.

This instruction 18 wused in single-precision
floating-point calculations where rounding of
operands is desired to reduce truncation errors.

If dinfinite (3777xx...x or 4000xxx...x) or inde-
finite (1777xxx...x or 6000xxx...x) operands are
uged, correeponding exit conditiens are set in the
CP for exit omode action. For further informatiom,
refer to Floating-FPoint Arithmetic under CP
Programming in sectiom 5.
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460xx through 463xx Pass NO
8B 65 0
| i

V7%

These instructions f£ill program instruction words
where necessary to match jump destinations with word
boundaries. The j and k designators are igoored, and
a nonzero value has no effect in this instruction.

9
|46'

464 . through 467 Instructions

These instructions are illegal instructions. Refer
to Illegal Instructions under CP Programming in
section 5.

47ixk Population Count of (Xk) to Xi

4 98 65 32 0O

v | P « |

This instruction reads one operand from Xk, counts
the mumber of one bits in the operand, and stores the
count in Xi. The count delivered to X1 is a positive
integer. If the operand 1s all ones, a count of 60
{decimal) is delivered te Xi. If operand 1s all
zeros, a zero word is delivered to Xi.

501jK  Set At to (A]) + K SAf A1 X
29 2423 2120 BT : Q
so | i] ] K |

Thie two-parcel instruction uses the lower-order 18
bits as operand K. This inztruction reads an ocperand
from Aj, forms the sum of the operanmd plus K, and
delivers the result to Af. If the 1 designator is
nonzero, & reference is made toe CM using the result
ag the relative address. The type of reference 1s a
function of the i designator value.

i=0 No CM reference

i1i=1,2,3,4,5 Read from CM to Xi

i

6,7 Write Into CM from Xi

This dimstruction obtains operands from CM for
computation and delivers the result back into CM.

51ijK  Set Al to (Bj) + K SAL Bj K
‘29 2423 2120 1817 0
st | i K
60458920 A

This two-parcel instruction uses the lower-order 18
bite as operand K. This instruction reads an operand
from Bj, forms the sum of the operand plus K, and
deliverse the result to Al. If the i designator is
nonzero, a reference is made to CM using the result
ag the relative address. The type of reference 1s a
function of the i designator value.

i=20 No CM reference

[
i

1,2,3,4,5 Read from CM to Xi

1=6,7 Write into €M from Xi

This . instruction obtains operands from CM for
computation and delivers the result back into CM.

52ijK Set Af to (¥Xj) + K SA1 Xj K

29 2423 2120 1817 0
s2 | 1| | _ K

This two-parcel instruction uses the lower—order 18
bits as operand K. This instruction rteads an operand
from Xj, forms the sum of the operand plus K, and
delivers the result to Ai. TIf the 1 designator is
nonzero, a reference is made to CM uaing the result
as the relative address. The type of referemce is a
function of the i designator value.

i=20 No CM reference

[
I

=1,2,3,4,5 Read from CM to Xi

[,
]

6,7 Write into CM from Xi

This instruction obtaine operands from CM for
computation and delivers the result back into CM.

53ijk  Set Al to (Xj) + (Bk) sAi Xj + Bk

14 98 65 32 O
s3 |1 ]i[«]

This instruction reads operands from Xj and Bk, forms
the sum of the operands, and delivers the result to
Ai. TIf the i designator 1s nonzero, a reference is
made to €M using the result as the relative
address. The type of reference is a function of the
1 designator value. : )



1i=0 No CM reference
i=1,2,3,4,5 Read from CM to Xi
i=86,7 Write into CM from Xi

This dinstruction obtains operands from CM for
computation and delivers the result back into CM.

SAL Aj + Bk

54ijk  Set Ai_ta (A} + (BKk)

14 88 65 32 0O
L osa [i]i]w]

This instruction reads operands from Aj and Bk,
formse the sum of the operands, and delivers the
result to Ai. If the 1 designator is nonzere, a
reference is made to CM using the result as the
relative address. The type of reference 1Is a
function of the 1 designator value.

i=0 No CHM reference
i=1,2,3,4,5 Read from CM to X1
i=6,7 Write into CM from Xi

This dinstruction obtains operands from  CHM for
computation and delivers the result back into CM.

55ijk  Set Al to (AJ) - (Bk)

SA1 Aj - Bk
4 98B 65 32 ©
55 | i |k}
Thiz Instructlon reads operands from Aj and Bk,

subtractse the Bk operand from the A] operamd, and
delivers the result to Al. If the i designator is
nonzere, a reference ig made to CM using the result
as the relative address. The type of reference is a
function of the i1 desigmator value.

i=0 No CM reference
i=1,2,3,4,5 Read from CM to Xi
i= 6,7 Write into CM from Xi

Thise instruction obtains operands from CM for
computation and delivers the results back into CM.

56ifk  Set Al to (Bj) + (Bk) sal B + Bk

14 98 65 32 0
[ ss [t[ilx]

This dinstruction reads operands from Bj and Bk,
forms the sum of the operands, and delivers the
result to Ai. If the 1 designator is nonzero, a
reference i1s made to CM using the result as the
relative address. The type of reference 15 a
function of the i designator value.

4-16

i=10 No CM reference

1+=1,2,3,4,5 Read from CM to Xi

i1=6,7 Write into CH from Xi

This dinstruction cbtalns operands from CM  for
computation and delivers the results back into CM.

5743k -Set Al to (Bj) - (Bk) SAi Bj - Bk

14 98 65 32 0
57 [i[1]w]

This imstruction reads operands from Bj and Bk,
subtracts the Bk operand from the B} operand, and
delivers the result to Ai. If the i designator is
non-zero, a reference 15 made to CM wsing the result
as the relative address. The type of reference is a
function of the 1 designator value. '

i=20 No CH reference

i=1,2,3,4,5 Read from CM to Xi

1=26,7 Write into CM from Xi

This dinstruction obtains operands from CH for
computation and delivers the result back into CH.

601jK  Set BL ko (Aj) + K SB1L Aj K

29 24 23 2120 1817 ' 0
60 | i || K

Thip two-parcel inatruction uses the lower-order 18
bits as operand K. This instruction reads an
operand from Aj, forms the sum of the operand plus K
and delivers the result to Bi. The sum is formed im
an 18-bit one's complement mode. This instruction

ig for address modification in the increment

registers.

611jK Set Bi to (Bj) + K SBi Bj K
29 2423 2120 BI7 9]

el | i [ il] K

This two-parcel instruction uses the lower—order 18
bitz as operand K. This Instruction reads an
operand from Bj, forms the sum of the operand plus
K, and delivers the result to Bi. The sum is formed
in an 18-bit one's complement mode.

62ijK Set Bi to (Xj} + K SBi Xj K

29 2423 2120 1817 0
g2 | i | | K

This two-parcel instruction uses the lower-order 1B
bits as operand K. This instruction reads an
operand from Xj, forms the sum of the operand plus
K, and delivers the result to Bi. The sum is formed
in an 18-bit one's complement mode.
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§3ijk  Set Bi to (X3j} + (BK) SBL Xj + Bk

4 . 98 65 32 0
63 ||[1|k|

This instruction reads operands from XJ and Bk, adds
the operands, and dellvers the result to Bi. The
pum iz formed in an 18-bit one's complement mode.

64ijk  Set BL to {Aj) + (Bk) 5Bi Aj + Bk

14 98 65 32 0
[ ea [r]1]w]

This instruction reads operands from Aj and Bk, adds
the operands, and delivers the result to Bi. ‘The
sum is formed in an 18-bit one's complement mode.

651jk Set Bi to (Aj) - (Bk) SB1 Aj — Bk

4 98_'65 32 0
& [ ]r[¥]

This instruction vreads operands from Aj and Bk,
subtracts the Bk operand from the A] operand, and
delivers the result to Bi. The difference is formed
in an 18-bit one's complement mode. If the i
designator is zero, this becomes a pass instruction.

660jk Read Central Memory at (Xk) to Xj . CRYj Xk

14 . 65 32 0O
880 || k]

This instruction places into Xj the word at location
(Xk), where Xk is a right-justified 21-bit relative
word address. Bits 21 through 59 of Xk are
ignored. RAC plus Xk is less than FLC.

66ijk Set Bi to (Bj) + (BK) SBi Bj + Bk

14 98 65 32 O
66 | i3] «]

This instruction reads operands from Bj and Bk, adds
the operanda, and delivers the result to Bi. The
sum is formed in an 18-bit one's complement mode.

670jk Write Xj into Central Memory at (Xk) CWXJj Xk

14 65 32 0
670 [i ] x|

This instruetion places Xj into location (Xk) where
¥k is a 21-bit relative word address. Bits 21
through 59 of Xk are ignored. RAC plus Xk must be
less than FLG.

60458920 A

671jk  Set Bi te (Bj) - (Bk) SBi Bj - Bk

14 ag 65 32 0
& [T [1]x]

This instruction reads operands from Bj and Bk,
subtracts the Bk operand from the Bj operand, and
delivers the result to Bi. The difference is formed
in an 18-bit one's complement mode.

70ijK  Set Xi to (Al) + K S¥i A3 K

29 2423 2120 1817 - 0
o |1 ]] K |

This two—-parcel iInstruction uses the lower—order 18
bits as operand K. This instruction vreads an
operand from Aj, forms the sum of the operand plus
K, and delivers the result to Xi. The sum is formed
in an 18-bit ocme's complement mode. The 18-bit
result is sign-extended by copying the highest—-order
bit or the result into the upper 42 bit positions in
Xi.

714jK Set Xi to (Bj) + K §Xi B K

29 2423 2120 1817 ' ' 0
Lo Tl K |

This two-parcel instruction uses the lower-order 18
bits as operand K. Thie instruction reads an
operand from Bj, forms the sum of the operand plus
K, and delivers the result to Xi. The sum is formed
in an 18~bit ome's complement mode. The 18-bit
tesult is sipn-extended by copying the highest—order
bit of the result into the upper 42 bit positions in
.

721jK  Set ¥ to {XJ) + Kk S¥1 ¥j K

29 2423 21201817 0
[ 7 [1])] ;

This two—parcel instruction uses the lower—order 18
bits as operand K. This dnstruction readrs an
operand from Xj, forms the sum of the operand plus
K, and delivers the result to Xi. The sum is formed
in an 18-bit one's complement wmode. ‘The 18-bit
result 1z silign-extended by copying the. highest—order
bit of the result into the upper 42 bit positiens io
Xi.
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7313k Set Xi to (Xi) + (Bk) sXi Xj + Bk

4 98 65 32 0O
73 ji|j|k|

This instruction reads operands from Xj and Bk, adds
the operands, and delivers the result to Xi. The sum
iz formed in an 18-bit. one's complement mode. The
18~bit result is sign-extended by copying the
highest-order bit of the result into the upper 42 bit
positions in Xi.

7419k Set X1 to (Aj) + (BK) SX1 Aj + Bk

4 9B 65 32 0 -
4 i1 [w]

This instruction reads operands from A} and Bk, adds
the operands, and delivers the result to Xi. The
gum is formed In an 18-bit one's complement mode.
The 18-bit result is sign-extended by copying the
highest-order bit of the result inte the upper 42
bit posit:{.una in Xi.

7543k - Set X1 to {Aj) - (Bk) - BX1i A - Bk
14 88 65 32 0O
L [t]ifw]

i‘his instruction reads operands from Aj and Bk,

subttacts the Bk operand from the Aj operand, and
delivers the resplt to Xi. The difference is formed
in an 1B-bit one's complement mode. The 18-bit
result is sign-extended by copying the highest-order
bit of the result into the upper 42 bit positions in
Xi.

761jk Set Xi ra (Bi) + (Bk) &X1 B3 + Bk

14 g8 65 32 O

Lrs [i]sfx]

This iInstruction reads. operands from Bj and Bk, adds
the operands, and delivers the result to Xi. The
sum 1s formed In an 18-bit one's complement mode.
The 18-bit result is slgn—extended by copying the
higheat—order hit of the reault into the upper 42
bit positions in Xi.

774k Bet X1 I:o (B_']) - (Bk) SXi dj - Bk
14 98 65 32 0O
L7r [i]s{x]

This instruction reads operands from Bj and Bk,

subtracts the Bk operand from the Bj operand, and
delivers the result to Xi. The difference 1s formed
in an 18-bit one's complement mode. The 18-bit
result is pign-extended by copying the highest-order
bit of the result into the upper 42 bit positions in
Xi.

INSTRUCTION EXECUTION TIMING

Execution times for the models 865
instructions are listed in table 4-2.
times are 1isted with the asswmption that no
conflicts occcur. Execution delays result unless all
the conditions 1listed in the timing notes column
exist for the particular instruction. The numbers
in the timing notes column refer to notes listed at
the end of the table. Execution time groups are as
follows where one clock cycle equals 25 nanoseconds.

and 875 CP
The execution
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Table 4-2. CP Instruction Timing (Sheet 1 of 5)

Instruction Functional Execution Timing
Code Description Unit Time (CP)T Notes
003 " Error exit to MA or program . stop - - -
010xK Return jump to K - 18 [11] 1,2,3,18,19
0113jK UEM Block copy (Bj) + K words from Storage move ((Bj) + K)4 ~4,5,6,7,9
- flag clear EEM to CM :
0124K UEM Block copy (Bj) + K Storage move ((Bj) + K)4 . 4,5,6,7,9,
flag clear K words from CM to EEM 20,21,22
0L13jK UEM Block copy (Bj) + K words from Storage move ((B3) + K)4 . 2,3,4,7,22
flag set UEM to CM [{({Bj) + K)2]
0123jK UEM Block copy (Bj) + K words from Storage move ({(Bj) + K)4 2,3,4,7,22
flapg set CH to UEM . [{(Bi) + K}2]
013jK Central exchange jump to - 82 [43] 1,2,4,22,23
(Bj) + K (monitor flag set)
013xx Central exchange jump to MA - 82 [43] 1,2,4,22,
(monitor flag not set) 23,24
: 0143k UEM One word read Storage move Tt 2,3,4
© flag clear EEM to Xj
015jk UEM One word write Storage move Tt 2,3,4
~ flag clear Xj to EEM ' :
014 % UEM One word read Increment 15 [8] 2,3,8,12,
flag set UEM to Xj 18,19,25
015jk UEM Cne word write Xj to UEM Increment 2 -2,3,8,12
flag set .
01l6jk Read microsecond counter to X; - 2 -8,12,13
02ixK Jump to (Bi) + K - 17 [12] 1,2,3,8,18,19
030 3K Branch to K if (Xj) = O - 17 {12] - 1,2,3,10,
) °11,18,19
031iK Branch to K 1f (Xj) £ 0 - 17 [12] 1,2,3,10,
‘11,18,19'
323K Branch to K 1f (Xj) positive - 17 [12] 1,2,3,10,
11,18,19
033K Branch to K if (Xj) negétive - 17 [12] 1,2,3,10,
. o i1,18,19
034iK Branch to K if (X3j) in range - 17 [12] 1,2,3,10,
o : 11,18,19
0353K Branch to K 1f (Xj) out of range - 17 [12] 1,2,3,10,
. 11,18,19
- 036K Branch to K 1f (Xj) definite - 17 [12] 1,2,3,10,
. . . 11,18,19
037 iK Branch to K 1f (X]) indefinite - 17 [12] 1,2,3,10,
i1,18,19

T The nonbracketed execution times apply to medel 865.
875 (single or dual CP); in this case, notes 18 and 19 do mot apply.
instruction (25 ns) applies to both models (single or dual CP).

1t Not available at this time.

Execution times in brackets [ ] apply to model
A single execution time for am

60458920 A
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Table 4-2. CP Instruction Timing (Sheet 2 of 3)

Instruction Functional Execution Timing
Code Description Unit Time (CP)Y Notes
041 3K Branch to X if (Bi) = (Bj) - 17 [12] 1,2,3,10,

‘ 11,18,19%
051 jK Branch to K if (Bi) # (Bj) - 17 [12] 1,2,3,10,
- ' : 11,18,19
061 jK Branch to K if (Bi) > (Bj) - 17 [12] 1,2,3,10,
S 11,18,19
07i 3K Branch to K if (Bi) < (Bj) - 17 [12] 1,2,3,10,
’ . i ’ ’ 11,18,19
104 jx Transmit (Xj) to Xi Boolean 2 © 8,12,13
111k Logical product of (Xj) Boolean 2 8,12,13
and (Xk) to Xi
121k Logical sum of(Xj) and (Xk) Boolean ‘2 8,12,13
to Xi_
1313k Logical difference of (Xj) and Boolean 2 8,12,13
: (Xk) to Xi
141 ik Transmit complement of (Xk) Boolean 2 - 8,12,13
to X4
1513k Logical product of {Xj) and Boolean 2 8,12,13
complement of {Xk) to Xi :
161 jk Logical sum of (Xj) and Boolean 2 - 8,12,13
complement of (Xk) to Xi
174 jk Logical difference of (X3j) and Boolean 2 - 8,12,13
complement of (X¥k) to Xi
2013k Left shift (Xi) by jk Shift "2 8,12,13
211 jk Right shift {¥i) by jk Shift 2 8,12,13
221 ik Left shift (Xk) nominally Shift 2 8,12,13
(Bj) places to Xi
234 jle Right shift (Xk) nominally Shift 2 8,12,13
(Bj) places to Xi
241 jk Normalize (Xk) to Xi and Bj Normalize 3 8,12,13
251 ke Round normalize (Xk) to Xi and Bj Normalize 3 8,12,13
2613k Unpack (Xk) to X4 and Bj Boolean 2 8,12,13
2713k Pack (Xk) and (Bj) to Xi Boglean 2 8,12,13
301 jk Floating sum of (Xj) and (Xk) to Xi | Floating add 4 8,12,13
J1ijk Floating sum of (Xi) and (Xk) to ¥i | Floating add 4 8,12,13
321 jk Floating double-pracision sum of Floating add 4 8,12,13
(Xj) and (Xk) to to X4
+ The nonbracketed execution times apply to model 865. Execution times in brackets [ ] apply to model
875 (single or dual CP); in this case, notes 18 and 19 do not apply. A single execution time for am
instruction (25 ns) applies to both models (single or dual CE).

4-20
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Table 4-2. CP Instruction Timing (Sheet 3 of 3)

Instruction G e Functlonal Executlon Timing
Code ~Description Unit Time (CP}t Notes
331 jk Floating double~precision Floating add 4. B,12,13
difference of (Xj) and
{Xk) to Xi
341k Round floating sum of (Xj)} and Floating add 4. 8,12,13
(Xk} to Xi ‘
351 ik Round floating difference of (Xj) Floating add 4 8,12,13
and (Xk} to Xi - o
3614k Integer sum of {Xj) and (Xk) Long add 2 8,12,13
to Xi .
3713k Integer difference of (Xj) and Long add 2 8,12,13
(Xk) to Xi .
401 ik Floating product of (Xj) and Floating 5. 8,12,13
(Xk) to Xi multiply
411 jk Round floating product of (Xj) - Floating 5 B8,12,13
and (X} to Xdi multiply :
424 ik Floating double-precision prcduct Floating 5 8,12,13
of (Xj) and (Xk} to Xi . multiply
431 jk Form mask of jk bits to Xi Shift 2 8,12,13
441 3k Floating divide (X) by (Xk) Divide 20 8,12,13,15 .
to Xi &
4514k Round floating divide (Xj) by Divide 20 ' 8,12,13,15
(Xk) to X4
460xx-4633x Pass - 1 -
47 1xlkc Population count of (Xk) to Xi : Population 2 8,12,13
count
501 3k Set Af to (Aj) + K . Increment 15 [8] 2,3,8,12,16,
: . 17,18,19,25
511K Set Al to (B} + K Increment 15 [8]. 2,3,8,12,16,
17,18,19,25
521 §k Set Al to {Xj) + K Increment 15 [8] 2,3,8,12,16,
. 17,18,19,25
53i jk Set Al to (XJ) + (Bk} Increment 15 [8] 2,3,8,12,186,
17,18,19,25
541 jk Set Ai to (Aj) + (Bk) Increment 15 {8] 2,3,8,12,16,
: 17,18,19,25
551 3k Set Al to (Aj) - (Bk) Increment 15 (8] 2,3,8,12,16,
17,18,19,25
561 jk Set Al to (Bj) - (Bk) Increment 15 2,3,8,12,186,
17,18,19,25
57iik Set AL to (Bj) - (Bk) Increment 15 [8] 2,3,8,12,16,

17,18,19,25

TThe nombracketed execution times apply to model 865.
875 (single or dual CP); in this case, notes 18 and 1% do not apply.
instruction (25 ns) applies to both models {single or dual CP).

Execution times in brackets [ ] apply to model
A single execution time for an

60458920 A
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. Table 4-2..° CP Tustruction Timing (Sheet 4 of 5)

Instruction : e Functional Execution Timing
Code Dascription Unit Time (CP)T Notes

601 jk Set Bi to {A) + K Increment 2 8,12,13

614 jk Set B1 to (Bj) +K Incremenf 2 $8,12,13

6213k Set Bi to (X]) +.K" : Increment - 2 - 8,12,13

631 ik Sét Bl to (Xj) + (Bk} JIncrement 2 . 8,12,13

641 ik Set Bi to (Aj) + (Bk) Iﬁcremeut SR 8,12,13

6511k - Set Bi to (4j) - (Bk) Increment 2 ‘8,12,13

661k Set Bf to (Bj) — (BK) Increment 2 "8,12,13

I#£0 .

6713k Set Bi to (B}) — (Bk) Increment 2 8,12,13

140 ' | . __

660k Read CM to XJ Increment 15 [8] 333,8,12,19,

670k Write CM with XJ° Increment i 2,3,8,12,18

701k ‘Set Xi to (A]) + K Increment 2 8,12,13

7111k Set ¥{ ta (Bj) + X Increment 2 '8,12,13

721 4k Set Xi to (Xj) + K Increment 2 . 8,12,13

7313k Set Xi to (Xj) +.(Bk) Increment 2 8,12,13

7411k Set X1 to (Aj) + (Bk) Increment 2 :8,12;13

7513k Set Xi to (A3§) - (Bk): Increment 2 ,8,12,13

7611k Set Xi_to (B1) +;(Bk) _ Increment .2 8,12,13

77ijk . Set Xi to (Bj) H.(Bk) “ Increment 2 8,12,13

1 Tﬁe nonbracketed execution times apply to model B865. Execution times in brackets [ ] apply to model

875 (single or dual CP); in this case, notes 18 and }9 do not apply. A single execution time for an
inetruction (25 ns) applies to both models (single or dual CF).
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Table 4~2. CP Instruction Timing {Sheet 5 of 3)

1.

2.

Timing Notes:

The times listed in the Execution Time column assume that no conflicts occur. However, a delay results
unless all of the conditions listed in the Timing Notes column exist for that particular imstruction.
The Timing Notes column is keyed to the following conditions.

All previous instruction fetches are complete..

-No CM conflicts or BAS backup caused by CM conflicts exist.

No I0U request occurs.
All operating registers are free.

EEM is not busy.

All_EEH_baﬁks have completed previously initiated read/write cycles.

Does not inelude startup time/end time.
The requestéd operating register(s) 1s free.

Assumes nco EEM partial records.

10. If the address is in the I4S, the execufion time 15 3 clock perioeds.

-1l. If the branch conditions are not met, the execution time is 2 clock periods.

12. The requested destination register(s) input data path is free duyring the required clock
period.

13. No further delay is possible after the instruction is issued to the functional unit.

14. The multiply unit is free.

15. The divide unit is free.

-16. . If no storage reference 1s required [1=0], or 1if a write storage reference is selected [i=§
or 7}, the execution time i3 2 clock periods.

17. After the instructiun has issued to the increment unit, no further delays are possible in the
delivery of data ta thE Ai register. However, CM conflicts may delay the resulting cstorapge
reference,’

18. If memory emable is not present when the address is gated to SAS, one additional clock period
ie required (model 865 ouly).

19. If optional CP-! is installed, 2 additional clock periods are required (model B65 only).

20. Assumes no shared usage of the EEM coupler by the opposite CP on dual CP systems.

2l.  Assumes no bank conflicts in EEM caused by other equipment attached to EEM.

22. Assumes uo exchange jump requests being processed by the opposite CP on dual CP systems.

23. A1l cM banks must be not busy and SAS in buth CP-0 and CP-] must be empty before the exnhangE‘
saquence can start.

-24. On dual CP systems, an exchange jump request that will cause the monitor play to set will
wailt until the monitor flag for the opposite CP to clear.

23. Memory requests in SAS attempting to access memory are delayed for .2 clock periods if divide
time B is preseant {a 1 clock period delay is seen at divide time 15 with model 875).
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PP INSTRUCTIONS f PP DATA FORMAT

PP INSTRUCTION FORMATS Figure 4-~3 shows PP data format and how 12-bit
: : ' ~ 'data 15 packed into 60-bit CM words or unpacked
Figure 4-2 shows PP dinstruction formats. PP -° from 60 -bit CM words.

ddnstructions are 12 or 24 bits long. In instruction
.descriptions, the operation code is given either by

‘two or three octal digits. The third digit, when
used, indicates the state of the s-bit (zern or one) ) . p
in I/D instruction {refer to table 4-3}. | 28 4847 3635 2423 . 121 o
: o . I b [ | d I e
60~BIT DATA WORD IN CENTRAL MEMORY
1 65 0 -
OPCODE d _ LOCATION It~ @
.4 a
 dH b
27 1817 21 0 d+2 ¢
OPCODE | d m e T o d+3 d
\ v - / d+4 3
(P} P+
L : 60-BIT DATA WORD IN PP MEMORY
I 654 0

jopconE [s] ¢ |

Figure 4-3. PP Data Format

23 181716 121 Q
OPCODE |s c m
: , I I —J PP RELOCATION (R} REGISTER FORMAT
\J ¥
()] (P+1}
- Figure 4-4 shows PP relocatian (R) register
-format. This register 1s leaded-from/stored-into
. PP memory hy inatructions 24 and 25 (load/store R
Figure 4~2. PP Instruction Formats register).
2018 17 €65 Q
Table 4-3. PP Nomenclature | o I b ZEROS
RELOCATION REGISTER IN PP HARBWARE
Term " Description : . :
£ 6-bit operaticn code. . .
. d 4 L LOCATION 1} 3 9]
d ‘ 6~bit operand or address. d ZEROS a
m 12-bit operand or address. : Cod4 b
fd 12-bit imstruction code. : : : RELOCATION REGI-STER IN PP MEMORY
dm 18bit operand.
: Figure 4-4. PP Belocation (R) Register Format
b Unused register, : o
A Arithmetic register.
P Program register. PP INSTRUCTION DESCRIPTIONS
Q Q register.
The PP instructions have separate descriptions.
() Content of a register or location. Shaded areas, like those din the 260x and 26Ix
instruction formats, dindicate unused bits. The
{oHmn Indirect addressing which specifies unused bits are ignored by the PPs.
the content of a 1location whose
address i1s specified by a designator
inside the parentheses. Timing information follows the instructions.
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00xx Pass PSN

This instruction specifies that no operation 1s to
be performed. The instruction provides a means of
padding out a program.

01ldm Long jump te m + (d) LM m,d
23 18 17 121 0
t | 9 | m |
\ IT 7
v v
(P {(P+I)

This instruction jumps to the address given by m plus
the content of location d. If d eguals zero, m is
not modified. . ‘

02dm Return Jump to m + {(d) RIM m,d
23 1817 121l 0
t | ¢ | m |
ST T Y
v "
(P) - {P+1)

This instruction jumps to the address given by m plus
the content of location d. If d equals zero, m is
not modified. The current program address (P) plus 2
iz stored at the jump address. The next instruction
starts at the jump address plus 1. The subprogram
exits with a2 long jump or normal sequencing to the
jump address minus !, which in turn contains a leng
jump, 0100, This returns the original program
address plus 2 to the P register.

03d nconditional Jump d UJN 4

1 65 0

This instruction provides an unconditicnal Jjump to
any address up to 31 (decimal} locations forward or
backward from the current program address. The
value of d 1s added to the current program address.
If d 1s positive (01 through 37), 0001 through 0037
is added, and the jump is forward. If d is negative
(40 through 76), 7740 through 7776 is added, and the
jump is backward. When d equals 00 or 77, the PP
hangs; a deadstart is required to restart the PP,

D4d Zero Jump d ZIN d

1! 65 1]

This instruction provides a conditional jump to any
address up to 3! {decimal) locations forward or back-
ward from the current program address. If the con-
tent of the A register is zero, the jump iIs taken.
If the content of A is nonzero, the next instruction
executes from P plus 1. Negative zero {777777) is

60458920 A

treated as nonzero. For interpretation of d, refer

to the 03 instruction.

05d Nonzero Jump d NJN d

This dImstruction provides a conditional jump to any
address up to 31 (decimal) locations forward or back-
ward from the current program address. If the con—
tent of the A repister is nonzero, the jump fs taken.
If the content of A 1s zero, the next imstruction
executes from P plus 1. Nepative zero (777777} 1s
treated as nonzero. For interpretation of d, refer
to the 03 instruction. '

06d Plus Jump d PIN d

This instructlon provides a conditional jump to any
address up to 31 {decimal) locations forward or back-
ward from the current program address. If the sign
of the A register is positive, the jump is taken. If
the sign of A is negative, the next instruction exe-—
cutes from P plus 1. Positive zero is treated as a
positive quantity. Negative zero 1s treated as a
negative quantity. For interpretation of d, refer to
the 03 instruction. :

67d Minus Jump d - MIN d

This instruction provides a conditional jump to any
address up to 31 (decimal) 1locations forward or
backward from the current program address. If the
content of the A register is negative, the jump is
taken. If the content of A is positive, the next
instruction executes from P plus 1., Posltive zero
1s treated as a positive quantity. Negative zero is
treated as a negative quantity. For interpretation
of d, refer to the 03 instruction.

l0d Shift d “S§HN d

This imstruction shifts the content of the A register
right or left d places. If d is pesitive (00 through
37), the shift dis left circular. If d is negative
(40 through 77), the shift is right (end-off with no
sign extension). Thus, d equal to 06 requires a left
shift of six places; d equal to 71 requires a right
shift of six places.
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11d Logical Difference d IMN d

1 53 0

This instruction forms the bit-by-bit logical
difference of d and the lower & bite of A 1in the
register in A. This is equivalent to complemanting
individual bits of A that correspond to bites of d
that are one.

altered. :

12d Logieal Froduct d - : i LPN d

L 65

T 7

This  instruction forms the bit~by~bit logieal
product of d and the lower 6 bits of the A register
and leaves thies quantity in the lower 6 bits of A.
The upper 12 bits of A are zero.

13d Selective Clear d SCHN d

i 65 ©
b e ]
This instruction clears any of the lower 6 bitz of

the A regimter where corresponding bits of d are
one. The upper 12 bite of A are not altered.

14d Load d LDN d

This instruction clears the A register and loads d.
The upper 12 bits of A are zero.

15d - - Load Complement d LCN d

This instruction clears the A reglster and loads the
complement of d. The upper 12 bite of A are one.

16d Add d ADN d

This instruction adds d (treated as a 6-bit positive
quantity) to the conteat of the 4 register.

4-26

The upper 12 bits of A are not.

17d Subtract d SBN d

1] 85 .0

Lt 1 ¢ |

This ‘instruction subtracts d (treated as a 6-bit

positive quantity) from the content of the A
register.
20dm  ° Load dm LDC dm
23 1817 1211 9]
t | 4 | m |
L n /
v v
{P) (P+1)

This instruction clears the A register and loads an
18-bit quantity censilsting of d as the upper 6 bits
and m as the lower 12 bits. The content of the
location (P pluse 1) which follows the present
program address (F) is read to provide m.

21dm Add dm ~ADC  dm

23 18 17 211

: 0
m j
A FAY 7

v Y
(P {P+1)

This instruction adds to the A register the 18-bit
quantity consisting of d ap the upper & bits and m
as the lower 12 bits . The content of the location
(P plus 1) which follows the presaent program address
(P) is read to provide m.

22dm  Logical Product dm LPC dm

23 18 IT 12 11 e}
T m |
FAY F
L4 v
{P) P+

-

This instruction forms the bit-by-bit logical product
of the content of the A register and the 18-bit
quantity dm in A. The upper 6 bits of this quantity
consist of d, and the lower 12 bits are the content
of the location (P plus 1), which follows the present
program address (P).

23dm Logical Difference dm IMC dm
23 817 1211 0
t d m |
A\ v T v 7
{P} (P+1)
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This instruction forms the bit-by-bit logical differ-
ence of the content of the A register and the 18-bit
quantity dm In A. This is equivalent to complement-
ing dindividual bits of A which correspond to bits of
dm that are one. The upper 6 bits of the quantity
consist of d, and the lower 12 bits are the content
of the lncation (P plus 1), which follows the present
program address {P).

24d Load R Register LRD d

H 65 0

Figure 4-4 shows R register format, If d 1s net
equal to zero, this information loads the R register
from PP memory locatlons d (rightmost 4 bits) and d
plus 1 (next 12 bits). The lowest 6 bits of R are
always zero and are not entered by this instruction.

25d BStore R Register SED d

Figure 4-4 shows R register format. If d is not
equal to zero, this information stores the R register
from FP memory locations d (rightmost 4 bits) and d
plus 1 (next 12 bits), ‘The lowest 6 bilts of R are
always zero and are not stored by thie instruction.

2600 Exchange Jump . EXN

i 656 3210

f | d DUAL CP BIT

This instruction causes an unconditional exchange
jump in the CP, leaving the CPF wmonitor flag
unaltered, The new exchange package begins at
central wmemory location R plus A when the leftmost
bit in A 18 set. When this bit is clear, A
specifies the &address. The PP waits wuntil the
exchange has been completed before proceeding with
the next Iinstruction. With dual CP systems, the
lowest order bit of the instruction specifies which
of the two CPs the exchange jump interrupts. With
single CP systems this bit 1is not interpreted.
Exchange jump addresses are truncated to 18 bits by
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the CP such that all exchange operations take place
in the lower 262K words of central memory.

2610 Monitor Exchange Jump MXN

1 65 3210
f d

DUAL CP BIT

This instruction is enabled or disabled by the
CEJ/MEJ switeh., If the CEJ/MEJ switch 15 imn the
disable position, this instruction performs as a 260
instruction. When the switch 1s 1in the enable
position, this instruection causes a conditional
exchange jump of the CP. With dual CP systems, the
lowest order bit of the instruction specifies which
of the two CPs the exchange jump interrupts. With
single CP systems this bit 4is not dImterpreted.
Exchange jump addresses are truncated te I8 bits by
the CP such that all exchange operations take place
in the lower 262K words of central memory.

If the CP is in monitor mede, this instruction ie a
pass. If the CP is in job mode, if causes an ex—
change jump in the CP, switching the CP to monitor
mode (MF equals 1). The new exchange package begins
at central memory locaticn R plus A when the leftmost
bit of A is set. When this bit is clear, A specifies
the address. 'The PP waits until the exchange has

completed before proceading with the next
imstruction.
2620 Monitor Exchange Jump to MA MAN
K| 65 3210
f d DUAL CP BIT

This instruction 1s enabled or disabled by the
CEJ/MEY switech, If the CREJ/MEJ switch is im the
disable position, this instruction performs as a 260
instruction. When the switch is in the enable posi-
tion, this instruction causes a conditional exchange
jump of the CP. With -dual CP systems, the lowest
order bit of the instruction specifies which of the
two CPs the exchange jump interrupts. With single CP
systems this bit is not interpretted. Exchange jump
addresses are truncated to 18 bits by the CP such
that all exchange operations take place in the lower
262K words of central memory.

If the CP is in monitor mode, this instruction 1s a
pass. If the CP is in job mode, it causes an ex-
change jump in the CP, switching the CP to monitor
mode (MF equals 1). The new exchange package begins
at the absolute address given in the MA field of the
outgoing exchange package. The PP waits until the
exchange has completed before proceeding with the
next instruction.
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27d Read Program Address KPT d

5 65 3210

t | ¢« P lepuvaLcraiT

This Instruction transfers the content of the CP P
register to the PP A register; this allows the PP to
determine whether the CP is running. For information
on the dual-CP bit, refer to the 2600 instruction. -

304 Load {d) LDD - d

This Instructlon clears the A register and loads the
content at location d. The upper 6 bits of A are
Zaro.

31d Add (d) ADD d

I 65 0

This dinstruction adds the content at location d
(treated as a 12-bit positive quantity) to the A
register.

32d Subtract (d) SBD d

| 65 o

This imstruction subtracts the content at location d
(treated as a 12-bit positive quantity) from the A
register.

33d Logieal Difference {(d) LMD d

u 65 0

This instruction forms 1mn the A register the
bit-by-bit  logical difference of the lower 12 bits
of the A register and the content at location d.
This 1s equivalent to complementing individual bits
of A which correspond to bits in location d that are
onas. The upper 6 bits are not altered.

34d Store {(d) 5TD d

il 65 )
[t d

This instruction stores the lower 12 bits of the A
reglster at location d.
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35d Replace Add (d) RAD d

This instruction adds the quantity at location d to
the content of the A register and stores the lower
12 bits of the result at Jlocation d. The result
remaing in A at the end of the operation amd the
original content of A {s destroyed.

36d Replace Add One (d) AOD d

1 65 0
TR

This instruction replaces the quantity at location d
with dits original wvalue plus 1. The result remains
in the A register at the end of the operation, and
the original content of A is destroyed.

374 Replace Subtract One (d) sonp d

1l 65 0

This dinstruction replaces the quantity at location d
with its original wvalue minus 1. The result remains
in the A register at the end of the operatiom, and
the original content of A is destroyed.

40d Load ({d)) LpI d

1 65 0
K d

This instruction clears the A register and loads a
12-bit oquantity that 15 obtained by indirect
addressing. The wuvpper & bits of A are zero.
Location d is read from PPM, and the word read is
used a5 the operand address. '

41d Add ((d)) ADT d
1 65 0

This dinstruction adds to the content of the A
register a 12-bit operand (treated as a positive
quantity) obtained by indirect addressing. Location
d is read from PPM, and the word read is used as the
operand address.

42d Subtract {(d)) SBI 4

1 65 0
L ¢+ [ d
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This instruction subtracts from the A register a
12~bit operand (treated as a pesitive quantity)
obtained by indirect addressing. Location d is read
from PPM, and the word read is used as the operand
address.

43d Logical Difference ((d)) IMI d

If 65 0

This dinstruction forms dIn the A register the
bit-by-bit logical difference of the lower 12 bits
of the A register and the 12-bit operand read by
indirect addressing. Location d is read from PPM,
and the word read 1s used as the operand address.
The upper 6 bits of A are not altered. :

44d Store ((d)) STL d

I 65 0

This imstruction stores the lower 12 bits of the A
register at the location specified by the content. of
location d. - : '

45d Replace Add ((d)}) RAT d

u 65 0
' t | d

This instruction adds the operand, which is obtained
from the location specified by the content at loca-
tion d, to the contemt of the A register. The lower
12 bite of the sum replace the original operand.
The result remains in A at the end of the operation.

" 46d Replace Add One ({d)) AOT d

1 65 0]

This dinstruetion vreplaces the operand, which is
obtained from the location specified by the content
at location d, by fits original value plus 1. The
result remains in .the A register at the end of the

operation, and the original content of A is
destroyed.
474 Replace Subtract One ({d)}) S0I d
1 &5 0
t | 4

This instruction replaces the operand, whieh is
obtained from the location specified by the content
at location d, by its original value minus 1. The
result remains in the A register at the end of the
operation, and the original content of A is
destroyed .

60458920 A

50dm  Load (m + (d)) LDM m,d
23 1817 21i o
t | e | m |
b 2y !
Y v
(P) (P+1)

This instruction clears the A register and loads a
12-bit quantity. The upper 6 bits of A are zeros.
The 12-bit operand 1is obhtalned by indexed direct
addreseing. The guantity m, read from PPM location
P plus 1, serves as the base operand address to
which the content of d is added. If d equals 0, the
operand address is m, but if d is not equal to O, m
plus the content dn d is the operand address. Thus,
location d may be used as an dindex quantity Eto
wodify operand addresases, '

5ldm Add (m + (d)) ADM m,d
23 1817 1211 8]
f ] d I m —l
\ Iz /
v V
] {P+I)

This instruction adde the 12-bit operand (treated as
a positive quantity) vread by indexed direct

‘addressing (refer to the 50 dinstruction) to the A

register.

52dm Subtract {(m + (d)) SE¥ m,d
23 1817 211 0
t | ¢ | m |
\ I /
v v
(F} {(P+1)

This imstruction subtracts the 12-hit operand (treat-—
ed as a positive quantity) read by indexed direct
addressing (refer to the 50 instruction) from the A
register. .

53dm Logical Difference {(m + (d)) MM m,d
23 1BIT 2 0
f | d | m |
Y FAY 7
A V
(P} {P+N)

This imstruction forms the bit-by-bit logleal differ-
ence of the lower 12 bits of the A register and a
12-bit operand obtained by Indexed direct addressing
{refer to the 50 imstruction) in A. The upper 6 bits
of A are not altered. ) -

54dm Store (m + {d)) ST m,d
23 1817 12 1 Q
f d l m |
\ n /
Vv Vv
(P {P+1)
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This instruction stores the lower 12 bits of the A
register 1In the location determined by 1ndexed
direct addressing (refer to the 50 imstruction).

55dm Replace Add {m + (d)) RAM m,d
23 18 17 1211 0
[+ [ a4 ] m |
1 FAN !
v v
{P (P+1)

Thie instruction adds the operand, which 1s obtained
from the location determined by indexed direct
addressing (refer to the 50 instructiom), to the A
reglster. The lower 12 bits of the sum replace the
original operand in PPM. The result remains in A at
the end of the operation, and the original content
of A 1 destroyed,

56dm Replace Add One (m + (d)) AOM m,d
23 18 17 1211 o
N m |
\ A /
v v
{P) {P+1)

This dinstruction replaces the operand, which is
obtained from the location determined by indexed
direct addressing (refer to the 50 instruction), by
its original wvalue plus 1. The result remains in
the A register at the end of the operation, and the
original content of A is destroyed.

57dm  Replace Subtract Ome {m + (d})° S50 m,d
23 817 12 £ 8]
t | 4 | m |
\ FAY !
Vv ey
(P - P+

Thie dinstruction replaces the operand, which is
obtained from the Zocation determined by indexed
direct addressing (refer to the 50 imstruction), by
its original value minns 1. The result remains in
the A register at the end of the operation, and the
original content of A is destroyed.

60d Central Read from (A) to d CRD 4d

This instruction dissassembles one 60-bit word from
central memory intoc five 12-bit words amnd stores
these in five consecutive PF memory locations,
beginning with the leftmost 12 bits of the 60-bit
word. The parameters of the transfer are as follows:

If bit 17 of A is zero, A bits 0 through 16 contain
the  absolute address of the ~60-bit  word
transferred. If bit 17 of A is one, hardware adds
relocation register R to =zerp-extended A bits 0
through 16 to obtain the absolute address of the
60-bit word transferred. For further information,
refer to R Repgister under Input/Cutput Unit in
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section 2.
recelives the first
memory addressing is
follows location 7777.

Field d gives the PP location which
12-bit word transferred. PP
cyclic and location 0000

61dm Central Read (d) Words Ffrom CRM d,m
(A) tom
23 18 i7 1211 : o]
t | e | m |
\ v N v /
(P} (P+n

PP location 0000 is used by hardware. This
instruction disassembles 60-hit words from central
memory into 12-bit words, and places these in
consecutive PP memory locations, beginning with the
leftmost 12 bite of the first 60-bit word. The
parameters of the transfer are as follows:

If bit 17 of A is zero, A bits 0 through 16 contain
the absolute address of the first 60-bit word
transferred. If bit 17 of A is one, hardware adds
relocation register R to 2ero-extended A bits 0§
through 16 to obtaim the absolute address of the
first 60-bit  word transferred. For  further
information, refer to R Register under Input/Output
Unit in section 2. PP location d must contain the
number of 60-bit words transferred. Field m gives
the PP location inte which the first 12-bit word is
placed.

This instruction stores P plus 1 into PP location
0000 before beginning the transfer. After the
transfer is completed, the next instruction is taken
from one plus whatever address is stored inm location
0D00. If the transfer overwrites location 0000,
execution resumes at the location specified by
{0000) plus 1. PP memory addressing is cyeldic and
location 0000 follews locatien 7777.

Repister A 1s incremented by one after each 60-bit
word is read from central memory. If the
incrementing changes A bit 17, the central memory
addressing is switched between direct address and
relocation address modes. After the transfer is
completed, the A register contalns the address of
the last word transferred plus one (direct
addressing) or the game address less the contents of
the relocation address register (relocation
addressing), except as follows:

If the last word transferred is from a relative
address 377776g and relocation 1is in effect, then
the A register is cleared, and the value returned in
A may not point to the last word transferred plus
one,

62d Central Write to (A) from d CWD d

1 65 0

This instruction assembles five 12-bit words from
consecutive FP memory locations into one 60-bit word
and stores the 60-bit word in central memory. The
first 12-bit word is stored in the leftmost 12 bits
of the f0~bit word. The parameters of the transfer
are as follows:

60458920 A



If bit 17 of A 1s zero, A bits 0 through 16 contain
the absolute address of the 60-bit word stored. If
bit 17 of A is one, hardware adds relocatlom
reglster R to zero—extended A bits 0 through 16 to
obtain the absolute address of the 60-bit word
stored. Fileld d gives the PP location of the Ffirst
12-bit word transferred. - For further information,
refer to R Reglster under Input/Output Unit in
section 2. PP memory addressing 1s cyeclde and
location 0000 follows location 7777. The transfer
is subject to the CM bounds test.

63dm Central Write {(d) Words to CWM m,d
(A) from m
23 1817 12 11 o
t | ¢ ] m |
\ T /
v v
{P (P+1)

PP location Q000 is used by hardware. This instrue—
tion assembles 12-bit words from consecutive PP
memory locations into 60-bit words and stores these
in central memory. The first 12-bit word is stored
in the left-most 12 bits of the 60-bit word. The
parameterg of the transfer are as follows:

If bit 17 of A is zerv, A bits 0 through 16 contain
the absolute address of the first 60-bit word trans—
ferred. TIf bit 17 of A is one, hardware adds reloca—
tion register R to zero-extended A bits O through 16
to obtain the absoclute address of the first 60-bit
word Lransgferred. PP locatlon d must contain the
number of 60-bit words transferred. Field m gives
the PP location from where the first 12-bit word is
obtained.

This instruction stores its own address plus two ipto
PP location 0000 before beginning the tranafer.
Memory address is cyclic and location 0000 follows
location 7777. The transfer 1s subject to the CH
bounds test.

The A rtegister 1s incremented by one after each
60-bit word is writtem into central memory. If the
incrementing of A changes A bit 17, the central
memory addressing iz switched between direct address
and relocation address modes. Refer to Central
Memory Addressing by PPs, section 5. After the
transfer 1s cowmpleted, the A register contains
elther the address of the last word transferred plus
one (direct addressing), or the same address less
the contents of the relocation address register
(relocation addressing), except as follows:

If the last word transferred is from a relative
address 377776g and relocation i in effect, them
the A register is cleared and the value returned in
A may not polnt tec the last word tramsferred plus
one.

64dm  Jump to m if Chanmel d Active ATM
23 18 17 12 11 O
t [ 4 ] m |
\ . /
¥ v
{P} (P+1)
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This 24-bit dimstruction provides a conditional Jump
toc a new address specified by m. The jump is taken
i1f the channel specified by d i1s active. The next
instruction is at P plus 2 if the channnel is
inactive. . .

65dm Jump to m if Channel d Output 1M
Word Flag Not Set

23 1817 1211

f | d l m
L FAY

v v
(P} (P+1)

L 1O

This conditional braanch instruction continues the
current program sequence oFr jumps to a new program
sequence, depending upon the condition of the channel
d cutput word flag. A new program seguence initiates
beginning at address m if the chamnel d output word
flag 1s mot set. The current program sequence
eontinues if the flag is set.

66dm Jump to m 1f Chamnel d Qutput FIM
: Record Flag Set

23 18 17 12 1

Lt [ ¢ 1] m

1 v FAY v
{P) {P+1}

., Q

This conditional branch instruction econtinues the
current program sequence Of jJumps to A new program
sequence, depending upon the condition of the
channel d output record £lag. A nmnew program
sequance Initiates beginning at address m 1f the
channel d output record flag is set. T™he current
program sequence continwes if the flag is not set.

67dm  Jump to m if Chanmel d Output Record EJM
Flag Not Set

23 1817 121l !

Lt ] ¢ ] m |

\ v WAl v /
(P {P+i)

This conditional branch ifnstruction continues the
current program sequence or jumps Lo a new program
seguence, depending upor the condition of the channel
d output record flag. A new program sequence initi-
ates beginning at address m 1f the channel d output
record flag i1s not set. The current program seguence
continues 1f the flag is set.

70d Input to A from Channel d IAN d

This imstruction transfers a word from input channel
d to the lower 12 bits of the A register. The upper
6 bits of A are cleared to zera.
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If bit 5 of d is clear and the
channel is inactive, this Instruction
hangs the PP, waiting for the channel
te po active and full, 1f executed.
If bit 5 of d is set and the channel
is inactive or is deactivated before
a full is recelved, the instruction
exits. The word is not accepted, and
the A register clears.

71dm Input A Words to m IAM m,d

from Channel d

23 IBIT 1211 0
I m |

b A"
(P {P+i)

This imstruction transfers a block of 12-bit words
from input channel d te FPM. The first word goes to
the PPM address specified by m. The A register holds
the block length. A reduces by one ap each word is

read. The input operation cowpletes wher A equals
zero or the data channel becomes inactive. If the
operation  terminates by the channel becoming

inactive, the next storage locationm in PPM is set to
zero. However, the word count is not affected by
this empty word. Therefore, A holds the block length
minus the number of real data words read.

During this instruction, address 0000 temporarily
helds P while m is held in the P register. P
advances by one to hold the address for the next word
as each word is stored.

.

If this Instruction executes when the
data channel is 1nactive, no input
operation 1ig accomplished, and the
program continues at P plus 2. How—
ever, the Ilocation specified by m is
set to zero.

72d Output from A on Channel d 0AN d

0
R

This instruction transferz a word from the A regis-
ter (lower 12 bits) to output channel d.
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If bit 5 of d is clear and the
channel is inactive, this instruction
hangs the PP, waiting for the chamnel
to go active and full, if executed.
If bit 5 of d is set and the channel
is ipactive, the program continues at
P plus 1. The word is  mnot
transferred. .

73dm Cutput A Words from mw on ‘0AM m,d
Channel d
23 18 17 1211 0
Lt | ¢ ] w ]
\ n /
v v
(P (P+l)

This iInstruction transfers a bleck of words from PPM
to channel d. The first word is read from the
address specified by m. The A register holds the
mumber of words to be sent. A reduces by one ag
each word is read. The output operation completes
when A equels zero or the channel becomes inactive.

During this instruction, address 0000 temporarily
holds P while w is held in the P register. P
advances by one to glve the addreses of the next word
as each word is read from the PPM.

If this Instruction executes when the
data channel is inactive, no output
operation 1s accomplished, and the
program continues at P plus 2.

74d Activate Chapnel d ACN d

This instruction activates the channel specified by
d and sends the active signal on the chamnel to
equipment connected to the channel. Actlvating a
channel, which wmust precede a 70 through 73
instruction, prepares 1/0 equipment for the exchanpe
of data. :
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This instruction sends the external function code im
the lower 12 bits of the A register on channel d.
If this instruction executes when the
data channel iz already active and if
bit 5 of d dis set, the program

continues at P plus 1. Otherwise,

activating an already active channel

caugses the PP to walt wuntil the If this instruction executes with bit
channel goes inactive. The PP hangs 53 of d clear and the channel active,
if the channel does not go inactiva. PP execution stope until a deadstart

or another PP causes the channel to
become inactive. If bit 5 of d is
75a Deactivate Channel d DCN 4d set and the channel is active, the
program continwes at P  plus 1.
Neither the function signal nor the

1 695 o] function word transmits. The channel
| f | d remains active, and execution
continues.

This instructlon deactivates the channel specified

by d. As a result, the I/0 data transfer stops. 77dm Function m on Channel d FNC m,d
23 817 1211 0
NOTE [ ¢ | 4 | m ]
\ v M v /
If this instruction ewecutes when the (P} (P+1)
data channel is already 1nactive and :
bit 5 of d is set, the program conti-~ This instruction sends the. external function eode
nuies at P plus 1. The channel specified by mw on channel 4.

remaing inactive, and mno inactive
signal is sent to the I/0 equipment.
Deactivating an  already inactive )
channel causes the PP to hang until
the channel becomes active.
If this dinstruction executes with

‘If an output instruction is followed bit 5 of d clear and the channel
by a disconnect instruction without active, PP execution stops until a
first astablishing that the deadstart or another ‘PP causes the
information has been accepted by the channel to become inactive. If bit 3
input device (check for channel of d 1s set and the channel is
empty), the last word transmitted may active, the program continues at P
be lost. plus 2. Neither the function signal

nor the function word transmits. The
Do not deactivate a channel before channel remains active, and execution

putting a wuseful program in the continues.
assoclated PP. PPg other than 0 are -
hung on an dinput Instruction (71)

after deadstart. Deactivating a

channel after deadstart causes an INSTRUCTION EXECUTION TIMING

exit to the address specified by the -

content of location 0000 plus 1 and Approximate execution times for the PP instructions
execution of rthat program. Ef the are listed im table 4—4. These times are listed
channel is deactivated without a with the assumption that no conflicts occur. The
valid program in that PP, the PP numbers in the timing notes column refer to the
executes whatever program was left in notes at the end of the table., Execution times are
PFM. Therefore, the TFP could run given in 2Z50-nanosecond major cycles.

wild.

76d Function A on Channel d FAN 4 ‘

Theee execution times are

o} approximations only and subject to

§ | d _l . change without netice. Accurate

timings e¢an come only from benchmark

tests. Control Data Corporation is

not responsible for assumptions made
based on the times ligted here.
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Table 4-4. PP Imstruction Timing (Sheet 1 of 3)

Execution
Instruction Time in Timing

Code Description 250-ns Cycles Notes
00xx Pass 1 -
0ldm Long jump to m + (d) 2 1
02dm Return jump to m + (d) 3 2
03d Unconditional jump d 1 -
04d Zero jump d 1 -
b5d Nonzero jump d i -
06d Plus jump d 1 -
07d Minus jump 4 - 1 -
104 Shifr d 1 -
11d Logical difference d 1 -
124 Logical product d 1 -
13d Selective clear d 1 -
l4d Load d 1 -
15d Load complement d 1 -
led Add d 1 -

- 17d Subtract a 1 -
20dm Load dm 2 -
21dm Add dm 2 -
22dm Logical product dm 2 -
23dm Logical difference dm 2 -
24d Load R register From (d) and (d) + 1 3 -
2400 Pass o 1 -
25d Store R register at (d) and (d) + 1 3 -
2500 Pass 1 -
260x Exchange jump 1 3
261x Monitor exchange jump 2 4
262% Monitor exchange jump to MA 2 4
27d Read program address 1 -
30d Load {d) 2 e
31d Add (d) 2 -

Timlng Notes:

1.
2.
3.
4,

Jdif d
4 1f d

0.
1.

Assumes no CMC conflict.

No asgembly-disassembly unit (ADU) conflicts and no outstanding exchange jump request im

the ADU.

4-34
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Table 4-4. PP Instruction Timing {Sheet 2 of 3)
Execution
Instruction Time in Timing
Code Description 250-ns Cycles Notes
324 Subtract (d) 2 -
33d Logical difference (d) 2 -
34d Store (d) 2 -
35d Replace add (d) 3 -
36d Replace add one {d) . 3 -
37d Replace subtract one {d) 3 -
40d Load ((d)) 3 -
- 41d Add ((d)) 3 -

- 42d Subtract ((d)}) 3 -
43d Logical differance ((d)) 3 -
4hd Store ((d)) 3 -
45d .Replace add ({(d)) 4 -
46d Replace add one {{d)) 4 -
47d Replace subtract one ((d)) 4 -
50dm Load (m + (d)) 3 5
5ldm Add (m + (d)) 4 -
52dm Subtract (m + {d)) 3 5
53dm Logical difference {m + {d)) 3 5
54dm Store {m + {d)) 3 5
55dm Replace add (m + {d)) 4 6
56dm Replace add one (m + {d)) 4 6
57¢dm Replace subtract one (m + (d)) 4 b
60d Central read from (A) to d 8 7
61dm Central read (d) words from (A) tom b 3,7,8
62d Central write to (A) from d & 7
63dm Central write (d) words to (A) from m 6 7,8
64dm Jump to m if channel d active 2 -
65dm Jump to m if channel d output word flag not set 2 -
66dm Jump to m if channel d output record flag set 2 -
67dm Jump to m I1f channel d output record flag not set _ 2 -

Timing Notes:

3. Assumes no CMC conflict.

5. 4 141f d

6., 51f d =0,

7. Add one wmajor cycle to cthis
Instruction.

8. 5 major eycles per CM word.

= 0.

instruction.

When it is preceded by a 10d (Shift d)

60458920 A
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Table 4~4., PP Instruction Timing {Sheet 3 of 3)

Execution

Instruction Time in Timing
Code Descriptilon 250-ns Cycles Notes
704 Input to A from channel d 2 -
71idm Input A words to m from channel d 5 8
724 OQutput from A on channel d 2 -
73dm OQutput (A) words from m on channel d 5 8
744 Activate channel d b -
75d Deactivate channel d 2 -
76d Function A on chanpel d 2 -
77dm Function m on channel d 2 -
Timing Notes:

8. 5 major cycles per CM word.
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PROGRAMMING INFORMATION 5

This section contains special programming jump instruction is 013 in the CP and 2600, 2610, or
information about the CP, CM, PPs, display statiom, 2620 in the IO The 1Instruction starts or
real-time clock and maintenance register. interrupts the CP and provides CM with the first

address of a 16-word exchange packape. For the

CP-initiated exchange, the address 1is K plus the

content of the Bj reglster or the monltor address.

CP PROGRAMMING For the IOU-initiated exchange, the address 1s the
content of A plus R (if bit 17 in the A register 1is

sat), or the content of the monitor addresa (MA)

. register. In the former case,. the A-plus-R address

EXCHANGE JUMP is truncated to 18 bits at CMC. The IOU also has

the moniter exchange jump to MA (2620) imstruction
The CP uses an exchange jump operation to switch in which the content of MA 1s used for the exchange
from job mode to monitor mode and back again. The address.

execution of an exchange jump permits the CP to send
pertinent information from the operating and control

regisgters to CM and permits CM to gend new The exchange package provides = the following
information to the same registers. The infaormation information for a program to be executed.

that Fflows from and into the operating and control .

registers during am exchange jump 1is called an Program address (P) — 18 bits.

exchange package. .
Reference address for CM (RAC) - 21 bits.

Exchange jump packages may exist in either standard Field length of program for CM (FLC) - 21 hits.
‘(figure 5-1) or expanded addressing mode (figure
5-2), depending on the state of the expanded Exit mode (EM) — 6 bits.
addressing seleet flag. Refer to Extended Memory
Addressing Modes later in this section. An exchange Flag register — 6 bits.
59 53 50 47 4i 35 0
N+ | RAC Al -
N+ 2 /// FLC ¥} ) B2
N+ 3 FLAGS | EM W////// A3 . B3
N+ 4 % RAE 0 A4 7 84
N+ & FLE L A5 85
N+ 6 [ MA © A8 ' B8
Shone| 1 2222272007070+ av
+.
N+ 9 X1
N+10 : X2
N+i] X3
N+I2 X4
N+I[3 X5
N+14 X6
N+15 X7

m NO HARDWARE REGISTERS EXIST

Figure 5-1. Exchange Package — Standard Addressing Mode
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50 a7 4] 17 o
N W P a0 A,
N+t // RAC Al Bl
N+ 2 /// FLC az B2
N+ 4 & | RAE A4 B4
N+ § FLE A5 BS
N+ & [ /%/‘j MA AB BE -
N4-a ’ X0
N+ © %1
N+i0 X2
N+1 X3
N4f2 x4
N+1{3 X5
N+ 14 X6
N+I5 X7
m NG HARDWARE REGISTERS EXIST
/\ eITs 259254 NOT USED BUT FULLY SUPPORTED BY EXCHANGE JUMP.
Fipure 5-2Z. Exchange Package — Expanded Addressing Mode
Reference address (RAE) for extended memory - 21 FLOATING-POINT ARITHMETIC

or 24 bits, depending on selection of standard
or expanded addressing mode (lower & bits are
assumed to be zeros).

Field length of ©block transfer (FLE) for
extended memory - 21 or 24 bits, depending on
selection of standard or expanded addressing
mode (lower 6 bits are assumed to. be zeros).

Monitor address (MA) — 18 bits.
Initial contents of eight A registers -~ 18 bits.
Initial contents of eight X registers — 60 bite.

Initial contents of Bl through B7 registers (B0
contains constant 0) - 18 bits,

The time that a particular exchange package resides
in the CP Thardware registers 1s the execution

- Interval. The execution I1nterval begins with an
exchange jump that swaps the exchange package
information in CM with the information contained in
the CP registers. The execution interval ends with
‘the next exchange jump. A hardware flag called a
monitor flag (MF) indicates the type of program the
CPF is executing.

When the flag is set, the CP is in noninterruptible
monitor mode. When the flag is clear, the CP is in
an interruptible program job mode, A master clear
(deadstart) elears the monitor flag.

5-2

Format

Floating-point arithmetic expresses a number in the
form kBn,

k Coefficient.
B  Base number.

n  Exponent or power to which the base number
is raised.

B is assumed to be 2 for binary-coded quantities.
In the 60-bit floating=—point format (figure 5-3),
the binary point is cousidered to be to the right of
the coefficient. The lower 48 bits express the
integer coefficient, which is the eguivalent of 15
decimal digits. The sign of the coefficient is
separated £rom the rest of the coefficient and
appears 1n the highest—order bit of the packed
word. Negative mnumbers are represented in one’s
complement mnotation. The exponent is biased by
complementing the exponent sign bit.

COEFFICIENT SIGN
BIAS BINARY POINT—
EKFDNENT INTEGER C?EFHC[ENT
59 53 57 48 47 ol
Figure 5-3. Floating-Point Format
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Table 5-1 summarizes the configurations of bits 58
and 59 and the implications regarding signs of the
possible combinations.

Unpacked
coefficient

Unpacked
exponent

Packed
format

Unpacked
coefficient

Unpacked
exponent

Packed
format

Table 5-1. Bits 58 and 59 Configurations
Bit 59 | Bit 58 Coefficient Sign | Exponent Sign
0 1 Positive Positive
0 0 Positive Nepative
1 0 Negative Positive
1 1 Negative Negative
Packing

Packing refers to the conversicn of numbers in the
form kBM to fleoating-point format. A  shortcut
method of packing exponents ean be derived by con-
sidering the representation of negative and positive
zero exponents. Assuming a positive coefficient,
zero exponents are packed as follows:

Positive zero exponent 2000%,...,%

Negative zero exponent 1777%, 00,

Since positive exponents are expressed in true form,
begin with a bias of 2000 (positive =zero)} and add
the magnitude of the exponent. The range of posi-
tive exponents is 0000 through 1777. In packed
form, the range is 2000 through 3777.

When the coefficient 1s negative, the packed posi-
tive exponent is complemented to become 5777 through
4000.

Negative exponents are expressed in complement form
by begioning with a bias of 1777 (negative zero) and
then subtracting the wagnitude of the exponent. The
range of negative exponents 1z negative 0000 through
negative 1777. In packed form, the range is 1777
through 0000.

When the coefficient is negative, the packed nega-—
tive exponent is complemented to become 6000 through
7777.

Examples of packed and unpacked floating-point num-—
bers are shown in octal notation to illustrate the
packing process. LExamples 1 and 2 are diFferent
forms of the integer positive 1. Example 3 1s posi-
tive 100 (decimal), aund example 4 is negative 100
(decimal)., Examples 5 and & are large and small
positive numbers. The unpacked values are shown as
they might appear in the X and B registers prior to
a pack operation.

The packed negative zero exponent 15 not used for

normal operation. Instead, 1777 iz used to indicate
the special error condition of indefinite.
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3. Unpacked
coefficient

Unpacked
exponent

Packed
format

4. Unpacked
coefficient

Inpacked
exponent

Packed
format

5. Unpacked
coefficient

Unpacked
exponent

Packed
format

6. TUnpacked
coefficient

Unpacked
exponent

Packed
format

Overflow

0000

a0

2000

0000

77

1720

0000

7

1726

7777

77

6051

0200

0o

3363

0000

77

0210

0000

0000

0000

4000

7720

4000

6200

7726

6200

1577

7726

1577

4771

1363

4771

6301

6210

6301

00co

400

0000

0000

0000

0000

1177

777

3000

oo

0277

0277

0000

0000

0000

000

0000

0oco

7177

7777

0044

Q044

4315

4315

0001

0001

0000

0060

0000

0000

7777

777

702t

7021

6033

6033

Overflow of the floating-point range is indicated by

an exponent value of positive 1777 (3777 or 4000 in
the largest exponent value
that can be represented in the floating-point for-
This exponent value may result from the calcu-

packed form).

mat .

This is

lation in which this exponent value,
the computed coefficient value,

sentation of the result.
However,
using this result generates an overflow.

partial overflow.

together with
is a correct repre-
Thls situation is called a
further

computetion



A complete overflow occurs whenever a result
requires an exponent larger than positive 1777, In
this case, a complete overflow value results. This
rasult has a positive 1777 exponent and a zero coef-
ficient. The eign of the coeffieient is the same as
that which generates if the result had not over-
flowed the floating—point ramge. E

Underflow

Underflow of the floating—point range 15 indicated
by an exponent value of negative 1777 (0000 or 7777
in packed form). This is the smallest exponent
value that can be represented in the floating-point
format. This exponent value may result Efrom the
calculation in which this exponent wvalue, together
with the computed coefficient wvalue, 1s a correct
representation of the result. This situation is
cazlled a partial wunderflow. Further computation
using this result may be detected as an underflow.

A  complete underflow oceurs whenever a result
requires an exponent smaller than negative 1777. 1In
this caee, a complete underflow value results. This
result has a negative 1777 exponent and & zero coef-
ficient. The complete underflow indicator is a word
of all zeros, and it is the same as a zero word in
integer format. '

Indefinite

An indefinite result indicator generates whenever
the calculation cannot be resoclved. An example is
division whenm the divisor is O and the dividend is
also 0. Another example 15 multiplication of an
overflow number times an underfiow number. The imn-
definite result dindicator 1s a wvalue that cannot
occur in normal fleating-point calculations. This
indicator corresponds to a negative 0 exponent and a
0 coefficient (177770,...,0 in packed form).

Any iIndefinite indicator wused as an operand
generates an Indefinite result no matter what the
other operand value is. Although indefinite din-
dicators always generate with a positive sign, they
mady occur as operands with a negative sign.

Nonstandard Operands

In summary, the specizl operand forms in octal are:

Positive overflow (+ O )} 3777Tx, 000y

Negative overflow (- O } 4000%, ...,

Positive indefinite (+IND) 1777x,...,x

Negative indefinite (=IND) 6000, ... ,x

Positive underflow (+0) 0000x,...,x

Negative underflow (-0) T777x8, 0.0 ,x%

Tables 5-2 through 5-5 indicate the resulting forms
when various combinatione of underflow, overflow,
and indefinite forms are used in floating-point
operations. The designations W and N are defined as
follows:

W  Any word except + @ and -+ IND

N Any word except + @ , + IND, and + O

Normalized Numbers

A normalized floating-point number has as large a
coefficient and as emall an exponent as possible. 4
floating-point number #n packed format is normalized
if the coefficient sign bit is different from bit
47. This conditiom indicates that the coefficient
has been left shifted until bit 47 contains the most
significant hit in the coefficient; therefore, the
floating-point number has no leadimg sign bits din
the coefficient. The normalized instructions per-
form the coefficient shift. The floating-multiply
and floating-divide instructilons deliver normalized
results when provided with normalized operands. The
filoating—add instructions may deliver unnormalized
results even when both operands are normalized.
Therefore, 1t is necessary to perform the normalize
operation after each &sequence of floating-add or
floating-subtract operations if the result ig to be
kept in a normalized form.

Rounding

Floating-point dinstructions round the results in
single-precision computation. These instructions
execute in the same amount of time as the unrounded
versions., The operands are modified to accomplish
the rounding function. The amount of bias iIntro-
duced by the rounding operation wvaries and is
affected by the coefficlent value in the operands.
The descriptions of the round instructions define
the effects of rounding in detail.

Double-Precision Results

The floating-point arithmetic instructions generate
double-precision results. Use of unrounded instruc—
tions &sllows separate recovery of upper and lower
half results with proper exponents. Rounded
instructions allow only upper half results to be
obtained. Two dinstructions, one gingle-precision
and one double-precision, are required to retrieve
an entire double-precision result.

To add or subtract two floating-point numbers, the
coefficlent having the smaller exponent enters the
upper half of an accumulator and is right shifted by
the difference of the exponents. The other coef-
ficient is then added intoc the upper half of the
accumulator. The result is a douhle-~length register
with the format shown in figure 5-4.

BINARY POINT

UPPER HALF RESULT
MOST SIGNIFICANT BITS
N

‘og ag'lla7 o

LOWER HALF RESULT
LEAST SIGNIFICANT BITS
A

Fipure 5-4, - Floating-Add Result Format
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If single precision 1is selected, the upper 4B bits
of the 96-bit result and the larger exponent are
returned as the result, Selecting double precision
causes only the lower 48 bits of the 96~bit result
and the larger eXponent minus 60 (octal) to be
returned as the result. The subtraction of 60
(octal} 1s necessary because the binary point is
effectively moved from the right of bit 48 to the
right of bit O,

A 96-bit product generates from two 48-bit coef-
ficients. The result of a multiply is a
double-length register with the format shown 1in
fipure 5-5.

BINARY PDINT —
UPPER HALF RESULT LOWER HALF RESULT
MOST SIGNIFICANT BITS LEAST SIGNIFICANT BITS
A
‘95 a8 a7 d

Fixed-point addition and subtraction of 18-bit num—

bers are handled by the increment instructions

(30

through 77), Negative numbers are represented in

one’s complement noetation, and overflows

are

ignored. The sign bit is in the high-order bit
position (bit 17), and the binary point is to the

right of the low-order pesition (hit 0).

- Table 5-2. Xj Plus Xk
(30, 32, 34 Instructions)

Xk
W +0 - +IND
w +0J - IND
) +m +® +0 IND IND
M - -~ IND - IND
*IND | IND IND IND IND

Figure 5-5. Multiply Result Format

If single precision is selected, the upper 48 bits
of the product and the sum of the exponents plus 60
{octal) are returned ag the result. The addition of
60 (octal) 1s necessary because the binary peint
effectively moves from the right of bit 0 to the

Table 5-3, Xj Minus Xk {31, 33; 35 Instructions)

right of bit 48 when the upper half of the 96-bit
result 1s selected. If double precision is Xk
selected, the result is the lower 48 bits of the
preduct and the sum of the exponents. W +m0 -0 +IND
W - +@ IND
FIXED-POINT ARITHMETIC
+@ +W IND +@ IND
Fixed-point addition and subtraction of 60-bit num-—
berse are handled by the long-add instructions (36 Xj
and 37). Negative numbers are represented in one’s - - - IND IND
complement motation, and overflows are ignored. The
sign bit is in the high-order bit. position (bit 58}, +IND IND iND IND | IND
and the binary point 1s to the right of the
low-order bit position (bit @),
Table 5-4. Xj Multiplied by Xk (40, 41, 42 Instructions)
Xk
+N -N )] + 02 - + IND
+N 0 1] +0 - IND
~N 0 0 - +m0 IND
+0 0 0 IND IND IND
integer T
“Xj bl -0 0 multiply IND IND IND
+@ +® -0 IND IND +00 -0 IND
-0 -0 +@0 IND IND - +m IND
+ IND IND IND IND IND IND IND IND
T If both operands used in the integer multiply are normalized, an underflow resitts.
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Table 5-3. X3 Divided by Xk (44, 45 Instructions)

Xk
+N “N +0 -0 + 0 -0 + IND
+N + 0 - 0 0 IND
-N -0 +0 0 0 IND
+0 0 1} IND IND 0 0 ~IND
Xj -0 0 a IND IND 0 0 IND
+O +0 -0 +00 - IND IND IND
- - +0 -m +0 IND IND IND
+ IND ~ IND IND IND IND IND IND IND
Integer multiplication 15 handled as a subset After unpacking and left shifting nominally, the
operation of the floating-multiply (42 negative (or zero) value in B7 right shifts the quo-
instruction. The integer multiply requires that tient 48 minus n places, producing an integer gquo-
both 47-bit integer operands have zero exponents and tient in X1. A remainder may be obtained by an
are not normalized. The result iz 4B bits with sipn integer multiply of Xl and X3 and subtractimg the
extension. Normalized operands cause underflow result from XZ. : :
rosults to be reported. If the results exceed 48
bits, overflow 1s not detected.
An integer divide tzkes several steps. For example, INTEGER ARITHMETIC
an integer quotient X1 egual to X2/X3 is produced by
the following steps. Integer divide packs the integers into floating-
point format using the pack dinstruction with a
zerp—exponent value.
Instructions Remarks
In integer multiplication, a 48-bit product can be
1. Pack X2 from X2 Pack X2. formed by using the double-precision multiply
and BO. instruction. Both operands must have am exponent
: value of =40, and the coefficients cannot both be
2, Pack ¥3 from X3 Pack X3. normalized. The result is sign-extended to 60 bits
and BO. and sent to an X register.
3. Normalize X3 in X0 Normalize X3
and BO. (divisor). In integer division, the divisor must be normelized
but the dividend need not be normalized. The
4. Normalize X2 in X2 Normalize X2 resulting quotient must be unpacked and the coef-
and BO. (dividend}. ficient shifted by the amount of the unpacked expo~
nent using the left shift (22) instruction to obtain
5. Floating guotient of Divide. the integer quotient.
X2 and X0 to Xi.
6. Unpack X1 to X1 Unpack quotient.
and B7. INSTRUCTION LOOKAHEAD PURGE CONTROL
7. Shift X! nominally Shift to integer
left B7 places. position. Prefetehing of i1nstruections at a branch target
address by instruction lookahead hardware can lead
to program fallures If a program modifies its own
The divide requires that Tboth integer (247 code dynamically. Imstruction loockahead hardware
maximm) operands be in floating-point format, and consists of the instruction word stack (IWS),
the dividend coefficient must be less than two times instruction  address stack  (IAS), and current
the divisor coefficient. The normalize i3 instruction word (CTW) registers, Refer Eo

instruction ensures this condition.

The normalize X3 instruction left shifts the divisaor
n places (n > 0}, providing a divisor exponent of
negative n. The quotient exponent is then 0 minus
(-n) minus 48 equals n minus 48 < 0.

5-6

Instruction Lookahead in section 2 for additional ”
instruction control information. Each IAS address
register has a full bit contained din a shift
register. As addresses are assigned, full bits
ghift 4in to dIndicate that the address register
contains a valid address.
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The IAS is purged by clearing the IAS full bits. A
purged stack causes the next instruction (F + 1) to
read from (M into the IWS hefore execution. After
the stack is purged, dinstructions in remaining

parcels of CIW {word P) execute without being
reloaded £rom memory.
Under normal conditions, the lookahead (stack)

registers are purged by execution of a return jump
instruction (010}, UEM/EEM block read instruction
(011}, exchange Jump instruction (XSF), or
unconditional jump dinstruction (02). The lookahead
reglsters are also purged by any jump to an address
not in the TAS. These conditions can be extended by
selecting extended purge control. _When extended
purge control is in. effect, lockahead registers are
also purged by execution of any conditienal branch
instruction (03 through 07) or any CM store
instruction (530 through 57 when 1 equals & or 7).
To enable extended purge control, the system sets
hit 52 of the stack purge flag register in the
exchange package.

When self-modifying code 1s present, it wmay be
helpful to set extended purge control; however, the
additional purging does cause a degradation in
execution and does not cover all cases of code
modification.

ERROR RESPONSE

When the CP detects or is informed of an error, it
recards the error. Depending upon the type of error
and the exit mode selection bits set, the program in
execution may be interrupted. If the error is an
illegal instruction or an address-range error on an
BRNI or  branch, the program interruption is
unconditional. TFor other types of errors, the exit
mode selectlon bits determine whether or not the
program 1is interrupted. If the exit mode selectlon
bit 1s set and the corresponding conditien 18
detected, the program is interrupted. The exit mode
selection bite are contained in word N plus 3 of the
exchange package. Figure 5-6 shows the format of
the exit condition reglster at RAC. Table 5-6
describes the possible contents of the register.
Tables 5-7, 5-8, and 5-9 list CP error responses.

{llegai Instructions

An  instruction is illegal when it has an i1llegal
operating code, an illegal operating parameter, or
when 1t 15 positioned so that it begins in omne
instruction word and extends into the next Instruc—
tion word. In job mode, illegal instructions cause
an exchange to monitor mede. TIn monitor mode, they
cause a simulated CP halt. CP illegal instructious
are:

e 0I1, 012, 0I4, 015 if the UEM enable flag is
clear, with no version of EEM present with
the system.

e 4G4, 465, 466, 467,

Y 013 with MEJ/CEJ disabled.

a 017.
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e Any 30-bit
parcel 3.

igmstructiorn which begins at

e 0lx in parcel 1, 2 and 3 {(excluding 010).

CONTENT OF P
EXIT REGISTER WHEN
CONDITION ERROR IS DETECTED

59 5453 4847 3029 8]

[zans| ECT 1 ZEROS

Figure 5-6. Format of Exit Conditiom
- Register at (RAC)

Table 5-6. Contents of Exit Conditiom
Register at {RAC)
Field Description
EC 6—bit exit condition code
Code Condition
00g: illegal instruction
Olg: address out of range
02g: infinite operand
Ohg: indefinite operand
10g4: EEM flag function or
direct parity error
20g: CHC input error
40g: CM data error
P When an error exit oceurs, the con—
tent of the P register may not cor-
tespond to the address of the
instruction that caused the error
exit. The P register may have been
incremented prior to the execution
of the inmstruction.

Hardware Errors

CP/CM hardware errors are: data parity errors,
address parlity errors, and double bit errors. If
the CF 1is in job mode, a hardware error causes a
jump to monitor mode. If the CP is in monitor mode
when a hardware error occurs, the CP halts. The
instruction being executed when such a fault is
detected is mot necessarily connected with the fault.

Conditional Software Errors

Conditional software errors are caused by
address-range errors, and floating—point
infinite/indefinite operands or rasults. A

conditicnal software error causes action depending
on bits set in the EM field in the current exchange
package. If the bit reserved for use with the
specifiec type of error is clear, the error is
ignored in both job and monitor modes. If the bit
is set and the error occurs in job mode, It causes
an exchange to monitor mode. If the bit is set and
the error occurs in monitor mode, the CPU stores at
RAC and halts.
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CM PROGRAMMING

All references to CM by the CP for instructions
or read/write data are made relative to RAC.
The RAC defines the lower limit of the addresses
of a program 1n CM. The upper 1limit of the
program addrecses is defined by FLC added to
RAC. The field length is a number of 60-bit
worde established by the operating system prior
to program execution. All references te CM for
a program must be within the £field established
for that program. During an exchange jump, a
21-bit RAC and a 21-bit FLC load into respective
registers to define the CM limits of the program
that is initiated by the exchange jump. )

Figure 5-7 shows the absoclute and relative
memory addresses, RAC, TLC, and F repister
relationships. For a program to operate within
the estahlished limits, the following conditioms
must exist:

For absolute central memory addresses:
RAC ¢ (RAC + P) < {RAC + FLC)
For relative central memory addresses:

0.< P < FLC

EXTENDED MEMORY TRANSFERS

Extended memory (UEM or EEM)} transfers occur
with use of instructions 011, 012, 014 and O0I5.
All CP references to extended wmemory for
read/write data are made relative to RAE. The
RAE defines the lower imit of the transfer
addresses for extended memory. The upper limit
of the transfer addresses 1s defined by TFLE
added to RAE.

During an exchange Jjump iIn standard addressing
mode, a 21-bit RAE and a 24-bit FLE load into
thelr respective rteglsters to define the
extended memory limits of the transfer. During
an exchange jump in expanded addressing mode, a
24-bit BRAE and a 30-bit FLE load inte their
respective registers to define the extended
memory 1imits of the transfer. Refer to
Extended Memory Addressing Modes in this section
for discussion of standard and expanded
addressing modes.

3-8

Figure 5-7 shows the absolute and relative
memory addresses, RAE, FLE and P register
relationships. For a program to operate within
the established limits, the following conditions
must exlst:

For absolute extended wmemory (UEM/EEM)
addresses:

RAE £ (RAE + UEM/EEM address) < (RAE + FLE)
For relative extended memory addresses:

0 < UEM/EEM address < FLE

Table 5-10 summarizes the possible UEM and EEM
operations for the .relative extended memory
address field.

EXTENDED MEMORY ADDRESSING MODES

Two addressing modes provide access to UEM and
EEM. These are standard addressing mode and
expanded addressing mode. The addressing mode
is determined by bit 55 of word 3 (expanded
addressing select flag) of an exchange pachkage.
The addressing modes differ by which bit
positions of exchange package words 4 and 5
define RAE and FLE.

Standard Addressing Mode

Standard addressing mode provides addressing up
to 21 bits in a 24-bit format, or a maximum of
two miliion 60-blt words. Refer to Lepal
Address Reference 1n table 5-10 for restrictions
on extended wmemory transfers 1n standard
addressing mode. A& clear conditon of the
expanded addreesing select flag selects standard
addresgsing mode for data transfer befween OM and
UEM or between CM and EEM.

Table 5-10, Extended Memory Operations,
summarizes the varlous operations which may
pccur with an extended memory reference. The
extended memory address forms from the addition
of X0 plug RAE (hblock copiles) or Xr plus RAE
(einple-word read/write). The CP instructiom
which makes the extended memory reference must
be 1in range, such that X0 + (Bj + K) is less
than or equal to FLE, and AQ + (Bj + K) is less
than or equal to FLC.
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CENTRAL
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Table 5-7.

Error Response with HEJ/CEJ Enabled, MF Set (Sheet 1 of 2)

Error Condition

Error Response

Exit Mode Selected

Exit Mode Not Selected

Illegal instruction. 1. Execute the illegal instruction 1., Execute the illepal instruction
. as 1f it were a pass. ag 1f it were a pass.
2. Stop CPU. 2. Stop CPU.
3. Btore P and exit condition hits 3. Store F and exit condition bits
at RAC. oo - : at RAC.
4. Clear P. 4, Clear P.
Exit condition bit 4B set by 1. Read all zeros of the selected 1. Inhibit read, X unchanged.
an incremental read of CM or X register.
. a direct extended memory read
{014) of UEM of an address 2. Stop CPU. 2, Continue execution.
out of range.
3. Store P and exit condition bits
at RAC.
4. QClear P.
Exit condition bit 48 set by | I. Block write operation, contents 1, Block write operation, contents
an incremental write or by of CM and UEM are unchanged. of CM and UEM are unchanged.
a direct extended memory
write (015) of UEM to an 2. Stop CPU, 2. Continue execution.
address cut of range. '
3. Store P and exit conditiom bits
at RAG.
4. Clear P.
Exit condition bit 48 get on | 1. Stop CPU. 1. Stop CPU.
RNI or branch out of range.
2. Store P and exit condition 2, Store P and exit condition
bite at RAC, bits at RAC.
3. Clear P, 3. Clear P.
Exlt condition bit 48 set by 1+« Torce EEM instruction to execute 1. TForce EEM instruction to
an EEM address range check, as & pass Instructiocn, execute as a pass instruction,
for direct extended memory
instruetions (014/015) 2. Stop CPU. 2., Exit to next 60-bit word.
using EEM or for extended
memory block transfers 3. Store P and exit condition bits 3. Continue execution with next
(011/012). at RAC. 60~bit word.
4, Clear P.
Infinite condition (bit 49) 1. Stop CPU. 1. Continue execution.
Indefinite condition (hit 50)
EEM flapg or direct parity 2. Store P and exit condition bits
condition (bit 51) CM at RAC.
data error condition
(bit 53). 3, Clear P.
5-10 60458920 A



Table 5-7.

Error Response with MEJ/CEJ Enabled, MF Set (Shest 2 of 2)

Error Condition

Error Response

Exit Mode Selected

Exit Mode Not Selected

CMC input error condition
(bit 52). .

00 Instruction.

Breakpoint signal from CMC.
Refer to breakpoint notes.

Illegal imstructionm.

Exit condition bit 48 set by
an incremental read of CM

or by a direct extended
memory read (0l4) of UEM of
an address out of range.

L.

Block write operation, contents
of CM are unchanged. Block read
operation, forece read data to
777...777.

Stop CPU.

S5tore P and exit condition
bits at RAC.

Clear P.

Stop CPU,

Store P and exit condition
bits at RAC.

Clear P.

Execute remaining parcels of
60~bit word currently executing.
Stop CPU.

Store P and exit condition bits
at RAC.

Clear P.

Execute the illegal instruction
ag if it were a pass.

Stop CPU.

Store P and exit condition
bits at RAC.

Clear P.

Exchange jump to MA and set MF.
Read all zeros to the selected
X register.

Stop CFU.

Store P and exit condition bits
at MF,

Clear P,

Exchange jump to MA and set MF,

. Store P and exit condition bits

Block write operatiom, contents
of CM are unchanged. Block
read operation, force read
data to 777...777.

Continue execution.

Stop CPU.

Store P and exit condition
bits at RAC. :

Clear P.
Execute remaining percels of
60-bit word currently executing,

Stop CPU.

at RAC,

Clear P.

Execute the illegal instruction
as 1f it were a pass.

Exit to mext 60-bit word.

Continue execution with next
60-bit word.

Clear P.

Exchange jump to MA and seb MF.
Read all zeros to the selected
X register,

Continue execution.
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Tabie 5-B.

Error Response with MEJ/CEJ Enabled, MF Clear (Sheet 1 of 2)

Error Condition

Error Respounse

Exit Mode Selected

Exit Mode Not Selected

Exit condition bit 48 set by
an incremental write of CM
or by a direct extended
memory write (013) of UEM

to an address out of range.

Exit condition bit 4B set due
to an RNI or branch address
out of range.

Exit condition bit 48 set by
an EEM address range

check, for direct extended
memory instructions (014/015)
using EEM or for extended
memory block transfers
(011/012).

Infinite condition {bit 49)
Indefinite condition {bit 50)
EEM flag or direct parity )
condition (bit 51) CM data
error condition (bit 53).

CHC input error conditiom
(bit 52).

Block write operation, content
of CM and UEM are unchanged.

Stop CPU.

Store P and exit condition bits

at RAC.
Clear P.

Exchange jump to MA and aet MF.

Stop CPII.

Store P and exit condition bits
at RAC.

Clear P.
Exehange Jjump to MA and set MF.

Force EEM instruction te execute
48 a pass.

Stop CPU.

Store P and exit conditiom bits
at RAC.

Clear P.

Exchange jump to MA and set MF.

Stop CPEU.

Store P and exit condition
bits at RAC.

Clear P.

Exchange jump to MA and set MF.
Block write operation, contents
of CM are unchanged. Block read
operation, force read data to
777...777.

Stop CPU.

Store P and exit condition
bits at RAC.

Clear P.

Exchange jump to MA and set MF.

1.

2.

1.

Block write operation, content
of CHM and UEM are wnchanged.

Continue execution.

Stop CPU.

Store P and exit condition
bits at RAC.

Clear P.
Exchange jump to MA and set MF.

Force EEM instruction to
execute as a pass.

Continue executlon with next
60-bit word.

Continue execution.

Block write operatiom, contents
of CM are unchanged. Block
read operation, force read
data tao 777...777.

Continue execution.

5-12
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Table 5-B.

Error Response with MEI/CEF Enabled, MF Clear {Sheet 2 of 2)

Error Condition

Error Response

Exit Mode Selected

‘Exit Mode Not Selected

00 Instruction.

Breakpoint signal from CMC.
Refer to breakpoint mnotes.

Staop CPU. 1.
Store T and exit condition 2.
bits at RAC.

Clear P. 3.

Exchange jump to MA and set MF.

Execute remaining parcels of 1.
60-bit word currently executing.

Stop CPU. 2.
Store P and exit condition bits 3.
ar RAC.

Clear P. 4.

Exchange jump to MA and set MF. 5.

Stop CPU.

Store P and exit condition
bits at RAC.

Clear P.

Execute remaining parcels of
60~bit word currently exe—
cuting.

Stop CPU.

Store P and exit condition bits
at RAC.

Clear P.

Exchange jump to MA and set MF.
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Table 5-9.

Error. Response with MEJ/CEJ Dizabled (Sheet 1 of 2)

Error Condition

Error Response

Exit Mode Not Selected

Illegal instructicn.

Exit condition bit 48 set by
an incremental read of CM or
by a direct extended memory
read (014) of UEM of an
address out of range.

Exit condition bit 48 set by
an ineremental write of CM
or by a direct extended
memory write (015) of UEM

to an address out of range.

Exit condition bit 48 set
due to am RNI or branch
address out of range.

Illepal instruction.

Exit condition bit 48 set by
an EEM address range check,
for direct extended memory
instructions (014/015)

using EEM or for

extended memory block
transfers (011/012).

3.

L

1.

2.

Exit Mode Selected

" Execute the illegal instructien 1,
as if it were & pass.

Stop CPU. 2.
Store P and exit condition bits 3.
at RAC.

GClear P. 4.
Read all zeros to the selected 1.
X register.

Stop CPU. 2.
Store P and exit condition bits

at MF.

Clear P.

Block write operation, content 1.
of CM and UEM are unchanged.

Stop CPU. 2.
Store P and exit condition bits

at RAC,

Clear P,

Stop CPU. 1.
Store P and exit condition bits

at RAC.

Clear P.

Execute the illegal imstructions. 1.
Force EEM instruction 1.
to execute as z pass.

Stop CPU. 2.
Store P and exit condition

bits at RAC.

Clear P.

Execute the illegal instruction
as if it were a pass.

Exlt to next 60-bit word.

Continue execution with next
60~bit word.

Clear P.
Read all zeros to the selected
X register.

Continue execution.

Block write operation, content
of (M and UEM are unchanged.

Continue execution.

Stop CPU,

Execute the illepal instruc-
tion.

Force EEM instructien to
execute as a pass.

Continue execution with next
60-bit word.

5-14
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Table 53-9.

Error Response with MEJ/CEJ Disabled (Sheet 2 of 2)

Error Response

Error Condition

Exit Mode Selected

Exit Mode Not Selected

Infinite condition (bit 49) 1.
Indefinite condition (bit 50)
EEM flag or direct parity 2.
condition (bit 51) CM data
error condition

{bit 53). 3.
CMC input error condition 1.
{(bit 52).
2.
3.
4.
00 Instructiomn. ) L.

Step CPU.

Store P and exit conditiqn
bits at RAC.

Clear P.

Block write operation, contents
of CM are unchanged. Block read
operation, force read data to
777...777.

Step CPU.

Store P and exit conditien
bits at RAC.

Clear P.

Stop CPU.

Continue execution.

Block write operatiom, contents
of CM are unchanged. Block
read operation, force read data

te 777...777.

Coutinue execution.

Continue execution,

60458920 A
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Table 5-10. FExtended Memory Operatilons

EXTENDED [EXTENDED| ADDRESS- X0 + RAE (011, 012) OR Xk + RAE {014, 015)
MEMORY MEMORY |ING
OPERATION |TVPE MODE 292827 26252423222120191817 1615141312110 9 8 7 6 5 4 3 2 1 0
@ sTANDARD| [0 [0 o] EEM ADDRESS |
EEM
LEGAL exeanoen| (0] 0]R[R]R[0] EEM ADDRESS |
ADDRESS '
REFERENCE STANDARD
® i /BR0na e AbbESS |
expancen| [o] o[R[R]R[R][R]R][R[R] UEM ADDRESS |

eem exeanoen| (0AR|R|R (170 0 oo i s e )
UNCONDI-
TIONAL exennven| [0 V[R[R[RZZ 000 7

OVERFLOW
[FAKE

DT STANOARR) {77770 77400 O VAN 22220 200

UEM  {5TANDARD th W
EXPANDED ol / 77 /

wee | el o

FUNTTION EXPANDED | 0 ! 0 | Hl Hl R 1 1 % 1 iy/////////////////////‘/{/‘/l//ml MAINTEN%%%% FUNCT]0N|

TANDBARD [W WW 7 W
?F?gég epj UEM - : Zi
FII\_T.;TG M EXPANDED 1 / // // /

QPERATION)
/ z
e | L [ 7T FLAG WorD |
18-BIT AGTR exeanpen| (1 PAR[RIREZZF[Flo]ulu] FLAG WORD |
EE:GZTTEIEN cem |EXPANDED R[R[REZZ ] F]F] FLAG REGISTER ADDRESS FLAG WORD)|
4-8IT RGTRS
2978272625324 2322212019181716151413121110 9 B 7 6 5 4 3 2 1 0
KEY
R HESERVED FOR FUTURE USE AND SET TO ZERO
F FLAG OPERATION FUNCTION CODE
u UNDEFINED RESULTS [F NOT SET TO ZERD

N

A BITS MAY BE SET OR CLEAR, WITH NO EFFECT ON EXTENDED MEMORY OPERATICN

S

A LEGAL ADDRESS REFERENCE IN STANDARD ADDRESSING MODE ALLOWS ADDRESSING UP
TO TWO MILLION WORDS OF EEM {BOTH ECS AND ESM VERSIONS). IF THE SYSTEM CONFIG-
URATION IS LESS THAN TWO MILLION WORDS, ANY EEM REFERENCE ABOVE THIS LIMIT
RESULTS IN AN UNCONDITIONAL OVERFLOW [FAXE READ/WRITE AND EXIT). A LEGAL AD-
DRESS REFERENCE IN EXPANDED ADDRESSING MODE ALLOWS ADDRESSING UP TO TWO
MILLION WORDS OF EEM {ECS VERSION) OR 16 MILLION WORDS OF EEM {ESM VERSION). IF
THE SYSTEM CONFIGURATION |5 LESS THAN TWO MILLION WORDS [ECS) OR 16 MILLION
WORDS {ESM}, ANY EEM REFERENCE ABOVE THIS LIMIT RESULTS IN AN UNCONDRITIONAL
OVERFLOW {FAKE READ/WRITE AND EXITL

A LEGAL ADDRESS REFERENCE 1IN STANDARD OR EXPANDED ADDRESSING MODE ALLOWS
ADDRESSING UP TO THE SOFTWARE-DEFINED LIMIT OF UEM. IN A MAXIMUM CM CONFIG-
URATION, THIS LIMIT IS ONE MILLION WORDS. ANY UEM REFERENCE ABOVE THE LIMIT
RESULTS IN AN UNDEFINED OPERATION,

®

@ MAlNTEﬁANCE FUNCTIONS ARE SUPPORTED ONLY BY THE ESM VERSION OF EEM.

- 60458920 A



Expanded Addressing Mode

Expanded addressing mode provides addressing up to
24 bits 1in & 30-bit format, or a maximum of 16
million 60-bit words. Refer to Legal Address
Reference In table 5-10 for restrictions on extended
memory transfers in expanded addressing mode. A& set
condition of the expanded addressing select £lag
gelects expanded addressing mode for data transfer
between M and UEM or CM and EEM.

EXCHANGE BREAK-IN CHARACTERISTICS

The exchange break-in characteristics of a direct
read/write or block copy instruction and a flag
register operation can rvesult d4n wvarlous exit
conditions. The conditions leading to or during the
operations ecan result in an error exit, full exit,
or half exit.

Refer to Error Response in this section for error
exit descriptionm.

A full exit causes the CP to exit to parcel 0 of the
next instruction word.

A half exit causes the CP or CPU to exit to the
instruction in parcel 2 of the 60-bit instruction
word being executed. Parcel 2 nommally contains a
branch instruction to an error rvoutine, - Table 5-11
and Figure 5-8 further define conditions that lead
to exits £rom a block copy operatiom.

An exchange jump breaks in to a CP performing a
block copy transfer (011 or 012) providing there are
more than 64 CM words remaining to be transferred.
On dual CP systems, an exchange jump may be
initiated to a CP while the opposite CP 1is

performing a block copy transfer. In this case, the
transfer pauses during the exchange jump and resumes
when the exchange jump completes.

DIRECT READ/WRITE INSTRUCTIONS {014, 015, 660, 670)

These instructions transfer one 6A0-bit word between
the selected X register and a central or extended
memory locatiom, using a 24-bit or 30-bit relative
address.

Instructions 660 and 6§70 execute in standard

addressing mode to address CM, using the memory
address Xk (21 bits) plus RAC (21 bits).

60458920 A

Imstructions Q!4 and 0I5 may execute in standard or
expanded addressing mode to access UEM or EEM. 1In
standard addressing mode, dinstructions 014 and 013
use the memory address Xk (21 bits) plugs RAE (21
bits} to address UEM or EEM, depending omn the
condition of the UEM wode flag. A set condition of
the UEM mode flag (bit 56 of word 3 in an exchange
package) selects a single-word transfer from UEM. A
clear condition of the UEM mode flag selects a
single-word  tramsfer from EEM. In  expanded
addressing mode, instructions 014 and 015 use the
memory address Xk (24 bits) plues RAE (24 bits) to
address UEM or EEM, depending on the condition of
the UEM mode flag.

BLOCK COPY INSTRUCTIONS (011, 012)

These Instructions transfer up to 131 071 60-bit
words from extended memory to CM (011}, or EFrom CM
to extended memory {0i2)}. A block copy inmstruction
may access UEM or EEM, depending on a set or clear
condition of the UEM mode flag, respectively. The
transfers oceur in blocks of up to 64 words, during
which exchange jump requests ts the CPU performing
the transfer are suspended. As a result, with model
865, transfer speeds up to one 60-bit word each 100
nanoseconds with UEM or EEM can be obtained. With
model 875, transfer speeds up to one 60-bit word
each 100 nancseconds with EEM or 50 mnanoseconds with
UEM can be obtained. Figure 5-8 depicks in
flowchart form the possible operatione which may |
result from an 011/012 instruction issue.

The block copy transfer may occur in standard or
expanded addressing mode, depending on a clear or
set condition of the expanded addressing select flag.

In standard addressing mode, a clear condition of
bits 22 and 23 of the extended memory address at X0
initiates a block copy transfer. A set condition of
bit 23 of the X0 addresse and bit 23 of the FLE
regleter causes a flag reglster operation (refer to
Flag Register Operation). Flag register operations
exist only for EEM references, and result in an
address range error for UEM references.

In expanded addressing mode, a clear condition of
bite 22 and 29 of the extended memory address at X0
initiates a bleock copy transfer. A set condition of
bit 29 of the X0 address and bit 29 of the FLE
register causes a flag register operation.



Table 5-I1.

011/012 Block Copy Operation Exit Condition (Sheet 1 of 2)

Function

Transfer Conditions

Transfer Results

Read or write
EEM with EEM
memory size

> X0 +Bj+ K
£ FLE

Read EEM with

EEM memory

glze » X0 + Bj + K
< FLE

Write EEM with

EEM memory

size » X0 + Bj + K
< TIE

Error~free transfer occurs for:
a Bj+K>0
. X0 + Bj + X € FIE
e AD + Bj = K  FLC
EEM bank {s not available because:

¢ Computer is in maintenance
mode.

¢ EEM loses power.
¢ EEM is not part of system.

Parity error occurs In address
from SHMU to EEM.

Parity error occurs in address
from CMC to CM.

Parity error occurs in data
detected by ECS/ESM controller or
SMU.

Parity error eceurs im data from
SMU and is detected by CMC.

Block of data reads from an exist—
ing EEM address and continues into
a nonexistent memory address.

Block of data reads, starting
before an existing EEM address.

Parity arror occurs in address
from SMU to ECS/ESM controller.

Parity error occurs in address
from CMC to CM.

Data reads from CM with a cor-
rected error.

Entire transfer completes and a full exit
0CCUTLS.

Additional data does not transfer, Includ-
ing current record. A half exit occurs.

Entire transfer completes with zero data
(proper data parity)} to CH froem point
EEM address error.

Entire transfer completes. Data does not
store in CM for words that had an address
associated with a parity error. A half
exit occurs after the tramsfer.

Entire transfer completes, including errone—
ous data. A half exit occurs after the
transfer.T

Entire transfer completes, including errone-
ous data. A half exit occurs after the
transfer.

Data transfer occurs until nonexistent
address 1s reached. Transfer then completes
with zerc data (proper data parity) to CM.
A half exit occeurs after the transfer.

Entire data transfer completes with zero
data (proper data parity) to CM. A half
exit occurs after the transfer.

No additional data transfers, including
current EEM record. A half exit occurs.

Entire transfer completes with all cones data
to EEM for words assoclated with parity
error. A half exit oeccurs after the
transfer.

Entire transfer completes. A full exit
occurs after the tramsfer.

% This refers specifically to parity errors on data transferred to CM. A parity error beyond the word count
For example, a single-word read of word 4 from an EEM record with parity errors inm words 3

is 1ignored.

and 5 will not half exit.

60458920 A



Table 5-11.

011/012 Block Copy Operation Exit Condition {Sheet 2 of 2)

Function

Transfer Conditiens

Transfer Results

Read EEM with
EEM memory size

Write EEM with
EEM memory slze
£ X0 + Bj + K £ FLE

£ X0 + Bj + X ¢ FLE

Data reads from CM with an un-
correctable error.

Parity error occurs in data from
CM and is detected at SMU.

Parity error occurs in data from
SMU and is detected by ECS/ESM
controller.

Block of data writes into an exist-
ing EEM address and continues into
a nonexistent memory address.

Block of data writes, starting be-
fore an existing EEM address. )

EEM overflow.

EEM overflow.

Entire transfer completes, including errone-
ous data. A half exit occurs after the
transfer.

Not tested.

Entire transfer completes including errone-
ous data. 4 half exit cccurs after the
Eransfer.

Data transfer occurs until nonexistent
address is reached. Transfer then stops,
and a half exit occurs.

Data does not transfer. A half exit occurs.

Entire transfer completes with zero data
(proper data parity) to CM. A half exit
occurs after the transfer.

Data does not transfer and a half exit
oCcurs.

60458920 A
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Figure 5-8.

Block Copy Operation Flowchart
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Enhanced Block Copy Instruction

A modified version of the 011/012 instruction,
called the enhanced hlock copy imstruction, permits
accessing a block of CM memory words more than 262K
words from RAC. This is achieved by using the upper
30 bits of X0 as a CM starting address instead of
the 18 bits of A0. X0 bits 30 through 50 provide a
21-bit format for the (M starting address in EEM, as
compared to the [8-bit format of AO.

The enhanced block copy mode flag 1is bit 54 of
word 3 of an exchange package. A clear flag selects
AD as the starting CM address; a set flag selects
the upper 30-bit parcel of X0 as the starting CM
address.

Fake Read/Write and Exit

A Fake read/write and exit condition occurs in a
oll, Oiz, 014, or Q015 instruction reference to UEM
or EEM if an unconditional overflow occurs (refer to
table 5-10), or 4if the EEM address exceeds the
ampunt of EEM available (in both standard and
expanded addressing modes).

A fake read and exit enters Xj in CM with zero, and
causes a half exit (0Il1, ©12 only) to parcel two of
the dnstruction currently belng executed. A fake
write and exit does not store data and results in a
No Operation with unspecified timing and 2 half exit
to parcel two of the instruction currently being
executed. . :

FLAG REGISTER OPERATION

A flag register operation, used only with EEM
references, Involves the use of a £lag register
located in the ECS5/ESM controller. The register

allows programe to provide Information about current
or previous EEM operations. One use of the register
is analogous to a reserved status word that 1is
meintained din EEM. The register i1s, however,
accessible at a far greater speed than the Etatus
word because it does not require an EEM reference.
The flag repister cannot be read directly.
Interrogation and/or writing dintoe the register
requires an SMiT, '

In standard addressing mede, selection of a £flag
register operation occurs when bit 23 sets im the
EEM address (table 5-10)} and bilt 23 sets in the FLE
register (figure 3-1) during an EEM read or write

operation. In expanded addressing mode, selection
of a flag register operation ogccurs when bit 29 sets
in the EEM address (table 5-10) and bit 29 sets in
the FLE register (figure 5~1) during an EEM read or
write operation.

With an 18-bit flag repister operation, the ECS/ESM
contreller recognizes the flag register operation
and translates bits 21 and 22 of the address. The
translation determines the function to be performed,
which may be to compare or enter the flag word (bits
0 through 17) into the flag register. The
controller then sends either an abort or an accept
signal back to the SMU.

With a 4-bit flag repister operation,
controller recognizes the flag register operation
and translates bits 18 and 19 of the address, in
addition te bits 21 and 22. The translation
determines the function to be performed, and the
controller them sends either an abort or an accept
signal back to the SMU.

the ECS/ESM

If the ECS/ESM controller receives an address with
bad parity, the controller does net send an accept
signal to the SMU., Instead, the controller sends an

abort signal and a controller parity sigonzl. The
flag register does not change, and an exit to the
lower 30 bits of the Instruction word occurs
immediately.

The flag register operation is the same for either
an ECS/ESM read or write and is unaffected by a
reduction of ECS to 50-percent capacity.

FLAG FUNCTION CODES

The flag function codes may specify
operations. The flag register format, detailed in
table 5-I0 in standard and expanded addressing
modes, is shown in the following examples to depict
the particuvlar function codes and respective flag
operations.

seven flag

Ready/Select

the Ffunction code for a
This operation performe a
the content of the

Flpure 5-9 illustrates
ready/select operation.
bit-by-bit comparison between
flap repister amd the flag word. TIf all the set
bite 4in- the flag word are clear in the flag
register, a positive comparison ocecurs, and all the
set bits in the flag word enter the flag register.
The cleared bits in the flag word have no effect on
the flag register. :

Standard 29 2423 22 211 20 19 18 17 0
Adresaing vz 1o 1o [v]u]o FLAG WORD
Mode L\_T
FUNCTION CODE
29 28 27 26 25 24 23 22 21 20 19 1B 17 : 1]
Addrensing BzZ0007zZnnnnn FAG WoRD
vode t b4 |
FUNCTION CODE
Figure 5-9. Ready/Select Function Code
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Example: {0Only three bits are shown)

Initial contents of flag register = Q10
Flag word = 101
(This is a positive comparison so the flag
register is changed, and an accept 1is
transmitted by the ECS/ESM cuntrnller to the
SMU.)
Final contents of flag register = 111
If a positive comparison 1is unot made, the flag
register remains unchanged, and an abort is
transmitted to the SMU.
Example: (Only three bits are shown)
Initial contents of flag register = 010
Flag word = 111

{This is a negative comparison so the flag
tegister is unchanged and transmits am abort to
the SMU.)

Final contents of flag register = 010

Selective Set

Figure 5-10 illustrates the fupction code for a
gelective set operation. No comparison is made.
All set bits in the flag word set In the Ffiag
register. The only response is an accept.

Example: {Only three bits are shown)
Initial contents of flag register = Q10
Flag word = 100 !

Final contents of flag register = 110

Status

Figure 5-11 4illustrates the function code for a
status operation. This is the Bame as a
ready/select code, but the f£lag register is not
changed on a positive comparison. The comparison is
made in the same manner, and the exit conditicns are
the same.,

Example: {Only three bits are shown)
Initial contents of flag register = 010
Flag word = 101
{(This is a positive comparison and an accept is
transmitted by the - ECS/ESM controller to the
SMU. The flag register is unchanged.)
Final contents of flag register = 010
If a positive comparison is not made, an abort is
transmitted to the SMU. The flag register remains
unchanged.
Example: {Only three bits are shown)
Initial contents of flag register = 010
Flag word = 111
(This 1s a negative comparison &so the flag
register i1s unchanged and transmits an abort to

the SMI.)

Final contents of flag register = Q]0

Selective Clear
Figure 5-12 d1llustrates the function code for a
selective clear operation. No comparison 1is made.

All set bits in the flag word clear in the £flag
register. The only response 1s an accept.

Example: (Only three bits are shown)
- Initial contents of flag register = 110
Flag word = 101

Final contents of flag register = 010

The remaining functions are only
operational on the loK-by-4-bit flag
registers.

: 29 2423 22 21 20 19 18 117 0
A§§i2§:§ﬂg WMI 1 | o | 1 i” l u | u | __FLAG WORD

Mode ﬁ____j

FUNCTION CODE

Fxpanded 23 28 27 26 25 24 23 22 A 20 19 18 17 o
Addressing LA rlelslZZZ o1 o]u]y] FLAG WORD

Mode * ¢ T

FUNCTION CODE
Fipure 5~10. Selective Set Function Code
5-22
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FUNCTION CODE

Standard 29 2423 22 21 20 19 18 17 S - o
Mdresaing zzannnnn FLag woRD
Mode {______T
FUNCTIGN CODE
Expanded 20 28 37 36235 24 33 32 A 20 19 18 17 0
Addressing 1 RIR|R 1]olafu]u] FLAG WORD ]
Mode * ¢
| " Fincribn cooe _
Figure 5-11. Status Function Code
Standard 29 2423 -22°21 20 19 18 17 ' - o
Aﬂd;essing W 1 I 1 l 1 IU I u ! UI FLAG WORD
nae
)
FUNCTION CODE
Expanded 25 28 27 2625 24 23 22 7 30 19 18 17 ' ' o
Addressing |1%]RIHIRWI1|1IOIUIU| FLAG WORD
Mode ‘p T T

Figure 5-12. 8Selective Clear Function Code

Zevo/Select

Figure 5-13 illustrates the Ffunction code for a
zero/select operation. This operation checks the
flag register contents for all bits being clear. If
all flag register bits are clear, the contents of
the flag word enters the flag register. If any bit
is previously set in the flag register, the ECS/ESM
controller responds with an abort and the flag
reglster is unchanged.

Bit 20 must be set in this function, because this
does not operate on the 1B8-bit register, but
operates only on the 16K~by-4-~bit repisters. .

Example:
Initial contents of flag register = 0100
Flag word = XKXXN
This is a negative comparison because all flag
register bits are w@ot clear. An  abort is
returned.

Final contents of flag register = (100
{(unchanged from initial contents).

60458920 A

Example:
Initial contents of flag register = 0000
Ilag word = 1010

This is a positive comparison because the flag
register ig fully clear. An accept is returned.

Final contents of flag ragistar = 1010 enter
the flag word.

Equality Status

Figure 5-14 i1illustrates the functior code for an
equality status operation. In this operation, the
flap rTegister contents compare with the flag word.
If the comparisom is positive in all four bits, an
accept returns to the accessing port. If the
comparison is negative in any bit, an abort returns
to the accessing port,

Detected Erver Status

Figure 5-15 illustrates the function code for a
detected error status operation, This function
returns an accept or an abort, dependent on the
state of the detected errors in the side door
channel., (The side door channel is a low-epeed
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Expanded 29 28 27 26 26 24 23 22 21 20 19 18 17 4 3 g
Addressing "W de]r[rlZZ010]1]1]0] FLAG REGISTER ADDRESS FLAG WORD
rode t [
FUNCTION CODE
Figure 5-13. Zero/Select Function Code
20 28 27 26 25 24 23 22 71 20 19 18 17 ' 4 3 Q
A‘::rp:::ﬁg | 1 r|elelZ 1 [o]a[1]0] FLAG REGISTER ADDRESS FLAG WORD
Mode t |
FUNCTION CODE
Figure 5-14. Equality Status Function Code
Expanded 29 28 27 26 25 24 23 22 21 20 19 18 17 A a4 3 [i
Addressing [+ Ar|r[rEZ ] [o]1]0]1] FLAG REGISTER ADDRESS FLAG WORD
Hode t RN

FUNCTION CODE

Figure 5-15, Detected Error Status Function Code

port connected to an IQU channel, used for momitor-
ing EEM,) 1If all of the detected errors are clear,
an accept returns. If any of these bite are set, an
abort returuns.

The side door channel parity is not included for the
purpose of this function. This function does not
change ~or check status on any of the flag
registers. The address bits 0 through 17 are not
used in the flag word.

PP PROGRAMMING

The PPs have access to all (M storage locations.
One 60-bit word or a block of 60-bit words can be
transferred from a peripheral processor memory {(FPFPM)
to CM or from CM to PPM. (Five 12-bit PP words
equal one 60~bit (M word.) Data from external
devices 1s read into a PPM, and with additional
Instructions, 15 transferred to CM. Conversely,
data I1s transferred from CM to a PPM and ie then
transferred by additional instructions to external

devices. Addregses sent to CM from PPs are absolute.

or relocation addresses.

5-24

CENTRAL MEMORY ADDRESSING BY PPs

PPs address central memory using either absclute or
relocation addressing. Every PP c¢an read all
central memory locations without restriction. Every
PP has wrilte access to central memory.

Instructions 24/25 load/store the relocation (R)
register. If bit 17 of the A register is zero, bits
0 through 16 of A specify an absolute central memory
address 0 through 377 777g. If bit 17 of A is
one, bits 0 through 16 of A are added to the 21-bit
R register to speelfy an absolute central memory
address 0 through 0 007 777 777g. 1If bit 17 of A
changes during a transfer, the addressing mode also
changes accordingly. The leftmost 7 ©bits of R
represent extra addressing capacity which is
vnused. The rightmost 6 bits of R are appended
zeros. Imstruction 24 loads R from two consecutive
PP memory locations. Instruction 25 stores R into
two PP memory locations. Figure 4—4 shows how R 1s
stored in PP memory. '
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PP MEMORY ADDRESSING BY PPs

PP imstructions use §-bit or 12-bit direct operands,
or access PP memory through direct, indirect, or
indexed addressing.

Direct 6-Bit Operand

PP instructions in this category are no-address
instructions. They have the format OPCODEd. The d
field is used as a f-bit direct operand, =zero-
extended to 18 bits in caleulations.

Direct 18-Bit Operand

PP instructions iIn this category are comstant
address instructions. . They have the format
OPCODEdm.

The combined d and m filelds are used as
an 18 bit operand. .

Direct 6-Bit Address

PP instructions in this category are direct address
instructions. They have the format QPCODEd. The d
field 1s used as a 6-bit direct address, accessing
PP memory locatioms 0 ta 77g.

Direct 12-Bit Address

PP iInstructions in this category are indexed direct
address instructioms, with zero index. They have
the format OPCODEdm, d equals 0.  The m field 1=
used a5 a 12-bit direct address, accessing PP memory
" locations (O through 77773.

Indexed 12-Bit Address

PP instructions in this category are indexed direct

address instructions. They  have the Fformat
OPCODEdm, d equals 0. The m field is used as a
12-bit direct address (base address), The d field

gpeelififes a PP memory location from 1 to 774, the
contents of which 1is a 12-bit ocne’s complement
number index. The indexed direct address is formed
by adding the index to the base address as signed
one‘s complement numbers, ignoring overflow. When m
plus (d) equals 7777 the result is set to 0QQOD,
except as follows: adding 7777 plus 7777 equals
7777, In general, adding Q000 or 7777 leaves the
other number unchanged, except when the other mumber
is also 0000 or 7777.

Indirect 6-Bit Address

PP instructions in this category are indirect
address instructions. They  have the  format
OPCODEd. The p-bit d field is used to read a 132-bit

number from PP locations O through 77g; this
number is used as a 12-bit address to access PP
memory locations 0 through 7777g,
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READ/WRITE INSTRUCTIONS

PP Central Memory Read Instructions (60,61)

Instruction 60 transfers one CM word into five
12-bit PP memory words. Instruction 61 transfers a
block of 1 through 811 CM words into 5 through 4095
12-bit PP words; it is possible to transfer up to
4096 CM words overwriting PP memory cyclically;
location 0, however, has special properties. Refer
to instruction 61.

PP Central Memaory Write Instructions {62,63)

Instruction 62 transfers five 12-bit PP memory words
into one CHM word. Imetruction 63 transfers 5
through 4095 PP memory words iInto 1 through 811 CM

words. It is possible to transfer up te 20 480 PP
memory words, repeating information from PP memory
cyclically. : . :

INPUT/OUTPUT CHANNEL COMMUNICATIONS

Data transfers to and from external devices are caon-
trolied by PP instructions &4 through 77. The
assignment of PPs, transefer priorities and resolu-
tion of conflicts are software responsibilities.

Channel parity and reservation must be provided for,
ueing the channel marker flap and/or software inter—
locks in central memory. After all conflicts have
been resolved, proceed as follows:

Action ' Typical Tnstruction

1. Verify inactive status. -Jump if active (64).
2. Verify read status.

Prepare for reading Function m (77).
summary status, -

Verify that the device
responded.

Jump 1f active (64).

Activate channel. Activate (74).

Read summary status, Input to A (70).
Disconnect channel. Deactivate (75).

3. Enter number of words Load d (14).

to A.

4, Prepare for input/
output,

Verify inactive status. .Jump if active (64).
Prepare for read/write. Function m (77)-

Verify that the device
responded.

Jump if active (64).
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5. Read/write data.
Activate chanmnel. Activate (74).

Input/output A4 words
(71/73) -

Read/write data.

If write, loop until Jump 1if full (66).

empty.

Disconnect channel. Deactivate {75).

Verify inactive status. Jump if active (64).

6. Verify transfer
integrity.
Verilfy A words were Nonzero jump (05).
transferred (refer to
note 1).
Verify ipactive status. Jump if active (64).
Prepare for reading Function m (77).
device status.
Verify that the device  Jump 1if active (64).
responded.

Activate channel. Actilvate (74).

Read device status. Input to A (70).

Disconnect channel. Deactivate (75).

If A equals the original wvalue, no
words are transferred.

If A iIs not equal to 0, the device or
another PP ends the:transfer.

INTER-PP COMMUNICATIONS

Any PP can communicate with any other PP using any
channel (except the real-time clock) by omitting the
conditioning of the external devices -of that channel
for a data transfer. Both single word and block
transfers cam be used. Either the sending or the
receiving PP can activate the channel used, after
which the sending PP outputs data inte the channel
register of the chanmel concerned and the receiving
PP inputs data from the same register. The transfer
rate is one word every 500 nanoseconds, except when
the transfer is between PPs In different barrels but
in the same time slot. In such a case the transfer
rate is one word every 1000 nanoseconds. PPs which
use the same. time slots are as follows:
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Slot FP Number

0, 20
1, 21
2, 22
3, 23
4, 24
5, 25
6, 26
7, 27
10, 30
0 11, 31

—=AD s E bnS N e

Software resolves priority and reservation problems
arising in inter-PP communications by interlocks
stored in CM or by other means.

PP PROGRAM TIMING CONSIDERATIONS

Some external equipment may require timing con-
siderations in ilssuing function, activate, and input
instructions. Refer to the applicable external
equipment reference manual. BSuch timing considera-
tions may, for example, be required to ensure that
the equipment attains a proper speed before data is
gent (required by some magnetie tape equipment).
Also, equipment which terminates a data transfer hy
resetting the active flag to inactive often requires
timing considerations in 1ssulng the next function
instruction.

CHANNEL OPERATION

Channel Control Flags

Channel operation is affected by the channel
active/inactive and full/empty flags and, depending
on the status of these two flags, the channel is
said to be active, inactive, full, or empty. Each
channel aleo has a marker flag for software use, and
an error flag for indicating transmissiom parity
errors.

Channel Active/Inactive Flag

A channel 15 normally activated by a function (76 or
77} instruction or by an activate channel (74)
instruction. The channel can also be activated by
an external deviee.

A function dinstruction conditions the external
device for a coming data or status information
transfer. The instruction places a 12-bit funetion
word plus parity in the channel register and sets
the active and full flags. The function word and a
function signal are sent to the external device. No
active or full sipnals are sent during a function
instruction. The external device accepts the fune—
tion word and sends an Inactive signal which clears
the channel active and full flags, clearing the
channel register.
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‘An activate channel instruction prepares a channel
for data transfer and sends an zsctive signal to the
cexternal device. Subegequent  input or output
-instructions transfer data. A disconnect channel
(75) 1instruction after a data transfer returns the
‘channel to an Inactive state, and an inactive signal
-is sent to the external device,

Register Full/Empty Flag

A register is full when 1t contains a function or
data word for an external device or containe a word
‘received from the external device. 'The regilster is
-empty when the flag clears. The flag is turned on
or off as the register changes state. A channel can
only be full when it is active.

On data output, the processor places a word in the
channel register (the channel should be active and
empty) and sets a full £lag. The data word plus
parity and a full signal are sent to the external
device. The external device accepts the word and
sends an empty signal to the channel which clears
-the full flag, clearing the channel register. The
actlve and empty status of the channel signals the
PP to send the next word to the register.

60458920 A

On data Input, the external device sends a word and
a full signal te the data channel. The word is
placed in the channel register, and the full flag
sets., The PP stores the word and clears the full
flaeg, clearing the data register. An empty signal
iz sent to the external device sigmaling it to send
the next data word.

Channel Transfer Timing

Fipure 5-16 shows channel transfer timing. All
signal pulses are 25+5 nanoseconds Iin width and
occur 2545 naneseconds following the 10-megahertz
clock. : R :

To maintain the fastest posslble cycle time {500
nanoseconds), a function/full/smpty pulse from the

" PP nust be answered with an inactive/empty/full

pulse, respectively, within -310435 nanoseconds. If
the maximum speed 1s not required, this reaponse
time wmay be increased by multiples of 100 nano-~
seconds.

The PP master clock frequency can be varied by +4
percent, The peripheral devices used must tolerate
this frequency variation.
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FUNCTION
FULL
EMPTY

INACTIVE
EMPTY

10 MHz CLOCK
TRANSMITTED
OGN CHANNEL

MASTER CLEAR
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ALl THANSMISSION #ULSE WIDTHS [INCLUDING DATA, FULL, EMFTY, ETC.} ARE 25£5 n1.
‘T AVOID LOST DATA, ALL INPUTS FAOM THE CHANNEL TO THE PP MUST ARRIVE WITHIR

THE 70 ar.

INPUTS MAY BE EAALIER OR LATER BY 100 ns MULTIPLES.

@ TOFAL TURNAROLUND TIME BETWEEN FUNCTION AND INACTIVE 15 MEASURED AT PP,
THIS TIME VARIES DUE TO EXTEANAL DEVICE RESPONSE TIME BUT MUST BE WITHIN
310435 ns TO MAINTAIN THE 500 m CYCLE TIME,

G
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Figure 5-16.

Channel Transfer Timing
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INPUT/OUTPUT TRANSFERS

Data Input Sequence

The external device sends data (figure 53-17) to the
PP via the controller as follows:

1.

_ sends
-which signals the input equipment to start
sending data.

The PP places a function word in the channsl
register and sets the full flag and the
chanpel active flag. At the same time, the
PP sends the first of a group of words and
function signals to all controllers. The
function signals cause all conkrollers to
sample the words and identify the words as
function codes rather than data words.
Connect codes select controllers and modas
of operation and clear nonselected con—
trollers. Only selected controllers are
connecked.

The controller sends an inactive signal te
the PP, indicating acceptance of the §fune~
tion code. The signal drops the channel
active flag,
flag and clears the channel register.

channel active
signal to the

sets the
an active

The PP flap and

controller

The input equipment reads a 12-bit data word
plus one parity bit and then sends the word
with parity to the channel register with a
full gignal which sets the channel full flag

(10 to 13 nanoseconds ‘after the data
arrives).

The PP steores the word, drops the full flag,
and returns an empty signal, indicating
acceptance of the word. The input equipment
clears its data register and prepares to
send the next word.

Steps 4 and 5 repeat for each word trans-
ferred.

At the end of the tramsfer, the controller
clears itz active condition and sends an
inactive signal te the PP to indicate the
end of the data. The signal clears the
channel aetive flag to disconnect the
contrpller and the PP from the channel.
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which in turn drops the full

A am alternative, the PP may choose to
disconnect from the channel before the imput
equipment has sent all its data. The PP
does this by dropping the active Fflag and
pending an inactive sipgnal to the controller
which immediately clears its active condi-
tion and sends no more data, although the
input equipment may continue to the and of
its record or cycle (for example, a magnetic
tape unit would contioue to end-of-record
and stop in the record gap).

Data Output Sequence

The PP

sends data (figure 5-18) to the extermpal

device ag follows:

1.

The PP places a function word in the channel
register and sets the full £lag and the
channel active flag. The function signal
causes all controllers to sample the word
and 1dentify the word as a Ffunction code

rather than a data word. Counect codes
pelect controllers and modes of operation
and clear nonselected controllers. Only

gelected controllers are connected.

The controller sends an inactive signal to
the PP, indicating acceptance of the Ffunc-
tion code. The sipgnal drops the channel
active flag, which in twrn drops the full
flag and clears the channel register.

The PP sets the channel active flag and
sends an active gignal to the controller
which signals the output equipment that data
flow is starting.

The PP places a 12-bit data word plus one
parity bit in the channel repgister  and sets
‘the full flag. Coincidently, the PP sends a
word with parity and a full signal to the
controller.

The controller accepts the word and sends an
empty signal to the PP where the signal
clears the channel register and drops the
full flag. . :

Steps 4 and 5 repeat for each PP word.

After the last word 1ig transferred and
acknowledged by the controller empty signal,
the PP drops the channel active flag and
turns off the controller with an inactive

.signal.
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PP
INSTRUCTIONS
76 AND 77

PP
INSTRUCTION
74

PP
INSTRUCTIONS
T2 AND T3

PP
INSTRUCTION
75

CHANNEL
STATUS

SIGNAL

FUNCTION

13-81T
WORD

INACTIVE

ACTIVE

13-BIT
WORD

FULL
EMPTY

INACTIVE

PEE -0 ® OO ®

mactive® O,
]

ACTIVE

®@

%

ORIGIN t

1 |
.
PP I i
!

COBE
op | |FUNCT|D[N DE |
R Y
!
ED )
- I

I
I

N

PP
I
I REPEATS
PR FOR EACH
| DATA WORD
DISCONNECT
pp [lEND OF DATA}
NOTES:

@ TIME 1S A FUNCTION OF EXTERNAL DEVICE {ED}, PP RECOGNIZES INACTIVE 7 MAJOR
CYCLE {OR A MULTIFLE OF MAJOR CYCLES) AFTER FUNETION, THE PP MUST PREVIOUSLY
RECEIVE INACTIVE,

TIME IS A FUNCTION OF PERIPHERAL PROCESSOR [PP). MINIMUM TIME IS 1 MINOR CYCLE, ’
ACTUAL TIME IS A FUNCTION OF THE PP PROGRAM,

TIME IS A FUNCTION OF ED.

TIME 15 A FUNCTION OF PP. MINIMUM TIME 1S 1 MINOR CYCLE. MAXIMUM TIME 15 UP
TO 4 MINOR CYCLES TO ALLOW OPERATION WITHIN 1 MAJOR CYCLE.

TIME IS A FUNCTION QF PP, MINIMUM TIME I5 2 MAJDR CYCLES. MAXINMUM TIME IS
AN INTEGRAL MULTIPLE OF MAJOR CYCLES.

TIME 1S A FUNCTION OF ED.

MAJOR CYCLE TIME 15 500 NS.

MEINOR CYCLE 5 50 N5,

CHANNEL MUST BE PREVIOUSLY INACTIVE.

CHANNEL REMAINS ACTIVE UNTIL ED SENDS INACTIVE.

CHANNEL MUST BE PREVIOUSLY INACTIVE.
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PP INSTRUCTIONS
75 AND 77

PP INSTRUCTION
T4

PP INSTRUCTIONS
7O AND TI

PP INSTRUCTION
75
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CHANNEL iNACT[VF; @ . @
STATUS Iﬂ:_ﬂil —I | — __]
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i
SIGNAL ORIGIN !
|
I

FUNCTION —,_l_

l2—BIT WORD ’ |FUNCT!0N CODE
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+ | BIT PARITY - i
1

INACTIVE " ED _,—‘_

Fromrmmmm e

|
|
|
|
1
1
1
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1
]
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1
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ACTIVE PP —_l l_ 1 i :

| oaTa ! DATA !

3 H |
l2-BIT WORD  Ep ' l_-l_ i l '
+LETPARITY : : ;
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1]
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FULL ED 7 .} REPEATS FOR EACH WORD
1 I i
1 1
[} 1
EMPTY- PP , I ] ! I I :
: i
1
: ' [ | oisconnect (enp oF para
INACTIVE €0 ; : ( DATA)
: : S ;
INACTIVE PR - oscownet| |
{ALTERNATE) .

NOTES:

TIME 15 A FUNCTION OF EXTEANAL DEVICE (ED). PP RECOGNIZES INACTIVE 1 MAJOR
CYCLE {OR A MULTIPLE OF MAJOR CYCLES) AFTER FUNETION. THE PP MUST PREVIOUSLY
RECEIVE INACTIVE.

‘TIME |5 A FUNCTION OF PERIPHERAL PROCESSOR [PP). MINIMUM TIME IS 1 MINOR CYCLE,
ACTUAL TIME 15 A FUNCTION OF THE FP PROGRAM. )

TIME IS A FUNCTION OF ED,

TIME IS A FUNCTION OF PP, MINIMUM TIME 1S 1 MINOR CYGLE. MAXIMUM TIME IS UP
TO 4 MINOR CYCLES TO ALLOW OFERATION WITHIN 1 MAJOR CYCLE,

TIME {8 A FUNCTION OF PP. MINIMUM TIME {5 2 MAJOR CYCLES. MAXIMUM TIME 1s
AN INTEGRAL MULTIPLE OF MAJDR CYCLES.

TIME 1S A FUNCTION OF ED.
MAJOR CYCLE TIME {5 500 NS,
MINDR CYCLE 1S 50 NS,

TIME 1S A FUNCTION OF ED. FULL SHOULD PROCEED THE DATA BY A MINIMUM OF 5 NS
{15 NS MAXIMUM} TO REMOVE THE CLEAR ON THE INPUT DATA RECEIVERS.

PP MAY DISCONNECT AFTER EMPTY SIGNAL OF ANY ED WORD, STATUS REOQUEST
DISCONNECTS IN THIS MANNER.

CHANNEL MUST BE PREVIOUSLY INACTIVE.

CHANNEL REMAINS ACTIVE UNTIL ED SENDS INAETIVE.

RO @ E~® ® O ® ©

CHANNEL MUST BE PREVIDUSLY INACTIVE.
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Figure 5-18. Data Output Sequence Timing
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DISPLAY STATION PROGRAMMING

KEYBOARD

A FP transmits function code 70203 to request data
from the keyboard of the display station. The PP
then activates the input channel and receives one
character from the keyboard. This character enters
as the lower 6 bits of the word., The upper bits
clear., There iz no status report by the keyboard.
Table 5~12 lists the keyboard character codes.

Table 5-12. EKeyboard Character Codes

Character Code Character Code

No data 00 0 33
A 01 1 34
B 02 2 a5
c 03 3 36
.D 04 4 37
E 05 5 40
F 06 6 41
G 07 7 42
H 10 8 43
I 11 9 44
1 12 + 45
K 13 - 46
L 14 * 47
M 15 ! . 50
N 16 ( 3l
0 17 3 52
P 20 Left blank key 53
Q 21 = 54
R 22 Right blank key|[ 55
] 23 , 56
T 24 . . 57
U 25 Carriage return 60
v 26 Backspace 61
W 27 Space 62
X 30 |
¥ 31
2 32

DATA DISPLAY

‘Data is displayed within an 8-~ by 8-inch area of a

cathoade-ray tube (CRT). The display can be in
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character mode (alphanumeric) or dot mode {graphic).
There are 262 144 dot locations arranged in a 512-
by 512-dot format. Each dot position is deter-
mined by the intersection of X and Y coordinates.
The lower left corner dot is octal address X=6000
and ¥=7000, and the upper tight cormner dot is octal
address X=6777 and Y=7777.

Character Mode .

In character mode, three silzes are provided. Large
characters are arranged in a 32— by 32-dot format
with 16 characters per line. - Medium: characters are
arranged 1in a 16- by 1l6~dot format = with 32
characters per line., Small characters are arranged
in an B- by 8-dot format with 64 characters per
line, Table 5-13 lists the display character codes.

Table 5-13. Display Character Codes
b - !

Character Code Character | Code
Space 0o Q 33
01 1 34
B 02 2 35
c 03 3 36
b 04 4 37
E 05 5 40
F 06 6 41
G o7 7 42
" 10 8 43
I 11 9 44
J 12 + 45
X 13 - 46
L 14 * 47
M 15 / 50
N 16 ( 51
0 17 ) 52
P 20 Space 53
1] 21 = 54
R 22 Space 55
8 23 s 56
T 24 . 57
] 25
v 26
W 27
X 30
Y il
4 32
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Dot Mode o

In dot mode, display dots are positioned by the X
and Y coordinates., The X coordinates position the
dots horizontally. The Y coordinates position the
dote wvertically and unblank the CRT for each dot.
Horizontal lines are formed by a serles of X and Y
coordinates, Vertical lines are formed by a single
X coordinate and a series of Y coordinates.

Codes

A gingle function word is transmitted to select the
presentation, mode, and character- size {character
mode only)}. TFigure 5-19 illustrates the function
word format. The word following the function word
specifies the starting coordinates for the display
(for either meode). Figure 5-20 {llustrates the
coordinate data word. In character. mode, the words
that follow are display character codes. Figure
5-~21 illustrates the character word.

©= CHARACTER MODE

1=DOT MODE

2=KEYBOARD INPUT
O=SMALL CHARACTERS
I=MEDIUM CHARACTERS
2LARGE CHARACTERS

0= LEFT PRESENTATION
|= RIGHT PRESENTATION

T=EQUIPMENT NOT
SELECT USED
A A N
fl 1 g gl 6'5 -~ 3Va o

| _

Figure 5-19. Display Statiom Qutput
. Function Code

COORDINATE
ADD?ESS

A oV o

-~
=
<

| NOTE:
IN DOT MODE, EACH Y GODRDINATE TRANSMITTED FORCES

A DOT DISPLAY,

Flgure 5-20. Coordinate Data Word

FIRST SECOND
CHARﬁCTER CHARﬂCTER

T 65 o

Figure 5-21. Charscter Data Word
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When the display operation has started, the ceon-
troller regulates character spacing on the line. A
new coordinate data word must be sent to start each
line. 1If new coordinates are not specified, data is
written on the line specified by the active coor-
dinate word, and information already on that line is
overwritten. Character sizes can be mixed by send-
ing a new function word and coordinate word for each
size change, Spacing on a 1line can be varied by
sending a coordinate word for the character which is
to be spaced differently,

PROGRAMMING EXAMPLE

The following programming. example ({figure 3-22)
requests an input of one line of data from the dis-
play station and displays this data on the CRT as it
is being typed. :

PROGRAMMING TIMING CONSIbERATIONS

When performing am output operation, the computer
must wait at the end of the output for a channel
empty condition to prevent a loss of coordinates or
data. A full jump at the end of the output ensures
that the channel i85 empty and the display con-
troller accepts the last word of the output before
disconnecting from the channel. - :

REAL-TIME CLOCK PROG.RAMMING

Channel 14g is reserved for the real-time clock.
This channel is always active and full and may be
read at any time. The real-time clock 1s a 12-bit
free-running counter incrementing at a l-megahertz
rate from ( through 409510.

COMMUNICATIONS INTERFACE
PROGRAMMING '

Channel 153 4is reserved for communications with
ane or two external devices. through the
communications interface. - The communcations
interface can communicate with all external devices
which use EIA standard RS-232 serial interface. The
interface can accommodate- data with odd/even parity,
5 to 8 bits per character and ] or 2 stop bits. The
Format d1s set by - issuing appropriate function
codes. The rate is switch selectable for each
channel for operation between 110 and 9600 baud.
These switches are located - Intermally oo the
communications interface. .

Bit nmumbering is 0 through 63 from left
to right.
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COMMUNICATIONS INTERFACE OPERATION

The communications interface uses the rightmost 12
bits on channel 155, A 12-bit (octal) function
word from the PP 1igs tramslated to specify the
following operating conditioms.

START

» INPUT ONE
DATA WORD

NO

YES

STORE
DATA

v

ASSEMBLE
DATA IN
CHARACTER
MODE FORMAT

ouTPUT

ASSEMBLED DATA
| PLUS INITIAL
COORDINATES

]

HAS
DISPLY LINE
BEEN FILLED

CONTINUE
DISPLAY

END

Figure 5-22. Receive and Display
) Program Flowchart
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Code

TX¥X
6XXX
0OXX
01XX
02XX
03xx

04XX

05XX

06XX

07X

Function
Terminal select.
Terminal deselect.
Read status summary.
Read terminal data.
Output to FIFQ.

Set operation mede to terminal.

Set/clear terminal control signal, data

terminal ready (DTR).

Set/clear terminal control
request to send (RTS).

Not used.

Master clear selected port.

Terminal Select (7XXX)

The PP

terminal to
transmissions apply.

sends this select cede to B8p

which the funetion codes

future use) and code 7001 selects
(maintenance console).

Terminal Deselect (6XXX)

The FP

- signal,

eclfy the
and data

Code 7000 selects port 0 (for

port. 1

sends this ecode which deselects the

comaunications dinterface from channel 155 so the

l6-bit

channel is available for

communicaticons,

Read Status Summary (00XX)}

Iinter-PP

This code permits the PP to input status from the
selected terminal. One word input must
read the status response. The response is

Bit
52-58
59
60
61
62

63

Status
Not used.
Qutput buffer not full,

Input ready.

follow to
12 bits.

Data carrier detect or carrier on.

Data set ready.

Ring indicatiomn.
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PP Read Terminal Data (01XX)

This code permits the PP to input the terminal data
from the selected terminal. Channel 155 must be
activated and a one-word input must follow to read
in the termimpal data. The data word is 12 bits.

52 Data set ready.

53 ﬁata set ready and data carrier
detector.

5A Over run.

55 Framing or parity error,

56-63 8-bit data.

Data Character (Bits 56 through 63)

The lower B bits of the input word form the data
character. The communications interface forms this
character directly from the Universal Asynchromous
Recelver and Transmitter (UART).

Framing or Parity Error (Bit 355)

When the recelved character does not have a valid
stop bit (framing error), or when this bit sets, the
received character parity does not agree with the
gelect parity {parity error).

Over Run (Bit 54)

When the previously received character is uot read
by the PP before the present character is trans-—
ferred to the data holding register, the over rum
bit sets.

Data Set Ready (DSR) and Data Carrier Detector (DCD)

{(Bit 53)

When both data set ready and data carrier detector
signals are active, this bit sets.

Data Set Ready (Bit 52)

When the data set ready signal is active, this bit
BEER,

PP Write Output Buffer (02XX)

This code prepares the communications interface for
an- output operation to the 64-character FIFO
mEMOTY . Before an output operation can proceed,
channel - 153 must be activated. The output
operation is terminated when the multiplexer
teceives an inactive signal from the PP, or when mno
more locations are avallable in the output buffer.
In the latter case, an inactive (instead of empty)
signal dis sent back to  the channel, which in turn
terminates the output operations. -
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Set Operation Mode to the Terminal {03XX)

This code permits the PP to =set the terminal opera-
tion mode register. A ]2-bit fumction code word
from the PP specifies the operation of the termi-
nal. This word is decoded in the function regis-
ter. Segments of the word define the mode as
fellows:

Bit Status
58 - Not used.
59 No parity.

When this bit is set, it eliminates
the parity bit from the transmitted
and recelved characters. The stop
bit(s) dimmediately follow the last
data bit. :

60 Number of stop bits.

This bit selects the number of stop
bite, 1 or 2, to be appended
immediately after the parity bit.
When this bit is clear, it inserts 1
stop bit and when set, it ineerts 2
stop bits, ' :

61-62 Number of bits per character.

These 2 bites are internally decoded
" to select 5, 6, 7, or B data bits per

character.
- Bit 6l Bit 62 Bits per Character
0 0 5
o 1 6
1 0 7
1 1 8
63 Odd/even parity select

This bit selects the type of parity
which will be appended immediately
after the data bits., It also deter-
mines the parity that will be checked
on read data. ’ .

Set/Clear Data Terminal Ready {D4XX)

This code permits the PP to set or clear the termi-
nal control signal, data terminal ready (DTR). When
bit 63 is set, DTR is active, and when bit 63 1=
clear, DTR is ipactive.

Set/Clear Request te Send (05XX)

This code permita the PP to et or clear the termi-
nal control signal, request to send (RTS). When bit
63 is set, RIS is active, and when bit 63 is elear,
RTS is inactive.

Master Clear (D7XX)}

This code permits the PP to master clear the
selected port including its ¥IFQD memory and UART.
The terminal operation mode register and terminal
control signals are not cleared.
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PROGRAMMING CONSIDERATIONS

Channel 158 communicates with the termipals con-
nected to the external interface, ome at a time.

Toestablish communications between a PP and the
terminal, the PP issues a function for select. The
function word for =select is formed by the Ileast
gignificant 12 bits, sent to chaaonel 158, and
specifies the following information.

¢ A pelect code to select the communications
interface (7XXX).

¢ The terminal with whieh the PP would like to
establish communication (7XXX).

When the connect is established, the communications
interface routes all data to the terminal designated
by the select code. The interface responds with the
inactive signal to acknowledge the receipt of the
function code of 7XXX for select, 6X0X for deselect,
and OX¥X for operation. Otherwise, the function is
ignored by the interface.

Output Data

The communicatlons interface accepts a maximum data
block length of 64 characters per terminal. During
the block data transfer, the interface terminates
the output operation either when it recelves an
inactive signal from the channel or when the output
buffer is full. When the output buffer is full, the
interface sends back an inactive signal iInstead of
an empty signal te the channel on the last output
word . The signal indicates the output buffer
accepts. the last output word and it cannot receive
anymore data from the PP, OQutput to a full buffer
is not allowed by the interface. The multiplexer
sends back an iInactive signal to deactivate channel
15g after the dinterface decodes the previcus
function code which dis O02XX (PP write output
buffer), and receives an activate slgnal from the FP.

Input Date

The interface does not store the Input data from the
terminal. A lost data condition exists 1f the PP
does not imput the previous data before the new data
arrives from the termimal. The multiplexer allows
input from an empty input buffer.

-Request to Send and Date Terminal Ready
Request to send and data terminal ready are brought
up automatically by the hardware under the following

conditions regardless of the goftware RIS and DTR
bits.

o Data In the UART output register.
e Data in the FIFO output register.

When no data is In the FIFO or UART,
bit determines RTS and DTR.

the gmoftware

MAINTENANCE REGISTER

Table 5-14 provides a psummary of the maintenance
register bit information for IOU-0 and IOU-1.
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The follewing list explains table 5-14.

Column Information
Word No. Register word listed in octal

(8).

Bit No. Register bit listed in decimal

(10} and outal (8).

Description Name of bit

s/c Statug (S) bits have inputs
from wvarious sources in the
computer. Control (C) bits
have outputs which enable
various conditions in the
computer. ‘

PRGM FCTN Indicates - which programming
functions are applicable to
the maintenance register bite
and which of - the bilts are
cleared at deadstart. The
programming functions are
indicated by abbreviations in
four catepgories.

TE Read, test, clear,
test/elear, set,
test/set, clear all,
and test error. This
statug dit is in-
cluded in test error.

R Read. No other
operations can be
performed.

D Read, test, clear,
test/ clear, set,
test/set, and clear
all. This control
bit clears at dead-—
start.

No Read, test, clear,
set, abbreviation,
test/set, and clear
all.

Channel X indicates the ©bit

36 1z alsc used in the
abbreviated mainte-
nance register of the
pptional I0U-1.

Dieplay X indicates that a
light-emitting diode
digplaye the bit oo a
module in 10U0-0.
When  there is an
adjacent X in the
channel 36 columm,
the bit iz similarly
displayed in the
optional I0U-1.

In the following maintenance register bit

deseriptions, the bit names are preceded by their
decimal/octal bit pumbers. The decimal numbers are
for reference only. The octal numbers are for use
in programming, setting, clearing, and testing the
bits. ‘The bit functions, status or control, follow
each bit name. '
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Table 5-14. Maintenance Register Bit Assignments {Sheet 1 of %)
Word
No. Bit No. PRGM |Channel
{8} {10) (8) Pescription s/C FCTN 36 Display Remarks
0 0 CM data parity error 5 TE X X
at T0U.
1 1 CM address parity error. S TE X
2 2 CP-1 SECDED error. 5 TE X
3 3 SECDEPR error. 5 I1E X Loads and locks bits
40 through 52 and 190.
4 4 CP-1 parity error. L} TE X For future enhancement.
5 5 CMC parity.error. 5 TE X Loads and locks bits
0 054, 55, and 139.
6 6 Not used.
7 7 Not used. For future enhancement.
8 10 Not used.
5 1 Not used.
10 12 Any error bit equals TE X Téx_;ts 0 through 39
one. of I0U-1.
11 13 ECS transfer error. TE X Loads and locks bits
136 through 138.
12 14 CP-0 parity error. S TE X X
13 15° CP-1 parity error. 5 TE X X Used only im dual-CP
models.
14 16 PP-0 parity error. S TE X X
15 17 PP-] parity error. ] TE X X
16 20 PP-2 parity error. s TE X X
1 17 21 PP-3 parity error. 5 TE X X
18 22 PP-4 parity error. 5 TE X X
19 23 PP-5 parity error. 5 TE X X
20 24 PP-6 parity error. s TE X X
21 25 PP—7 parity error. 5 TE X X
22 26 PP-8 parity error. S TE X X
23 27 PP-9 parity error. s TE X X
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Table 5-14, Maintenance Register Bit Assignments (Sheet 2 of 9)

Word
No. Bit No. PRGM | Channel
(8) 1(10)]¢8) Description s/c FCIN 36 Display . Remarks
24 | 30 Channel 0 parity error. 5 TE X X
25 31 Channel 1 parity error. § TE X X
26 32 Channel 2 parity error. ] TE X ﬁ
27 33 Channel 3 parity error. 5 TE X X
28 | 34 Channel 4 parity error. ] TE X X
For channel 36, channel
2 29 35 Channel 5 parity error. S TE X X numbers 20 through 33
- {(octal) apply.
30 36 Channel 6 parity error. | § TE X X
31 37 Channel 7 parity error. S TE X X
32 | 40 Channel 10 parity error. 5 TE X X
33| 41 Channel 11 parity error.|! § TE X X
34 42 Channel 12 parity error. 5 TE X X
35 43 Channel 13 parity errer.| 38 TE X X
36 44 Maine power failure. - S TE X ] Power /environmental
abnormal condition.
37 45 Shutdown imminent. 8 TE X
38 46 Not used. TE ) For future enhancement.
392 47 ESM environment failure. 8 TE X Environmental abnormal
condition.
40 50 Syndreme bit O. 5 R X
41 51 Syndrome bit i. 5 R X
3
42 52 Syndrome bit 2. 5 R X Loaded and locked by
bit 3 (memory SECDED
43 53 Syndrome bit 3. ] R X error).
44 54 Syndrome bit 4. ] R X
45 55 Syndrome bit 5. S R X
46 56 Syndrome bit 6. 5 R X
47 57 Syndrome bit 7. S R X
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Table 5-14.

Maintenance Register Bit Asgignments {Sheet 3 of 9)

Word
No. Bit No. PRGM | Channel
{8y | (Lo){(8) Description s/c FCTN 36 Display Remarks
48 60 Syndrome address bit 0. S 1 X
49 | g1 Syndrome address bit 1. ] R X
50 | 62 Syndrome address bit 2. 5 R X Loaded and locked by
bit 3.
51 | 63 Syndrome address bit 3. S R X
52 ] 64 Syndrome address bit 4. ] R X
53 63 Syndrome address bit 5. 5 R X For future enhancewment.
& ) .
.S4 | 66 Parity errer port code 5 R X From CMC; identifies
bit 0. port; loaded and
locked by bit 5.
55 | &7 Parity error port code 5 R X
bit 1.
561 70 Breakpoint port code S R X
bit 0. i
571 71 Breakpoint port cade S R X Loaded and locked by
bit 1. bit 77.
38 72 Breakpoint function 8 R X
code bit O.
391 73 Breakpoint function 5 R X
code bit 1.
60| 74 P input bit 0. S R X X If bit 83 clears, bits
60 through 71 display
61 ] 75 P imput bit 1. 5 R X X P of the PP selected by
bits 120 through 123,
62| 76 P input bit 2. 5 R X X and bits 72 through 75
display selected FP.
63 | 77 P input bit 3. 5 R X X
If bit 83 sets, the con-~
64 | 100 P input bit 4. 5 R X X tent of P register is
latched and retained on
65} 101 P input bit 5. 5 R X X every CM breakpoint bit.
5 .
66 | 102 P input bit 6. 5 R X X If bit 76 sets when bit
B3 sets, bits 60 through
67 | 103 P input bit 7. 5 R X X 75 hold until bit 76
clears. Refer to text
68 | 104 P input bik 8. ] R X X for more detailed in-
formation.
69 | 105 P input bit 9. 5 R X X
70| 106 | P imput bit 10. S R X X
71 107 P input bit 11. 5 R X X
-If bit 76 sets when bit
83 sets, bits 60 through
75 hold until bit 76
clears. Refer to text
for more detailed
information.
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Table 5-14. Maintenance Register Bit Assignments (Sheet 4 of 9)

Word
No. Bit No. PRGM | Channel
(8) (10){(8) Description s/c FCTIN 36 Display Remarks
72 110 PP identifiecation bit 0. S R X X
73 111 PP identification bit 1. 5 R X X
Refer to remarks for
bits 60 through 71.
74 112 PP identification bit 2. 8 R X X
75 113 PP identification bit 3. 5 R X X
76 114 IOt breakpoint bit. ] X X
77 115 CMe breakpniné match. ] X X Loads and locks bits
: 56 through 59.
6 . :
78 116 Clear CM busy.
79 117 CP-1 breakpoint. S
30 | 120 Force zero parity on c D X
channels.
81 121 Force zero parity on c D X
PPH.
82 122 Not used. For future enhancement.
a3 123 100 breskpoint mode c D X Refer to remarks for
select. bite 60 through 75.
84 | 124 A1l PPs 500-nano- 5
: - second major cycle.
a5 125 Inhibit I0U request c D X X
to. CMC.
86 126 Narrow clock width c
margin.
87 | 127 Wide clock width c
margin.
88 | 130 Piagnostic aid. 5 X
7 82 | 131 Diagnostic aid. 8 X
90 132 Diagnostic aid. L] X
91 133 Diagnostic aid. 5 X
92 | 134 Diagnostic aid. S X
93 135 Micro reeord counter c For future enhancement.
. maintenance mode.
94 | 136 Stop on error. c D X X
95 137 Stop on PPM parity error. C D X X Applies to all PPs.
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Table 5-14. Malntenance Register Bit Assipnmente (Sheet 5 of 9)

Word
No. Bit No. PRGM { Channel
(8) |(10)|{8) Description S/C | FC'IN 36 Display Remarks
96 | 140 Breakpoint address bit 0. |C Abgolute 18-bit address
bits 96 through 113 are’
97 141 Breakpoint address bit 1. |C sent to CMC to estabiish
. breakpoint address when
98 142 Breakpoint address bit 2. |C bits 116 and/ or 117 are
set.
99 | 143 Breakpoint address bit 3. |C :
100] 144 | Breakpoint address bit 4. [C
101] 145 Breakpoint address bit 5. |C
10
102{ 146 Breakpoint address bit 6. [C
103 147 | Breakpoint address bit 7. |C
104 150 Breakpeoint address bit 8. |C
105} 151 Breakpoint address bit 9. |C
106f 152 Breakpoint address bit 10.{C
107 153 Breakpoint address bit 11.|C
1081 154 Breakpolnt address bit 12.|C
1091 155 Breakpoint address bit 13.|C
110| 156 Breakpoint address bit 14.|C
111} 157 Breakpoint address bit 15.(C
112y 160 Breakpoint address bit 16.|C
113f 16l Breakpoint address bit 17.|C
11
114 162 Breakpoint condition c
code bit 18.
115] 163 Breakpoint condition C Select function RD/WT/
code bit 19. RNI or all three to
CMC for port selection.
116 164 Breakpoint condition c
cede bit 20,
117] 165 Breakpoint condition c
code bit 21.
Single errors are mot re-
118| 166 Inhibit single~-error c X corded in maintemance
report. register when set.
119 167 CM read double error. 5 D X
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Table 5-14.

Maintenance Reglster Bit Assignments (Sheet 6 of 9)

Word
No. Bit No. PRGM | Channel )
(8) [(10)](8&) Description 5/C FCTN 36 Display Remarks
1207 170 PP select code bit 0. c D X X
121 171 PP select code bit 1. C D X X Select 1 of 10 PPs for
. forced exit, deadstart,
122 172 PP select code bit 1. H D X X or display. ‘
123] 173 PP select code bit 3. C D X X
124 174 PP select auto/manual. c D X X ~-Clear equals manual.
mode. ’
125| 173 Force exit on selected [ b X
PP.
126| 176 Force deadstart om c D X Set forces deadstart.
12 selected PP. PP remains in deadstart
condition until bit
1271 177 Master clear. c b clears.
128 200 Force zero SECDED code 4
and parity CMC to CM.
129( 201 Force zero address [H
parity CMC to CM.
130] 202 Disable address parity H Model B65 CM only.
error.
131| 203 Not used. For future enhancement.
132| 204 Force zero parity c Storage move unit.
code 0. :
133| 205 Force zero parity C
code 1.
1341 206 Not used. Loaded and locked by
bit 11.
135 207 Not used.
136 210 ECS trausfer error code 5 R
bit O.
137] 211 ECS transfer error code 5 R
13 bit 1.
138] 212 ECS transfer error code 5 R
bit 2.
139| 213 CMC address/data parity 8 R X Loaded and locked by
BYTOr. bit 5. Clear equals
data error.
140( 214 Not used.
C141 215 Clock frequency c D
margin O, .
) Bits 141 through 143
142| 216 Clock frequency c D are code bits for select-
margin 1. ing clock margins.
1437 217 Clock frequency slow/ c D For bit 143, clear equals
fast. slow.
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Table 5-14. Maintenance Register Bit Assignments (Sheet 7 of 9)

Word
No. Bit No. PRGM | Channel
(8) (10) |(8) Description s/c FCTN 36 Dieplay Remarks
144 220 Not used, 5 X
145] 221 Not used. ] X
146 222 Not used. S. X
147 223 Not used. 5 X
148 224 Not used. 5 X
149 225 Not uged. 8 X
14 150| 226 Not used. s X Clear equals low.
151 227 Not used. S X Clear equals one.
152 230 Cleck margin width [ X : B
narrow.
153] 231 Clock margin width wide.| C X
154 232 Select hi/lo RVM. C Clear equals low.
155| 233 Select all/ocne RVM. C Clear equals one (refer
to text). :
156 234 RVM quadrant 0 seleét. Cc
157} 235 RVM quadraant 1 select. C
158 236 RVM quadrant 2 select. C
159| 237 RVM quadrant 3 select. c
160| 240 BVM quadrant 4 select, c
Is | 161| 241 | RVM quadrant 5 select. c -
. Used with bhits 154
162| 242 RVH quadrant 6 select. c and 155.
163 243 EVM quadrant 7 select. c
164 [ 244 RVM quadrant 8 select. c
165 245 RVM quadrant 9 select. c
_166 :246 RVM quadranot 10 select. c
167 | 247 RVM quadrant 11 select. c
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Table 5-14. Maintenance Register Bit Assipgnments (Sheet 8 of 9)
Word
No. Bit Na. PRGM | Channel
8y [(107](®) Description’ 5/cC FCTN 36 Display Remarks
168 { 250 RVM module address C
bit 0.
169 | 251 RVM module address C
bit 1.
170 252 RVH module address [
bit 2,
171] 253 RVH module address C
bit 3.
172 254- | RVM module address c
bit 4.
173 255 RVM module address c
bit 5.
16 174} 256 I0U to CMC zero address C X
parity.
1751 257 | IOU to CMC zero data [ X
parcity.
176 260 CM configuration. 5
1761 260 cM cunfiguratinn 0. S
1771 261 CM configuraticn l. S
_ For future enhancement.
178] 262 CM configuration 2. 5
179t 263 CM configuraticn 3. S
180) 264 Not usad.
1B1| 265 Not used.. For future enhancement.
182| 266 | Not used.
183| 267 Double error. S . X
184 270 Not used. For future enhancement.
185 271 Not used.. C
17 186 272 Not used. For future enhancement.
1871 273 Not used. C
188| 274 Software flag O. ¥ X Diagnostic aids.
189) 275 Software flag 1. c X
190 276 Syndrome address bit 18. X
191 277 Syndrome address bilt 19. For future eahancement.
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Table 5-14. Maintenance Register Bit Assignments (Sheet 9 of 9)
Word
No. Bit No. PRGM | Channel :
(8) (10) [(8) Description 5/c FCTN 36 Display . Remarks
192 300 CP-0 stopped. 5 R X
1931 301 CP~1 stopped. 5 R X " Used only in dual~-CP models.
194| 302 ECS in progress flag. 5 R X
195| 303 | HMonitor flag CP-0. 8 R X
196| 304 Moniter flag CP-1. g R X Used only in dual-CP
: : : : . models. )
20 1971 305 PPM melect bit 0. -8 R X
" 198| 306 -PPM gelect bit 1. 5 R X
1991 307 PPM select bit 2. s R X
200| 310 | PPM select bit 3. 8 R X
201} 311 External channel select. 5 R 10U select.
202| 312 CP-0 standard address—
ing mode.
203 313 CP-1 standard address—
: ing mode.
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BIT 0/0 CM DATA PARITY ERROR AT [OU — STATUS

This bit indicates a parity error on data
transmitted from CMC to the IOU. The bit also
indicates a M parity error on data to the 1I0U
during the parity mode operation. - The bit may set
at the same tlme a SECDED double error is indicated
{bit 3).

BIT 1/1; CM ADDRESS PARITY ERROR — STATUS

This bit indicates a parity error on the address
transmitted from CMC to CM.

"BIT 2/2, CPU SECDED ERROR — STATUS

This bit indicates that a single-error correction or
-a double-error detection has occurred. Bit 2
indicates that the SECDED error was detected by the
CMC in CP-1.

'BIT 3/3, SECDED ERROR — STATUS

This bit indicates that a single-error correction or
a double-error detection has occurred. The bit also
locks bits 40 through 53, 190, and 191. ‘These bits
are unlocked but not reset by software to detect
further SECDED status. Bit' 183 identifies the
SECDED error as a single error when cleared or a
double error when set, Bit 118, if set, inhibits
bit 3 for single errors but not for double errors,

BIT 4/4; CP-1 PARITY ERROR

This bilt dindicates that an addresse or data
transmission parity error was detected by the CMC in
Cp-1.

BIT 5/5; CMC PARITY ERROR — STATUS

This bit indicates that an address or data
transmission parity error has hbeen received by CMC.
The bit is used in conjunction with bits 54, 55,, and
139, The bit locks blts 54, 55, and 139 so that
their status cannot be medified until bit 5 clears.
Bit 5 must be reset by software to ldatect further
CMC parity errors.

BIT 6/ 6, THROUGH 9/11; — NOT USED

BIT 10/12; ANY ERROR BIT EQUALS ONE — STATUS

This bit dindicates that one or more status and
control register bits O through 39 in I0U-] are =met.
BIT 11/13, ECS TRANS_FER ERROR — STATUS

This bit indicates that an error occurred on an ECS
transfer, The type of error is indicated by the

status locked 1in bits 136, 137, and 138 by bit 11.
Bit 11 must be reset to detect further errors.
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BIT 12/14, CP-0 P-REGISTER PARITY ERROR — STATUS

This bit indfecates that the IOU detected a parity
error on a read of the P register for CP-0.

BIT-13/15; CP-1 P-REGISTER PARITY ERROR — STATUS

Thie bit applies only to models with twe CPs and is
unused in models with omne CP. The bit Iindicates
that the I0U detected a parity error on a read of
the P register for CP-~1.

BITS 14/16, THROUGH 23/27, PP-0 THROUGH PP-9 PARITY

ERROR — STATUS

These bilts indicate the occurrence of a PP error
condition. The bits prevent a PP from executing
instructions following the detection of the error
condition., On a one-to-one basis, the bits indicate
the status of each PP. The bite indicate the

logical PP numbers and are not affected by a

reconfiguration of the PPMs that results from
resetting the I0U and PP MEMORY SELECT switches on
the deadstart panel.

the error conditions which ecan stop the PPs and
their asgoclated status and control registar bits

ares

Error Condition Bit 0 Bit 119
FPH parity error o] 0
Read pyramid parity

error on & CM read 1 0
Double SECDED

error on & CM read [} 1

The PP associated with the error steops only if the
appropriate enable bits are set in the status and
control register. If the enable bits are not set,
the error conditiom 1s reported but the PP 1s not
stopped. i

BITS 24/30, THROUGH 35/43; CHANNELS 0 THROUGH 13
(PPS-0) [20 THROUGH 33 (PPS-IH PARITY ERROR — STATUS

These bits indicate the occurrence of a parity error
in the corresponding I/0 channel. Each bit
indicates the status of one channel as listed im
table 5-14. The checking of these bits wmay be
disabled on any or all of the I/0 channels with the
PARITY switches on the I/0 connector panel.

BIT 36/44; MAINS POWER FAILURE — STATUS

This bit d{ndicates that the primary power wmains
feeding the computer system are deenergized and have
remained so for more than one-half cycle (8.3 .
milliseconds for 60-Hz power and 10.0 milliseconds
for 50-Hz power) of the mains frequency. If power
returns within one cycle of the mains frequency, the
line feeding the bit automatically goes false.
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BIT 37/45; SHUTDOWN IMMINENT — STATUS
This bit indicates one of the following conditions.

o The primary power mains feeding the system
are deenergized and have remained so for at
least 100 milliseconds. Power probably will
not return te normal within the regulatien
range of the system secondary power supply,
normally a motor-generator get.

p. An environmental condition {including
dewpoint warning and chassis temperature) is
abnormal and approaching an emergency power
shutdown. s

e An environmental conditfon 1s changing at an
abnormally high rate.

@ An enviroomental condition is5 about to
execute a2 controlled power shutdown.

[ A critiecal system device is down because of
environmental conditions. (This indication
exists only 1f the system has monitoring
provisions for the device.)

If power and environmental conditions return to
normal, except in the case of an emergency shutdown
limit, the line feeding the bit =automatically goes
false within one cycle of the mains fraqueney. The
hit must be cleared by software. ’ S

When both the mains power failure and power shutdown
imminent bits are set, ome ‘of the following
coincident conditions exists. s -

e A power mains Fallure has occurred for
donger than 100 ‘milliseconds. Power will
probably not return within the regulation

range of the system secondary power
gupplies. The kernel system (CP, all PPs,
all channels, store, all first-level

controllers, and all system disk units)
remains available for processing for the
balance of the motor-generator ride-through
after the shutdown imminent bit sets. JIn
this case, the maims power failure bit sets
at least 50 milliseconds before the shutdown
imminent bit sets. However, all peripheral
equipment powered directly from the mains
has probably failed. i

@ A controlled shutdown 1imit thas been
reached. The limit sensor has disconnected
the primary power mains from the system
secondary power supply, and the kerpel
5ystem proceseing remains available for the
balance of the motor-generater ride-through
after the shutdown imminent bit sets. In
‘this case, the mains power failure and the
shutdown imminent bits set at approximately
the same time. :

Examples of possible conditions are:
Condition Explanation

1. Mains power Indicates that all

failure only; peripheral  equipment
power Teturns. powered directly from
: " the mains has

probably failed. The
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Condition Explanation

system 1s mot down,
but user intervention
is necessary to
restore power to
affected peripherals.

Indicates the Bsyatem
will probably termi-

2. Mains power
failure and

shutdown imminent. nate and require
restart.

3. Mains power The explanation for
failure and shut- condition 1 applies.
down imminent, This is a rare
mains power occurrence and may

failure bit clears, = not be a stable
or the mains condition.

power fallure and

shutdown imminent

bits clear.

Either a shutdown
timeout (1 to 2
minutes) = is in
progress because of
an environmental pro-
‘blem, or a warning
* level has been
reached which wulti-
mately requires user
intervention. Suffi—
cient time may exist
for the user or soft-
ware, if software
capabllity exists, to
initiate and complete

system checkpoints.
If the mains power

‘failure bhit 36 sets
later, a timeout has
been completed and
the system behaves as
though an emergency
shutdown limit was
reached. :

4, Shutdown imminent,
no mains power
failure.

BITS 38/46; — NOT USED

BIT 39/47; ESM ENVIRONMENT FAILURE WARNING — STATUS

This bit indicates that loss of the EBM system is
imminent due to a wmwalfunction in one aof the
environmental conditions monitored by the ESM
controller.

BITS 40/50, THROUGH 47/57, SYNDROME BITS
0 THROUGH 7 — STATUS

These bits and bits 48 through 52, 190, and 191 are
provided by (MC upon detection of a SECDED error.
Bite 40 through 47 provide the information needed to
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igolate a single-error failure to a particular
memory module. Setting bit 3 locks bits 40 through
47. Clearing bit 3 unlocks bits 40 through 47 but
does mnot clear them. Software functions cannot
clear or set the read-only syndrome bilts.

BITS 48/60, THROUGH 53/65; SYNDROME ADDRESS
BITS 0, 1,2, 16, AND 17 — STATUS

These bits and bite 40 through 47 and 190 are
provided by CMC upon detection of a SECDED error,
Bits 48, 49, and 50 dindicate the CM bank number
(model 865 omly). Bits 51 and 532 indicate the CM
quadrant. Bits 4B through 52 are locked by the
setting of bit 3. Clearing bit 3 unlocks bits 48
through 52 but does not clear them. Bits 48 through
52 are read-only bits that cannot be cleared or sat
by software functions.

BIT 53/65, — NOT USED

BITS 54/664 AND 55/67; PARITY ERROR PORT CODE
BITS 0, 1 — STATUS

These bits Indicate which CMC port of CP-0 had a
parity error. The bits are locked by the setting of
bit 5 and cannot be modified until bit 5 cleara,

Bit 55 Bit 54 Port

1 0 o0u-1

1 1 IoU-0

BITS 56/70, AND 57/71, BREAKPOINT PORT CODE
BITS 0, 1 — STATUS

These bits indicate the CMC im either CP-0 or CP-1
has gensed a breakpoint condition. The bits are
locked by the =etting of bit 77 and cannet be
cleared until bit 77 clears.

Bic 57 Bt 56 pore
0 i CP-1 (models wilth two CPs)
0 1 Cp-0
1 0 I00-1
1 1 I0U-0

These bits and bits 40 through 47, 190 and 191 are
provided by CMC upon detection of SECDED error. The
bits are defined as follows:

Model B65 . Bit 48, 49, 50 CM bank, address
0,1,2
Bit § Chip select,
address 3
Bit 52,53 CM guadrant,
address 4,5
Bit 190,191 Address 18,19
5-48

Hodel 73 Bic 48,49,30,51 CM bank address
0,1,2,3
Bit 52,50 CH port

address 4,5

Bit 190, 191 Chip =select,

address 18,19

BITS 58/72; AND 59/73, BREAKPOINT FUNCTION CODE
BITS 0, 1 — STATUS

These bits indicate what type of instructlon caused
the breakpoint condition te be satisfied. The bits
are locked by the setting of bhit 77 and cannot be
modified until bit 77 clears.

Bit 53 Bit 58 Type
0 O  Read '
0 1 Write
1 0 ENI
1 1 This condition does not occut.

BITS 60/74, THROUGH 71/107; P INPUT BITS 0 THROUGH
11 — STATUS

These bits indicate the ' content of the PP
P~register. The content cam be the program address
or data buffer address for the PP that satisfied the
breakpoint condition when bits 76 and 83 are set,
When bit 83 i not set, the bits display the P
register of the selected PP. The PP selection can
be made manually by switches on the I0U module
located at J40 or through software selection of
control bits 120 through 124. Bits 60 through 71
are locked by the setting of bit 76 and caonot be
mnodified vuntil hit 76 clears.

BITS 72/110, THROUGH 75/113,; SCANNER CHANNEL SELECT
BITE 0 THROUGH 3 — STATUS

These bits indicate which PP stored the content of
its P reglster in bit positions 60 through 71. Bits
72 through 75 are locked by the setting of bit 76
and cannot be modified umtil bit 76 clears. Bit 83
is associated with bits 72 through 75.

BIT 76/114, PPS BREAKPOINT BIT — STATUS

This bit, with bit 83 set, indicates that the
breakpoint address was referemced by IOU. The
content of the P register of the referencing PP is
locked dinto bit positions 60 through 71. The
referencing PP code is also .locked into bit
pogitions 72 through ¥5. These bits are locked so
that their status cannot be modified until bit 76 is
cleared. Bit 76 must be reset by software to detect
further PPS5 breakpeoint addresses. With bit 83
clear, the content of the P register of the PP
salected by bits 120 through 124 is made available
for momitoring by bitz 60 through 71. The P
register status is not locked but continwally tracks
the program address of the selected PP.

60458920 A



BIT 77/115, CMC BREAKPOINT MATCH — STATUS

This bit indicates that the breakpoint condition
occurred in either CP-0Q or CP-l. The breakpoint
condition dis defined by the absolute address
(located in bits 96 through 113) and the breakpoint
condition code (located inm bits 114 through 117).
It algo locks hits 56 through 59 so that their
status cannot be modified until bit 77 clears. Bit
77 must be reset by software to detect further
breakpoint conditions. . :

BIT 78/116, CLEAR CENTRAL MEMORY BUSY — CONTROL

This bit clears CM busy and unhangs a PP on &an
unanswered CM request. The bilt causes a one-shot
opperation. The bit must be cleared by software and
set again to execute its function a second time.

BIT 79/117; CP-1 BREAKPOINT — STATUS

This bit indicates that the breakpoint condition
described by bit 77 and bits 56 through 59 apply to
CP-1. ' '

BIT 80/ 120, FORCE ZERO PARITY ON CHANNELS — CONTROL

This bit Fforces the data parity bits in the I/0
channels to zero. A deadstart clears the bit.

BITS 81/121; FORCE ZERO PARITY ON PP
MEMORIES — CONTROL

This bit forces the PPM parity bits to zern. A
deadstart clears the bit.

BiT 82/122; — NOT USED

BIT 83/123, IOU BREAKPOINT MODE SELECT — CONTROL

This bit, when set, Forces the P register field
(bits 60 through 75) dinto breakpoint mode. When
clear, it forces the P register field into program
address display mode, The breakpoint field is
locked by the setting of bit 76. A deadstart clears
the bit.

BIT 84/124; ALL PPS 500 — NANOSECOND MAJOR
CYCLE — STATUS

This bit is constantly set to indicate a major cycle
time of 500 nanoseconds for all PPs in IOU-0 and
I0U-1. The bit cannot be cleared.
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BIT 85/125; INHIBIT IOU REQUEST TO CMC — CONTROL

This bit prevents any PP from making a
read/write/exchange request. This bit should bte
used with the CP master clear bit 127 to ensure that
the master clear does not hang any PP that is
accesning CM. A deadstart clears the bit,

BITS 86/126; AND 87/127,; NARROW AND WIDE CLOCK
WIDTH MARGINS — CONTROL

These bits contrel the clock pulse width ‘in the PPS
chagsls according to the following bit tramslations..

Bit 87 Bit B& Clock Pulge
o 0 Normal
o - I ‘Narrow
1 L0 Wide
. 1 1 ‘Nc.u.;mal.

BITS 88/ 138, THROUGH 93/135, DIAGNOSTIC AIDS —
STATUS

Refer to diagnostic in use.

BIT 93/135; MICROSECOND COUNTER MAINTENANCE —
CONTROL

This bit (when set) causes .the CPU. microsecond
counter tp count at a 50-nancsecond rate instead of
a microsecond rate. The bit also causes the counter
to operate as two 16-bit counters running in
parallel instead of a 32-bit counter to allow
testing of the upper 16 bits. i ’

BIT 94/136; STOP ON ERROR — CONTROL

This bit (when Bet) enahles the stop on a CM read
error which may  be either a double error or a
pyramld parity error. The PP assoclated with the
error stops after disassembling the word received
from CM. The data with the error is written inte
the PPM. In case of a block read, the instruction
terminates. Bits 14 through 23 are used to identify
the PP with the error condition{s). Bit 94 provides
control only in its respective status and control
register which is for IOU-0 or IOU-1.
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BIT 95/137, STOP ON PPM PARITY ERROR — CONTROL

This bit (when set) enables the stop on PPM parity
error network. When a parity error is detected, any
imstruction except a €M read or write, exchange
jump, or channel executes. Following the completion
of the instruction, the PP stops. i

parity error i1is detected on a channel
the channel seleet control disables,
instruction from performing any
The instruction way or may not

When a
instruction,
preventing the
channel operation.
exit. -

When a parity error 18 detected in a 20-PP system
and a PP in one chassis is making a request for a
channel in the other chassis, the request to the
other chassis is blocked. The PP with the parity
error hangs In the dInstruction 1t 1is trying to
execute.

When a parity error is detected on a (M write or
exchange jump instructlon, requests to the control
of the @ are blocked. A single~word write and
exchange exits, and the block write instruction
terminates. In all cases, the PP stops prior to
writing dincorrect data 1n €M or executing an
exchange jump. The instruction 1s allowed to exit,
preventing write pyramid hang-ups.

When a parity error i1s detected on a CM read
instruction, the request is sent and the PP writes
the data into PFM. In the case of a block read, the
instruction terminates and the PF always stops.

BITS 96/140, THROUGH 113/161, BREAKPOINT ADDRESS
BITS 0 THROUGH 17 — CONTROL

These bits, along with bits 134 and 135, define the
absolute address to be used for the breakpoint
condition, defined by bits 114 through 117. Bits 96
through 113 are seat to CMC and compared with all
addresses belng accessed. These address bits apply
to both CP-0 and optional CP-1. E :

BITS 114/162, THROUGH 117/165,; BREAKPOINT CONDITION
CODE BITS 18 THROUGH 21 — CONTROL

These bits defime the breakpoint conditions, and
apply to both CP-0 and optional CP-1.

Bit 117 Bit 116 Bit !15 Bit 114 Condition
X X o] D -Read.
X X 0 1 Write.
X X 1 8] RNI.
X X 1 1 Any  of the
above.
4] 0 X X Disabled.
0 1 X X Enabled for
I0U.
1 0 X X Enabled for
CP.
1 1 X X Enabled for
I0U or CP.
5-50

BIT 118/166, INHIBIT SINGLE-ERROR REPORT —- CONTROL

This bit, when &set, stops the recording of
gingle-error stetus informstion and blocks setting
bit 3 of the status and control register if a single
error occurs. Double errors continue to set bit 3
and be reported by bit 183, i )

BIT 119/167, CM READ DOUBLE ERROR — STATUS

This bit indicates a double SECDED error om a CM
read within the PP chassis. A PP dees not force
exit (bit 125) if the hung condition resulted from a
read pyramid parity error, a PPM parity error, or
double SECDED error. A malnframe deadstart or a
forced deadstart (bit 126) to the hung PP is the
only way to clear a PP that was hung by one of these
conditions. Bit 119 functions in conjunction with
bits 14 through 23, 94, and 95.

BITS 120/170, THROUGH 123/173, PP SELECT CODE BITS
0 THROUGH 3 — CONTROL

These bits determine which PP 1s forced to exit (bit
125), deadstart {(bit 126), or display (when bit 83
is clear) ite P register. A deadstart clears bits
120 through 123. e

BIT 124/174, PP SELECT AUTC/MANUAL MODE — CONTROL

This bit selects the mode of PP selection. When
set, PP gpelection is under program control. FF
selection 1s then made by bits 120 through 123.
When clear, selection 1is manual, and the FP
gelection is made by switches omn the PP chassis at
locations 2D33 (IOU-0) and 2P34 (IOU-1). A
deadstart clears the bit. -

BIT 125/175, FORCE EXIT ON SELECTED PP — CONTROL

This bit clears a selected hung PP (selected by bits
120 through 124) by forcing an instruction exit
except in the manual mode. The PP resumes operation
at its next =slot time at P plus 1. A forced
ingtruction exit occurs once each time hit 125
sets. The bit causes a one-shot operation. The bit
must be cleared by software and set again to cause a
second exit. A deadstart clears the bit.

BIT V26/176, FORCE DEADSTART ON SELECTED PP — CONTROL

This bit, along with control bits 120 through 124,
provides a programmahble capability to make
individual PP deadstarts. Bits 120 cthrough 124
select the PP, and bit 126 forces the selected PP
inte a deadstart input condition. The selected PP
then pgoes through the same deadstart sequence as
would occur under & hardware—controlled deadstart.
The PP is set up for a 7IXX instruction, where XX is
the selected PP number. This inetruction causes the
PF to attempt an input on its own channel. The
software must first ensure that the selected channel
is empty and active at the time of the deadstart.
No other I/0 operatlon can be in process on the
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channel. The master clear signal to the channel is
inhdibited., The selected PP remains in the deadstart
condition until bit 126 clears, A system deadstart
clears bit 126.

Bit 126 causes the IOU to hang when the selected PP
is performing a CM read or write operation at the
time of deadstart.

BIT 127/177, MASTER CIEAR — CONTROL

This bit, when set, sends a master clear to the CM,
CMC, and GCP chassis (two CP chassis for some
medels). The ©bit is ORed with the deadstart
signal. The bit or the deadstart signal causes a
master clear. The bit holds the CMC and CP chassis
in a cleared state as leong asg it 1s set. The PP
chassis is not aifected by this bit, unless a PP is
making a CM reference., To avold hanging any PP, bit
85 should be set before hit 127. A deadstart clears
bit 127.

BIT 128/200; FORCE ZERQ SECDED CODE AND PARITY CMC
TO CM — CONTROL )

This bit forces the CMC to put a zero check code and
parity bit on data being sent to CM,
CMC to put a zero parity bit on data transmitted to
a requesting unit such as ECS/EEM.

BIT 129/201, FORCE ZERO ADDRESS PARITY CMC TO CM —
CONTROL

This bit forces CMC to put a zeroc parity bit onm the
address being sent to CM.

BIT 130/202, DISABLE ADDRESS PARITY ERROR — CONTROL

This bit disables address parity error detection at
CM. This prevents a condition where reads or writes
are inhibited during the presence of any address
parity error.

BIT 131/203; — NOT USED
BITS 132/204, AND 133/205; FORCE ZERO PARITY CODE 0

AND CODE 1 — CONTROL

These bits force a zero parity bit on the following
transmission paths.
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It also forces .

Bit 133 Bit 132 Transmission Path
0 0 Normal parity.
0 1 Not used,
1 o Address from S8MU te ECS
controller, -
1 1 .Data from ECS to CMC.

Parlity does not exist from CP-1 to ECS.
BIT 134/206; AND 135/207, — NOT USED

BIT 136/210, THROUGH 138/212; ECS TRANSFER ERROR
CODE BITS 0 THROUGH 2 — STATUS

These bits indicate errors that occur during an ECS

transfer. The following list glves the status-hit
code that states where the error occurred. The bits
are locked by the setting of bit 11.
Bit 138 Bit 137 Bit 136 Status
0 o 0 Not used,
0 0 1 Not used.
0 1 0 CMC double error.
0 1 1 CMC to CM address
parity error.
1 0 0 CMC data input
‘parity error.
1 0 1 ECS bank parity
error.
1 1 ¢] ECS controller
data parilty error.
1 I 1 ECS controller

address parity
error (this indi-
cates no- error
when bit 11 i=s
clear).

BIT 139/213, CMC ADDRESS/DATA PARITY ERROR — STATUS

This bit indicates an address parity error in CMC.
The bit is used with bits 5, 54, and 55. If the bit
clears and bit 5 sets, the (MC parity error is a
data error., Bit 139 is locked by the setting of bit
5 and caonot be modified until bit 5 clears.

BIT 140/214; — NOT USED
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BIT 141/215; THROUGH 143/217, CLOCK FREQUENCY
MARGINS 0, 1, AND SLOW/FAST — CONTROL

These bits are used in maintenance operations. The
bite form a 3-bit code that sets the frequency
‘margins of the basic 40-MHz clock. A 20-MHz clock
and a 10-MHz eclock originate from the basic clock
and change frequency margins by the same percentapge
as the basle elock., A deadstart clears these bits.

The following 3-bit code translations are for
progratming use. The codes result in the margin
conditions listed after the codes. For example,
code 000 results In the margin condition normal,
code 001 results in condition slow 1, and so on.

Bit 143 "Bit 142 Bit 141

0 | . g
"o 0 1

0 1 o

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

Margin 40-MHz 20-MHz 10-MHz

Condition _ Clock Clock Clock
Narmal 40000 20.000 10.000
Slow I - 39,375 19,688 9,844
Slow 2 38.750 19.375 9.688
Slaw 3 38,125 19,063 9.531
Narmal 40. 000 20.000 10.000
Fast 1 40,625 20.313 10.156
Fast 2 41.250 20.625 10.313
Fast 3 41,875 20.938 10. 469

BITS 144/220; THROUGH 149/225;, — NOf USED
BITS 150/226, THROUGH 151/227, — NOT USED

BITS 152/230; AND 153/231,; CLOCK MARGIN WIDTH
NARROW AND WIDE — CONTROL

These bits control the clock pulse width in the CP
according to the following bit translations.
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Bit 153 Bit 152 Clock Pulse
0 0 Normal
0 _ i Narrow
1 0 Wide
1 1 Wide

The 132 and 133 bit outputs are in parallel with the
CLOCK PULSE switeh on CP chassis 5. The CLOCK PULSE
switch must he in the normal position (middle) to
permit clock pulse margin control from the status
and control repister. In the narrow or wide
position, the CLOCK PULSE switch overrldes the
status and control reglster clock pulse width bits.

BIT 154/232; SELECT HI/LO REFERENCE VOLTAGE
MARGINS — CONTROL

When set, this hit selects the high RVM for the CP
modules selected by bits 155 throwgh 173. When
clear, the bit selects the low RVM for the selected
modules. IEf bits 156 through 167 do not reference a
CP chaesls guadrant, bit 154 has no effect (figure
=77, ' )

BIT 155/233, SELECT AlL/ONE REFERENCE VOLTAGE
MARGINS — CONTROL

When thie bit sets and bits 163 through 173 set, the
RVM for all CP modules within the quadrants selected
by bits 156 through 167 are simultaneously
selected. When elear, bit 1535 permits RVM to be
applied to individual modules within the gquadrants
selected by bits 156 through 173. If bits 156
through 167 do not reference a CP chassis quadrant,
bit 155 has no effect (figure 2-7).

BIT 156/234, THROUGH 167/247, REFERENCE VOLTAGE
MARGINS QUADRANT 0 THROUGH 11 SELECT — CONTROL

These bits determine, on a one—-to—-one hbasis, which
quadrent(s)} of a CP chassis receives an RVM (figure
5=23). For example, select 3 selects quadrant 3,
and select 8 selects quadrant B, Bite 156 through
167 are associated with- bits 154, 155, and 168
through 173.

60458920 A



16 MODULE COLUMNS
PER QUADRANT

e v » s s o+ IB *» o= v |B==e-=]|

QUAD O QUAD 4 QUAD B g
QUAD | QUAD 5 QUAD 9 E
QUAD 2 QUAD 6 QUAD IO i
QUAD 3 QuAD 7 QUAD |1 :

CHASSIS 5/15 CHASSIS 6/16 CHASSIS 7/17

Figure 5-23. CP Chassis Quadrants (Viewed
from Module Side)

BITS 168/250; THROUGH 173/255, REFERENCE VOLTAGE
MARGINS MODULE ADDRESS BITS 0 THROUGH 5 — CONTROL

These bits select one of 64 modules in a CP chassis
quadrant (figure 2-7). Address bits 0 through 3
gselect 1 of 16 module columns. Address hits 4 and 5
select one of four module rows. The addresses

ifncrease by module location withim a row and by rows

within a gquadrant.

BIT 174/256,; PPS TO CMC ZERO ADDRESS PARITY — CONTROL

This bit forces the 10U to put a zero parity bit on
the address sent to CMC.

BIT 175/257; PPS TO CMC ZERO DATA PARITY — CONTROL

This bit forces the IOU to put a zero parity bit om
the data sent to CMC.

BITS 176/260; THROUGH 182/266, CM CONFIGURATION
— STATUS

These bits indicate which 262K quadrants/ports are
not available.

BIT 183/267, DOUBLE ERROR — STATUS

This bit, when set, indicates that a double error
occurred. Software must reset {clear) the bit.
When the bit clears and bit 3 sets, it indicates
that a single error set bit 3. When a SECDED error
occurs, one of the following conditions describes
the error.
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A gingle-~bit error occurred.

Bit 2 clears if the SECDED error was detected
by the CMC in CP-0}; bit 2 sets 1if the SECPED
error was detected by the CMC in CP-1.

Bit 3 sets, indicating a SECDED error.

Bit 1B3 clears, indicating a single error.
Bits 40 through 47 contain the syndrome code
(odd number of bits), indicating the failing
bit. :

Bits 48 through 53 indicate the failing CM
bank, quadrant/port and model B65 chip select.

Bits 190 and 191 indicate the failing chip
enable of the failing CH pal (model 875 only}.

Bit 2 clears if the SECDED error was detected

by the CMC in CP-0; bit 2 sets if the error
wag detected by the CMC in CP~1.

A double-bit error occurred.

- Bit 2 elears 1f the SECDED error was detected

by the CMC in CP-0; bit 2 sets if the SECDED
error was detected by the CHMC in CP-1.

Bit 3 sets, indicating. a SECDED Error.
Bit 183 gets, indicating a double error.

Bits 40 through 47 contain a syndrome code
{even number of bits) that does not iadicate
the failing bits.

Bits 4B through 53 indicate the failing CM

bank, quadrant/port, and ‘model 865 chip
select.

Bits 190 and 191 dindicate the failing chip
enable of the failing CM pak (model 875 only).

Bit 2 clears if the SECDED error was detected
by the CMC in CP-0; bit 2 sets is the error
was detected hy the CMC in CP-1. :

A single-bit error occurred. Before software
could clear it, a dpuble-bit error occurred.

Bit 2 glears iIf the SECDLED error was detected
by the CMC in CP-0; bit 2 sets if the SECDED
error was detected by the CMC in CP-I.

Bit 3 sets, indicating a SECDED error.
Bit 183 sets, indicating a double error.

Bits 40 through 47 contain a syndrome code
(0odd number of bits) for the single-bit error.

Bite 4B through 53 indicate the failing CM
bank, quadrant/port, and wmodel 863 chip
select.

Bits 190 and 191 indicate the failing chip
enable of the failing CM palt (model 875 only).

Bit 2 clears 1f the SECDED error was detected

by the CMC in CP-0; bit 2 gets is the error
was detected by the CMC in CP-1.
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BIT 184/270; — NOT USED
BIT 185/271; — NOT USED
BIT 186/272y — NOT USED

BIT 187/273,; SMU-1 IN PROGRESS — STATUS

- This bit dindicates an SMU-1 transfer is taking
place. 'The bit eclears when the transfer completes.

BITS 188/274, AND 189/275, SOFTWARE FLAG 0 AND
FLAG 1 — CONTROL - '

These bits are used by diagnostic software for
communication between PPs.

BIT 190/276, AND 191/277, SYNDROME ADDRESS BIT 18,
19 — STATUS

These bits and bits 40 through 53 are provided upom
detection of a SECDED error. Bits 190 and 191
indicate which chip enable failed on a memory moduie
(model 875 only). Setting bit 3 locks hitz 190 and
191. Clearing bit 3 unlocks bits 150 and 191 but
does not clear 1t. Software functions cannot clear
gr set the read-only syndrome address bits.

BIT 192/300, CP-0 STOPPED — STATUS
This bit, when set, Iindicates that the CP has

gtopped. When the CP resumes : operation, the bit
clears. '

BIT 193/301, CP-1 STOPPED — STATUS
This bit applies only to models with two CPe and is
unused in models with one CP. When set, the bit

indicates that the CP-1 has stopped. When the CP
resumes operation, the bit clears,

BIT 194/302; SMU-0 IN PROGRESS FLAG — STATUS
This bit indicates SMU-0Q tramnsfer i1s currently in

PLOETEES . When the transfer completes or
terminates, the bit clears.

BIT 195/303; MONITOR FLAG CP-0 — STATUS

This bit indicates the condition of the monitor £lag
in CP-0.
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BIT 196/304; MONITOR FLAG CP-1 (BIT 196) — STATUS

This bit applies only to models with two CPs and is
unused in models with one CP. The bit indicates the
condition of the monitor :flag in CP-1.

BITS 197/305, THROUGH 200,310, PPM SELECT BITS 0
THROUGH 3 — STATUS

These bits indicate the positions of the IOU-0/IOU-1
and PP MEMORY SELECT switches on the deadstart
panel. The switches select which physical PPM is
logical PPM-0. The PP assoclated with the selected
PPM is the controlling PP-0.

- Bits 197 through 200 indicate the PP selectlon as

follows:
Bit 200 Bit 199 Bit 198 Bilc 197 Selection
0 .0 6 .0 PO
0 0 0 1 -+ PPl
8] 0 1 0 PP-2
0 ] 1 1 : PP-3
o 1o 0 PP-4
0 1 0 1 PP-5
0 1 1 0 PP-6
0 1 1 1 PP-7
1 4] 0 ¢] PP-8
1 0 0 1 PP-9

BIT 201/311; EXTERNAL CHANNEL SELECT — STATUS

This bit indicates that IOU-0 is selected when the
bit is a 0 and that I0OU-1 is selected when the bit
is a 1. A PPM reconfiguration is not effective in
I0U-1 uniess all 10 PPs are installed.

BITS 202/312; AND 203/313, EXPANDED MODE ADDRESSING

Bit 202 indicates that CP-0 exchange package has
selected expanded mode addressing. Bit 203
indicates that CP-1 exchange package has selected
expanded mode addressing.
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GLOSSARY

AOR
CEJ

Ciy -

CHC
cr

CFU
CRT
DCC
Dsc
DTR
EC

ECC
ECL

ECS

EIA
EM, EMS
ESM
FIFOD
FLC

FLE

IAS

ILH
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Address out of range

Central exchange jump

Current instruction word register
Central memory

Central memory control

Central processor

Central processing unit
Cathode—-ray tube

Data channel converter

Display station controller

Data terminal ready

Exit condition code field at RAC
Error condition code
Emitter-coupled logic

Extended core storage

External extended memory
Electronic Industries Assoclation
Exit meode selection

Extended semiconductor memory
First in, first out

Field length, central memory
Field length, extended memory
Instruction address stack

Instruction loockahead hardware

I/0
100

INS

MC

Mos
MUX
0s
PE
PP

PPM

SAS

SECDED

SHO

UART

Input/output

Input/output unit
Instruction word stack
Monitor address

Master clear

Monitor exchange jump
Monitor flag

Metal oxide semiconductor
Multiplexer, selector
Operating system

Parity error

Periphgral processor
Peripheral processor memory
Reference address, central
Reference address, extended
Read next instruction
Request to mend

Storage adress stack
double-error

Single-error correction

detection
Storage move unit

Universal Receiver and

Transmitter

Asynchronous

Unified extended memory
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A register, PP 2-15
A registers, CP 1-2,5; 2-4; 4-2

Set instruetfons  4=15
Absolute CM address formation

5-8, 24

Abaolute extended memory address fnrmation 23
Access, CH 2-11,16 :
Activate channel  4-32; 526
Active channel 5-26
Add instruction  4-29
Address backup 2-I1
Address desipgnator 4-2
Addrerss format, CH  2-=12
Addrees out of range error
Address parity 2-10
Address registers, see A registers
Addressing

Abspolute address formation

By FPs 5-25

M 5-24

CM by PPs  5~24

PPM by PPs  5-24

Relative address formation 5-B
Alphanumeric characters 5-32 -
Architecture 1-1 . :
Assembly/disassembly . 2-16

2-12,15

2-5; 5-7,10 through 15

2—12,15; 5~8

B registers 1-2; 2-~4; 4-2
Set instruction - 4-17
Bank select field 2-12
Barrel and slot  2-13,14; 3-2
Barvels 1-6; 2-~13
Logical barrel 0 selection  3-2
Reconfiguration 3-2
Bipolar memory  1-4,5: 2-11
Block copy flag, see Enhanced block copy flag 2-5
Block copy from CM instruction  1-5; 2-3; 4-3; 5-17
Block copy from extendad memory instruction 1-5;
2-3; 4~3; 5-17
Block copy operation flowchart 520
Block copy, relative CM starting address 2-4
Block copy, telative extended memory starting
address 2-4
Block copy sequence 2-3
Block diagram, computer system = 1-4
Boolean unit 2-6
Branch destination address  4-5,6
Branch instructions 2-3
Definite 4-3
Equal to zero 4-4
- In range 4-3
Indefinite  4-5
Negative  4-3
Not equal to zero 4-4
OQut of range 4=3
Pogitive 4-4
Register greater than or equal 4-6
Register less than  4-6
Registers equal 4-5
Registers net equal 4-6
Unconditional  4-2
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Cathode ray tube, see CRT
CEJ/MEJ, see central exchange jump/monitor exchange
Jump
Central exchange jump instruection  4-3
Central exchange jump/monitor exchange jump - 3-1,2;
5-10,12-14 :
Central memory, see CM
Central memory control, see CMC
Central processor, see CP
Central read instruction  4-30
Central write instruction  4-30,31
Channel active flag 5-26
Channel control flag 5-26
Channel error flag 5-26
Channel marker flag 3-26
Channel transfer timing 5-27,28
Channel, I/0, see I/0 channels
Channel, maintenance 2-16; see alsc Maintenance
register
Character address designator 4-2
Character codes 5-32
Character mode  5-32,33
Character size . 5-32
Characteristice
Functional -2
Physical 1-2
Chassis confipuration 1-3
Chassis quadrants  5-58
Chip address field 212
CI¥W register 2-2,3
CM

Access 2-11,16

Address Fformat 2-12

Address formation — 2-12,15; 4-4
Addressing by PPs  5-24

Block copy instructions 517
Configuration switches  3-10,11
Controls 3-10

Extended, see UEM

Field length register, see FLC register
Functional characteristics 1-2
Functional description  2-11
Map 5-9 :
Ports 2-11,12,13

Priorities 2-11

Programming 5-8

Read word from  4-17; 5-17

Reconfiguration  2-13; 3-10,11

Reference address registar, see RAC raglster
Sizes 1-3,4,5; 2-11

Word 4-1

Write word to  4-17; 5-17

CMC  1-5; 2-7
CMC error detection and response  2-10
Codes, display station  5-33
Communications interface 1-6; 2-~16
Input data  5-37 )
Operation  5-33
Output data  5-37
Programming  5-33
Complement, instructions using  4-7
Conditional branch instruction  4-4
Conditional software errors  5-7
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Configuration, chassis 1-3
Configuration, mainframe 1-1,2,3
Configuratien switches, CM  3-10,11
Constant address instructions  5-25
Control flags 2-5; 5-26
Control section  1-5; 2-1,2
Controls 3-1
Conversion
Fixed—point to flpating-point  4-10
Floating-point to Fixed-point  4-10
Coordinates, display station 533
cP
Chassig gquadrants 3-58
Control section 1-5; 2-1,2
Execution section 1-5 }
Functional characteristics = 1-2
Functional description 2-1
Instruction designaters 4-2 -
Instruction descriptions = 4-1
Operating modes  4-2
Programming 5-1
Registers 1-2,5; 2-4
CRT 1-6; 532
Current instruction word register, see CIW
register .

Data channel converter 1-4; 2-16
DPata character 5~36
Data display 5-32
Data formats 4-1
Data input sequence  5-29,30
Data output sequence 5-258,31
Data parity 2-10
Data set ready 5-36
Data terminal ready 5-36
DCC, see Data channel converter
Deactivate channel 4-33
DEAD START switeh  2-13; 3-2
Deadstart -
Controls 3-1,
Indicators 3-
Master clear
Matrix 3-2
Panel 2-13; 3-1
Program 3-2
Sequence 2-13; 3-10
Switches 3-1,2
Degrade, memory 2-13; see also (M reconfipuration
Description, system 1-1
Detected error status flag operation  5-23
Direct address instructions  5-17
Direct read/write instruction sequence 2-3
Direct read/write instructions
. 2-3; 5-17
EEM 2-3; 5-17
UEM  2-3; 5-17
Direct 6-bit address 5-25
Direct 6-bit operand 5-25
Direct 12-hit address 5-25
Direct 1B-bit operand 5-25
Display character codes 5-32
Display controller interface 1-6
Display station 1-4
Character codes 5-32
Character sizes 5-32
Codes 5-33
Controller 2-16
Coordinates 5-33
Mode  5-32
Qutput function code 5-33 -
Presentation 5-33
Programming 5-32

2
1,
5

2
2

Index—-2

Timing considerations 5-33
Divide unit 2-7
Dot mode  5-33
Double-bit errors  2-9
Double~precision results 5-4
DSC, see Display station controller
D5R, see Data set ready
DTR, see Data termingl ready

ECC bits, see Error correctilon code bits
ECL, see Emitter—coupled logic
ECS, see extended core storage
EEM, see external extended memory
EEM interface 1-4,6
EM register = .1-5; 2-5
EMC, see Exit mode conditions
EMERGENCY OFF switch 3-10
Emitter—coupled logic (ECL) 1-2
Empty register  5-27
EMS bits, see Exit mode selection bits
Enhanced block copy Imstruection 5-21
Equality status flag operation 5-23
Error conditions 2-5,10
Error correction code bits  2-3; 5-7
Error detection and response, CMC  2~10
Error exit condition codes 2-5; 5-7
Frror exit to MA instruction 4-2
Error exits 5-7
Error handling 5-7
Error processing 2-5; 5-7
Error response 5-7 -
Error recponse with MEJ/CEJ disalbiled 5~14
Error response with MEJ/CEJ enabled, MF clear 5-12
Error response with MEJ/CEJ enabled, MF set 5-10
ESM, see extended semiconductor memory
Exchange break—in  4~2
Exchange break—in characteristics . 5-17
Exchange jump 2=3,13; 4-2; 5-1
Exchange package 2-3; 4-3; 5-1
Contents, expanded addressing mode 5~
Contents, standard addressing mode  5-
Exchange jump instruetion  4-27 ‘
Exchange sequence 2-3
Execution section 1-5
Execution timing
CP 4-19
PP - 4-354
Exit condition code  5-7; see also Exit mode
conditions
Exit condition register 5-7
Exit mode conditions 7
Exit mode register, see EM register
Exit mode selection bits  2-3; 5-7
Extended core storage 1-6 (see also
External extended memory)
Extended memory 1-2 (see also UEM and EEM)
Extended memory absclute address  5-8
Extended memory addressing modes 1-6; 5-8
Extended memory operatioms  5-16
Extended memory relative address 5-8
Extended memory transfers 5-8
Extended purge control  2-5
Extended semlconductor memory 1-6 (see also
External extended memory)
External extended memory 1-6; see also
ECS and ESM

2
1

Fake read/write and exit  5-21
Field length for CM register, see FLC register
Field length for extended memory register,

see FLE register
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Fixed-point arithmetie  3-3
Fixed-point to floating~point conversion  4~10
Flag function codes  5-21
Flag register 1-5; 2-4; 5-16,21
Flag register operations 5-21
FLC register 1-3; 2=4
FLE register 1-5; 2-5
Floating-add unit 2-6
Floating divide instruction  4-14
Floating double-precision difference
instruction 4-11
Floating double—precision product instructien
Floating double-precision sum instructiom  4=11
Floating-point arithmetic
Double~precision 5-4
Format 5-2
Indefinite 5-4
Nonstandard operands  5-4
Notmalized numbers . 5-4
Overflow  5-3
Packing 5-3
Rounding  5-4
Underflow  5-4 :
Floating-point difference instruction 4-11
Floating-point sum instruction  4~11
Floating-point to fixed-point conversion 4~10
Floating product instruction 412
Form mask instruction  4-14
Frequency margin, see Deadstart controls
Full bits 2-2
Full register flag  5-27
Function code, flap 5-21
Function instructiom  4-33; 5-26
Functional characteristies 1-2
Functional descriptions  2-1
Functional units  2-5 :

Glossary A-1

Hardware error exit modes - 2-5
Hardware errors 5-7,10,12,14

IAS 2-2
ILH, see Instruction lookahead
Illegal instructions 5-7,10,14
Inactive channel 5-26
Inerement unit 2~7
Indefinite error 53-10,15
Indefinite, floating-point 5-4
Indefinite operand error 2-35
Index registers, see B registers
Indexed direct address instructions 5-25
Iondexed 12-bit address 5-25
Indicators 3-1
Indirect address imstructions 5-25
Indirect 6-bit address 5-25
Infinite operand error 2-3%; 5-10,15
Input data parity error  5-27
Input from channel instruection  4-32
Input/output channel, see I/0 channe
Input/output unit, see IOU :
Input sequence 5-29
Instruction address stack 2-2
Instruction control sequences
Direct read/write sequence 2-3
Exchange sequence  2-3
Extended memory block copy sequence 2-3.
Normal jump sequence  2-3 '
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Return jump sequence  2-4
Instruction descriptions

cp 4=1
PP 4-25
Instruction execution times 1-1
cP 4=19
PP 4-34

Instruction lookahead 1~2; 2-2

Purge contrel  5-2
Instruction prefetch, see Instruction lookahead
Instruction stack 2-2, see also IAS and IWS
Instruction stack purge flag 2-5
Instruction word designators

CP 4-2

PE  4-24
Inetruction word format

CP 4—1

PP 4~24

Instruction word stack  2-2

Instructions, CP; see also inside front cover
Block copy Erom €M 4-3; 5-8 :
Bloek copy from extended memory  4-2; 5-8
Branch  4-4 '
Central exchange jump 4-3
Complement  4-7
Direct readfwrite of CM  4-4; 5-7
Direct read/write of extended memory

4=3; 5-7

EEM 4=2,3,4; 5-17
Error exit to MA  4-2
Floating divide 4-14 .
Floating double-—precision difference  4-11
Floating double-precision product  4-13 i
Floating double-precision sum  4-11
Floating-point difference  4-11
Floating-point sum  4-11
Floating product 4-12
Form mask  4-14
Illegal 5-7
Integer difference  4-12
Integer sum  4-12
Jump  4-2
Left shift 4-7
Logleal difference  4-6
Logical product  4-7
Logical sum 4-7
Monitor exchange jump  4-3
Normalize  4-9
Pack  4-10
Pags  4-15
Population count 4—15
Read word from CM  4-17; 5-7
Read word from extended memory 4-3-
Return jump  4~2
Ripght shift 4-8
Round floating difference  4-12
Round floating divide 4-14
Round floating product  4-13
Round floating zum  4-12
Round normalize 4-9
Set Ai 4-15
Set Bi 4-16
Set Xi 4-17
Transfer word register to repister 4-6
Transmit complement 47
UEM  4-2,3,4; 5-17
Unpack  4-10
Write one word to UEM  4-3; 5-17
Write word inte CM  4-17; 5-17

Instructions, PP 4-22; see also inside fromt cover

Activate channel  4-32
Add  4-26,28,29
Central read  4-30
Central write  4-30,31
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CH read 5-25

CH write 5-25

Deactivate channel  4-33
Exchange jump  4-27
Function on channel  4-33
Input from channel  4-31,32

Jump if channel acrive  4-31
Jump if channel output

Jump if channel output record flag s

record flag clear

et

Jump 1f channel output word flag clear

Load
Load complement

4-26,27,28,29
4-26

Load/store R tegister 4-27; 5-13

Logical difference  4-25,26,28,20
. Logical product 4-26

Long jump 425

Minus jump 4-25

Monitor exchange jump  4-27

Monitor exchange jump to MA  4-27
Nonzero jump  4-25
Qutput on channel
Pass  4-25,27
Plus jump  4-25
Replace add  4-28,29,30
Replace add one  4-28,29,30
Replace subtract one  4-28,29,30
Return jump 4-25 :

Selective clear
Shifr  4~25
Store  4-28,29
Subtract 4-26,28,29
Unconditional Jjump
Zero jump 425

Integer arithmetic  5-6

Integer difference instruction

Integer sum instruction  4-12

Internal interface, I0U 1-6; 2-15

Inter—PP communications 5-26

1/0 channels 2-13,15

Activate 5-26

Active/inactive  5-26

Commnications 5-25

External interface

Internal interface

Operation 5-26

Parity 3525

Reservation

transfers

4-32

4=26

4-25

4-12

1-6; 2-13
1-6; 2-15

526
1/0 5-27
I0Uu
Barrel and slot 2-13,14
Component descripticons
Deadstart 2-13
Functional characteristics
Functional description 2-13
Initialization 2-13
Internal interface 1-6
1/0 channels 2-13,15
Malntenance register 3-3
Peripheral processors, see PPs
PPs 1-3,6; 2-13
Reconfiguration 3-5
T0U-0 maintenance register indicators
10U~1 maintenance register indicators
IWS 2-2

1-6

1-3

Job mode  4-2; 5-1
Error exits 5-9,10
Jump if channel active 4-31
Jump if channel output record flag clear
instruetion 4-31
Jump if channel output record flag set
instruction 4-31

Index—-4

3-5

431
4-31
4=31

Jump if channel output word flag clear

instruction 4=31
Jump instructions 4-2,4
K register, PP 2-15

Keyboard character codes 5-32

Keyboard display selection switches  3-3

Least signifieant bit  4-1

Left circular shift - 4-8

Left shift instruction 4-7,8
Legal address reference 5-8,16,17
Load cowmplement instruction 4-26
Load instruction  4-26

Load R register  4-27; 5-13
Logical difference instruction
Logical product instruction
Long jump fnstruetion  4-25
Long—add unit  2-7
Lnukahead, instruction

4-7,25
4-7,26

1-2; 2-2

MA register 1-5; 2-5; 5-1

Mainframe configuration 1-2,3

Memory, see also CHM, UEM, and EEM
Addressing 4-4

CM configuration switches 3-10,11
CM reconfipuration  3-10,11
Extended 1-2,5,6

Map 5-9

PP 2-15

PP reconfipuration 2-15
Metal oxide semiconductor memory, see MOS
MF, see monitor flag

Minus jump instruction  4-25
Mode selectlon bits 5-7
Modes of operation 42

Modules, CP 3~3 through 9
Monitor address reglster, see MA reglster
Monitor exchange jump fmstruction  4-3,27
Monitor flag  2-5; 4-2; 5-2
Monitor mode 4-2; 5-1

Error exits 5-9,10
MOS  1-3,5

Most dinsignificant bit  4-1

No address instructions 5-25
Nonstandard operands  5-4
Nonzero jump Instruction  4-25
Normal jump instruction sequence
Normalize instruction  4-9
Normalize operations 4-9; 5-5
Normalize unit 26
Normalized numbers
Fixed-point
Floating-point

2-3

5-5
5-4

enance

through 49

Maintenance channel 2-16; see also Maint
register
Maintenance function 5-16,20
Maintenance registar 2-16
Maintenance register bit assignments 5-38
Maintenance register bit descriptions 5-50 through 59
Mask designator  4-2
Masking word  4~14
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Opcode designator  4-2,24
Operand designator  4-2
Operand tegisters, see X registers

Operating instructions/procedures  3-1,10
Operating modes  4-2

Operating registers 1-5; 2-4

Operation code 4-2,24

Output on channel instruction  4-32

Output sequence
Overflow
Fixed-point  5-4
Floating-point  5-3
Overrun 5-36

5-29,3]

P register and status bit selectien switches 3-4

P register, CP 1-5; 2~4
P register, PP 2~15 -4
Pack instruction 4—10

Packing numbers 5-3

Pack/unpack instructions 2-6; 4-10
Panel, deadstart 3-1

Parcels 2-2; 4~1

Parity, channel 5-25

Parity errors 5-10,12,15,23

Partial overflow 53 .
Partial underflow  5-4
Pass instruction  4-15,25
Peripheral processors, see PPs
Phased-bank operation  2-12
Physical characteristics 1-1
Plus jump instruction  4-25
Population—count Instruction
Population—count unit 2-7
Port priority 2-11,12
Ports, CM 2-11
Port select field
Power—ofEf procedures
Power-on procedures
PP 1-3
Access to CM
Addregeing 525
Barrels 1-6; 2-13,14,15
CM read instructions 5-25
CM write instructions 5-25
Communications 5-25
Data format 4-24
Description 2-13
Execution times  4-34
Instruction word format
Instructions 4=-24
Memory (PFPHM) 2-11
Memory reconfipuration
Numbering 2-13,14
PP-0 selection 3-2

4-15

2-12
3-10
3-10

2-16

4-24

2-15

Program timing considerations 5-26
Programming  5-24

Reconfiguraton 3-5

Registers _ 2-15

Relocation register format  4-24

Selection switches 3-2
To PP communications 5-25
PP MEMORY SELECT 3-2
PFM, see PP memory
Prefetch of instructions, see Instruction lookahead
Program address,
Register, CB 1-3,5
Register, PP 2-13
Program mode, see CP operating modes
Program timing considerations, PP
Program word format  4-1
Programming information 5-1
Purge, IAS 2-2

326
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Q register, PP 2-15

Quadrant select field 2-12
R register 2-15
Format  4-24
Formation  2-15; 4-24
Load instruetion 5-24
Store instruction  5-24
RAC 5-7
RAC repister 1-2,5; 2-4
RAE register 1-2,5; 2-5
Range error bit 5-7

Ranks
Instruetion stack  2-2 .
PP register - 2-13
Read status summary  5-35
Read terminal data 5-35
Read word from CM instruction 4-17; 5-17
Read word from extended memory instruction

Ready/select flag operation  5-21
Real—-time clock iInterface 1-3; 2-13

Programming 5-33
Reconfiguration

oM 2-13; 3-10,11

PP 2-15 .
Reconfiguration switches 2-13

cM  3-10,11

Reference address for CM register, see
RAC register
Reference address for extended memury registe
see RAE register :

Register desipnator 4-2

Register empty  5-27

Register formats ~ 4-1

Register full flag 5-27

Registers S
A, CP  1-5; 2-4
A, PP 215
B 1-5; 2-4
CcP 1-5; 2-4
EM 1-5; 2-5
Exit mode, see EM repgister
Field length, see FLC and FLE registera
Flag 1-5; 2-5; 5-Z1L
FLC 1-5; 2-4
FLE 1=5; 2-5
General deseription 1-5
K 2-15
MA  1-5; 2-5
Monitor address register, see MA register

Operating 1-=5; 2=-4

P, CP 1-5; 2-4

P, PP 2-15

PP 2-15

Program address, see P repister
q 2-15

R 2-15; 4-24; 5-24
RAC  1-2,5; 2-4
RAE  1-2,5; 2-5

Reference address, see RAC and RAE regist
Support  1-5; 2-4
X  1-5; 2-4

Relative address 5-8

Relocation register, see R register
Replace add instruction  4-28
Heplace add one instruction
Request to send 5-36
Reservation, channel 5-23
Return jump instruction  4-2,25
Return jump fnstruction sequence 2-4
Right circular shift 4-8B

Right shift instruction  4-~8

4-28

4-3

T,

ers
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Round floating difference instructfon 4-12
Round fleating divide instruction 4-14
Found floating product instruction  4-13
Round floating sum instruction  4-12

Round normalize instruction  4-9

Round operatien 4-9; 5-4

Rounding, fleoating-point 5-4

Row select field 2-12

545 2-11
SECDED 2-8
SECDED code bits 2-9
SECDED errors 5-10,12,14
Selective clear flag operation 5-22
Selective clear instruction = 4-26
Selective set flag operation - 5-22
Set Al instruction 4-15 :
Shift instruction  4-25
Shift unit 2-6
Side door channel 5-23
Single error correction/double error detection,
see SECDED
Single—precision 54
Slot, see Barrel and slot
SMU ~ 1-4; 2-3,7
Software errors
Address out of range error  5-7
I1legal instruction  5~7
Indefinite value  5-7
Infinite value 5-7
Stack, see Instruction stack
Stack purging bit 2-5
Status and control register, see Maintenance
Register
Status flag operation  5-22
Storage address stack, see SAS
Storage move unit, see SMU
Store R register 4-27; 5-24
Subtract instruction  4~28
Support tegisters 1-5; 2-4
SWEEP/LOAD/DUMP switch - 3-1,2
Switches
Deadstart panel 3-1
Memory configuration  2-13; 3-10
PP reconfiguration 2-15
Syndrome codes  2-9
System description 1-1

Index-6

Terminal deselect function  3-35
Terminal operation mode  5-35
Terminal select function - 5-33
Timing considerations

Channel  3-27

bisplay station  5-33

PP 5-26
Transfer blocks = 5-8,17
Transfer single worde  5-17
Transfer timing 5-28
Transfer word register to register 4-6
Transfers, I/0 5-29
Transmit complement Instruction  4-7

Unconditional jump instruction  4-2,4,25
Unconditional overflow  5-16,20
Underflow, fleating-point 5-4
Unpack instruction 410
UEM
Block copy instruction sequence 2-3
Block copy instruetions  2-3; 4-2,3; 5-17
Deseription 1-2,6
Direct read/write instructions  2-3; 4-3,4; 5-17
Enable flag 2-5
Field length register, see FLE register
Instruetions  2=3; 4-=2,3,4
Read one word from  5-17
Reference addresg register, see RAE register
Write one word to  5-7
Unified extended memory, see UEM
Unpack instructions  4~10

Word
Instruction  4-1 .
Wraparound, memory address 2-13 :
Write word to CM instruction 2-3; 4-4; 5-17
Write word to UEM instruction  2-3; 4-4; 5-17

X replsters 1-5; 2-4; 4-2
Set instruction  4-17

Zero jump instruction  4~25
Zero/select flag operation 5-23
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