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A CONTROL DATA 6000 SERIES COMPUTER SYSTEM

Display console {foreground) - includes a keyboard for manual input and operator
control and two 10-inch display tubes for display of problem status and operator
directives.

Main frame (center} - contains 10 Peripheral and Control Processors, Central Pro-
cessor, Central Memory, some I/O aynchronizers. The main frame in this photo is
that of the 6600 Computer System: the main frames for the other 8000 series systems
differ in physical appearance depending on options included in the systems.
CONTROL DATA 607 Magnetic Tape Transport (left front) - 1/2-inch magnetic tape
units for suplementary storage; binary or BCD data handled at 200, 556, or 800 bpi.

CONTROL DATA 626 Magnetic Tape Transport (left rear) - 1-inch magnetic tape
units for supplementary storage; binary data handled at 800 bpi.

CONTROL DATA 405 Card Reader (right front) - reads binary or BCD cards at 1200
¢ard per minute rate,

Disk file {right rear) - supplementary mass siorage device; holds 500 million bits of
information.



1. SYSTEM DESCRIPTION
INTRODUCTION

The CONTROL DATA® 6000 Series Computer systems consist of a main frame and a
variable assortment of peripheral equipment. A complete system requires input and
output peripheral equipment such as card readers, magnetic tape units, mass storage
units (disk or drum), printer units and in most systems a console. Extended Core

Storage (ECS) can be included in some systems to augment rapid access MmMemory.

The main frame contains the Peripheral and Control Processors {(PPUU's)and the data
channels which provide access to and from peripheral equipment. The Central Core
Memory (CM) and Centtal Processor or Processors (CPU's) are also on the main

frame, Optional couplers or controllers are included in some system main frames,

This manual gives descriptions and programming information for the main frame.
Descriptions and programming information for the peripheral equipment (and their

controllers) is covered in separate manuals which are provided for each equipment

type.
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SYSTEM CHARACTERISTICS SUMMARY

6000 Station

. Basic'Uniﬁed Arithmetic Central Processor

e 7, 8, 9, or 10 Peripheral and Control Processors

s Central Memory of 32K or 65K 60-bit words

e 9, 10, 11, or 12 Input/QCutput Data Channels (dependent on number of

Peripheral and Control Processors)

e Interface for one 7600 Computer System PPU Channel

INTERFACE
FO
7600 CHANNEL

iy
-2
-y
COMMON
TO/FROM ] oy DATA
==
PERIPHERAL CHANNELS
EQUIPMENT <> 9,10,1I
«s] OR
{2 USED
-
g
-2
L

Rev M

PERIPHERAL AND

CONTROL PROCESSORS
7,8,9 OR 10 USED

Figure 1-1.

CENTRAL
MEMORY
32K OR
65K

e UNIFIED
OPERATING
ARITHMETIC
REGISTERSH SECTION

CENTRAL PROCESSOR

Block Diagram of 6000 Siation



6200 Computer

e Basic Unified Arithmetic Central Processor
e 7, 8, 9, or 10 Peripheral and Control Processors

¢ Central Memory of 32K or 65K of 60-bit words
e 9, 10, 11, or 12 Input/Output Data Channels (dependent on the number of

Peripheral and Control Processors)

- !_‘___——-__—'-“—--“_-_'[
a 1
-] comer | |
TO/FROM - o [cENTRAL| ) BASIC i
PERIPHERAL __| T o memory) | | 24 UNIFIED | |
EQUIFMENT S, 10,1 32K OR I REGISTERS ARITHMETIC '
- OR 65K ! SECTION | . |
< 12 USED | '
- | !
- " 'l
e I_-_____-..._-_.______.-.___l
CENTRAL PROCESSOR

PERIPHERAL AND
CONTROL PROCESSORS
7,8,9 OR 10 USED

Figure 1-2. Block Diagram of 6200 System
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6400

TO/FROM’
PERIPHERAL
EQUIPMENT,
CONSOLE

Rev M

Computer

Unified Arithmetic Central Processor

7, 8, 9, or 10 Peripheral and Control Processors

Central Memory of 32K, 65K, or 131K 60-bit words

Peripheral Processors)

Interface Coupler for Extended Core Storage

COUPLER FOR
EXTENDED CORE
STORAGE OPTION

h

8, 10, 11, or 12 Input/Output Data Channels (dependent on the number of

PERIPHERAL AND
CONTROL PROCESSORS
7.8,9 OR (0 USED

Bigure 1-3.

1-4

< !_'_'_'_'_'"'_'
- / [
g n T
<] COMMON _ : [
DATA [cENTRALE |
= UNIFIED
CHANNELS MEMORY [ OPEF?:TING ARITHMETIC
=» 9,00, 32K, 65K | REGISTERS SECTION
- OR OR 131K .
i2 USED
- I
- i
- ]
-

CENTRAL PROCESSOR

Block Diagram of 6400 System



6500 Computer

TO/FROM
PERIPHERAL
EQUIPMENT,
CONSOLE

Two Unified Arithmetic Ceniral Processors

10 Peripheral and Control Processors

Central memory of 65K or 131K §0-bit words .
12 Input/Output Data Channels

Interface Coupler for Extended Core Storage

COUPLER FOR
EXTENDED CORE
STORAGE OFTION

UNIFIED

ARITHMETIQ
SECTION

" PERIPHERAL AND
CONTROL PROGESSORS
10 USED

UNIFIED
ARITHMETIC

= !— _ i
-3 i | 29
< t | OPERATING
<s| coMMON |  [REGISTERS
DATA '
<3 CHANNELS ey I
< 12 USED 65K i
sl OR
131K ‘ )
- ] I3
i |oPERATING
- | |Resisters
- 1
< ’_..-_______._.

|

|

l

|

|

SECTION I
]

CENTRAL PROCESSORS

Figure 1-4. Block Diagram of 6500 System
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6600 Computer

TO/FROM
PERIPHERAL
EQUIPMENT,
CONSOLE

Rev M

10 functional Unit Type Central Processor

10 Peripheral and Control Processors

Central Memory of 32K, 65K, or 131K 60-bit words

12 Input/Qutput Data Channels

Interface Coupler for Extended Core Storage

COMMON
DATA
CHANNELS

2 USED

Lo 0 080000

PERIPHERAL AND
CONTROL PROCESSORS
10 USED

Figure 1-5,

COUPLER FOR
EXTENDED CORE
STCRAGE OPTION

]

MULTIPLY

MULTIPLY
DIVIDE

1
|
|
i
20 L ——fToNe Ao ]|
)
I
1
|
1
I
]
|
]

CENTRAL

MEMORY
e—— OPERATING
3212; 65K REGISTERS
R
131K —{"BODLEAN |

|

b

| [

) INCREMENT
| |
| [BRanch ]

CENTRAL PROCESSOR

Block Diagram of 6600 System
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6700 Computer

e 10 functional Unit Type Central Processor

e BSecondary Unified Arithmetic Central Processor

o 10 Peripheral and Control Processors

e Central Memory of 60K or 131K 60-bit words

s Central Exchange Jump/Monitor Exchange Jump {CEJ/MEJ) Capability
e 12 Input/Qutput Data Channels

e Interface Coupler for Extended Core Storage

Y U

e
! ADD
COUPLER FOR' ! MULTIPLY
Tp%m_?&% _ EXTENDED CORE .I MULTIPLY
_ STORAGE OPTIO i
EQUIPMENT, . N % o DIVIDE
CONSOLE
! 24 LONG ADD
| OPERATING
- i REGISTERS SHIFT
<o , | BOOLEAN
< ! INCREMENT
<y COMMON i INCREMENT,
CENTRAL |-
B e MEMORY | [BrANGH ]
< 12 USED 85K | L BRANCH
= on i
B3Ik [ ,
- l
-~ 1
- |
- g 24 UNIFIED
|—=4 OPERATING ARITHMETIC
i REGISTERS SECTION
PERIPHERAL AND L
CONTROL PROCESSORS vl s TS
i0 USED CENTRAL PROCESSORS

Figure 1-6, Block Diagram of 6700 System
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6416 Augmented 1/0 Buffer and Control

e 10 Peripheral and Control Processors
e Central Memory of 16K 60-bit words

e 12 Input/Qutput Data Channels

) (o
L 8
-
7
-
COMMON ~
o <
DATA s < b
TO/FROM <> CHANNELS % e
PERIPHERAL _ | 15" 1skp BARREL
EQUIPMENT G 16K
- 2 0
g3l
- 4
- 3
i 2 i

PERIPHERAL AND
CONTROL PROCESSORS
10 USED

Figure 1-7. Block Diagram of §416 Unit
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Unified Central Processor

e 60-bit word 1length

e Computation in Floating Point and Fixéd Point, Single and Deuble Precision
e 24 operating registers per Central Processor

e Memory transfer rate of up to one word each 100 nsec

e 60-bit instrﬁction Bu_ffér register

NOTE

For programming purposes the basic and the regular
unified processors differ only in their speed of operation.

10 Functional Unit Central Processor

e 60-hit word length

e Computation in Floating Point and Fixed Point, Single and Double Precision
e 24 operating registers per Central Processor

e Independent arithmetic functional units for concurrent operations

e Memory transfer rate of up to one word each 100 nsec

e Instruction stack which holds up to 27 instructions for simplified access

Peripheral and Control Processor

e 12-bit word length
e Computation in Fixed Peint arithmetic
e Time-shared access to Central Memory

e Internal memory of 4, 096 12-bit words

1-9 Rev M




Central Memory

Capacities of 16, 384, or 32, 768, or 49,152, or 65,536, or 98, 304, or 131,072
60-bit words

Independent bank construction, to allow separate overlapped access to each
4K bank (called phasing)

e Transfer rate of up to one word each 100 nsec in phased operation

Rev M



SYSTEMS OPTIONS

Various options can be added to increase the capabilities of a system or to upgrade one
system to another higher configuration, The list of options shown here is not neces-

sarily complete, since new options are continually being introduced.

e Addition of Central Exchange Jump/Monitor Exchange Jump Capability.
(S8TD Option 10103 for 6400 and 6500 Systems or STD Option 10104 for 6600
Systems. ) This is standard on 6700 Systems. See appendix F.

e Central Memory increase to 131K (STD Option 10105 for 6600 Systems)

o Central Memory increase to 65K (STD Option 10112 for 6400 Systems)

e Conversion of 6400 to 6500 System (STD Option 10117)

e Central Memory increase to 131K (STD Option 10119 for 6400 or 6500 Systems)
e Central Memory increase to 65K (STD Option 10161 for 6600 Systems)

e Addition of Central Memory Access Priority capability {STD Option 10169 for
6400, 6500, 6600 Systems)

e Addition of 10 Peripheral and Control Processors and 12 Data Channels (STD
Option 10173 for 6400, 6500, 6600, 6700)

e Addition of Secondary Central Processor (STD Option 10174 for 6600 Systems)

e Ceniral Memory Increment of 16K (STD Option 10177 for 6000 stations, 6200,
6400 Systems)

e Central Memory Increment of 32K (STD Option 10178 for 6400 Systems)
e Central Memory Increment of 16K (STD Option 10179 for 6600 Systems)
e Central Memory Increment of 32K (STD Option 10180 for 6600, 700 Systems)

e Addition of one Peripheral and Control Processor to systems with less than 10
(STD Option 10201) See appendix K,

e Conversion of 6200 to 6400 or of 6000 to 6400 system (STD Option 10225)

e Addition of Extended Core storage (standard product; see ECS Reference Manual)
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2. CENTRAL MEMORY

ORGANIZATION

Ceniral Memory is organized into 32K, 49K, 65K, 98K, or 131K words (60-bit) in
banks of 4096 words each, The banks are logically independent, and consecutive
addresses go to different banks. Banks may be phased into operation at minor cycle*

intervals, resulting in the high Central Memory operating speed. The Central
Memory address and data control mechanisms permit a word to move to or from

Centiral Memory every minor cycle

ADDRESS FORMAT

The location of each word in Central Memory is identified by an assigned number
{address), which consists of 18 bits. Address formats are shown below for 8-bank
(32K), 12-bank (49K), 16-bank (65K), 24-bank {98K), and 32-bank (131K) systems.
Within the address format, the bank portion specifies one of 8, 16, or 32 banks; the
12-bit address defines one of 4096’ separate locations within the Spet:lfled bank,

V/A‘ ADDRESS !BANKI 8-Bank {32K) Format .
iT 1514 32 0

**% i I ADDRESS IB“NK] 12- Bank (4‘]!\) Format

L ITIEI51413 32 0 .
% ADDRESS :IBANK] * 16-Bank (65K) Format
71615 43 ) :
T

-**.m ! ] - ADDRESS ’BA"K [ 24-Bank {98K) Format
17 181514 43 ) -
% ADDRESS | BANK I 32-Bank {131K) Forrmat
716 54 0

Addresses written or compiled in the conventional manner reference conseciitive
banks and hence make most efficient use of the bank phasing feature.

CENTRAL MEMORY ACCESS _
References to Central Memory from all areas of the é'ystem (Central Processor and
Peripheral and Control Processors) and Extended Core Storage go to a common
address clearing house (called a stunt box in the 6600/6700) and are sent from there
to all banks in Central Memory. The stunt box accepts addresses from the various

sources under a priority system and at a maximum rate of one address every minor
cycle.

-ernor cycle - 100 nsec, 15 14 18 15
**One bit of bank portion is supplied by address Bit2™" or 277 (49K)or 27 + 277, (88K},
depending on the Section{Chassis configuration selected.
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An address is sent to all banks, and the correct bank, if free (the bank ignores the
address if it is busy processing a previous address)}, accepts the address and indicates
this to the stunt box., The associated data word is then sent to or stored from a central
data distributor. The stunt box issues addresses at a maximum rate of one every

minor cycle,

The stunt box saves, in a hopper mechanism, each address that it sends to Central
Memory and then reissues it (and again saves it) under priority control in the event-
it is not accepted because of hank conflict, The address issue-save process repeats
until the address is accepted, at which time the address is dropped from the hopper
and the read or store data word is distributed. A fixed time lapse from address-issue

to the memory-accept synchronizes the action taken,

The hopper (i, e., a previously unaccepted adﬁress) has highest priority in issuing ad-
dresses to Central Memory. The Ceniral Processor and Peripheral and Control
Processors {all 10 share a common path 1o the stunt box) follow in that order. In the
6700, the 6400 type Central Processor is ha.ndled as ﬁ l’c were a Perlpheral and

Control Processor (i.e., third prlorlty)

A data distributor Which‘is .con.:tmer:l. to all proces sors"hanﬂleé all Idata words to and
from Central Memory (the Peripheral and Conirol Processors share one read path
and one write path to the distributor}), A ser_iee' of buffer regis_‘l:ei's in the distributor
provides temporary storage for words to be written into storage when the addresses

are not immediately accepted because of bank conflict.

Each group of four banks communicates with the distributor on separate 60-bit read
and write paths, but only one word moves.on the data paths at one time, However,
words can move at minor cycle intervals between the dlstrlbutor and Central Memory

or dlstrlbutor and address- sender

Data words and addresses are correlated by control mformatmn (tags) entered in the
stunt box with the address. The tags define the address sender orlgm/destmatlon

of data, and whether the address is a Read, Write, or Exchange Jump address.

The {irst Ceniral Memory Write after a dead start on a 6600 with more than 10 PPU-,
may not be valid due to Master Clear not clearing the PPU B Write Distributor. The

Write operation after dead start could OR data with the data lefi in the Write Distributor

Rev AK 2-2
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at dead start time. The system can control this problem by rewriting the first word
written to Central Memory by PPU B. All Ceniral Memory Writes thereafter will be
valid,

The first Central Memory Write after a dead start may not be valid due to Master
Clear not clearing the PPU A Write Distributor on a 6400. The Write operation after

& dead start could OR data with the data left in the Write Distributor at dead start time.
The system can control this problem by rewriting the first word written to Central
Memory. All Central Memory Writes thereafter will be valid. '

MEMORY PROTECTION

All Central Processor references to Central Memory for new instructions, or to read
and store data, are made relative to the Reference Address. The Reference Address
defines the lower limit of a Central Memory program. Changes ic the Reference

Address permit easy relocation of programs in Central Memory.

During an Exchange Jump, an 18-bit Réference Address and an 18-bit Field Length
{parts of the Exchange Jump package) are loaded into their respective registers to
define the Central Memory limits of the program initiated by the Exchange Jump.

The relationship between absolute memory address, relative memory address, Refer-
ence Address (RA), and Field Length (FL) is indicated in Figure 2-1.

MEMORY MAP

ooo 000

FIRST LOCATION

IN PROGRAM AREA
ABSOLUTE RELATIVE
MEMBORY MEMORY RA
ADDRESS ADDRESS
RA P=0 MRS -—#—
RA+P P<FL NSNS FL PROGHAM AREA
RA 4-FL P=FL ALY

SOME ARBITRARY
LOCATION IN
FROGRAM AREA

N P

377 1T I

Figure 2-1. Memory Map

T

LAST LOCATION +1
IN PROGRAM AREA
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The following relationships must be true if the program is to operate within its bounds:

RA < (RA + P) < (RA + FL) (Absolute Memory Addresses), or
0< P<FL {Relative Memory Addresses)

NOTE
1) FL is the number of §0-bit words comprising the program. It is not an address.
2) To avoid possible "artificial" range faults, instructions should not be stored
near the upper limit address of the Field Length. For example, using
ahsolute address [(RA + FL) - 1] for an instruction produces a range fault
when the {look-ahead) Read Next Instruction occcurs to (RA + FL). Data should

always be stored in addresses near or approaching absolute location (RA + FL),
rather than instructions. EETEE PR : _

An optional exit condition (EM in the Exchange 'Jump package) allows the Central Pro-
cessor to stop on a memory reference outside the 1imits expressed above.

System Dump Routines performed at dead start time may contain invalid register data,

because Master Clear changes the CPU registers before they are exchanged into
Central Memory,
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ORGANIZATION

3. CENTRAL PROCESSOR

The Central Processor is an extremely high-speed arithmetic processor which com-

municates only with Central Memory. It consists (functionally) of an arithmetic unit

and a control unit., The arithmetic unit contains all logic necessary to execute the
arithmetic, manipulative and logical operations. The control unit directs the arithmetic

operations and provides the interface between the arithmetic unit and Central Memory.

It also performs instruction retrieving, address preparation, memory protection, and

data retrieving and storing,

The Central Processor is isolated from the Peripheral and Control Processors and is

thus free to carry on high-speed computation unencumbered by input/output require-

ments,

The organization of the unified arithmetic Central Processor differs from the 10

functional unit type Central Processors.

TABLE 3-1.

The differences are tabulated in ‘Table 3-1.

CENTRAL PROCESSOR DIFFERENCES

System Instruction Registers Arithmetic Section
Unified Instruction Buffer Register: Executes instructions in
Arithmetic holds one 60-bit instruction | serial order. Requires no
Central word, reservation control,
Processors

10 Functional
Unit Type
Central
Processor

Instruction Stacl:: holds eight
80-bit instruction words.

Ten functional (arithmetic &
logical) units operate con-
currently on unrelated instruc-
tions, Require reservation
control,
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With the exception of differences noted in the above table, the unified arithmetic
Central Processor operation i=s identical to the operation of the 10 Functional Unit
Central Processors. Each of the two 6500 Central Processors operate exactly alike.

Programs for the Central Processor are held in Central Memory. A program beging
with an Exchange Jump instruction from a Peripheral and Control Processor. This
instruction specifies a SEgmént of Central Memory for the central program, specifies
the mode of exit (normal or error) of the program, and sets initial guantities in the
X, B, and A registers.

High speed in the Central Processor depends first on minimizing memory references,
Twenty-four registers are provided to lower the Central Memory requirements for

arithmetic operands and results, These 24 are divided into:
e 8§ address registers of 18 bits in length
e 8 increment registers of 18 hits in length

e 8 operand registers of 60 bits in length

Eight 60-bit registers are provided to hold instructions (6600/6700), thereby limiting
the number of memory reads for repetitive instructions, especially in inmer loops.
Multiple banks of Central Memory are provided to minimize memory reference time,

References to different banks of memory may be handled without waiting.
In the 6600/6700 Computer System operational speed is maximized by providing 10
arithmetic {functional) units and reservation control. TUnrelated instructions are

executed simultaneously, providing no conflicts exist in the arithmetic units,

The systems with unified arithmetic sections, executie instructions serially, with

little concurrency.
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Programs are written for the Central Processor in a conventional manner, specifying

a sequence of arithmetic and control operations to be executed, Each instruction in a
program is brought up in its turn from one of the instruction regisfers. These registers
are filled from Central Memofy in a manner sufficient to keep a reasonable flow of

instructions available,

A branch to another area of the program voids the old instructions iﬁ-th‘e’fégi"sters :
and brings in new instructions. When a new instruction’'is brought up, a test is made
to determine which of the 10 arithmetic units is needed, if it is busy, or if reservation
conflict is possible. If the unit is free and no conflict is present, the entire instruction
is given to the specified arithmetic unit for further action. Another instruction may

then be brought up and issued,

The original sequence of the program is established at the time each instruction is
issued. Only those operations which depend on previous results prevent the issuing
of instructions, and then only if the steps are incomplete. The reservation control

keeps a running account of the address, increment, and operand registers and of the

arithmetic units in order to preserve the original sequence,

On occasion, a program may use an Increment Store instruction to modify the contents
of a memory location holdiilg a subsequeht instruction. In the ‘6600/6700, this rmodifi-
cation must occur before the instruction is read from Central Memory into the stack,
for once in the stack the instruction can not be so modified, To avoid this potential
problem, modification of any subsequeﬁt instruction words should be restricted to
relative locations > (P} + 8. This_rule'applies equally to both in-stack loops and to
other programs where, under. certain confliect conditions, the Centrai Processor of
the 6600/6700 may continue reading instruction words from Central Memory while

delaying execution of a previously issued Increment Store instruction. In sequential
processors, 6400/6500 and 6700 second CPU storing in P+1 from some parcel other

than the first, causes the same problem as storing in stack for parallel processors.

Nearly all Central Memory references for information or instructions are made on an
implicit or secondary basis. Instructions are retrieved from memory only if the instruc-
tion registers are nearly empty (or when ordered by a branch). Information is brought

to or from the operand registers only when appropriate address registers are referenced
during the course of a program, Such references are also accounted for in the reserva-

tion control.
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All Central Processor references to Central Memory are made relative to the lower
boundary address assigned by a Peripheral and Conirol Processor. A Central Processor
program may therefore be relocated in Central Memory by modifying the boundaries
only. Any attempt by the Central Processor to reference memory outside of its bound-
aries causes an immediate exit which can be readily examined by a Peripheral and

Control Processor and displayed for the operator,

The Exchange Jump instruction starts a central program. This instruction starts a
sequence of Central Memory references which exchanges 16 words in memory with

the contents of the address, increment, and oﬁerand registers of the Central Processor.
Also exchanged are the program address, the Central Memory and Extended Core
Storage boundaries, and choice of program exit. This instruction may be executed by
any Peripheral and Control Processor and acts as an interrupt to an active central
program as well as a start from an inactive state. The Exchange Jump is used by the
operating system to switch between two central programs, leaving the first program

in a usable state for later re-eniry,.

CENTRAL PROCESSOR PROGRAMMING

Central Processor program instructions are stored in Central Memory. A 60-bit mem-
ory location may hold 60 data bits, four 15-bit mstructlons, two 30-bit instructions
or a combination of 15 or 30-bit instructions, Flgure 3-1 shows all instruction com-

binations in a 60-bit word and ‘the two instructioh word formats,

The Central Processor reads 60-bit words from Central Memory and stores them in

an instruction stack which is capable of holding up to eight 60-bit words.

Each instruction in turn is sent to a series of instruction registers for interpretation
and testing and is then issued to one of 10 functional units for execution, The functional
units obtain the instruction operands from and store resulis in the 24 operating N
registers. The reservation control records active operating registers and functional

units to avoid conflicts and insure that the original instructions do not get out of order.
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Functional Units

The 10 functional units in the 6600/6700 system handle the requirements of the various
instructions, The Multiply and Increment units are duplexed, and an instruction is
sent to the second unit if the first is busy. The general function of each unit is listed
in Table 3-2,

TABLE 3-2. FUNCTIONAL UNITS

Unit General Function
Branch Handles all jumps or branches from the program.
Boolean Handles the basic logical operations of transfer, lecgical

product, logical sum, and logical difference,

Shift Handles operations basic to shifting. This includes left
(circular) and right (end-off sign extension) shifting, and
Normalize, Pack, and Unpack floating point operations.
The unit also provides a mask generator,

Add Performs floating point addition and subtraction on floating
point numbers or their rounded representation.

Long add Performs one's complement addition and subtraction of
60-bit fixed point numbers,

WMultiply Performs floating point multiplication on floating point
numbers or their rounded representation.

Divide Performs floating point division of floating point quantities
or their rounded representation, Also sums the number of
""1's" in a 60-bit word.

Increment Performs one's complement addition and subtraction of
18-bit numbers.

Instruction Formats

Groups of bits in an instruction are identified by the letters f, m, i, j, k, and K
(Figure 3-1). All letters represent octal digits except K, which is an 18-bit constant,
The f and m digits are the operation code and identify the type of instruction. In a

few instructions the i designator becomes a part of the operation code,
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In most 15-bit instructions the i, j, and k digits each specify one of eight operating
registers where operands are found and where the result of the operation is to be

stored. In other 15-bit instructions, the j and k digits provide a 6-bit shift count.

In 30-bit instructions the 2 and j digits each specify one of eight operating registers
where one operand is found and where the result is fo be stored, and K is taken directly

as an 18-bit second operand.
NOTE

Figure 3-1 shows all the proper instruction
combinations. 30-bit instructions must be con-
fined to a single 60-bit instruction word.

If the upper 15 bits of a 30-bit instruction were
entered into the lower 15 bit positions on a
6600 or 6700 CPU-0, the lower 15 bits for

the instruction would be taken from the upper
15 bit positions of the same 60-bit ingstruction
word, On other 8000 systems, the instruction
would be executed as an Error Exit with no
error flag bit being set.

INSTRUCTION FORMATS

INSTRUCTION COMBINATIONS f m 1 k
[3]3f3]a]z] isas

(N CENTRAL MEMORY
2 ——— [
OPERATION
CODE
E_ls s s | su BITS ReT

REG.
{1 OF B)
15
[ X
l 5 | 20 I 'SJ 2pd OPERAND
REG (I OF 8]

[ 5 E_“-”I 30 |

[ s0 | 30 $
3

m
3

i
| 3 ]3] |a |30 Bits

j
3
upsannan
RESULT 2 nd DPERAND

REG.
{1 OF B)

| 81 DPERAND
REG (| OF 8)

Figure 3-1, Central Processor Instruction Formats
Operating Registers

In order to provide a compact symbolic language, the 24 operating registers are identi-

fied by letters and numbers:

A = address register (A0, Al . . . A7)
B = increment register (B0, B1. . . B7)
X = operand register (X0, X1 . . . XT7)
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The operand registers hold operands and results for servicing the arithmetic section.
Five registers (X1 - X5) hold read operands from Central Memory, and two registers
(X6 - X7) hold results to be sent to Central Memory (Figure 3-2), Operands and results
transfer between memory and these registers as a result of placing a quantity into a

corresponding address register (Al - A7),

Placing a quantity into an address register Al- A5 produces an immediate memory
reference to that address and reads the operand into the corresponding operand register
X1 - X5, SBimilarly, placing a guantity into address register A6 or A7 stores the word

in the corresponding X6 or X7 operand register in the new address,

X OPERAND
(60 BIT)

X0

x|
X
OPERANDS x3

|

X5

X5

RESULTS X6

E

A ADDRESS
{1 1T}

AG
Al

| ARITHMETIC
A2 SECTION

UNIFIED
a3 oR

OPERAND

CENTRAL ADDRESSES

MEMORY

A3 10 FUNCTIONAL

uNITS
RESULT
ADDRESSES AT

B INCREMENT
L BTy

BO

=

INSTRULTIGN
WORD REGISTER.
(1IN UNIFIED
Be B-WODRD STACK
IN 6EOD/ETRD)

INSTRUCTICNS T

Itigure 3-2. Central Processor Operating Registers
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The increment instructions place a result in address register Ai (where "i" = 0-7) in

three ways:

e By adding an 18-bit signed constant K to the contents of any A, B, or X

register,
e By adding the content of any B register to any A, B, or X register.

e By subtracting the content of any B register from any A register or any

other B register,

The A0 and X0 registers are independent and have no connection with Central Memory.
They may be used for scratch pad or intermediate results. Note the special use of A0

and X0 when executing Extended Core Storage communication instructions,

The B registers have no connection with Central Memory. The B0 register is fixed to
provide a constant zero (18-bit) which is useful for various tests against zero, provid-
ing an unconditional jump modifier, etc. In general, the B registers offer means for
program indexing, For example, B4 may store the number of times a program loop

has been traversed, thereby providing a terminal condition for a program exit,

An Exchange Jump instruction from a Peripheral and Control Processor enters initial

values in the operating registers to start Central Processor operation. Subsequent -
address modification instructions executed in the increment functional units provide

the addresses required to retrieve and store data.

Program Address

An 18-hit P register serves as a program address counter and holds the address for

each program step, P is advanced to the next program .step in the following ways:

1} P is advanced by one when all instructions in a 60-bit word have been
extracted and sent to the insiruction registers.

2) P is set to the address specified by a Go To . . . (branch) instruction. If
the instruction is a Return Jump, (P) + 1 is stored before the branch to
allow a return to the seguence after the branch.

3) P is set to the address specified in the Exchange Jump package.

A1l branch instructions to a new program start the program with the instruction located

in the highest order position of the 60-bit word.
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Exchange Jump

A Peripheral and Control Processor Exchange Jump instruction starts or interrupts

the Central Processor and provides Central Memory with the first address (which is

the address in the Peripheral and Control Processor A register) of a 16-word package
in Central Memory. The Exchange Jump package (Figure 3-3) provides the following

information on a program to be executed:

1)
2)
3)
4)
5)
6}
7)
8)
9)

10}

Program address (FP)

Reference Address for Central Memory (RA cM)

Field length of program for Central Memory (FLCM)
Reference Address for Extended Core Storage (RApcs)
Field length of program for Extended Core Storage (FLECS)#
Program exit mode (EM)

Initial contents of the eight A registers

Initial contents of the eight X regisiers .

Initial contents of B registers Bl - B7 (B0 is fixed at 0}
Monitor Exchange (MA); Optional Instruction

CENTRAL MEMODAY

PERIPHERAL AND
CONTROL PROCESSOR 6 8 T3 0
A REGISTER Lae, n P 20 _
CENTRAL Meuunv,/ Lac. n+1 RAcm Al B!
Loc. n Loc n+2 FlLew a2 B2
14 a Loc. n +3 EM a3 B3
RA c.':r'l 33!5 A BT B4 [2]
FL gcs a0 AS BS
MA AB e
AT BY
Xt
Xl
X2
X3
x4
%8
x5
Loc, n+18 X7
59 Q
MA= MONITOR ADDRESS
P= PROGRAM ADDRESS A= AODRESS REGISTERS
RA: REFEREKCE ADDRESS g= INCREMENT REGISTERS
FL= FIELD LENGTH X- OPERAND REGISTERS
EM= EXIT MODE = [0OD00C DISABLE EXIT MODE
010000 ADDRESS OUT OF RANGE
020000 OPERAND OUT OF RANGE
030000 ABDAESS OR OPERAND
QUT OF RANGE
CONTENTS 7 {040000 INDEFINITE OPERAND
-53, 1350000 INDEFINITE OPERAND OR ADDRESS
LOCATION n +3 QUT OF RANGE
060000 INDEFINITE OPERAND OR OPERAND .
QUT OF RANGE
070000 INDEFINITE GFERAND OR ADDRESS
OUT OF RANGE OR OPERAND OUT
OF RANGE

Figure 3-3. Exchange Jump Package

*In the unified arithmetic systems the upper three bits of RA{ECS) are not transferred
to the RA(ECS) register.
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The Central Processor enters the information about a new program into the appropriate

registers and stores the corresponding and current informationfrom the interrupted pro-

gram at the same 16 locations in Central Memory. Hence, the controlling informaticn

for two programs is exchanged. A later Exchange Jump may return an interrupted pro-:

gram to the Central Processor for completion.

The normal relation of the A and X reg-

isters (described earlier) is not active during the Exchange Jump go that the new entries

in A are not reflected into changes in @

PROGRAMMING NOTE

When an Exchange Jump interrupts the Central Processor, several -
steps occur to insure leaving the interrupted program in a usable

state for re-entry:

1) Issue of instructions halts after issuing all instructions
from the current instruction word in the instruction stack.

2} The Program Address register, P,
of the next instruction word to be executed.

is set to the address

3} The issued instructions are executed, and then

4) The parameters for the two programs are exchanged.

A subsequent Exchange Jump can then re-enter the interrupted pro-
gram at the point it was interrupted, with no loss of program continuity.

To preserve the integrity of an "in-stack'' loop (in the event of an

Exchange Jump),

it is illegal to modify the contents of any memory

address which holds an executable instruction (or instruction word)

contained within the loop.

EXAMPLE:

Y

Y+

Y+2

Y+3

Y+4

Y+5

Y+ &

Y+ 7

////////////////////\

i

Xg = Xz + Xg

Ag = Y + |

\

A

Assume Exchange Jump
comes in at this point

Rev, A
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These instruction
words in stack
{(from memory
locations [Y + 1]
through [Y + 5]}
consgtitute a loop.

3-10

After executing the
lower instruction at
[Y +-3], the contents
of memory location
[v + 1ldiffer from the
contents of [Y + 1] in
the stack, If the Ex-
change Jump comes
in as indicated, sub-
sequent reeniry will
call up the modified
loop from memory,
rather than the stack
loop in ifts original
un-moeditied form.



All Central Processor references to Central Memory for new instructions, or to fetch
and store data, are made relative to the Reference Address, This allows easy reloca-
tion of a program in Central Memory. The Reference Address or beginning address
and the Field Length define the Central Memory limits of the program. An Exit Selec-

tion allows the Central Processor to stop on a memory reference outside thege limits,

The Program Address register P defineg the 16("::3:1011 of a program step within the limits
preseribed. FEach reference io memory to fetch instructions is made to the address
specified by P + RA. Hence program relocationis conveniently handled through a single
change to RA.

A P = 0 condition specifies address zero and hence RA.. This address is reserved for
recording program exit {(error) conditions and should not, therefore, be used to store

data or insiructions of a program.

Exit Mode

The Exit mode feature allows the programmer to select Exit or Stop conditions for the
Central Processor. Exit selections are loadedinto bits 36-53 of memory location ''n+3"
of the Exchange Jump package {Figure 3-3). When the Exchange Jump ocecurs to that
package, the exit selections are stored in the Central Processor and the exit occurs as
soon as the gelected condition is sengsed. The Exit conditions,: as stored in bits 36-53

of address ""n+3" in the Exchange Jump package, are shown below in octal format:

c00000 Disable Exit mode - no Exit selections made,

610000 Address out of range -
a) an attempt to reference either Central Memory
or Extended Core Storage outside established
limits, or

b) the word count, [(Bj) + K] , in an Extended Core
Storage Communication instruction is negative.

EM

It

{For details on action when an address is out of range,
refer to the Increment and Extended Core Storage instruc-
tion descriptions.)

it

020000 Operand out of range - floating point arithmetic unit
received an infinite operand (see Range Definitions
under Floating Point Arithmetic following).
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= 030000 Address or operand out of range

= 040000 Indefinite operand - floating point arithmetic unit (Add,
Multiply, or Divide} attempted to use an indefinite operand
(see Range Definitions, page 3-17).

= 050000 Indefinite operand or address out of range
= 680000 Indefinite operand or operand out of range
= 070000 Indefinite operand or operand or address out of range

Typically, the Reference Address (RA) for any program is left cleared to all zeros.
When an error exit is taken, the Central Processor records at RA the exit condi-
tion (upper 2 octal digits only)andthe Program Address atexittime (refer to the format
‘below). ' ' '

: NOTE

The Exit condition{s) recorded at RA comprises all the
Exit conditions detected since the last Exchange Jump,
regardless of whether they were selected, Thus, com-
binations of error Exit conditions (03, - 05, 06 or 07} can
appear at RA:

a) When at least one Exit condition was selected and
the selected condition plus another condition occur-
red since the last Exchange Jump, or

b) When more than one Exit condition was selected
and each occurred in the same minor cycle.

The contents of RA are then read up, 'interpreted -as a Stop instruction, andthe Central

~ Processor stops.

ss - 5453 447 . 3029 0
o—o0 | o—x | x . . —x | o——)f}—o |

I .

v

sTOP.  EXIT - p . - ZEROS

P=(P) -+ 1, AT TIME OF ERROR EXIT.

For error stops, {P)+ 1 gives only an.approximate location of the error since the Cen-
tral Processor may have issued other instructions to the functional units (one of which

may have been a branch) before .the exit was sensed.

An exchange can interrupt an Error Exit condition from Parcel 3 in a 6400 and cause
the Error Exit condition to be lost due to P advancing before the Error Exit condition
'is sensed. When the exchange. package is exchanged back in, P will have been advanced

beyond the Error Exit condition, causing the Error Exit to be lost.

On an Address‘Oﬁt of Range, .hardwére action differs from that outlined above. In some
cases, a stop cccurs when an address is out of bounds even though an Exit mode stop is
not selected for this condition. Table 3-3 summarizes hardware action for operations

which may reference addresses that are out of bounds.
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TABLE 3-3. EXIT MODE: ADDRESS OUT OF BOUNDS

HARDWARE ACTION

OPERATION £XIT MODE SELECTED FXIT MODE NOT SELECTED
RNI to an ad- | 1. Detect error condition 1. Detect error condition
dress that is : . A AZ )%
out-of bounds 2. Clear P 2. Stop by reading ( )
{occurs when | 3. Write EM and (P) + 1 into RA 3. Nothing stored in RA
an instr, is _
located in 4, Siop by reading (RA) 4, 8‘;; ; i:ut of range P or
absolute ad- |Note: If FL = O on a 6400/6500 the first
dress (RA + | RNI will be out of range and the CPU
FL) - 1). will hang up.
Branch to an | 1. Detect error condition’ .' Detect error condition
address that .
15 out-of- Clear P Stop by reading (AAZ)
hounds. 3. Write EM and execution address + . Nothing stored in RA
1in RA

Note: On a 6400/6500 Write EM and

jump address in RA.

4, Stop by reading (RA) 4, (P) = execution address

: or (P)+ 1
Note: On a 6400/6500 (P) =
- out of range P,
Read 1. 'Detect error condition 1. Detect error condition
Operand
oo 12, Clear P _ 2., Read (AAZ) mto X

3. Write EM and {F) + 1 into RA A;= Increment Result

4. Stop by reading (RA)

5. (Xi) = {AAZ)
Write 1. Detect error condition 1. . Detect error condition
Operand - :

2.  Clear P 2. Read (AAZ), but (X)

3. Write EM and (P} + 1 into RA

4. Stop by reading (RA)

not stored; (X ) u.uchanged.
A:. Increment Result

Continue program

Action After Exit Mode or Normal Stop

Typically, a Peripheral and Control Processor periodically searches for an unchanging

Central Processor Program Address register (any value) to determine if the Central

Processor has stopped. Once it has been determined that the Central Processor has

stopped, the examining Peripheral and Control Processor can transfer control to an error

routine to determine the nature of the condition causing the Stop. %‘igure 3-4 illusirates

sample steps for processing Central Processor stops {either Exit mode or normal),
¥ AAZ = Absolute Address Zero

3-13

Rev. AK




Rev. A

¢

Via P & CP, read

1

May be other

|

h

Branch to Error

Routine to Recover
From Error.

CP Program steps in this |
Address Register | routine |
Lo
Are (P) \
unchanged from No
last test? /
Yes
Stop is due to either:
1) Normal:{instr.)
Are (P) = \ ND > » stop, or
/ 2) Stop because of
ves RNTI or Branch to an
| out-of-bounds address
(with Exit mode un-
Stop-is due to an error selected).
and the error stop
was selected.
=
Branch to routine to
determine nature of
" stop. :
Examine (RA) to . .
determine approxi-
mate location of error- y
producing ;nstruc;tlc_)n. Yes Is stop due to an

out-of-bounds error?

No

A

. Take appropriate

action for a stop
condition.

Figure 3-4, Detecting and Handling Central Processor Stops
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Floating Point Arithmetic
Format

Floating point arithmetictakes advantage of the abi]ity to express a number with the gen-
eral expression an, where:

k = coefficient
B = base number

n = exponent, or power to which the base number is raised

The base number is constant (2) for binary-coded quantities and is not included in the gen-
eral format. The 60-bit floating-point format is shown below. The binary point is con-
sidered to be to the right of the coefficient, thérebyproviding a 48-bit integer coefficient,
the equivalent of about 14 decimal digits. The sign of the coefficient is carried in the
highest order bit of the packed word. Negative numbers are represented in one's com-
plement notation.

COEFFICIENT BIASED INTEGER
SIGN EXPONENT COEFFICIENT
1 oon , 48 S ;
59 58 48 47 0
BINARY

POINT

The 11-bit exponent carries a bias of 210 (20008) when packed in the floating point word
(biased exponent sometimes referred to as characteristic). The bias is removed when
the word is unpacked for computation and restored when a word is packed into floating
format, Table 3-4 lists (in decimal and octal notétion) the complete range of permissible-
exponents and the octal form of the corresponding positive and negative floating‘ pointwords.

Thus, a number with an exponent of 3428 would appear as 23428; a number with an
exponent of --1608 would appear as 16178. Exponent arithmetic is done in one's

complement notation, Floating point numbers can be compared for equality and
threshold,
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TABLE 3-4. RANGZE OF PEZRMISSIBLE EXPONENTS

EXPONENT (n) | PACKED FORM OF KXBMOCTALY: | UNPACKED FORM
- OF n (OCTAL}*
POSITIVE NEGATIVE CONTENTS of Bj=
DECIMAL | OCTAL| COEFFICIENT |COEFFICIENT (UNBIASED-SIGN EX -
TENDED)

+ 1023 + 1777 3771X. ... % | 4000X..,.X Bj=001777

+ 1022 + 1776 3776X....X | 4001X....X Bj=001776

+ 1L {+ 1 2001X....X | 5776X....X Bj=000001

+ 0 + 0 2000X....X | 57717X....% Bj=000000

- 0 {- 0 1777%....X | 6000X....X Bj=T7TT17T

-1 -1 1776X....X | 6001X....X Bj=7T1776

- 1023 - 1777 0000X....X | 7777%....% Bj=776000

Normalizing and Rounding

Normalizing a floating point quantity shifts the coefficient left until the most signifi-
cant bit is in bit 47. Sign bits are entered in the low-order bits of the coefficient as

it is normalized, Each shift decreases the exponent by one. wa normalized input
operands cannoct be used during an integer multiply operation; they will be treated

like floating point operands and will cause the storage of positive underflow results.
To insure that floating point operands are not mistaken for integer multiply operands, -

floating point gquantities used as operands should he normalized.

A round bit is added (optionally) to the coefficient during an arithmetic process and has
the effect of increasing the absolute value of the operand or result by one-half the value
of the least sigmificant bit. Normalizing and rounding are not automatic during pack or

unpack operations so that operands and results may not be normalized.

Single and Double Precision

The floating point arithmetic ingtructions generate double~precision results, Use of un-
rounded operations allows separate recovery of upper and lower half results with proper
exponents; only upper half results can be obtained with rounded operations.

# See pages 3-35 and 3-36 for Central Processor Instructions to pack and unpack floating

point quantities.
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Double length registers appear as follows:

| MOST SIGNIFICANT BITS | LEAST SIGNIFICANT BITS

95 48847 o]

\ T A - /

v v
UPPER HALF LOWER HALF
RESULT RESULT

BINARY
POINT

Range Definitions

A result with an exponent so large that it exceeds the upper limit of octal 3777 (overflow
case) is treated as an infinite quantity. A coefficient of allzeros and an exponent of octal
3777 or 4000 is packed for this case. An optional exit is provided when an attempt is
made to use an infinite operand in the floating arithmetic units since itsuse may propagate
an indefinite result ag shown in Table 3-5. No error exit occurs when an infinite or inde-

finite result is generated in a functional unit.

TABLE 3-5. INDEFINITE FORMS

o — © = INDEFINITE ® 4 N=o@
o - o = INDEFINITE @ -~ N=w
@ e 0 = INDEFINITE ®w — N=z@
o +0 = INDEFINITE N+0=m
INDEFINITE +,—,-~, » {X) = INDEFINITE 0+m=0
m 4 © = Oe O0=0
o e m T m 0+N=0
w0 = @ N+ ®=0
WHERE: ® = INFINITY , N = INTEGER,
X =zmow, N OR O,

A result the exponent of which is less than the lower limit of octal 0000 (underflow
case) is treated as a zero quantity. This quantity is packed with a zero exponent and
zero coefficient. WNo exit is provided for underflow. A partial underflow result with
an exponent of octal 0000 and a coefficient which is not zero is a non-zero quantity
and iz packed with a zero exponent and the non-zero coefficient, A precaution must
be taken to normalize when using partial underflow resulis as operands in subsequent
floating point multiply operations. This will prevent these operands from being in-

terpreted as integer operands resulting in an integer multiply operation,
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Use of either infinity or zero as operands may produce an indefinite result. An exponent
of octal 1777 and a zero coefficient are packed in this case, and an optional exit provided.
Note that zero, infinite, and indefinite results are generated or regenerated in floating

arithmetic operations only. The branch instructions test for infinite or indefinite quan-

tities.

In all floating arithmetic operations, an attempt to normalize an indefinite guantity re-
turns the original quantity, e.g., if the number 17770237...were to be normalized, the
result would be the same as the original number. Exit mode can be made to occur on

detecting an indefinite quantity even though the Shift Unit is used.
Exit mode tests for infinite and indefinite operands are made only in the Floating Add,

Multiply, and Divide Units. The 12 most significant bits of each operand are tested for
these special forms.

In the Multiply and Divide Units (but not in the Floating Add Unit) there is a special test
for zero operands as determined by the 12 most significant bits.

Thus the special operand forms (in octal) are:

3777X. .. X (+ o)

4000X...X (- @) infinite operands

1777%...X (+IND)

6000X X (‘IND) indefinite operands

0000X...X (+0) } zero operands for
- Multiply and Divide

TR X (-0) units only

Whenever infinite, indefinite, or zero results are generated in accordance with the rules

given in Table 3-5 and Appendix C, only the following octal words can occur as results:

37770...0 =4+ o (result)
40000...0 = - {result)
17770...0 = +IND (resuit)
00000...0 =40 (result)
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Note that in these cases the 48 least significant bits of the result are zercs. Indefinite
and zero results generated in accordance with Table 3-5 and Appendix C are always pos-
itive, but the sign of infinite results is determined by the usual algebraic sign conven-

tion. For example:

(+0)/(-0) =+IND = 17770...0
(+N)*<(-0) =+0 = 00000...0
(-0){(-0) =+ = 37770...0
(+@)/(-0) =-m ='40000...0

There is no special treatment of zero operands in the Floating Add unit. Zero coeffi-
cients and the forms 0000X...X and 7777X...X are not specially detected, and unstand-

ardized zero results can be produced. ({See description of 30 instruction, page 3-37.)

Overflow and Underflow

Exponents lying outside the range —1'7”77B to +177'?8 cannot be generatéd during execution

of a floating point arithmetic instruction or during execution of a Normalize instruction.

An attempt to generate an exponent greater than +1777, yields an infinite result (overflow

8
case}), An attempt to generate an exponent less than -17'77B yields a zero result {(under-

flow case). All cases of overflow and underflow are listed in Table 3-6.

Converting Integers to ¥Floating Format

Conversion of integers to floating point format makes use of the Shift Unit and the zero
constant in increment register B0. The B0 quantity provides for generation of exponent

bias in this case. For example, the instructions:

e Sum of Bj and Bk to Xi (wherei= 2, j=3, k=4)
e Pack Xi from Xk and Bj (wherei=2, j=0, k= 2)

form an 18-bit signed integer in operand register X2 as a result of the addition of the
contents of increment registers B3 and B4. The integer coefficient with its sign, plus
the octal 2000 exponent is then packed into the floating format shown earlier., The coef-

ficient is not normalized; normalizing may be accomplished with a Normalize instruction.
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TABLE 3-6. OVERFLOW AND UNDERFLOW CONDITIONS

OVERFLOW
INSTRUCTIONS OVERFLOW CONDITION RESULT

Normalize (24, 25) None -
Upper Sum (30, 31, 34, 35)| None (see Note 1} -
Lower Sum (32, 33) None o -
Upper Product (40, 41) *ni + ng + 60g > 2000g X;=37770,...0g or

4000 0....0g
Lower Product (42) nj +ng > 20008 (True Sign)
Quotient (44, 45) o nj - ng - 57g > 2000,

UNDERFLOW
INSTRUCTIONS UNDERFLOW CONDITION RESULT
Normalize (24 only) - - Initial coefficient = +0 - X; = 0000 Q....0g, (Bj) =
60
. 8
Normalize (24, 25) Final Exponent < -2000g X; = 0000 0....0g, (B;)are
. correct. {See Note 2.

Upper Sum (30, 31, 34, 35) None ~———
Lower Sum (32, 33) Final Exponent < -2000g X; = 0000 0....0g
Upper Product (40, 41) ny +ng +57g < -20008
Lower Product (42) ng +ng -1%< -20008 X;=00000,... 08
Quotient (44, 45) nj - ng - 60g < - 20004

*np and ng are the initial exponents.

Note 1, Overflow of Upper Sum: Overflow cannot occur unless one operand is infinite.
In this case the resulf is as indicated. If a one-place Right Shift occurs when
the larger operand exponent ig equal to +1776g, a correct result with exponent
+17717g is generated.

Note 2. Underflow of Exponent During Normalization: The final (B;) are the same as if
underflow had not occurred., In particular, if the initial cdefficient is zero, (Bj)
are equal to 60g.
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Fixed Point Arithmetic

Fixed point addition and subtraction of 60-bit numbers are handled in the Long Add

Unit (6600/6700). Negative numbers are represented in one's complement notation,

and overflows are ignored. The sign bit is in the high-order bit position (bit 59) and
the binary point is at the right of the low-order bit position (bit 0).

The Increment Units provide an 18-bit fixed point add and subtract facility, Negative
numbers are represented in one's complement notation and overflows are ignored.
The sign bit is in the high-order bit position (bit 17), and the binary point is at the
right of the low-order bit position {bit 0). The Increment Units allow program index-

ing through the full range of Central Memory addresses,

Fixed point integer addition and subiraction are possible in the Floating Add Unit
providing the exponents of both operands are zero and no overflow occurs, The unit
performs the one's complement addition (or subtraction) in the upper half of a 98-bit
accumulator. If overflow occurs, the unit shifts the result one place right and adds cne
to the exponent, thereby producing a floating point quantity. Thus, care must be used
in performing fixed point arithmetic in the Floating Add Unit.

Integer multiplication is handled as a subset of the unrounded Floating Multiply (42)
instruction. The integer multiply requires that both of the 47-bit integer operands
have zero exponents (0000 + 7777) and one or hoth operands are not normalized. The
result is 48 bits with sign extension. Both operands normalized will cause positive
underflow results to be reported. If the result exceeds 48 bits, overilow will not be

detected. {(See 40 instruction description for detection of overilow.)

An integer divide takes several steps and makes use of the Divide and Shift Units. For
example, an integer quotient X1 = X2/X3 is produced by the following steps:

Instructions Remarks
1} Tack X2 from X2 and B0 : Pack X2
2) Pack X3 from X3 and BO Pack X3
3} Normalize X3 in X0 and BO Normalize X3 (divisor)
4) Floating quotient of X2 and X0 to X1 Divide
5) Unpack X1 to X1 and B7 Unpack quotient
6) Shift X1 nominally left B7 places Shift to integer position
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The divide requires that:

1) both integer (247 maximum) operands be in fleating format
and 2) the divisor be shifted 48 places left
or 3} The quotient be shifted 48 places right
or 4} any combination of n left-shifts of the divisor and 48-n right shifts of the
quotient be accomplished, .

The Normalize X3 instruction shifts the divisor n places left (n > 0), providing divisor

exponent of -n. The quotient exponent then is: 0 - {-n) ~ 48 = n - 48 < 0.

After unpacking and shifting nominally left, the negative {(or zero) value in B7 shifts
the quotient 48 - n places right, producing an integer quotient in X1. A remainder may
be obtained by an integer multiply of X1 and X3 and subtracting the result from X2.

Description of Central Processor Instructions

Instruction grouping follows a somewhat pedagogical approach (i. e., simple to complex)
and does not necessarily relate instructions to the functional units (6600/6700 system)
which execute them. Central Processor instructions as related to functional units

are tabulated in Appendix B, Instruction Execution Times,

NOTE

The codes which are not defined here are considered
illegal. The resultis obtained from an illegal code
are not specified and cannot be guaranteed.

TABLE 3-7. CENTRAL PROCESSOR INSTRUCTION DESIGNATORS

Designator Use

A Specifies one of eight 18-bit address registers.

B Specifies one of eight 18-bit index registers; B0 is fixed and
equal to zero,

fm A B-bit instruection code.

i A 3-bit code specifying one of eight designated registers
(e.g., Ai).

i A 3-bit code specifying one of eight designated registers
(e.g., Bj.

ik A 6-bit constant, indicating the number of shifts to be taken.

k A 3-bit code specifying one of eight designated registers
{e,g., Bk).

K An 18-bit constant, used as an operand or as a branch

desgtination {address},

X Specifies one of eight 60-hit operand registers.
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Preceding the description of each instruction is the octal code, mnemonic code and
address field, the instruction name and length. Mnemonic codes and address field

mnemonics are from COMPASS,

EXAMPLE:

12 W BXi Xi+Xk Togical Sum of Xj and Xk to Xi (15 Bits)
St S \_.J_V_/ . g ; ] 22 R
QOctal Mnemonic Address : Instruction

Code Code Field Instruction Name Length

Instruction formats are alse given; parallel lines within a formatf indicate these bits

are not used in the operation.

Program Stop and No Operation

00 PS Program Stop E (30 Bits)

IR 77/ /A,

29 24 23

This instiruction stops the Central Processor at-the current step in the program. An

exchange Jump is necessary to restart the Central Processor.

46 ‘NO No operation (Pass}) =~ = . (15 Bits)

fm AN,

14 9 8 0

- This instruction is a "do-nothing'" instruction that is typically used to pad the program

between certain program steps,
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EXAMPLE:

P+1

59

30-BIT INST-

15~ BIT INST. PASS

30-BIT INST,.

30-BIT INST.

In this example, a Pass instruction is used to pad the remainder of the word

at P. Since the next instruction is 30 bits, it cannot fif in P and must be placed

in P+ 1,
Increment

50 SA7
51 SAi
52 SAi
53 SAi
54 SAi
55 SAi
56 SAi
57 SAi

Rev A

Aj + K Set Aito Aj +K
Bj + K Set AitoBj + K
Xj+ K Set Aito Xj + K
fm I i K
29 2423 2120 18 I7
Xj+ Bk Set Ai to Xj + Bk
Aj+ Bk Set Ai to Aj + Bk
Aj— Bk Set Ai to Aj — Bk
Bj + Bk Set Ai to Bj + Bk
Bj — Bk Set Ai to Bj — Bk
L fm i k
14 6 5 3 2 o]

(30 Bits)
(30 Bits)

‘(30 Bits)

(15 Bits)
(15 Bits)
(15 Bits)
(15 Bits)
(15 Bits)



These instructions perform one's complement addition and subtraction of 18-bit operands
and store an 18-bit result in address register i. Overflow, in itself, is ignored, but

an address range fault may result from overflow in this set of instructions,

Operands are obtained from address (A), increment (B), and operand (X) registers as
well as the instruction itself (K = 18-bit signed constant)., Operands obtained from an
Xj operand register are the truncated lower 18 bits of the 60-bit word.

Note that an immediate memory reference is performed to the address specified by

the final content of address registers Al - A7. The operand read from memory address
specified by Al - A5 is sent to the corresponding operand register X1 - X5, When A6
or A7 is referenced, the operand from the 'correspondj_ng X6 or X7 operand register

is stored at the address specified by A6 or AT,

NOTE

If, in this category of instructions, the result placed

in address register Ai is an address out of range, the
following occurs: (Note that this action is independent
of an Exit selection on Address Out of Range. )

If i = 1-5: Operand register Xi is loaded with the
contents of absolute address zero and the contenis of
memory location (Ai) are unchanged,

Ifi =6 or 7: Operand register Xi retains its original
contents and the contents of memory location (Ai)
are unchanged.

EXAMPLE:

Initial Quantities:
4 K = 234587

50 SAi = Aj+K i

8
SA = Ag+K  j=6 A, = 3211104
SA, = 032100, + 234567, | A, = 052100,

. SA, = 266667, X, =00..... 00,

Storage location 266667 = 7 ,,, 75342104600
Final Quantities:

8

A4 = 266(:’|6"r"3
AB = 0321008
X4 =7... 753421046008
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60 SBi Aj + K Set Bi to Aj + K (30 Bits)

61 SBi Bj + K SetBitoBj + K : {30 Bits)
62 SBi Xj+ K Set Bito Xj + K (30 Bits)
fm i j K

29 24 23 2120 1817 o)
63 SBi Xj+Bk Set Bi to Xj + Bk . (15 Bits)
64 SBi Aj -+ Bk Set Bi to Aj + Bk (15 Bits)
65 SBi Aj— Bk Set Bi to Aj — Bk (15 Bits)
66 SBi Bj+ Bk Set Bi to Bj + Bk (I5 Bits)
67 SBi Bj— Bk Set Bi to Bj — Bk (15 Bits)

fm i poow ]

4 g B8 6 5 3 2 o]

These instructions perform one's complement addition and subtraction of 18-bit

operands and store an 18-bif result in increment register Bi. An overflow condition

is ignored.

Operands are obtained from address (A), increment (B), and operand (X) registers as
well as the instruction itself (K = 18-bit signed constant). Operands obtained from an

Xj operand register are the truncated lower 18 bits of the 60-bit word.

70 SXi Aj + K Set Xito Aj + K (30 Bits)
71 SXi Bj + K SetXitoBj +K (30 Bits,
72 SXi Xj+K Set Xi to Xj + K (30 Bits)
tm | ]| K
29 2423 2120 18 17 Q
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73
74
75
76
77

SXi

SXi

SXi
SXi
SXi

Xj+Bk Set Xi to Xj + Bk (15 Bits)

Aj+Bk Set Xi to Aj + Bk (15 Bits)
Aj—Bk Set Xito Aj — Bk (15 Bits)
Bj+ Bk Set Xi to Bj + Bk (15 Bits)
Bj— Bk Set Xi to Bj — Bk (15 Bits)

These instructions perform one's complement addition and subtraction of 18-bit

operands and store an 18-bit result into the lower 18 bits of operand register Xi, The

sign of the result is extended to the upper 42 bits of operand register Xi, An overflow

condition is ignored.

Operands are obtained from address (A), increment (B), and operand (X) registers

as well as the instruction itself (K = 18-bit signed constant), Operands cbtained from

an Xj operand register are the truncated lower 18 bits of the 60-bit word.

EXAMPLE:

73

8Xi

SX2

SXZ

SXZ

Initial Quantities:

Xj + Bk i=2 X, = 0... 0745321402
Xq + By j=3, k=1 Xy = 0.,. 0852224310,
=0... 06522243108 + 511245, B, = 511245

871 8

1

7... 7777735555

8
Final Quantities:
X, = (A 7777735555'8
X:3 =0,.. 06522243108
B1 = 5112458
NOTE
See Appendix D for futher information. I
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Fixed Point Arithmetic

36 IXi Xj+Xk Integer sum QfXJ and Xk to Xi _ (15 Bits)

L m [ v T 5 T « ]

14 9 8 & 5 3 2 0

This instruction forms a 60-bit one's coinplement sum of the gquantities from operand
registers Xj and Xk and stores the result in operand register Xi. An overflow condition
is ignored.

37 IXi Xj—Xk Integer difference of X§ and Xk to Xi © (15 Bits)

R

This instruction forms the 60-bit one's complement difference of the quantities from op-
erand registers Xj (minuend) and Xk (subtrahend) and stores the result in operand regis-
ter Xi. An overflow condition is ignored.

47 CXi Xk Count the number of “1's” in Xk to Xi (15 Bits)
| fm | v o] «
|4 9 8 6 5 3 2 0

This instruction counts the number of "1's" in operand register Xk and stores the count
in the lower order 6 bits of operand register Xi. Bits 6 through 59 are cleared to zero.
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11 BXi

EXAMPLE:

47 CXi Xk

CX4 X

CXy - 11

Logical

10 BXi Xj

Initial Quantities:

i=4 Xl =0 05433'218
k=1 X, = 23420... 0005547,
Final Quantities:
Xl =0 S 05433218
X, =0 0000011,
Transmit Xj to Xi
fm i R,
14 8 6 5 3 2 0

(15 Bits)

This instruction trangfers a 60-bit word from operand register Xj to operand register

Xi.

registers Xj and Xk and places the product in operand register Xi.

Xj * Xk

Logical Product of Xj and Xk te Xi

fm

(15 Bits)

. This instruction forms the logical product (AND function) of 60-bit words from operand

Bits of register Xi

are set to '"1"" when the corresponding bits of the Xj and Xk registers are "1" as in the

following example:

Xj = 0101

Xk = 1100

Xi = 0100
3-29
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12 BXi Xj+ Xk Logical sum of X and Xk to Xi (15 Bits)

L m [ v T3 T &

This instruction forms the logical sum (inclusive OR) of 60-bit words from operand reg-
isters Xj and Xk and places the sum in operand register Xi. Bits of register Xi are set
to '"1"'if the corresponding bit of the Xjor Xk registeris a '"1" as in the following example:

Xj = 0101
Xk = 1100
Xi=1101
13 BXi Xj - Xk Logical difference of Xj and Xk to Xi (15 Bits)

[ tm 1 i [ 3 [ x |

14 9 B8 6 5 3 2 o

This instruction forms the logical difference (exclusive OR)of 60-bit words from operand
registers Xj and Xk and places the diiference in operand register Xi. Bits of register Xi
are set to ""1" if the corresponding bits in the Xj and Xk registers are unlike as in the

following example:

Xj = 0101
Xk= 1100
Xi= 1001

14 BXi —Xk Transmit the complement of Xk to Xi (15 Bits)

fm 7277

14 9 8 6 5 3 2 o
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This instruction extracts the 60-bit word from operand register Xk, complements it, and

transmits. this complemented quantlty to operand reg15ter Xi.

15 BXi —Xk = Xj Logical product of Xj and complement of Xk to Xi (15 Bits)

fm |« | 1 1 «
14 _ 3 8, 6 5 : 3 2 0

This instruction forms the logical product (AND function) of the 60-bit quantity from op-
erand register Xj and the complement of the 60-bit quantity from operand register Xk,
and places the result in operand register Xi. Thus, bits of Xi are set to ''1" when the
corresponding bits of the Xj register and the complement of the Xk register are "1"as in

the following example:

| Xj = 0101
Complemented Xk= 0011

Xi= 0001
16 BXi —Xk+Xj " Logical sum of Xj and complement of Xk to Xi (15 Bits)
fm i Loy ] ok ]

This instruction forms the logical sum (inclusive OR) of the 60-bit quantity from operand
register Xj and the complement of the 60-bit word from operand register Xk, and places
the result in operand register Xi. Thus, bits of Xi are set to '"'1" if the corresponding

bit of the Xj register or complement of the Xk register is a "1"as in the following exam-

ple:
, X} = 0101
Complemented Xk = 0011
Xi = 0111
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