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1.1

1.2

1.3

INTRODUCTION
The 4-70

The 4-70 is a member of English Electric Computers' range of
compatible processors. Used in conjunction with System 4
peripheral devices and standard 4-70 software, it is capable
of forming the heart of a wide range of general purpose
computer system configurations.

Role of the 4-70 Processor in a Computer System

The functions of a general purpose computer system are to
accept information presented on various types of peripheral
media, to store it, to process it, and to output the results
of such.processing onto peripheral media.

A 4-T70 computer system comprises main storage, to which is
connected a Central Control Unit, associated input-output
channels and an operator console, with peripheral devices
connected to the channels. All but the peripheral devices,
vhich provide the means of handling peripheral media, and
which may include backing stores, come under the heading of
Y4-70 processors'..

The information held in the main store includes instructions,
which are executed in sequence by the Central Control Unit
causing it to perform various operations on stored items of
information, and enabling them to control the operations of
input-output channels and peripheral devices. Conmplete
sequences of instructions. are called ‘programs'.

The two main activities of the processor are :~

- Transferring information between main store and peripheral
devices under control of the Central Control Unit.

-

- The execution of program instructions by the Central Control
Unit. '

These activities go on in parallel.

The operator console provides the means for human operators to
oversee the activities of the computer system as well as
providing facilities for initiating its operation.

The Supervisor Program

The operations of any 4-70 computer system are controlled by

a specially written program called the 'Supervisor'. As

well as controlling the execution of all other programs (xnovn

as 'object programs') the Supervisor incorporates features
enabling the human operator to oversee the system. TIwo features

of the 4~70 processor are exploited by the Supervisor program :
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1.4

l.4.1

l.4.2

1.3 (continued)

.The number of store accesses that may be obtained concurrently

(i) the ability to operate in a 'privileged' environment in
which the Supervisor is able to execute special instruc-
tions and use certain facilities, denied to object programs.

(i1) The 'interrupt' feature, which enables the Central Control.
Unit, in response to various conditions arising within and -
outside itself, to automatically break off the normal . _._:
execution of an object program and initiate a‘predetermlned
sequence of instructions (the Supervisor) in such a way
that the interrupted program can subsequeritly be resumed
where it left off,

The Central Control Unit can only exécute onelprogram at a time,
hence the Supervisor is only active when no object program is
being executed.

Features of the 4-70 Processor

General
The logical entities which make ﬁp the 4-~70 processor are :-

Main Store
Central Control Unit
Input-Output Channels.

Main Store

The main store, to which the Central Control Unit and the
channels' are connected, is fully described in Section 3 of this
Specification. :

N )
Essentially, the main store provides the ability to store
individually-addressed 8-bit units of information (referred to
as 'bytes'). Bytes are held in store locations numbered
consecutively from O upwards; the number of a locationlés its
tabsolute addreﬁs’. Store sizes range from 65,536 (2*°) bytes up
to 1,048,576 (2°”) bytes, in units which are multiples of 65,536
bytes.

is a function of the store size. See Section 3%.2.1.2.

Each byte in the main store has a parity bit which is invisible
to any program. Parity checking is automatic, and the failure
of a check generates either a ‘'Machine-Check' condition or a
channel fault.

A store protection system is provided which can be used to
prevent programs from writing to areas of main store. This
is described in Section 3.

The main store cycle time is 900 nsec for one word.
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1.4.3

l.4.3.1

1.4.3.2 .

1-4.03 n2-1‘

1-4.3.2.2

P ]

Registers and Scratchpad

The Central Control Unit is controlled by a number of registers.
Some of these consist of locations in a small fast store called
the Scratchpad. This store is also used to hold instruction
specified operands which are required for immediate processing.
Such operands are addressed relatively, see Section 1l.4.3.2.2.
Direct addressing of the Scratchpad is performed by certain
privileged instructions.

Central Control Unit Features

Arithmetic Unit

General

The Arithmetic Unit is the part of the Central Contriol Unit
generally responsible for the sequencing and execution of .
instructions. It includes a 'Sequence Control Counter'
register which is used for sequencing instructions. This
register contains the main store address of the next instruction
to be executed. _ Instruction sequencing and execution involves
the following cycle of activities :-

- fetching the next instruction from the designated store
location.

- interpreting this instruction, fetching the operands required
from specified registers and store locations, operating on
them and storing results in the correct locations.

'~ updating the sequence control counter, either by adding the
length of the instiruction or by substituting an address
generated by the instruction. )

The instruction set used by object programs is the same as that
used ‘by IBM 360 processors and the 4-50 processor. It is -
defined in PS 4.6.3. Instruction formats, and the formats in
which their data must be represented, are described in Section 1.5.

Processor States

Instructidns specify main store addresses and also refer to
sixteen 'general purpose registers' of 32 bits each, and four
'floating point registers' of 64 bits each. The Central
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1.4.3.2.2 (continued)

, Control Unit can operate in four 'Processor States', each of which
has its own set of general purpose registers (and certain other
registers). However, all four states use the same floating-point
registers. These registers are held in the Scratchpad. Switching
between processor states is performed when interruption occurs and
also at the explicit request of the Supervisor. Object programs use
one processor state all the time and have no power to switch states.

The Processor State mechanism is fully described in Section 2.7V~

1.4.3.2.53 Interruption

The rules for sequencing instructions described in Section 1.4.3.2.1
above can be overridden by the Arithmetic Unit when it is necessaxry
to respond to certain conditions ('interrupt conditions') generated
inside or outside the Central Control Unit. On such occasions a
change of Processor State, accompenied by a change of the contents
of the Sequence Control Counter and other registers, occurs. In. -
the new state, the Supervisor processes the condition before switch-
ing the Central Control Unit back to its previous state, thus setting]
the control registers to their original values and permitting execu-
tion of the interrupted program to proceed without the program nec-
essarily being aware of the occurrence of the interruption.

Full details of the Interrupt system are given in Section 5.

1.4,3.2.4 : Privaleged Mode
At the same time that a change of Processor State occurs, the
Arithmetic Unit can be made to operate in a spe¢ial ‘'privileged’
mode (or to revert from this mode to the 'mon-privilieged'® mode).
In the privileged mode only, certain privileged instructions can
be executed,. which aliow the Supervisor to exercise control over
the system. For instance, there are privileged instructions
allowing a change of Processor State to be forced, or giving the
Supervisor access to the Scratchpad. All instructions for
controlling input:butput operations are privileged and can there-
fore only be executed by the Supervisor.

Non-privileged instructions can be executed either by the
Supervisor of by object programs. They include a ‘Supervisor
Call' instruction, allowing an object program deliberately to
generate an interrupt when it desires the Supervisor to perform
some privileged action on its behalf.

l1.4.3.2.5 Not used.

1.4.3.2,6 Virtual Addressing ..

So that programs may be dynamically relocated, i.e. moved to
other locations in the main store at arbitrary times after

their execution has started, two mechanisms are provided enabling
programs to specify addresses which differ from. the absolute
addresses of the stored items referred to, automatically convert-
ing the specified addresses to the required absolute values.

‘PrD 005
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1.4.5
1.4.5

1

1.4.3.2.6 (continued)

The first operates by adding to all program-generated addresses,
excepting addresses used in input-output operations, a 'relocation

_base address' - this allows programs to specify addresses which

are uniformly displaced by any desired amount from the correspond-
ing absolute values - and the second is the 'paging' mechanism
described in Section 1.4.8.2 below, and in Section 19.

Program-generated addresses of either type, which are not iden-
tical to the absolute addresses of the information referenced, .
are called 'virtual addresses'.

Store Access Unit

The Store Access Unit connects the Central Control Unit and the
Channel Control Units to main store. It controls the priority
of access and selects the required store module. The Channel
Control Units are connected to a multiplexing unit called the
'Store Access Multiplexor'. The connections, of which there
are six, are called 'Store Access Ways'. Further information

- is given in Section 3.2.1.2.

Input-Output Control Facilities

General

Information is transferred between the main store and peripheral
devices by input-output channels. Such peripheral transfers

can take place on all channels concurrently and in parallel with
the operations of the Central Control Unit. Each channel is
individually addressable and can also generate a separate

interrupt condition in the Central Control Unit (the priority of
these interrupts influences the choice of priorities for the

access ways through which these channels access the main store)

Bach channel includes one or more 'trunks', each of which term-
jnates in a System 4 Standard Interface (PS 4.7.1); to each
trunk may be attached one peripheral device control unit and
its associated devices. Several devices may thus be attached
4o one channel, all being individually addressable.

The control functions of channels are performed by units called
1Channel Control Units'. These units perform the logic func-
tions necessary for the operation of a channel and function
independently of the Central Control Unit, except when it is
required to initiate a transfer or to process an interrupt
condition. Communication between a control unit and the rest
of the processor is through the Store Access Unit's Access VWays.
These carry all data transfersas well as interrupt and other
control lines.

There are three different types of Channel Control Unit available
for inclusion in a processor's input-output system. Each controls
a different type of channel and covers a different performance
range. Further details follow in the next sections.
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1.4.5.2
1-4-5.3
1.4.5.3.1

Not used.
Classification of Channels
Selector Channels

A selector channel can control a single transfer between itself
and one of the 256 peripheral devices which may be connected to
it. Connections are made through device control units -y
of -which there may be one for each trunk available with the
channel.,

Selector channels available on the 4-70 are of two different
types. One is used for very high speed transfers ‘and is
controlled by the 'Single Channel Control Unit'. The other
is used for medium speed transfers and up to 8 of them may

. be controlled by a single 'Multichannel Control Unit'.

1.4.5.3.2

1.4.5.3.3

lu4'5-4

The properties of the two types are as follows :-

Single Channels - the channel controlled by a-Single Channel
Control Unit may have up to four trunks. . It is capable of
sustaining transfers on any one of these at rates of up to
lmbl .

Multichannels - multiChannels are controlled in groups of
from 1 to 8 channels, by a single Multichamnel Control
Unit. The combined throughput rate of the channels is
660 Kb. "Each has a single trunk.

Further information concerning the capabilities of these
channels is given in Section 6 and in Appendix C.

Multiplexor Channéls

A multiplexor channel allows all the devices connected to it

to transfer information concurrently. It may have up to 16
trunks. The maximum number of dévices on one channel is 256,
these may all be connected to one trunk or distributed over
several trunks. The control functions of a multiplexor

chanriel are performed by a unit called the 'Multiplexor Channel
Control Unit'. ‘ .

Further information concerning' the capabilities of thiss
channel is given in Section 6 and in Appendix C.

Channel Characteristics

Further details are given in Section 6.

Channel Configurations

Tae units ‘available for inclusion in a 4-70's input-output
system may be used to form a large number of configurations,
each of which differs in its throughput and control capabilities.
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1.4.5.4 (continued)

10456

1.4.7

1.4.7.1.

1.4.7.2

1.4.8

1.5

10501

lo5-2

1.5.3

- maximum overall throughput rate 4Mb

The factors which limit the power of a system are described in

Section 1.6 and in Section 6. The main limits are as follows:=

- maximum number of channels 16
- maximum number of channel control units 6

- maximum number of trunks 56 -

Timer

The Central Control Unit is provided with a clock, this is

used by the Supervisor for measuring the time which elapses
between events and for generating an interrupt condition after

a specified time interval. Details are given in Section 2.4.11.

Control Facilities

Operator Control

A control desk and console are provided for operator control.
The functions of the console are described in Section 10, and
the method of initiating the processor's operation in Section 7.

Engineer's Control Panel

Provision is made for the control of the processor from an
engineer's control panel. Its {icilities are described in
Fngineering Specification 642 4070 0011 RO8, Section 5.

Direct Control

Direct Control facilities for inter-processor communication, as
described in PS 4.6.10, are available as an option.,

Instruction and Data Formats

General

The non-privileged instructions and data formats used by 4-70
are fully compatible with those of System 360 and the 4-50.

The privileged and non-privileged instruction sets are described
in Appendix D and in PS 4.6.3 respectively.

Bit-numbering Convention

Throughout éhls document the generally accepted convention is
followed of numbering the binary digits in any field, starting
from O at the leftmost (most 31gn1flcant) end of the field.

Instructlon Formats

The instruction set includes 144 different instructions.
The formats of these instructions are as described below.

Instructions are 2, 4 and 6 bytes in length. The length is
related to the number of main store addresses explicitly
specified by the instructionm, respectively zero, one or two.
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1.5.3 (oontinued)

The leftmost byte of each instruction has an even address,
i.e. each instruction starts on a half-word boundary.

There are five basic instruction formats, described as follows 3=

Gl

(6-byte)

RR (Register-to-Register operation)

RX (Register-to-Indexed store o eration)
RS (Register-~to~Store operation

8T (Store-and-Tmmediate-operand operation)
SS (Store-to-Store operation).

These formats are shown in Diagram 1.

The abbreviations in Diagram 1 hﬁva the following significance
(suffices designate operand numbers) :- :

Op Code

Rl’RZ’R3

Specifies the length, format and function of the
instruction.

Specify general-purpose or floating-point registers
containing operands.

Specifies a general-purpose register being used as
an index register.

Specify general-purpose registers containing base
addresses.

Specify 12-bit positive displacements which when added
to the associated base addresses (and possibly index
quantities) generate 24-bit main store (operand or
instruction) addresses. '

Specifies an 8-bit 'immediate operand'.

Define the lengths in bytes of the operand fields
in 'decimal' instructions.

Defines the length of the operand field in a
'logical' instruction.
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1.5.3 (continued)

S

ize
in

Type Bytes

First halfword
Byte 1 | Byte 2

Second halfword

Third halfword

RR 2 Op Code Rl R2
0 g8 12 15
RX 4 Op Code Rl X2 B2
) 8 12 16 20 31
RS 4 Op Code Rl R3 B2
0 8 12 16 20 31
sI 4 Op Code I2 B1
) ) 16 20 31
Ss 6 L
(Logica) | O Code|T T 1 1 Byl D5
(Decimal) 3 8 12 16 20 32 36 a7
N

DIAGRAM 1 — INSTRUCTION CODE FORMATS

Data Formats

1.5.4

- The data codes used by input and output equipment are described
in PS 4.6.2. .

Any binary pattern of Os and ls may be stored in the main store,
general-purpose or floating-point.registers. The interpretation
of any binary information depends on the instructions which
operate on it. Some instructions check the formats of the
operands and generate interrupts in cases of error, to reduce the
risk of undetected program errors. Data may be represented in
the following forms, illustrated in Diagram 2 :-

Fixed point integers : integers are represented in binary. The
12s complement' convention is used for negative numbers, the
leading bit representing the sign. ,The imaginary binary point
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1.5.4 (continued)

is understood to follow the rightmost bit. Numbers are held
in halfword, word and double-word form: in the latter case, the
leftmost bit of the second word represents a digit and not a

sign.

-y - B

Floating-point binary: numbers are held in 'short’ (single word)
or 'long Edouble-word) form. Only the lengths of the Fractiions
differ. Each number consists of three separate parts. Sign -

(1 vit), Characteristic (7 bits), and fraction ?24 or 56 bits).
The sign convention is 'sign and modulus®; the sign bit is 1

for negative numbers. The Fraction is always pogitive, with
binary point understood to lie to the left of its lefimost bit.
The Characteristic represents a power of 16 in the range - 64

to + 63, recorded in excess 64 binary form.

It is possible to have numbers with zero Fraction, non-zero
Characteristic and negative sign, which are acceptable as
operands.

A non-zero floating-point number is said to be normalised if
the first four bits of the fraction are not all zero.

+75

Numbers in the range 10"78 to 10 can be represented.

Packed Decimal: decimal numbers are held two decimal digits to
a byte, the rightmost four bits of the rightmost byte containing
the sign. Decimal instruction can handle fields of up to 31
digits plus sign.

Zoned decimal:. numbers are held in bytes, the rightmost .four
bits of each byte holding a decimal digit and the lefimost four
bits a 'zone code'. The zone area of the rightmost byte con-
tains the sign. Fields of up to 16 digits may be operated on.

Fixed-length logical: binary quantities not having numerical
significance, or treated as unsigned numbers, are operated on

in bytes, words and double-words.

Variable length 1ogicai: data, normally consisting of
alphanumeric characters, can be addressed in fields of up to

256 bytes.

-

Issue Date Auth'y | Log | Title Document No.
4 16.2.68 |raw | 743 CENTRAL PROCESSOR :
" MODELS 4-70/75 PS 4.10.70

Page 1.10




Issue 1

PPD 005

PRODUCT PLANNING SPECIFICATION

Fixed-Point Binary

Fixed-point halfword Sign Integer
(0] 1 15
Fixed-point word Sign Integer
) 1 O
Fixed-point double- Sign Int— eger
word 0 1 g3
Floating-Point Binary
Short floating- X s es .
point number Sign Characteristic Fraction
0 1 8- 31
Long floating- . . _ ; %
point number Sign Characteristic Frac tion
’ o} 1 8 63
Packed Decimal
Digit| Digit Digit|Digit |Digit|Digit|Digit|Digit|Digit |Sign
0. 4 8
Maximum - 31 digits and sign (16 bytes)
Zoned Decimal N
Zone |Digit|Zone|Digit Digit|Zone|Digit|Sign|Digit
0 4 8 12 16
Maximum - 16 digits and sign (16 bytes)
Fixed Length Logical
Logical Data
0 31
Variable Lengzth Logical
Character | Character Character | Character
0 8 16
Maximum - 256 characters (bytes)
DIAGRAM 2 — DATA STRUCTURE
Issue Date Auth'y| Log | Title Document No.
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1.5.5

1.6
1.6.1

1.641.1

1 l6.1 .1 I1‘

Sign and zone codes

Most operations on packed decimal operands regard the binary
combinations 1010, 1100, 1110 and 1111 as representing 'plus,
and 1011 and 1101 as representing 'minus'. Other combinations
in the sign field are usually regarded as erroneous. -

A feature of the instruction code.is that the Arithmetic Unty -
is capable of operating in 'EBCDIC' or 'ISO' mode. In practice
this means that those instructions which generate sign or zone
codes (EDIT, EDIT AND MASK, and UNPACK do the latter) generate
patterns appropriate to the mode, ab follows:— '

EBCDIC
1100
1101
1111

IS0,
1010
1011
0101

Plus
Minus
Zone

Catalogue Numbers of 4-70 and Items

The 4-70

Bagsic Processor Configuration

4870. The Central Control Unit; performs the instruction
execution (including floating-point) and the control
functions, of & 4-70 processor.

This catalogue number covers the cubicle steelwork, .
platters, interplatter wiring and power supplies cabling.
‘The following items must be specified in conjunction with

48703~

Y
Power Supply. On configurations with more than three
Channel Control Units Power Supply Expansion 3347 will
be required.
48T71. Channel Control Unit Cubicle (Specified in Section 1.6.1.3)

3346.

4872. Engineers Maintenance Panel (attached to 4870).

4990, Mains Sequencer Unit,

The Central Control Unit Configgraéion

4070. This catalogue number describes the basic configuration
and covers all the items covered in Section 1.6.1.1.

The Central Control Unit has provision for the addition
of the following items:-

A timer.
A paging modification unit.

These units are gvailable as fo;lovsz-
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407Q/6 Timers this option is fitted in the 4871 cubicle. It
is required by the standard software.

4870/1. Paging Facility Modification Kit: this kit enables
the Central Control Unit 4870 to be converted to the
Central Control Unit of & 4-75 processor. i.e. to item
4875. '

The complete specification of the item 4870 requires that the-y -~
amount of store reserved for the use of multiplexor channels is
specified using the following catalogue items:-

4870/2 Store Reservation of 1,024 bytes.
4870/3 Store Reservation of 2,048 bytes.
4870/4 .Store Reservation of 4,096 bytes.
4870/5 Store Reservation of 8,192 bytes.

The Central Control Unit has provision for the attachment of
the following: .

Up to 1Mb of  Main Store.

Up to 6 Direct Control Lines.

Up to 6 Channel Control Units.

Up to (16-n) channels where n = number of direoct control
lines fitted.

Up to 56 Trunks.

Up to 506 devices on the multiplexor channels.

One Extension Channel Control Cubicle. '

These units are specified in the succeeding sections.

PRODUCT PLANNING SPECIFICATION

1.6.1.2  Main Store _

Main Store is available in sizes ranging from 65,536 bytes in

increments of 65,536 bytes to 1,048,576 bytes. To provide

this storage two types of store module are available. One

provides 262 Kb, the other is expansible from 65 Kb bytes to

262 Kb, The two types are as follows:-

4170 Expandable Store Unit: provides 65Kb of store and
.provision for the attachment of three expansion units.
The item includes cutdcle steelwork (less swingframes),
interplatter wiring and cabling to power supplies.

) It should
be noted that the expansion units simply increase the
size of 4170 and do not affect simultaneity of access.

4170/1 1st Expansion Unit: provides 65Kb of store and when
added to item 4170 increases the capacity to 131Kb. The
item includes platters, cabling to 4170, link for 4870
and swing frames for mounting in 4170.
4170/2 2nd Expansion Unit: provides 65Kb of store and when
added to 4170 plus 4170/1 the capacity becomes 196Kb.
The item is similar to 417Q/1 except for difference in
the swing frames.
Issue Date |Auth'y] Log | Title Document No.
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4170/3 3rd Expansion Unit: provides 65Kb of store and when added]
to 4170 plus 4170/1 plus 4170/2 the capacity becomes-262
Kb. The item comprises 4 platters, with boards, to fit
into the dummy position in 4170/1 and /2.

4171 Store Unit: provides 262Kb of store and is the sum of
4170 and options /1, /2 and /3. Up to four of thes
units may be attached to Item 4870, :

A single main store power supply unit 3345 will service stores -
of less than #Mb. Larger stores require two of these units. B
_0-7-'

PPD 005

1.6.1.3 .Input Output_System
1.6.1.3.1 Introduction '

The input/output system is constructed by fitting channel

control units and trunks into the appropriate cubicles.

To speéify a system it is necessary to state the required number

of each unit and the interrelationship between the different

units. The rules governing the incorporation of input/output

units in a processor configuration are given in Section 6.

1.6.1.3.2 Cubicles

The cubicle facilities are as follows:-

4871 . Channel Control Unit Cubicle: accommodates up to 4
‘channel control units occupying positions O, 1, 2 and 3,
it also provides facilities for up to 4 trunk platters.
The item covers cubicle steelwork with fitted frames
but excluding swinging frames. Interplatter wiring to
accommodate all 4 channel control units is included as
standard together with cabling to power supplies

N .

4873 Channel Control: accommodates an additional two channel
control units in positions 4 and 5, and provides
facilities for 3 trunk platters. The item covers the
cubicle steelwork less swingframes interplatter
wiring and connection to 4871.

1.6.1.3.3 Channel Control Units
- The Channel Control Units are specified as follows:~

4270 Multiplexor Channel Control Unit: this unit comprises
3 platters mounted on a L.H. swinging frame for fitting
to the 4871 cubicle together with the 12 additional
boards to be plugged into the 4871 cubicle. One or two
units may be fitted in positions O or 2 of the central
processor, and a Unit may be fitted in position 4 of
optional cubicle 4873, Up to 16 trunks may be added
one at a time by units 4273. Storage must be reserved
to accommodate the full range of device addresses made

. possible by the connected device control units.
Issue Date [Auth’y| Log | Title ' Document No.
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4271 ~ Single Channel Control Unit: this unit is mechanically
similar to 4270 and may be fitted in positions O, 2 or
4 of the cubicles. 4 Trunks may be added by trunk units
4273, ' :

4271/1 Single Channel Control Unit: this unit is similar to ]
4271 but is mounted on a R.H. swinging frame for fitting |-
in positions 1, 3 or 5 of the cubicles. *j.-i

4272 Multichannel Control Unit: this unit is mechanically
gimilar to 4271 and may be fitted in positions 0, 2
or 4 of the cubicles. Up to 8 channels with {1 ¢t
channel may be added by trunk units 4273.

4272/1 Multichannel Control Unit: this unit is similar to
4272 but is mounted on a R.H. swinging frame for fitting
in positions 1, 3 or 5 of the cubicles.

1.6.1.3-4 Tmnks
' ' Trunks positions are allocated to channel control units in groups
of 4 in such a way that the trunks (from one to four) present

in a group must all be associated with the same channel control

. unit. Physically, trunk groups are arranged two to'a platter,
with the trunk positions provided by items 4871 and 4873 numbered
from O to 55. The four trunks in each group are consecutively

numbered, the number of the first trunk of the first group on a

platter is a multiple of 8, and that of the first trunk of the

second group is 4 greater., In all cases it
is essential to state the numbers of {trunky associated with each
channel control unit in a processor's configuration.

Trunks are catalogued as follows;-

4273 Trunk Unit: provides one standard interface connection
for a channel control unit. Trunks are arranged in
groups of up to 4, all of which must be associated with
the same channel control unit. 4273 will serve all
trunk numbers from O to 55 with the exception of the
first trunk of any group

. This unit may only be specified as an addition to &

roup that contains a 'firsf' trunk selected by 4273/1,
2, or /3 as appropriate. :

4273/1 Trunk Unit: provides the firat trunk of the second group
on a trunk platter. The item is used for trunks
occupying the following positions:- 4, 12, 20, 28, 36, 44,
52. This item may only be specified when the appropriate
'first' trunk, item 4273/2 or /3 as appropriate, has been
previously specified. ' :
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1.6.1'4

1 06.1-35

1.6.2

.A 4=70 processor equipped with System 4 direct conirol links

4273/2 Trunk Unit: provides the first trunk of the first
group on certain trunk platters. The item is used for
trunks occupying the following positions:-0,8,32,40 and
48. :

4273/3 Trunk Unit: provides the first trunk of the first group
on certain trunk platters. The item is used for trunks
occupying the following positions : 16 and 24, A

Direct Control

may be connected to up to 6 other processors equipped with
similar links. The links are provided by the following item:-

4070/2 System 4 Direct Control Connection: provides two
" direct control links which to function must be connec-
ted to similar links attached to other processors. The
item may be added to any of the three available
positions of item 4870.

Standard Control Equipment

The standard control equipment consists of a 4-70 console mounted
on a control desk(item 4911) fitted with a right hand wing (item

4912). The right hand wing accommodates the standard typewriter

4741 and its control unit 4351, A full description of the control
equipment other than the console is given in the following
documents - PS 4.8.1, PS 4.8.2, PS 4.8.3, The console-is

specified as follows:-

4918, Operating Controls for the 4-70: provides the basio
controls for the 4-70 and is mounted on item 4911. The
item is logically specified in Section 10 of this
specification.

The 4-75

A 4-75 differs from a 4-70 only in the inclusion of the paging
option in the Central Control Unit. Thus, with the exception

of the basic processor configuration, all the catalogue items of
the 4-70 are equally applicable to the 4-75. It should be ’
noted however, that special configurations are required for
multi-access computers.

The 4-75 items are as follows:-

4875 . The Central Control Unit: this is a modified version
of the 4-70 item 4870 and provides a paging facility.
The catalogue number allows the 4075 to be specified
without reference to 4-70 numbers.

4075 The catalogue number describes the basic 4-75 configura-
tion which includes the following items:-
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4990 -~ Mains sequencer unit.
4875
3346 - C.P.U. Power Supply Unit.

4872 - Engineers Maintenance panel (attached to 4875).
4871 - Channel Control Unit oubicle. -

Central Processor Unit.

Main Storage, Input/Output and Operating facilities are-y,
as desoribed for the 4~70 configuration.
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2.2
2.2.1

THE CENTRAL CONTROL UNIT REGISTERS
Introduction

In this section are described the registers used in controlling
the operations of the Central Control Unit.

These registers are of three types :-

(i) Registers addressable by non-privileged programs,
" e.8+ general-purpose and floating-point registers.

(ii) 'Control' registers, normally inaccessible to
programs, which may be altered dynamically in the
course of program execution or otherwise used in
the control of the Arithmetic Unit.

(iii) 'Status' registers, which are used automatically
to record and/or reload the contents of various
control registers in certain circumstances.

" These categories are not mutually exclusive, as certain

registers belong to more than one.

Several of the registers described are implemented in the
Scratchpad, and thus are accessible to the Supervisor. The
layout of the Scratchpad is described in Section 4.

Although several of the registers described are affected
considerably by interrupts, this section does not attempt to
describe the interrupt system fully; this is done in Section 5.

Processor States

Introduction

At any time the Arithmetic Unit must be in one of four
‘processor states'. Each processor state has its own set of
general-purpose registers, and certain other registers; the
fact that the Arithmetic Unit is functioning in a particular
processor state means that instructions referring to generel-
purpose registers, and control functions depending on those
other registers, use the set pertaining to that state. The
processor states are referred to as Pl, P2, P3 and P4. :

The registers involved, apart from the general-purpose registers,
are -

Program Counter
Interrupt Status Register ixsng
Interrupt Mask Register IMR

The functions of the first two of these are described in
Section 2.3.2 below, and of the Interrupt Mask Register in
Section 5. All these registers are implemented in the Scratchpad. '
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2.2.1 (continued)

There are functional differences between the processor states,
for the following reasons :-—

(1) interrupts always cause the Arithmetic Unit to switch
to P3 or to P4, depending on the interrupt condition.

(i) The P-counter, ISR and IMR of all four states, and |
certain other control registers, actually coincide with
certain general-purpose registers of P3 and P4, This
means that these two states have fewer general-purpose
registers to use as such. One side-effect of this is
that the instructions 'Edit and Mark' and 'Translate and
Test' do not use general-purpose registers 1 and 2 in P35
and P4, but instead use registers 13 and 14 in P3, and 9 and
10 in P4.

2.2.2 Functions and Properties of Individual States

Each processor state is assigned a particular function, as
follows :-

Pl Execution of object programs takes place in this stats.

P2’ Execution of many supervisor functions is carried out in
this state, particularly sequences of supervisor instruc-
tions which are interruptable.

. P3 This state is entered automatically following . most types
of interrupt. The Interrupt Flag Register, which is a
control register indicating outstanding interrupt condi-
tions, coincides with one of the general purpose registers
of this state, as do the status registers and IMRs of P1l,
P2 and P3; most of the non-interruptable housekeeping
activities of the Supervisor, including interrupt analysis,
occur in this state.

P4 This state is entered automatically following interrupts
associated with hardware malfunction. It is provided
essentially so that even the Supervisor housekeeping
functions performed in the P3 state can be interrupted to
deal with these failure conditions as soon as they arise.

Using the Interrupt Mask Register, interrupts which would cause
the P3 and P4 states to be interrupted and re-entered, and hence
confuse the Supervisor, can be inhibited.

2.2.3 Reasons for Changes of Processor State

Changes of processor state occur either because of interrupts,
which cause the Arithmetic Unit to switch to P3 or P4, depending
on the interrupt condition; or because of the execution (by
Supervisor) of the privileged instruction 'Program Control' which:
allows any desired state, specified explicitly or implicitly, to
be entered. : J
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2.3

2.3.1

2.3.2

203-2.

Status Registers
Storage and Reloading of Control Registers

VWhen the Arithmetic Unit changes from one processor state to
another, the contents of those registers which exist separately
for each state (listed in Section 2.2.1) are automatically
preserved by virtue of the fact that the Arithmetic Unit starts
to use another set. However certain unique control registers
(e.g. the Sequence Control Counter) have to be reloaded auto-
matically to give full effect to the change of state, and before-
this occurs the previous contents of some of these control registers
have to be preserved automatically -~ these are the registers whose
contents are likely to have altered since they were loaded at the
previous change of processor state.

Each proceésor state has a pair of 32-bit Scratchpad registers,
called status registers, for preserving and reloading the contents
of the appropriate control registers. ’

Description of Status Registers

1

Program Counter

The first status register is the Program Counter, or P-Counter.
The format of this is as.shown :~

ILC cC Program Mask Sequence Control Counter
(o] 2 4 8 31

The designations of the fields refer to the control registers whose
contents are stored in those fields. They are not the registers
themselves (ILC = Instruction Length Code; CC = Condition Code).

The updated contents of these registers, in the same format.as
they are recorded in the Program Counter Registers, are stored
in a specified general-purpose register when the instruction
'Branch and Link' is executed.

The table below illustrates the use of the fields of the Program
Counters of the old and new states upon a change of processor
state ¢~
'01d' field used to Control register
preserve contents reloaded with con-
of control register? tents of 'new’
field ?

ILC Yes No-
o Yes Yes
Program Mask Yes Yes
Sequence Control Counter *Yes Yes

#In this connection 'Program Control' is to be regarded as a Branch
Instruction which has overwritten the Sequence Control Counter with
the specified address just prior to the change of state.
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2:3.2.2 Interrupt Status Register §ISR)

2.3.2.3 Further remarks on State Changes

The format of the second status register, the ISR, is as follows :-

MSP | ISI SP Key| RBA AN P| pX¥C Call
0] 1 3 4 8 20 21 22 23 24 %]
(MSP = Main Store Parity failure.

ISI = Interrupt State Identifier.

SP = Scratchpad Parity failure.

A = ISO/EBCDIC Code Bit. de bit

N = Non-privileged mode bit. moce 8.

P = Paging mode bit. )

RKC = Reservation Key Control (see Section 1.2,10 and D.2.1l1).

RBA = Relocation Base Address. ) i

The 'Call' field is a 'live'’ control register. It is used during
- the execution of a 'Supervisor Call' imstruction to record the
byte specified by the instruction.

The table below illustrates the use of the fields of the ISR of
‘the 0ld and new states upon a change of processor stato :-

'01ld' field used to Control Register re-

preserve contents loaded with contents
of control register? of 'new! field ? __
MSP and SP +No No
ISI *No *No
Key No Yes
RBA No Yes
RKC No Yes .
Mode Bits No Yes

+ See Section 2.4.8.
* The ISI field is used to record the identity of the previous
state, i.e. on a change of state the contents of the ISI control

register are stored in the ISI field of the ISR of the new state.
The ISI register itself is reloaded with the 1dentifying number

of the new state.

On any change of state, the following actions occur which affect
control and status registers :-

(1) The contents of certain control registers are recorded in
the status registers .of the original state.
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2.3.2.3 (continued)

(2) Certain control registers are reloaded from fields of the
new state's status registers, and other sources.

(3) The previous contents of the ISI register overwrite the ISI
field of the new state's ISR.

Notes :

(1) An interrupt may occur immediately after the execution of a
'Program Control' instruction. In this case, the value,
recorded in the ISI field of the processor state initiated by
the interrupt, indicates the state which would have been
entered had no interrupt occurred, rather than the previous
state in which Program Control was executed. However no change
is made to the status registers of the former.

(ii) The status registers of the new processor state are unaltered
except for the ISI field of the ISR.

(iii)If an interrupt occurs, or a 'Program Control' instruction is
executed, which causes re-entry to the same state, note (ii)
above is no longer true, since the status registers of the old
and new states coincide. In this case, the identity of the
last (different) state is lost since the ISI field is over-
written, and so caution must be exercised in the deliberate
use of this technique.

The Function of the Control Unit Registers

2.4
2.4.1 Interrupt State Identifier (1s1)
2.4.1.1 Description
The sequence in which the processor states were interrupted before
operations commenced in the current state, may be determined by
examining the Interrupt State Identifier field of the Interrupt
Status Register of each state. This facility permits the return
t0 an interrupted state to be made. The return jump is made using
a 'Program Control' instruction in the manner described below.
The code stored in an Interrupt State ldentifier field is as
follows :- .
State Interrupted ‘ Contents of ISI *.AQ Y{ s
1l . . ll‘ %V»‘re,
2 10
3. o1
4 00
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2.4.1.2
2.4.1.2.1

2'.4.1.2.2

2.4.2
2.4.2.1

Action on Change of State

Automatic Interruption

During a change of state the contents of the Interrupt State
Identifier register are stored .into bits 1 and 2 of the Interrupt
Status Register of the state being initiated. The Identifier
register is then reset, with the code of the newly initiated state,
by hardware.

Execut 0 !Program Control' Instruction

If the change of state is caused by the execution of a 'Program

Control' instruction which has its immediate operand bit 7 set to

10', the code, given in bits 5 and 6 of the immediate operand of

the instruction, specifies the state to be initiated.
#Vadise CaNEL TR _

If bit 7 is set "1" the state initiated is that specified by the

Interrupt State Identifier field of the current Interrupt State

Register.

During the execution of a 'Program Control' instruction a higher
priority interruption can occur. When this happens, the code of
the state that would have been initiated is stored in the ISI
field of the Interrupt Status Register of the initiated state.
JFurther information is given in Section 5.3.5.

Seguence Control Counter

" Description

The Sequence Control Counter is a 24 bit register which 1s used to
store the absolute address of the next instruction to be executed.

Staticising any instfﬁction that is not a branch instruction causes
the register to be incremented by the length of that instruction.
During the execution of a branch instruction, the address specified
by the instruction is converted from its virtual to its absolute
form, andis then loaded into the Sequence Control Counter.

Vhen a 'Branch and Link' instruction is obeyed, the virtual address
corresponding to the contents of the Sequence Control Counter is
stored in the general purpose register sgecified by the instruction.

Instruction executions which terminate in a request for the 'Op.
Code Trap' interrupt, cause the Sequence Control Counter to be
incremented by the instruction length indicated by the first bits
of the information. The same length is stored in the Instruction

Length Code Register.

On a 4-70 the Sequence Control Counter makes no allowance for Paged
Addresses. This is also true on a 4-75 which is functioning in the
Paging Mode, in this case instruction addresses are

transiated to their absolute form during instruction fetching.
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2.4.2.2

2.4.3
2.4.3.1

2.4.3.2 .
2.4.3.2.1

2.4.3-2.2

2.4.3.2.3

Action on Change of State

- On a change of state the address stored in the Sequence Control

Counter is converted back to its virtuel form and is then stored
in bits 8 to 31 inclusive of the Program Counter Register of the
terminated state. The Sequence Control Counter then receives a
value equal to the value stored in the corresponding bits of the
new state after it has been modified by the new value stored in
the Relocation Base Register. ) .

During the execution of a "Program Control' instruction, the

value stored in the Program Counter Register of the terminated
state, is equal to the operand address specified by the instruc-

tion.

Relocation Base Registexr
Description

The Relocation Base Register is a 12 bit register whose contents,

" the 'relocation base address', are automatically added to the

most significant halves of all program-generated main store data
and instruction addresses. In the absence of paging, this
provides an effective method of dynamic relocation allowing a

‘program and its data to be moved unaltered between main store

locations displaced by some multiple of 4,096 bytes. This
action may occur at any time provided that the relocation base
address is altered appropriately. The action of the paging
system (see Section 19) does not inhibit the function of the
Relocation Base Register and its contents are added to each
address prior to their conversion by the system.

Operation
Introduction

The Relocation Base Register affects all instruction-specified
main store access demands. There are two forms of operation both
of which are described below.

Data Access

Instructions which cause main store to be accessed, specify a

12 bit displacement and one or two general purpose registers.
Absolute address generation is performed by the concatenation

of the 12 bits of the Relocation Base Register with the displace-
ment to form a 24 bit value which is added to the least significant
24 bits of the specified register.

Instruction Fetchin

The contents of the Sequence Control Counter are used directly

t¢ specify main store addresses required for instruction fetching.
Allowance for the contents of the Relocation Base Register is made
when the Counter is loaded during a change of state, and at this
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2.4.3.3

2.4.3.4

2.4.3.5

2.4.4

2.4.4.1

2.4.3.2.3 (continued)

time the 12 bits of the Relocation Base Register are added to the
top twelve bits of the Sequence Control Counter field of the
Program Counter Register of the initiated state.

The resulting sum is stored in the Sequence Control Counter. Thei‘
reverse action is performed when the contents of the Sequence
Control Counter are stored.

Object Program Access

The address generated by a 'Load Address' ‘instruction or stored
during the execution of ‘a *Branch and Link' instruction is not
affected by the Relocation Base Register.

The Supervisor controls the loading of tﬁe Relocation Base Register
and hence object programs operate in ignorance of the value of its

contents.

Loading the Register

The Relocation Base Register is only loaded during a change of
state. Hence the value which it is to contain, whilst the
processor is operating in a certain state, must be specified before
that state is initiated. The required value is stored in the
Interrupt Status Register of the particular state. .

Action on Change of State

When a state is initiated, the Relocation Base Register is loaded
with bits 8 to 19 inclusive of the initiated state's Interrupt
Status Register. The previous contents of the register are not
stored.

The Instruction Length Code (ILC)

Description

The Instruction Length Code Register is a 2 bit register which is
loaded, during the staticising of each instruction, with the length
of the current instruction. The contents of the register are
stored during a change of state. The stored value may be incorrect,
if the change of state was initiated as the result of one of the .
following interrupts :- '

Power Failure
Machine Check or Address Error resulting from
instruction addressing.

The contents of the Instruction Length Code register, when stored
in a Program Counter Register following the execution of an
interrupt, may be used to determine the address of the last
instruction that was completed, terminated or suppressed prior

to the interrupt, by subtracting the length of the instruction
from the contents of the Sequence Control field of the Program

Issue

Auth'y | Log [ Title . Document No.

4 | 16.2.68 | sy | 743 CENTRAL PROCESSOR -MODELS PS 4.10.70

4-70/75

PRODUCT PLANNING SPECIFICATION

PPD 005

Page 2-8




JERGISHIEISE

PRODUCT PLANNING SPECIFICATION

2 04 04 ol (continued)

Counter Register. An exception to this occurs in the use
of the 'page turning' interrupt. See Section 19.

' The meaning of the bits of the Instruction Length Code fiel
of the Program.Counter Register is as follows :- :

Bit 1 Bit 2 Length of Instruction
0 1 Two bytes
1 0 Pour bytes
1l 1 Six bytes

2.4.4.2 Action on Change of State

On a change of state the contents of the Instruction Length Code
Register are stored in bits O and 1.of the Program Counter Register
of the terminated state. The contents of the register are not
changed. ’

2.4.5 Store Protection Key

2:4.5.1 - ' Description

The Store Protection Key is a four bit register which is compared
with the appropriate field of the Store Reservation Key, whenever

. an attempt is made by the Arithmetic -Unit to read from or write into
mg,in store. All 16 key combinations may be used. The method of
comparison and the mechanism of store protection are deacribed in
detail in Section 3.4. The key can only be set during a change

of state.

2.4.5.2 Action on Change of State

On a change of state, the Store Protection Key i1s loaded with.the
contents of bits 4 to 7 inclusive of the Interrupt Status Register
of the initiated state. The previous contents of the register are

not stored.

2.4.6 Condition Code

2.4.6.1 Description

The Condition Code Register is a 2 bit register which may be set
to any of four possible values during the execution of certain
instructions. The contents of the register can be tested by
'Branch on Condition' instructions. The effects that individual
instructions have on the register are described for each instruc-
tion in either PS 4.6.3 or in Appendix D.

The contents of the Condition Code Register may be altered by the
execution of the 'Set Program Mask' instruction. Execution of
‘this instruction causes the contents of bits 2 and 3 of the general-
purpose register specified by the instruction to be loaded into the

Condition Code Register.
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2.4.6.2

2.4.7

2.4.8

2.4.9
2.4.9.1

2.4.9.2

Action on Change of State

During a change of state, the contents of the Condition Code
Register are stored in bits 2 and 3 of the Program Counter Register
of the terminated state. The register is loaded with the corres-
ponding bits of the Program Counter Register of the new state.

The Call Register

The Call Register of each processor state coincides with bits 24-31
of the state's Interrupt Status Register. The Call Register of &
state is overwritten whenever a 'Supervisor Call' instruction is
executed in that state; it remains unchanged by the processor
between such occurrences.

Hardware Malfunction Indicators

The hardware malfunction indicators are two bits which are
associated with the checking of the parity of information read
from the Scratchpad and from main store. The conditions which
activate the bits are described in Sections 3.2.4 and 4.3.2
respectively. The method of setting the bits is described in
Section 5.3.2 and their address is given in Section 2.3.2.2.

- Operation Modes

General Degcription

At all times the behaviour of the Arithmetic Unit is governed by
the settings of three 'Mode Indicator' bits. Bach bit determines
whether the Arithmetic Unit is in one or other of two 'modes'.

The three mode-pairs are independent of each other and affect
different aspects of the Arithmetic Unit's behaviour.

The Mode Indicator bits are reloaded from the new state's Interrupt
Status Register on every change of state.

The three mode-pairs, and the corresponding ISR bits, are as -
follows :-

ISR Bit Alternative Modes

20 IS0 Code/EBCDIC
21 Non—privileged/Privileged
22 Paging/standard Address

In each case the first-named mode is in force when the correspond-
ing Mode Indicator is 1, the other mode when it is O. The modes
are described in succeeding sections,

Action on Change of State

The Mode Indicators are loaded during a change of state with
the contents of bits 20 to 22 of the Interrupt Status Register

of the initiated state.
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2.4.9.4

12.4.9.5

EBCDIC/ISO Mode Indicatoxr

This indicator determines the character code used by the
processor. Setting the bit to '0' causes EBCDIC to be used,

‘whilst if set to 'l' ISO is used, The effect of the bit

is given in Section 1l.5. .

Privilegal Mode Indicator

This indicator when set to 'L' causes the Arithmetic Unit to

request a 'Privileged Operation' interrupt if it tries to executea
‘privileged' instruction. when set to '0' any instructions

may be obeyed.

Further information and a list of privileged instructions is
given in Section 54.9.

Paging Mode Indicator

The Paging Mode Indicator controls the method used by the
Arithmetic Unit for determining the addresses of instructions

" and data. When the Indicator is set to '0O' the addresses are

those specified by the current program and modified by the
contents of the Relocation Base Register. When the indicator
is set to 'l% addresses are further modified by the Paging
System. The first mode is the 'Standard Address Mode'; the
second is the 'Paging Mode'. The function of the Paging
System is defined in Section 19.

The Paging Mode Indicator is only effective on a 4-75 Processor

. which has itself been activated by the appropriate engineer's

2-4-906
2.4.10

2,4.10.1

2.4.10.2

2.4.10.3

switch., Under these circumstances it is set when, on entering
the current Processor State, that state is P1 or P2 and the
appropriate bit is set in the Interrupt Status Register of the
initiated state. ‘Paging' cannot take place in P3 or P4.

Not used.

Interrupt Control Registers

Interrupt System

A full description of the Interrupt'System is given in Section 5.

Interrupt Flag Register

The Interrupt Flag Register is a unique register situated in
the Scratchpad. Each of its 32 bits, is used to

indicate the presence of a different outstanding interrupt
condition, and the appropriate bit is set to 'l' whenever an
interrupt is requested.

Interrupt Mask Register

Each processor state has its own Interrupt Mask Register sit-
uated in the Scratchpad. Its effect is to cause any interrupt
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2:4.10.4.1

2.4.10.4.2

2.4.10.3 (continued)

condition set in the Interrupt Flag Register to remain
pending and not to take effect as long as the corresponding
bit in the Interrupt Mask Register of the current state is
Zero. ' '

As soon as the bit becomes a 'l', or a new state is entered
vwhose Mask Register has a 'l' in the corresponding position,
the interrupt is performed (unless delayed by one of higher
priority).

Program Mask Register

Description

The Progfam Mask Register is a four bit program-accessible
register whose four bits are associated with the following
program error conditions -

Significance
Exponent Underflow
Decimal Overflow
Fixed-point Overflow.

When any one of these conditions arises, and the corresponding -
Program Mask bit is zero, the condition is ignored (in the case
of Significance errors, the way the offending instruction is
completed is affected; see PS 4.6.3), and the appropriate bit
in the Interrupt Flag Register is not set. VWhen the Program
Mask bit is set to 'l' the error condition gives rise to an
interrupt condition in the normal way.

The non-privileged instruction 'Set Program Mask' allows
programs to alter the value of the register. During the
execution of a 'Branch and Link' instruction, the contents

of the Register are stored in the same general-purpose register
as the Sequence Control Counter. :

Action on Change of State

-

VWhen a change of processor state occurs the contents of the
Program Mask Register are stored in bits 4-7 of the Program
Counter Register of the old state, and reloaded from the
corresponding field of the new state.

The Timexr

Introduction

The timer provides a timing facility and also an interrupt facility
which may be set by program to cause an interrupt after a specified
number of 1.7 millisecond interrupt cycles have elapsed. The range
of times that can be .covered befqre interrupt occurs is 1.7 to 440

milliseconds. The actual.time to. interrupt will be less than that

specified if the specification does hot occur immediately before

the start of a timing cycle. The clock count may be read by

Issue Date -

Auth'y | Log | Title Document No.

4 16.2.68

M | 743 CENTRAL PROCESSOR MODELS PS 4.10.70

4+70/75

Page 2,12

PRODUCT PLANNING SPECIFICATION




Issue 1

PPD 005

PRODUCT PLANNING SPECIFICATION

2.4.11.1 (Continued)

program; it has a cycle time of about 8 hours. The timer's
overall accuracy is approximately 1 second in 8 hours.

The Timer consists physically of two registers which are defined
below. Only in Privileged Mode can these two registers be accessed
by programs, and they then appear to occupy main store locations
80-83. When not operating in Privileged Mode, programs referr;n35
to addresses ‘80-83 will access those actual locations, not the °
Timer registers.

The action of the Timer is not the same as that of the clock
on the 4-50 processor.

2.4.11.2 The Clock Register

The Clock Register is a 32-bit register into which a 'l' bit
is added, in the least significant position at 6.72495 microsecond
intervals. Overflow of the register causes the count to be reset
to zero but does not cause an interrupt. The register cannot be
reset by program and is only accessible to a program operating in
Privileged Mode, using any instruction which. reads out of main

" store addresses 80-83, except MVC which may cause parity failure.

2.4.11.3 The Time Interrupt Register

The Time Interrupt Register is an 8-bit register which is

used to specify the time that must elapse before the next

clock interrupt request is generated. The contents of the
register are compared with the third byte (bits 16 to 23)’of

the Clock Register, whenever bit 23 of the Clock Register

changes (i.e. whenever carry occurs out of bit 24, approximately
every 1.72 .msec) The interrupt is requested when this compari-
son shows the two bytes to be identical.

The Time Interrupt Register can only be overwritien by & program
operating in Privileged Mode, using any instruction which writes
into main store address 82. It cannot be inspected by program;
reading out from address 82 in Privileged Mode will produce the

contents of bits 16 to 23 of the Clock Register.
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3. MAIN STORE
3.1 Introduction

The main store is used to hold instructions and data; some parts of
it are used for hardware functions. Access to main store is made by
both the Central Control Unit and the channels. The general proper-
ties of main store are specified in Section 3.2. In the next section
the methods of addressing the store are described, this is followed
by a description of the method of reserving parts of the store for y
the use of an individual program. The functions of the reserved,
parts of main store are specified in Section 3.5.° )

.3.2 General Physical Properties

3.2.1 Store Structure

3.2.1.1 Store Modules

Main 8tore provides directly-addressable storage for a number of
8-bit bytes. With each byte is associated a 9th, parity bit, which
is not accessible to programs. Bytes are consecutively addressed
from O onwards.

Although it is possible to inspect and modify individual bytes,

information is actually transferved between main store and the rest
of the system in groups of four consecutively-addressed bytes called
‘words'., The first byte in each word has an address which is a
multiple of 4. Words are described as 'even' or 'odd' depending on
whether this multiple is even or odd.

-The main store can accommodate up to 1,048,576 bytes. These are
arranged in four 'modules', as follows: .

The 1lst module contains bytes addressed 0 - 262,143

The 2nd " " " " 262,144 - 524,287

The 3rd » n " " 524,288 - 786,431

The 4th n n ] n 786 ’432 -1 , 048 , 575
Thus the actual number of modules present depends on the size of the
store. ‘ :

Each module is divided into an even half-module and an odd half-

module, the former containing all the even words in the module and
the latter all the odd words. The even half-modules collectively
form the 'even half' of the store, and the odd half-modules the 'odd
half'; which half °£ the store any byte belongs to is therefore
determined by the 2° bit of its address. Thus the store is inter-
leaved and may consist of 2, 4, 6 or 8 half-modules.

Each half-module is both independent and autonomous, and processes
single store access requests made by the Store Access Unit from
initiation until the Access Unit returns to complete the operation.

The store size may be any multiple from 1 to 16, of 65,536 bytes.

Units (of 65,536 bytes) can only be added in the following order:-
. 4170, 4170/1, 4170/2, 4170/3; 4170, 417041, 4170/2, 4170/3;

4170, 4170/1, 4170/2, 4170/3; 4170, 4170/1, 4170/2, 4170/3.

Note: catal +. 4171 can b ted t ite 170 +
RS S T e e I e e TR R A

3.2.1.2 Store Access , .

'3,2.1.2,1 Main store access demands are processed by the Store Access Control
Unit. This unit accepts demands from both the Central Control Unit
and the Input/putput Store Multipleror. The action of these devices
is described in the next sections.
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J3.2.1.2.2

5.2.1.2.3.

3.2.1.2.4

3.2.2

The In;gthOutmt Store Multiplexor

The Input/Output Store Multiplexor controls the store access
demands of the Channel Control Units. It is connected to the

Store Access Control Unit and has provision for the attachment -

of six Channel Control Accessway® to it; each Accessway is
attached to a single Chaninel Control Unit. .

A channel control wit accesses main store through the Store
Multiplexor, and must request its service each time it .
requires a store cycle to be made. The multiplexor services
the channel control Units on a priority basis and having
selected a channel remains connected to it until the start of
the requested store cycle. Delays in starting a cycle cause
all outstanding services to be delayed. Once a cycle has been
successfully started the Store Multiplexor selects the highest
priority outstanding requests and initiates a second cycle.

It cannot however, select further requests for service until
the first has been completed. A further restriction inhibits
the completion of the- second cycle before that of the first.

Concurrency between two input output store accesses may only
be obtained if the accesses address opposite halvesof the store.

- Store Access Control Unit

<
The function of the Store Access Control Unit is to progtess
store access requests and select the appropriate half module
of store. The selected module then completes the cycle and
returns the required information via the Access Unit to the
origin of the store request. At any one time the Access Unit
can process the. initial part of one access from the Central
Control Unit and another from the Input/Output Store Multi-

-plexor. Having initiated a store cycle on behalf of a -

unit, the Access Unit is capable of initiating a second,
provided it is the other half of the store which is to be
accessed.

Access Simultaneit

A half store module can process one access at a time and hence
the store can maintain four concurrent accesses if, and only
if, the two units attached to the Store Access Control Unit
each require one access to each half of the store, and if the
accesses to each half of the store address different half
modules. It is not possible to have more than two concurrent
accesses on a store that is not greater than 262Kb.

In cases of conflict between the Central Control Unit and the
channels the access is given to the channels.

Store Confi tions

The main store of the processor may be provided in one of a
number of different configurations. The rules governing the

-
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3.3
3,3.1

3.2.2 Continued.

. construction of store configurations are given-in Section 1.6.

Store Speed

The store has a cycle time of 900 .nanoseconds. and an access

.time of 360 nanoseconds.

Store Parity Checking

The parity of all bytes leaving the store is checked; in
addition the parity of data bytes coming to the store from the
channels is checked. .

The parity of all bytes entering the store is checked when they

- are being transferred during the execution of 'Move'

instructions. Status information coming into store from a
channel is not checked for parity; it is, however, given correct
parity before it is stored. Further information is given in
Section 6.4.4.6. : ’

A parity failure other than one associated with input or
output, causes the 'Machine Check' interrupt to be mequested
and will normally cause bit O of the Interrupt Status Register
of the processor state 4 to be set (see Section 5.4.3).

Main Store Addressing
Address Generation

Absolute addresses are 24-bit binary numbere.2° .
In practice thé main store contains at most 2 bytes and so

' any address whose most eignificant four bits ‘are non-zero is

invalid (See Section 3.3.2 below).

The least significent 18 bits of an address specify a byte
within a module and the most significant bits specify the
module. _Bit 22 selects the even or odd half module and bits
218 ¢o 23 select words within the half”mpodule.

All addresses supplied to the Storé Access Control Unit are
absolute. Certain addresses specified by the Arithmetic Unit
are initially 24-bit virtual addresses, and have to be
converted. to absolute form. The method by which the addresses
of instructions are converted 1is described in Section 2.4.2.
Operand addresses specified by instructions are converted to
absolute form as follows: each such address is generated as
the sum of a 12 bit position 'displacement' and the contents
of the least significant 24 bits of one or two general-purpose
registers. The absolute value is formed automatically during
this addition by concatenating the 12-bit contents of the
Relocation Base Register with the displacement to form a 24 bit:
quantity which is used as an addend. :
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* 3¢3.1 Continued.

If the Arithmetic Unit is in the Paging mode, the resultant
address is then converted by the paging hardware (Section 19).
Addresses generated by channels are not converted by the
paging mechanism. o

In this, and similar,_24 bit addition operations, bits which
carry over into the 224 position (overflow pjts) are ignored
and the store is said to 'wrap around' at 2" bytes. '
Effectively 224 _ 1 and O are consecutive addresses (leaving
aside questions of validity).

Address errors

An attempt by the Arithmetic Unit to refer to a non-existent
area of main store causes an 'Address Error' interrupt, to be -
requested (See Section 5.4.11).

When a channel operation specifies an invalid address, the
operation is terminated with the Program Check bit set in
the Channel Status Word (see Section 6.4.4.4).

Store Protection

Introduction

Areas of main store can be reserved for the independent use of

up to 14 object programs and a Supervisor. The area reserved
for a program need not be continuous; each separate area must
consist of one. or more blocks of store of 512 consecutive
bytes. Each block has an associated Reservation Key, which
may be set so as to inhibit the overwriting of any

part of the block by programs other than the one for which
the block was reserved. A block's Key is accessed whenever
a word in the block is accessed. '

 Store Reservation Keys

General

A Store Reservatior Key is a six bit register which has three .
fields. The format of a Reservation Key is as follows:-.

JYomparison Write Read
Field Marker Marker

Y 4 5

Reservation Keys are loaded and stored using the 'Set

Storage Key' and 'Insert Storage Key' instructions
respectively. The action of these instructions is defined in
Appendix D. The Central Control Unit Store Protection Key :
is described in Section 2.4.5, and the channel Protection

Key is described -in Section 6.2.2.
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3.4.2.1 Continued.

The action of the fields is described in the .following
sectionss

3.4.2.2 - Protection Mechanism
When an attempt is made to write into any main store locatiofi
the contents of the 'comparison field' (most significant
bits) of the Reservation Key associated with that location is
"automatically compared with the 4-bit Protection Key of the
Central Control Unit (see Section 2.4.5) or Channel (see
Section 6.2.2) initiating the access. The write action is
inhibited unless these two quantities are equal, or either is-
zero. Inhibition of a write operation initiated by the
Central Control Unit causes an Address Error interrupt to be
requested (see Section 5.4.11.5); if the operation were
initiated by a channel, the transfer is terminated with the
Protection Check bit set in the Channel Status Byte (see '
Section 6.4-4-5)0 "
S 3.4.2.3 Read Protect Flag
There is no read protection facility on the 4-70.
3.4.2.4 Read Marker
. The Read Marker bit of a Reservation Key is set to 'l!
whenever a read oOperation affects the block of 512 bytes
_ associated with that bit. The bit can only be reset to O
by the 'Set Storage Key' instruetion. :
3.4.2.5 Write Marker
The Write Marker bit of a Reservation Key is set to 'l'
whenever a write operation affects the block of 512 yytes
associated with that bit. The bit can only be reset to O
_ by the 'Set Storage Key' instruction.
3.5 Reserved Store
3.5.1 . General
The first part of main store contains a number of areas which
are used for special hardware functions. The areas from byte
@ . word 2% location 96 upwards are for use by multiplexor channels and are
protected against Central Control Unit overwriting; the multi-
plexor channels can only write to these areas by raising a
speeial 'Privileged Access' signal. The areas from Byte O
upvards are protected-against I-0 overwriting unless the appro-
priate I-0 Channel raises the Privileged Access signal (e.g. to
store Channel Status Words),
'3.5,2 The First Part of Main.Store
The Reserved Store is allocated as follows:-
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3.5%2 (continued)

Store ' ' Reference

Locations ‘ Use Section
0-23 *  Initial Program Load ' _ 7
24-T1 Utility areas used by

Decimal Multiply and
Divide instructions

32-63 Diagnose dump area - bz.éﬁl—H
72-75  Channel Address Word (CAW) 632,
76-79 MCCU Diagnos§ dump . . D2.9.2
80-83 | App;rent timer location (in Privileged Mode V

' . only) ' ' - 244,11
84-87 Not.used . |

- 88-95 | Channel Status Word (CSW) 6.4.1
96-1023 - Multiplexor Control Areas for first 58 3.5.3,

multiplexor devices . " 64643

1024-2047 Ditto for further 64 multiplexor devices
2048-4095 iDitto for further 128 multiplexor devices .

4096-8191 .Ditto for further 256 multiplexor devices,
on a channel or channels not associated with
_the.previous 250 devices.

- Notes :

(1) . Locations 0~95 may be overwritten by the Central
Control Unit. They may only be overwritten by Channel
Control Units in the presence of the Privileged Access
signal. Overwriting of locations 96-8191,by any
agency, is only -permitted when the Privileged Access
pignal is present. ’
SRw. .7

(11) Software must ensure that the storage tag on the first
: 512 bytes of store is zero.

3.543 - Multiplexor Cghtrgl Areas
. Fe5e30l ' Reservation Erogerties. '

Areas of main store reserved for multiplexor channel control
words are protected against overwriting by any store demand

+hat is not accompanied by a special 'Privileged Access' signal. *

This signal can only be generated by multiplexor channel control *
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when storing Control wérds. énd hence the information in the
reserved store is completely protected.

The response of the Store Access Control Unit to access
demands which address the reserved part of main store and which
are not accompanied by the reservation key is the same as if

& non-existent part of store had been addressed.

Thﬂ Allocation of Reserved Store

Sufficient main store may be reserved for the attachment of
506 devices to multiplexor channels. If fewer devices are
required, store sufficient for 58, 122 or 250 may be reserved.
In each case 4 words must be reserved for each device.

A channel must have its control information efored in the area

. lying either before or after, but not on both sides of main

3.6

store location 4,096. Even when shared between channels, the
information in an area may be arranged in any convenient .
manner. ' ’

' Store Retention

Main store is not affeoted by either power failure or 'Power
Off' and hence its contends after such a faihlure are the same

as before the fatlure.
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4.
4.1

4.2
4.2.1

4.2.2

4.2.3

SCRATCHPAD STORE

Introduction

The Scratchpad is a small store which forms part of the Central
Control Unit. It holds a set of registers which are used for

a number of different purposes associated with the functioning
of the Central Control Unit. The general )
purpose registers of each processor state, and the floating-
point registers which are common to all states, aré implemented
in the Scratchpad. Some of the registers have special functions
and are considered to be part of the Scratchpad only for
convénience of addressing.

The use made of the various registers is described in the next
section., This section is followed by a section which describes
the general physical properties of the store. The layout of the
registers are specified in Section 4.4. '

' Scratchpad Usage

General

'The Seratchpad registers are used for a number of functionms,

some of which are associated with normal program operations and
are specified in this section. The following is a list of
register functions and of cross-references:-

General purpose and floating point registers are described. in
this section.

Interrupt control registers are described in Section 5.
Processor control registers are described in Section 2.
The associative memory registers are descrihed in Section 19.

General-Purpose Registers

There is a set of sixteen general-purpose registers associated
with each processor state. These registers may be addressed by
instructions which specify registers as operands (see Section
4.4.2). Many of these registers have special functions as

described in the sections mentioned above.

Floating Point Registers

The Scratchpad contains eight words which are combined in pairs
to form four 64-bit floating point registers; these registers
aire addressed as described in Section 4.4.3. The registers may
either be used as single-length or double-length registers,
depending on the instructions which use them. )
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4.3
: 4.3.1

4.3.2

4.4
4.4.1

4.4.2
4.4.2.1

4.4.2.2

General Ph'éical Properties

Store Structure and Performance

A scratchpad is a 72 word high-speed store. It has a 60 nano-
second access time and a cycle time which depends upon the mode
of operation (Read/Write - 280 nseés, Read/Read - 320 néecs,~

Write/Write - 240 tsecs).
Each word consists of four eight bit bytes. The’ words of thev

Scratchpad are not all numbered consecutively and so its
apparent size is 120 words on a 4-70 and 136 words on a 4-75.

' Parit¥ Checking

There i5 a parity bit associated with each byte of the store and
a parity check is made on all bytes leaving the store. The:
detection of a parity error causes the machine check interrupt
to be requested and will normally cause bit 3 of the Interrupt
Status Register to be set (see Section 5.4. 3).

After switching on, the parity of any word will not be correct
until it has been loaded with. an L, LM or LSPY instruction.

Store Addressing and layout
latroduction .

Scratchpad registers may be addressed in two ways. Every
register has a Unique number which is used by the instructions
'Load Scratchpad' and 'Store Scratchpad' to refer to if. 1In
addition those registers which act as general-purpose and
floating-point registers may be 'addressed by instructions
(operating in the appropriate processor state) in the usual way.

The General-Purpose Registers .

Introduction

There are four sets of sixteen scratchpad words which may be
addressed by instructions which specify a general-purpose
register as an operand. Each set is associated with a different

. Processor State and it is the registers of the set associated

with the current Processor State which are accessed when such
an address is specified. Some of the general-purpose registers
of P3 and P4 coincide with Control Registers, as shown in
Section 4.4.2.2.

Special Functions of General—Pufpose Registers

: Table 1
General-purpose -

Register

Number ___ Register Utilisation

noEp o P
0 GPR GPR IMR, Pl Segment Table Base+
GPR GPR ISR, Pl GPR
2 GPR GPR P-Counter Pl QPR
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4.4,2.2 Continued.

Number
-3

4

10

11
12
13

14
15

40403

4.4.4

General-Purpose
Register

Pl

—

GPR
GPR
GPR

GPR

GPR
GPR
GPR
GPR

GPR
GER
GER

GPR
GPR

P2
GFR

GPR

GPR,

GPR

GPR

GPR
GPR

GPR

GPR
GPR
GPR

GPR
GPR

incorrect register address.

Scratchpad' instructions,
the floating-point registers is given in Section 4.4.5.

Register Utilisation

P
Interrupt

Flag Register

IMR, P2

ISR, P2

P-Counter,
P2

GPR

IMR, P3
ISR, P3

P-Counter, .

P3
GPR
GPR
*GPR

*GPR
Weight

B4
GPR

Address Page Turning
Routine P3+ -

Page Identity*
¢PR

GPR
GPR
*GPR .
*GPR

GPR
IMR, P4
ISR, P4

P-Counter, P4
Weight

Note: 'GPR' indicates that the register addressed has no
special function.

* These registers are used by the instructions 'Edit and Mark'
and 'Translate and Test' when executed in P3 and P4,

+ Indicates usage on a 4-75 only, on a 4-70 register is a GPR.
Floating-Point Registers

Floating-Point registers may be addressed (as 0, 2, 4 or 6 only)
by floating-point instructions in any state.
interrupt occurs if one of these instructions specifies an
The floating-point registers may
also be addressed by the 'Load Scratchpad' and the 'Store

An 'Address Error!'

The absolute Scratchpad address of

The Load and Store Scratchped Instructions

The privileged 'Load Scratchpad' and 'Store Scratchpad'
instructions specify absolute scratchpad addresses, and may
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4.4.4 Continued.

Word Address

(Hexadecimalz

00
01
02.
03
04
05
06
07
08
09
0A

address any register in the Scratchpad. The function of these
instructions is modified when they address  the Associative
Memory; further details are given in Section 19,

4.4.5 Scratchpad Layout

+ indicates usage on a 4-75 only, on a 4-70 register is a GFR.

Table 2
Register Assi ent

Segment Table Base Registert-
General Purpose Registen P4
General Purpose Register,P4
.General Purpose Register, P4

Address of page turning routine P3
Page Identity Register™
General Purpose Register, P4
General Purpose Register. P4
General Purpose Register. P4
General Purpose Register. P4’
General Purpose Register. P4
General Purpose Register. P4
Interrupt Mask, P4
Interrupt Status P4
Program Counter. P4.

P4 Weight Register

20 Interrupt Mask. P1
21 Interrupt Status. P1
22 Program Counter. P1
23 Interrupt Flag Register.
24 Interrupt Mask. P2 -
25 Interrupt Status. P2
26 Program Counter. P2
27 General Purpose Reglster. P3
28 Interrupt Mask. P3
29 Interrupt Status. P3

- 2A Program Counter. P3
2B Géneral Purpose Register. P3
2C General Purpose Register. P3
2D General Purpose Register. P9
2E General Purpose Register. P3
2F P3 Weight Register
40 General Purpose Register. P2
41 General Purpose Register. P2
42 General Purpose Register. P2
43 General Purpose Register. P2
44 General Purpose Register. P2
45 General Purpose Register. P2
46 General Purpose Register. P2
47 General Purpose Register. P2
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4.4.5 Continued,

Yord Address

Hoxado

48
49
T 4A
4B
4C
4d
4E

4F -

Notes

" General Purpose

* General Purpose

Register Assignment

Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.

P2
P2
P2
P2
p2
P2
b2
p2

General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose

Pl
Pl
Pl
Pl
Pl
Pl
PL
Pl
Pl
Pl
Pl
Pl
Pl
Pl
Pl
Pl

Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.
Register.

General Purpose
General Purpose

General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose
General Purpose

Ploating Point Register .
Floating Point Register
Floating Point Register
Floating Point Register
Floating Point Register
Floating Point Register
Floating Point Register
Floating Point Register

Associative Memory Word 1)
Associative Memory Word 2)
Associative Memory Word 3;
Associative Memory Word 4) Present on
Associative Memory Word 5; a 4-75
Associative Memory Word 6) only.
Associative Memory Word 7)
Associative Memory Word 8)

1. Locations below 80 which are not mentioned above are not
existent and, when addressed, respond as if their contents
are zero. '
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4.4.5 Continued.

2. The Associative Memory registers do not physically form

part of the Scratchpad; they are, however, accessed when
addressed as above.

3. Addressing beyond location 127 causes an 'Address Error™
interrurt to be requested on a 4-70 and also on a 4-75
operating with the appropriate Engineers' key set to
inhibit paging. When addressing the Assoniative Memory is
permitted, any address less than 256 is valid and 'wrap-aroundr
occurs on addresses greater than 256.

4.5 Store Retentio
The contents of the Scratchpad are not preserved during the

occurrence of a power failure and must be stored in Main Store
during the millisecond that precedes power loss.

Issue Date Auth'y ] Log | Title Document No.
4 | 16.2.68 | mian | 745 CENTRAL PROCESSOR MODELS PS ¢.10.70
4-70/75

page 4.6




o KA SR Ol e AP i A — -
@E pr E@?m @ml; 2 ‘5@@ _ PRODUCT PLANNING SPEOIFICATION

s

Issue 1

PPD 005

5e
. 5.1
Setel

5.1.2

5e1.3

5¢1.4

-

TEE_INTERRUPT CONTROL SYSTEM

Introduction

Section Introduction

In this section the Interrupt Control System is described. The
nature and function of the system is mentioned in this introdu~-
ction and a detailed definition of its action is given in
Section 5.3. This section includes details of the action of the
'"Program Control' instruotion. The reglsters associated with
the system are described in Section 5.2, and the nature of the
individual interrupt conditions is defined in Section 5.4.

System Function

A necessary requirement of a multiprogramming computer system,
which can maintain many concurrent input and output operations,
is a control system which enables the Supervisor to be entered
as soon as important control information becomes available, or
an error condition occurs., These functions are performed by
the Interrupt Control System. This system presents control
information to the Supe;viaor by means of a change of state.

Interruptions

Occurrences which demand that the processor's current operation
be suspended end that a change of state should occur, are called
interrupt conditions. Interrupt conditions may occur in a
number of different parts of the computer system, and each
occurrence causes a request to be made to the Interrupt Control
System for the execution of its associated interrupt. The
execution of an interrupt causes a change of state to occur and
permits the presentation of associated control information to
the Supervisor. The Interrupt Control System is also activated
by the execution of a 'Program Control' instruction.

Interrupt conditions may be grouped into 6 classes each of which
is treated differently by the Interrupt Control System. The
method of classification and the properties of the classes are
described in Section 5.3.1. The priority order of the interrupt
conditions is shown in Section 5.2.2.2.

Features of the Interrupt Control System

One of the primary functions of the Interrupt Control System

is to respond to requests for interrupt execution and to
staticise the requests in a priority queue which is maintained
in a register named the 'Interrupt Flag Register'. Control over
the execution of the interrupt requests is maintained by program
with the use of mask registers, and it is only those interrupts
which are not inhibited by masks that can be selected for
execution.
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5.2.2

5.2.2.1

The operation of the Interrupt Control System causes instruction
execution to be suspended for a time, the length of which is
dependent on whether or not a change of state occurs. Informa-
tion on the action times of the Interrupt System is given in
Appendix B.

The Registers of the Interrupt Control System

Introduction

A description of the registers associated with the Interrupt
System is given in this section. The use made of the registers
by the system is described in Section 5.3.

The Interrupt Flag Register

Introduction

The Interrupt Flag Registexr is used to list requests for interrupt
executions. The list is used by hardwars to determine which
interrupt, if any, should be executed; it may be referenced by
program to see which interrupt conditions are pending.

Each Interrupt condition has an associated 'Flag' bit in the

" Interrupt Flag Register. The relation between individual inter-

5424242

rupt conditions and the Flag bits is given in the next section.
A Flag bit is set to '1' whenever its associated interrupt is
staticised. It is reset to 'O' when the interrupt is executed.
The resetting occurs during the resulting change of state.

The Interrupt Flag Register is a 32 bit scratchpad register.
Its address is given in Section 4.4.5.

The register is not protected and may be written into by a
program which is operating in Processor State Three or which
specifies the 'Load Scratchpad' instructions.

If flags are reset as a result of a write operation which
addresses the Interrupt Flag Register, the associated interrupts
are lost. Should a channel's interrupt flag be reset, then
further interrupt requests from the channel are kept pending.
Input/Output interrupts must not therefore be changed by progranm.

Classification of Interrupt Flags

A definition of each of these conditions is given in Section 5.4.
Table 3

Priority Interrupt Condition Flag (Bit State Veight -

ositio Initiated
Power Failure 31 (2 4 (o]

Machine Check 30 (21) 4
External Signal No. 0/Channel No.0 29 (2°) 3 8 »
3

External Signal No. 1/Channel No.1 28 (27) 12 =

cont/.....
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Register and the Program Mask R egister.

Priority Interrupt Condition Flag (Bit State ¥Weight
pogsition) Initiated
5. External Signal No. 2/Channel No.2 27 (2%) 3 16
6. External Signal No. 3/Channel No.3 26 (25) 3 20
7. External Signal No. 4/Channel No.4 25 (2°) 3 24
8. Bxternal Signal No. 5/Channel No.5 24 (2') 3 28,
9. Channel No. 6. 23 (28) 3 32
0. Channel No. 7. 22 (29) 3 56
1. Channel No. 8. 21 (2'9) 3 40
12, Channel No. 9. 20 (2'1) 3 44
13, Channel No. 10: 19 (2'2) 3 48
14. Channel No. 11. 18 (2'%) 3 52.
15. Channel No. 12. 17 (2'4) 3 56
16. Channel No. 13. 16 (2'9) 3 - 60
17. Channel No. 14. .15 (216) 3 64
18. Channel No. 15. Mol 14 (217) _ 3 68
. 19. . Elapsed Time Clock ' 13 (218) 3 T2
20, - Console Interrupt Request 12 (219) 3 76
21. Supervisor Call Instruction’ 11 (2%9) 3 80
22, Privileged Operation 10 (2%1) 3 84 )
23. Op-Code Trap 9 (222) 3 88 Y
24, Address Error ( execute, addressing
specification, protection,paging) 8 (223) 3 92
25. Data Error ' 7 (224 3 96
26. Exponent Overflow 6 (225) 3 100
27. Divide Error ' 5 (22%) 3 104
28. Significance Error#* ' 4 (227) 3 108
29. Exponent Underflow* .3 (228) 3 112
30. _ Decimal Overflow* 2 (2%9) 3 116
3. Fixed Point Overflow* . 1 .(230) 3 120
32, Program Test 0 (2°1) 3 124

# These interrupt conditions may be masked both by the Interrupt Mask
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5.2.3

The Interrupt Mask Registers

The Interrupt Mask Registers are used to indicate which interrupt
conditions are permitted to interrupt the current program. There
is one mask register for each processor state and in general they
are loaded so that, should state switching occur to an interrupt
response state, then that state is protected against further
interruptions. Individual states are used in the manner

.described in Section 2.2.2.

5.2.4

53
5.3.1

The interrupt mask registers are 32 bit scratchpad registers..
Their address is given in Section 4.4.5. There is one mask
register associated with each state and at any particular time
it is the mask register associated with the operating state
which is used by hardware.

The individual bits of the Interrupt Mask Registers are

associated with the same interrupt conditions as the corresponding
bits in the Interrupt Flag Register. Setting a bit vo "1' will
permit the corresponding interrupt to be executed whilst setting
the bit to '0' will inhibit the interrupt and leave it pending.

The Interrupt Mask Register should not be confused with the
Program Mask Register described in Section 2.4.10.4. The latter
is able to prevent certain error conditions from setting their
associated interrupt flag bits. The Interrupt Mask Register
controls the time at which flag bits which have been set take

effect.

The Weight Registers

The Weight Register is a 32 bit Scratchpad register which is used
to identify an.interrupt condition causing the initiation of a
new state. After such a condition occurs,the weight register of
the new state is cleared and a 'weight code' is inserted into its
least significant seven bits. This code identifies the interrupt
condition assoclated with a condition is in the mamner described.

in Section 5.2.2.2.

Processor states 3 and 4 both have their own weight registers, the
address of these registers is given in Section 4.4.5.

Action of the Interrupt Control System

Introduction

When an interrupt condition.occurs, it generates an interrupt
‘request'. The Interrupt System processes an interrupt request in
three distinet phases. The first is the initial response to a
request and the staticising of the request, this is described in
Section 5.3.2. The second is the selection from the list of
pending interrupts of an interrupt to be executed; this process

is described in Section 5.3.3.
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The third stage of the process is the execution of an interrupt
and this is described in Section 5.3.4. The effect these
operations have on the processor is to a large extent decided by
the class of interrupt being processed; a description of the
properties of the various classes of interrupt is given in Table
4. The action of the Interrupt Control System when it has been *
activated by the execution of a 'Program Control' instruction is |
described in Section 5.3.5.

. 53,2 Interrupt Response Sta gl Phase

Interrupt conditions may occur at any time. The method of
processing them is dependent on their classjfication, see Table
4. Those of Classes 3 and 4 can only activate the Interrupt
Control System after the execution of an instruction by the
Central Control Unit. All processes of the Interrupt System
are completed before the next instruction in the interrupted -
sequence is obeyed. Under these circumstances the processing
of an interrupt has no damaging effect on the interrupted
instruction sequence.

When Class 6 interrupt conditions (not suppressed by the Program
Mask) arise, the instruction is completed. In the case of Class
5 interrupts, the execution of the instruction is terminated or

. suppressed.

Class 1 interrupts activate the Interrupt System immediately they
are detected and cause the termination of the current instruction
even if the interrupt is masked. If it is masked, and the
interrupt occured during instruction staticisation, the next
instruction may be incorrectly addressed. In the case of the
'Machine Check' interrupt the cause of the interrupt is identi-

. fied as either main store or Scratchpad or both
by setting, if they are not already set, one or both of two ome
bit staticising registers reserved for the purpose. Subsequently,
when the 'Machine Check'! interrupt is next executed, the registers
are reset and their contents are loaded into the appropriate )
bits of the Processor State 4 Interrupt StatWls Register, h

The end result of the first stage of the interrupt sequence is
to set, (if it is not alreedy set), the flag (in the Interrupt
Flag Register) appropriate to the _interrupt request.

The length of time retiuired for internipt processing depemis on
whether or not an interrupt is executed: if no interrupt is
executed the delay is small (see Appendix B).

5:3:3 The Se;egt;gn-gf an _Interrupt (Phase 2)

The interrupt selection sequence of the Interrupt System is
activated whenever one of the following events occurs:- P

te A flag is staticised in the Interrupt Flag Register. -
(See Section 5.2.2). For this purpose it does not matter
if the same flag is already set.

PPD 005
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[
- . : Effect of
o o Type Interrupt Class Priority System Response Program Masking Effect of a second Interrupt
N |8 Restrictions Interrupt on_an unexecuted Interrupt
3 a" >y
& 1 Machine Fault {1 and 2 Immediate Must only be Indetermi- Previous Interrupt is lost
masked to nate
2|2 inhibit
[ g further
= interrupts
from same
-
& a source.
- 2 Page Turning immediate See Section - - -
_g-; . 19.2.4.
T8 3 External Status 3 to 20 Between _ Interrupt Channel Interrupts Second
3 5 (includes clock) instructions remains interrupt staticised immed-
3B waiting . iately after first is executed.
v . Other Interrupts
o} . Previous Interrupt lost.
é 4 Supervisor Call, 21 and32 At termination Indeter- Previous Interrupt lost.
A Program Test of instruction - minate
2 A execution . .
3 5 Instruction Error 22 to 27 During instruc- Should not be Indeter-~ Previous Interrupt lost.
S tion (instruc- masked in Pi' minate or
b tion suppressed -Should not as speci-
or terminated)  occur in P,,  fied.
P, P n
v o )
8l o 8| 6 Calculation Error 28 to 3t At end of instr- As above. The result Previous Interrupt lost.
o] o § uction execution is descri-
" &~ B The setting of bed in the
ot 5 Z the Program Mask individual
% g Register controls interrupt
(=] the completion of and instru-
the ingtruction. ction defini-
tions.
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5.3.4

. 5.3.5
5e3.51

2. The current Interrupt Mask Register is overwritten; ‘this
condition assumes that any previously masked interrupt flags
may cause an immediate interrupt. .

3. A '"Program Control' instruction is exetuted and its Program’ '
Test bit is not set. )

Vhen one of these events occurs, the flags of the Interrnpt Flag -
Register and the mask bits of the current Interrupt Mask Regisler
are scanned in order of descending priority. The interrupt
seleoted for execution is the first one reached which is set to
*{!' and is not masked. If no such interrupt is found, the Central
Control Unit resumes its normal operation.

The Execution of an Interrupt (Phase :)

When an interrupt has been selected by the Interrupt System the
associated flag.in the Interrupt Flag Register is reset, and, if
the interrupt is of class 1, Processor State 4 is initiated.
Otherwise Processor State 3 is initiated.

During the ‘change of state the contents of the Control Registers
are placed in the Status Registers as described in Section 2.3.
Fresh information is then loaded into the control registers as -
described in Section 2.3 and the interrupt condition is identi-
fied to program by placing the relevant weight in the appropriate
Weight Register.

In the case of the execution of a channel interrupt, channel
status information is placed in the appropriate Channel Status
Word. The Interrupt Flag associated with the channel is set
again if there are further interrupt requests assooiated with
the Channel.

At the termination of the state changing sequence normal
processing commences with the execution of the instruction at

the address specified in the Sequence Control Counter. At least
one instruction must be executed in the new state before any out-

stand1n§ 1nterrupt request causes the Interrupt Control System to
be reactivated.

Interrupt Response to_the Program Control Instruction

Introduction,

The Interrupt Control System is activated during the execution
of a 'Program Control' instruction. The control sequence
initiated is dependent on the setting of the Program Test bit

of the instruction (bit 3 of the Immediate Operand). The proper—
ties of this bit are specified in the following sections.
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5.4
5.4

5.3.5.2

5¢3.5.3

ol

5.4.2

Program Test Bit Set

If the Program Test bit of the Program Control instruction is
set to '1' a normal .change of processor state takes place. The -
initiated state is that specified by the instruction in the
manner described in Section 2.4.1. Operations commence in the
initiated state with the execution of an instruction and all - .
interrupt requests are inhibited until the instruction has been
executed. Immediately following this execution, the Program
Test interrupt is requested. The Interrupt Sequence then
proceeds in the normal manner.

Program Test Bit Not Set

If the Program Test bit of the 'Program Control' instruction

is set to '0' the actions associated with a normal change of
processor state are executed. The Central Control Unit control
registers other than the Interrupt State Identifier are not
reloaded, however, until a scan has been made of the Interrupt
Flag Register and the Interrupt Mask Register of the state to

be initiated. If, as a result of this scan-.an interrupt is executed
the execution proceeds as for a normal interrupt. The 'Interrupt
State Identifier' field of the state initiated as a result of
this interrupt execution contains the value associated with the
state specified by the 'Program Control' instruction. (see
Section 2.4.1.2.2).

The overridden change of state can then be re-initiated, using
the information stored in 'Interrupt State Identifier' field to
specify the state. If no interrupt is executed as a result of
the flag scan, the change of state is completed normally and
processing commences in the state specified by the 'Program
Control' instruction. .

Individual Interrupt Conditions

Introduction

The individual interrupt conditions are described in this section,
The associated actions are described in the sections of this
document devoted to the relevant aspects of the processor.
_Further definitions of the effect that instruction instigated
interrupts have on the instigating instruction are given for the
privileged instructions in Appendix D, and for the other instru-
ction in PS 4.6.3. TFurther information concerning the action of
channel interrupts is given in Section 6.3. The 'Page Turning
Interrupt' is described in Section 19.

Power Failure (2° - Flaz Bit 31)

The power failure interrupt is requested any time a power
failure occurs in the processor or store as the result of a
line failure or the depression of the 'Emergency Off' buttion on
the console. The power failure interrupt flag is set and the
remainder of the instruction is suppressed. It is a program

cont/.....
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5.4.4

5.4.3

5¢4.4.1

5.4.4.2

5.4.5
5.4.5.1

restriction that the mask bit in processor state P4 for this
interrupt condition must always be zero. This permits the
program to operate in Processor State P4 for the purpose of
closing down the machine during a one-millisecond interval
between power failure and actual power loss to the system.

Machine Check (2! — Flag Bit %0)

The machine check interrupt is requested vhenever a parity error
is detected as the result of a read operation instigeted by the
Central Control Unit to either the Scratchpad or main store.

The machine check interrupt flag is set and the remainder of the
current instruction is suppressed. If the interrupt is masked,

the Arithmetic Unit continues by executing the next instruction

in sequence. The method of distinguishing between the possible

causes of this interrupt are given in Section 2.4.8. Further

.information is given in Sections 2.4.8 and 5.3.2. It is a program

restriction that the mask bit in Processor State 4 for this
interrupt condition must always be zero. .

. External Signal Interrupts

External Signal 0 (2° - Flag Bit 29)

The external signal interrupt is requested whenever an external

signal is received on Direct Control Trunk O (DCT 0) associated
with the Direct Control Option. The appropriate interrupt flag
is set. If the appropriate Direct Control Trunk is not fitted
the interrupt may be used for a channel (see Section 5.4.5).

This interrupt condition may only be set if the relevant Direct
Control Trunk is connected. See Section 8 for further details.
This interrupt may.occur only after completion of the current
instruction. .

External Signal 1 to 5 ‘23 ~ Flag Bit 28 to 27 ~ Flag Bit 24)

-Identical to above except for trunks 1 to 5.

Channel Interrupts

Channel O §22 - Flag Bit 29)

This interrupt provides the means by which the -processor can
receive and act upon signals from peripheral devices connected
to channel O, Requests for interruption may occur at any time
and more than one request may occur at the same time. The
requests are saved by the appropriate device control units
until accepted by the processor and are then processed one at a

time.
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This interrupt can occur only after execution of the current
instruction is completed. Final status information is stored
in the main storein the Channel Status Word. Further informa-
tion is given in Section 6.3. ’

Direct control trunks, if fitted, have the highest priority
interrupts associated with them. If they are not fitted, a
channel may make use of the interrupt. The relationship between
channel number and direct control trunk number is given in

Section 5.2.2.2.

5.4.5.2 Channel 1 to 15 (27 - Flag Bit 28 to 2'! - Flag Bit 14)
These interrupts are identical to the ‘channel 0' interrupt
save for their associatim with different channels and priorities.
5.4.6  Elapsed Time Clock Interrupt (2'® - Flag Bit 13)
The Elapsed Time Clock interrupt is requested when the third
byte of the Clock Register becomes equal to the Time Interrupt
Register. Further details are given in Section 2.4.11.
5e4.7 Console Request (219 - Flag Bit 12)
The 'console request' interrupt is effected whenever the
interrupt key on the operator's console is operated. The
console request flag is set. This interrupt can occur only
after execution of the current instruction.
5.4.8  Supervisor Call (2°° - Flag Bit 11)
The 'Supervisor Call' interrupt is requested as a result of the
execution of the 'Supervisor Call' instruction.. The Program
Counter Register and Interrupt Status Register of the interrupted
state are-updated normally. The rightmost 8 bits of the
Interrupt Status Register (the Call Register) of the terminated
state receives the R1/R2 field of the instruction.
Further information is given in Section 2.4.7.
5.4.9 . Privileged Operation (2°' - Flag Bit 10)
The 'privileged operation' error arises when a Privileged
Instruction is attempted in the Non-Privileged Mode. The
instruction's execution is suppressed. Further information
is given in Section 2.4.9.4. The Privileged Instructions
are as follows:-
Set Storage Key
Insert Storage Key
Write Direct
Read Direct
Diagnose
Start Device
Test Device
Halt Device .
cont/.....
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This interrupt can occur only after execution of the current
instruction is completed. TFinal status information is stored
in the main storein the Channel Status Word. Further informa-
tion is given in Section 6.8.

Direct control trunks, if fitted, have the highest priority
interrupts associated with them. If they are not fitted, a
channel may make use of the interrupt. The relationship between
channel number and direct control {runk number is given in

Section 5.2.2.2.

17

Channel { to 15 (23 — Flag Bit 28 to 2 ' - Flag Bit 14)

These interrupts are identical to the 'channel O' interrupt
save for their associatim with different channels and priorities.

Elapsed Time Clock Interrupt (2'® _ Flag Bit 13)

The Elapsed Time Clock interrupt is requested when the third
byte of the Clock Register becomes equal to the Time Interrupt
Register. Further details are given in Section 2.4.11. °

Console Request (2'9 - Flag Bit 12)

The ‘console request' interrupt is effected whenever the
interrupt key on the operator's console is operated. The
console request flag is-set. This interrupt can occur only
after execution of the current instruction.

Bupervisor Call (220 — Flaz Bit 11)

The 'Supervisor Call' interrupt is requested as a result of the
execution of the 'Supervisor Call' instruction. The Program
Counter Register and Interrupt Status Register of the interrupted
state are -updated normally. The rightmost 8 bits of the
Interrupt Status Register (the Call Register) of the terminated
state receives the R1/R2 field of the instruction.

Further information is given in Section 2.4.7.

Privileged Operation (22! - Flag Bit 10)

The ‘privileged operation' error arises when a Privileged
Instruction is attempted in the Non-Privileged Mode. The
instruction's execution is suppressed. Further information
is given in Section 2.4.9.4. The Privileged Instructions
are as follows:-—

Set Storage Key
Insert Storage Key
Write Direct
" Read Direct
Diagnose
Start Device
Test Device
Halt Device
cont/.....
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Check Channel
Program Control
Load Scratchpad
Store Scratchpad
Idle.

5.4.10  Op Code Trap (2%2 - Flag Bit 9)

The 'Op Code Trap' error occurs when an atiempt is made to
execute an instruction which has an operation code that is
either not assigned or not available on the processor. No
operation is performed, If this interrupt is masked, the
current instruction is ignored.

5.4.11  Address Error (222 - Flag Bit 8)
: .5;4.11.1 Introduction '

'Addressing' errors cover five classes of error. These are:
execute error, addressing error, specification error, protection
error and paging error. All these errors are directly attri-
butable to -the instruction executed at the time of the interrupt,

_ ' rather than to the data the instruction was interided to manipulate.

There is no direct method for determining which of the several
possibilities actually caused an address error interrupt, the
cause can only therefore be inferred from the contents of the
control registers, etc.

Note that, because of the way in which 4=70's instruction
sequencing mechanism 'pre-fetches' the next word of instructions
wherever possible, Address Errors may be erroneously reported if
instructions are held either in the last word of. the store or,
when in the paging mode, in the last word of a segment when there
is no physical location corresponding to the next virtual address
in sequence.

5.4.11.2 Execute Error

This occurs when an "“Execute' instruction specifies another
- 'Execute' instruction to be.performed. The operation is
suppressed.

5e4e1143 Addressing Errors
5.4,11.3.1 Main Store Address

The 'Main Store Address' error occurs when an address specifies
any part of data or an instruction which is outside the
available store for the particular installation. The instruc-
tion operation is terminated for an invalid data address and
the results of the instruction are unpredictable. The instruc-
tion operation is suppressed for an invalid instruction address.
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5.4.11.4
.5-4.11-4-1

' 5.4.11.4.2,

5.4.11.5

5.4.11.6
5.4.11.6.1

"at the first access; it .1s terminated with unpredictable results

Thhs error also occurs if any instruction attempts to overwrite a
location in-the Multiplexor Control Areas of main store (bytes 96-
where N = 1023, 2047, 4095 or 8191 - see Section 3.5) or if the
‘instruction 'Set Storage Key' specifies an address in-the range

9b-N .

Repgister Address Error

The Megister Address' error occurs when either of the following
conditions has occurred:- '

(1) The first operand address field of an instruction designates-
an odd register address for a pair of general registers that
contain a doubis word operand. The operation is suppressed.

{2) A floating point instruction addresses a floating point
register other than U, 2, 4 or 6. The operation is suppressed.

Specification Errors
Misaliggmént

The 'Misalignment' error occurs when a data or inatruction address
does not specify a double word, word, or halfword boundary as
required by the particular instruction concerned. The operation
is suppressed.

Decimal Arithmetic

The 'Decimal Arithmetic' drror occurs when either of the following
conditions occurs:-

(1) The mubtiplier or divisor in decimal arithmetic exceeds 15
digits and sign. ‘lhe operation is suppressed.

(2) 'The first operand field is not longer than the second
operand field in decimal division or multipiication. The
operation is suppressed.

Write rrotection Error

The 'Write rrotection' error occurs when, during the execution
of an instruction an attempt is made to write to an area of
Mein Store for which the contents of the comparison fieid ‘of the
associated Reservation Key do not matth the contents of the
Store rrotection Key, and neither of the keys is zero. ‘he
instruction is suppressed if the keys are found not to match

1f the protection failure occurs during some subsequent access.
Paging Errors

Introduction -

Paging Errors can only occur on a 4-75 operating in the paging
mode. In all cases the execution of the current instruction is
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5.4.11.6.2 Segment Number Error

5.4.11.6.,3 Table Addressing Error

5¢4.11.6.4 Page Number Error
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suppressed, and if the ‘Address Error' interrupt is masked,
the Arithmetic Unit proceeds with the execution of the next

instruction.

The 'Segment Number' error occurs when a segment number is
specified which is beyond the limit specified in the Segment,
Table Base Register.

This error occurs when the address of a Segment Table entry, or
the address of a Page Table entry calculated by adding the Page
Number to a Segment Table entry, is invalid.

The 'Page Number' error is requested when a new entry 1s
placed in the Associative Memory which has a Page Number
different from that specified by the Paged Address. This only
applies if the action occurs during the conversion of a Paged
Address,; it indicates an incorrect Page Number.

Data Error 224 - Flag Bit

5.4.12 °
S5¢4.12.1 Introduction
Data Errors are caused by conditions which occur during the
execution of an instruction as a result of the data it
manipulates. The current operation is terminated (suppreséad
if the operation is ('Convert to Binary) upon detection of any
of the errors.
5e4.12.2 Invalid Codes
The 'Invalid Codeé' error occurs when the sign or digit codes
of operands in decimal arithmetic, editing or 'Convert to Binary'
are invalid.
5.4.12.3 Decimal Data
The 'Decimal Arithmetic' error occurs when one or other of the
_ Tollowing conditions is detected:- .
. (1) Fields overlap ircorrectly in decimal arithmetic.
(2) éigggémal multiplicand has too many high order significant
5.4.12.4 'Scratchpad Addressing Error'
The 'Scratchpad Addressing Error'-occurs durin the execution of
either a 'Load Scratc?pad or, 'Store Scratchpad' instruction when
addresses beyond 127 decimal) are specified. This error is not
.relevant to a 4-75 operating with the appropriate engineers' key
set to permit paging.
5.4.13 Exponent Overflow
The 'Exponent Overflow' error occurs when the result characteristic
.of a floating point addition, subtraction, multiplication or
division is greater than 127. The operation is terminated.
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5.4.18

Divide Error {220 = Flag Bit 5)

The 'Divide' error condition arises when any of the following
occur:-

(1) A quotient exceeds the register size in fixed point
division, including division by zero. The division is
suppressed. ‘

(2)' The result of a'Convert to Binary instruction exceeds one
vord. The conversion is completed by ignoring information
which is outside the register size. Data above 32 bits is
truncated and only the lower 32 bits are saved. )

(3) A quotient exceeds the specified data field in decimal
divide. The division is suppressed.

(4) Floating point division is attempted with a divisor whose
fraction is zero. The operation 1s suppressed.

.Siggificance Error (227 = Flag Bit 4)

This error occurs when the result fraction of a floating-point

.add or subtract instruction is zero. If the Program Mask bit is

zero, the error condition is suppressed and the operation is
completed by setting the sign and characteristic of the result

to zero. If the Program Mask bit is not zero, the Program Error'
interrupt flag is set and the operation is completed with the
characteristic unaltered. The Interrupt Mask bit does not affect
the result. :

Exponent Underflow 228 - Flag Bit

The 'Exponent Underflow' error occurs when the result charac-
teristic of a floating point addition, subtraction, multiplication
or division is less than zero. The operation is completed by

. making the result true zero (all zeroes). The condition may be

suppressed by the 'Exponent Underflow' program mask bit.
Decimal Overflow (22 - Flag Bit 2

The 'Decimal Overflow' error occurs when the result field is

too small to contdin the result of decimal add, subtract or zero
and add. The operation is completed by ignoring the overflow
data. The condition may be suppressed by the 'Decimal Overflow®
program mask bit. . :

Fixed Point Overflow (2°° - Flag Bit 1)

The 'Fixed Point Overflow' error occurs when a high order carry
occurs or high order significant bits are lost in fixed point
addition, subtraction, shifting, or sign control operations.
The operation is completed by ignoring the overflow data. The
condition may be suppressed by the 'Fixed Point Overflow'
program mask bit.
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5.4.19

Program Test (22! - Flag Bit 0)

The 'Program Test'interrupt provides program control over the
processor during program testing. The 'Program Test' interrupt
flag is set during the execution of a 'Program Control instruc-
tion which has its Program Test bit set. When the related
interrupt mask bit is set, the interrupt is effected after the
first instruction executed in the program state initiated by

the instruction. Servicing the interrupt causes the interrupf.
to be reset. When the interrupt mask bit is|reset the interript
is not taken but remains pending. \_ 0 i
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6.1
6.1.1

- THE PERIPHERAL CONTROL SYSTEM

Introduction

Peripheral Operations and Sub-channels

There are only four input-output instructions in the System'4
order code. They are all in SI format and all privileged. The
instructions, describded in detail in Appendix D, are:

Start Device
Teat Device
Halt Device
Check Channel

Peripheral operations, usually transfers of information between
the 4-70 main store and some peripheral device attached to the
processor, are initiated by the Central Control Unit using the
Start Device instruction, and after initiation proceed in parallel
with program execution, so- that after the Central Control Unit has
executed Start Device it may continue executing other instructions
while the peripheral operation is in progress.” Subject to certain
restrictions, further operations may be initiated on other devices,
which can proceed in parallel with each other and with instruction
execution in the Central Control Unit.

A peripheral operation consists of a sequence of one or more
actions affecting the same peripheral device. Examples of such
actions are:-

a write transfer causing the contents of specified consecutive
main store locations to be written onto the peripheral medium;

a read transfer.causing specified consecutive main store
locations to be overwritten by source information from the
peripheral medium;

a 'housekeeping' operation (e.g. initiation of 'Rewind' on a
magnetic tape);

the transfer to specified .main store locations of secondary
information relating to the condition of the peripheral -
. device. .

One 'Start Device' instruction can thus initiate several successive
actions on the same peripheral device. Each action is specified
by & 'command’, held in main store, and the effect of the Start
Device instruction is to specify a particular peripheral devica

and to initiate the execution of a sequence of commands just as if
the latter were a program of instructions. The sequencing of
successive commands is carried out by a logical unit called a
'Sub-channel'. One sub-channel may control several devices, but

can only execute one operation at a time. The number of peripheral
operations which may proceed. in parallel is therefore equal to the
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6.1.2 pozel-4901-F 14

6.1.2.1 Introduction

number of sub-channels, and this is determined by the particular
types of input-output hardware present in the system (described
in Section 6.6). :

The use of the term 'sub-channel' is consistent with IBM and RCA
terminology; in general the peripheral control system, without
being fully compatible- (e.g. different command codes are used),
follows IBM precadents quite closely. )

At the end of a peripheral pperation, the Central Control Unit is
interrupted, and at the same time 'status' information relating to
the operation and to the peripheral device concerned is placed

in a standard location in main store. This information enables’
the Supervisor program to determine completely the identity of the
peripheral device concerned and whether or not theoperation‘was
successful, and, in case of failure, to initiate appropriate error
procedures. Since only one set of main store locations is -
available for the status information, the input-output and
interruption hardware automatically ensures that, should more than
one operation terminate and request interruption at the same time,
only the interruption associated with one sub-channel is executed,
and only the. status information associated with that sub-channel

is then placed in main store; interruptions associated with other
competing sub-channels remain pending and the associated status

information is not stored until they are actually executed.

These interruptions take place in an order determined by the
relative priorities of the sub-channels and by the presence or
absence of bits in the Interrupt Mask Register (see Section 5.2).

Status information may also be stored, in the same locations, at
the time when Start Device, Test Device, or Halt Device are
executed. To avoid the possibility of interruption occurring at
the same time, and one or other set of stored status information
thereby getting Sgrrupted, all peripheral interruptions have to be
inhibited '(masked) while one of these instructions is executed,
until such time as any status information stored during execution

has been moved elsewhere.

Channels

“A channel is g logical System 4 unit.for the passage of information
between main store and peripheral devices, having the following

" properties:s.’

(1) It may have one or more peripheral devices attached to it.
These devices are individually numbered, from O up to a

‘maximum of 255.

(41) It includes one or more sub-channels which control the
peripheral operations on the devices connected to the
channel (and no others). The sub-channels are not
explicitly numbered. -
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6.1.2.2

6.1.2.3

6.1.3

6.2

6‘2.1

(iii) .Each channel has its own associated interrupt flag in
the Interrupt Flag register (see Section 5.2.2).
Interruptions associated with any of the sub-channels
of the channel all set this flag, and generate the
appropriate weight (see Section 5. 2) vhen executed.

(iv) Each channel has a unique number. On 4-70 this
number is in the range 0-15. The number is used by
the four input-output instructions to address the
required channel, and also to associate the channel
with the appropriate flag in the Interrupt Flag Register.
Since the flag bits for channels 0-5 also may be
assigned to Direct Control trunks, a 4-70 having n of
the latter is only permitted to have (16-n) channels.

There are two types of channel, 'Selector' channels and 'Multiplexa?
channels. These are described below.

Selector Channels

A Selector Channel is one having only one sub-channel. Although

. many devices may be attached to a Selector Channel; only one of

them can be involved in a peripheral operation at any time.

Multiplexor Channel

A Multiplexor Channel is one which includes as many sub-channels
(up to a maximum of 256) as it has devices connected; thus, all

the devices connected to a Multiplexor channel may be engaged in
peripheral operations simultaneously.

Device Numbering

All the devices attached to any channel are numbered from O to 255.
The instructions Start Device, Test Device, and Halt Device
nominate a particular device by specifying & 12-bit address, 4
bits of which are the channel number and the other 8 form the
device number on that channel. In addition, the status
information stored when a sub-channel interrupt is executed
includes the device number which, in conjunction with the interrupt
weight (itself in one-to-one.correspondence with the channel
number), serves to identify the device concerned uniquely.

When several devices attached to a Multiplexor channel all share
the same Device Control Unit, their device numbers will have the
same pattern in their more signlficant bits; thus, all the

devices attached to a DCU capable of controlling up to 8 devices

‘'will have the more significant 5 bits of their device numbers

identical.

The Mechanism of Peripheral Operations

The Start Device Instruction

'Start Device' is a privileged instruction in SI format. Its
immediate operand field is ignored. The least significant 12 bits -
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of the operand address are interpreted as the number of the
peripheral device on which the operation is to be performed, and
this serves to alert the sub-channel controlling the device.

VWhen the Start Device instruction (as distinct from the peripheral
operation it is intended to initiate) is complete, the setting of
the Condition Code indicates whether or not the peripheral operation
has. been successfully initiated. If the Condition Code is O, it. -
has; if 1, 2, or %, it has not. Condition Code setting 1 further
indicates that status information has been placed in standard
locations in main store. Because of this possibility, all peripheral
interrupts must be masked when Start Device is executed, because
they would also cause status information to be placed in the same
locations. The conditions which lead to the setting of Condition
Codes 1, 2 or 3 are detailed in Appendix D.2.1; in what follows

it is asumed that the peripheral operation is successfully initiated.

‘As stated 'in Section 6.1.1., a peripheral operation is controlled
by the appropriate sub-channel executing a sequence of ' commands’
held in main store, rather like a conventional program of
_ instructions. The Start Device instruction does not itself
" specify the locations of these commands, which must have been placed
in the store prior to the execution of Start Device; instead, the
sub-channel obtains the address of the first éommand from bytes
73-75 of the main store, and the protection key which it is to use
for the duration of the operation (in exactly the same way as a
program does, to prevent the sub-channel from overwriting forbidden-
areas) from byte 72. Bytes T2-T75 are collectively referred to as
the 'Channel Address Word' (CAW) and must be loaded with the
required key and address prior to the execution of Start Device.

Commands are held in 'Channel Command Words' (ccw). Each CCW
" occupies 8 consecutive bytes, starting at a location which is a
multiple of 8. The detailed format of a CCW is described in
Section 6.2.3 below; essentially each CCW specifies a command
code, a main store address (usually the starting address of a
set of consecutive locations which are to be read from or written
"to in a peripheral transfer) and a byte count, to specify the
length of the transfer. Successive CCWs are stored in consecutive
locations, and in general the sub-channel sequences commands’ by
updating the address of the current CCW by 8 bytes at a time; the
exceptions to this are:-

: (1) when,a particular type of command ('Transfer in Channel'),
which acts as ‘an unconditional jump (to the CCW at’ the
* address specified),is executed; )

(i1) when a particular condition ('Status Modifier') arises
in the peripheral device concerned, causing the sub-
channel to update the address of the current CCW by 16,
instead of 8 bytes, and thus to skip the next CCW in
sequence. Usually the command that is skipped is a
Pransfer in Channel, and the two features Jjust described
are used together to provide a 'looping' facility for CCWs.
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The continuation of a peripheral operation from one CCW to the
next is called 'chaining'. Bach CCW (except a Transfer in Channel
command, for which continuation-is implicit) specifies whether or
not chaining is to take place at the termination of its action -
if no chaining is specified, the whole operation is terminated.
Two types of chaining are possible:- .

"~ (1) Data chaining: this is requested when, at the ‘end of the .
action specified by a CCW, the current 'block' on the .°°
peripheral medium is not exhausted, and the action is %o
be continued by the next CCW using exactly the same
command code as the preceding one, but with a new store
addrees o Yo eaS A tne " ans BISSEOIS  aftboresd SOREE o

* the store, each record being read by a new CCW 'data chsined'®

to its predessor. Furthermore, if the lengths of these
records are unknown to the programmer, but each is preceded’

. by two bytes containing its length, the same effect can be
Gt At S LM L R T R ST
. .the second CCW which reads the record itself.
(11) Command chaining: this is requassted when the next command
is not necessarily the same as the 6ne before, and, in
go far as it is concerned with 'blocking' of data on the
peripheral medium, will affect a new block. This
facility is partisularly useful for random access devices
which require sequences of different actions to be
carried out in performing a single data transfer.

A Gingle) Transfer in Channel CCW may intervena between two
chained CCWs, so that the latter do not have to be adjacent in the

store. :

All main store addresses specified in the CAW and in CCWs are
absolute, and are not subject to relocation either by the Relocation

Base Address or by the 4-75's Paging mechanism.

PPD 005

6.2.2 Channel Address Word QCAW}
The Channel Address Word occupies bytes 72-T5 of main store. It
. must be loaded prior to the execution of Start Device with the
-protection key to be used for the duration of the peripheral
operation, and the address of the first CCW. This address must be
. a multiple of 8 and must refer to a valid store location, ur the
peripheral operation will be suppressed. .
As soon as the Start Device instruction has been completed
(1.e. the next instruction in sequence is initiated) the Channel
Address Word is available for overwriting. .
The format of the Channel Address Word is as follows:
Key 0000 Address of first CCW
0 4 8 31
Bits 4-7 should be zeros.
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Channel Command Words (CCW)

Channel Command Words occupy 8 consecutive bytes, the address of

the first byte being a multiple of 8. CCWs may be placed in ‘any
valid store locationsy the first one, at least, must have been
loaded prior to the execution of Start Device. It is possible for
subsequent CCWs to be formed by the action of the peripheral
operation itself; thus, a 'read' action initiated by one CCW may_
cause data from the peripheral medium to wholly or partly overwrité
the locations occupied by the next CCW. However CCWs are not
altered by the sub-channel itself as a consequence of being executed.

The format of a CCW (not Transfer in Chamnel) is as follows:-

Command Code[- Data Address

0] _— 8

W
ey

Flags| 000! (Not used) " Byte Count
52 31 40 48 63

The format of.a Transfer in Channel CCW is as follows:-

XXXX1001 Address of next CCW

0 . 8 ' 31

Ignored
32 : 63

The significance of the various fields in a CCW which does not
specify Transfer In Channel are as follows:-

(1) Command Code (8 bits)® this indicates to the sub-channel
the action which is to be performed. When data chaining
takes place over a string of CCWs, ‘the code specified
in the first CCW of the string is applied to all other
CCWs in the string, and the Command Code fields of the

latter are ignored.
Command Codes are listed in Section 6.2.6.

(ii) Data Address (24 bits): this is the absolute main store
address of the first byte of the data area, i.e. the
block of consecutive locations involved in the action,
into or out of which information will usually be fransferred.
Vhen the Command Code specifies 'Read Reverse' the
address is that of the rightmost byte of the data area;
for all other codes the address is that of the leftmost

byte.

Issue Date Auth'y| Log | Title

Document No.

4/1] 10.7.68 | maww | 809 [CENTRAL PROCESSOR MODELS 4-70/75 PS 4.10.70

PRODUCT PLANNING SPECIFICATION

Page 6.6




i

Issue 1

PPD . 005

"..2. Y = e&J— PHRE N ST B IR Syl 3 ’
E:i;d @M@g’tﬂm‘@ PRODUCT PLANNING SPECIFICATION

If the action involves overwriting the data area, the storage
key of the bytes overwritten must agree with the key specified in
the CAW, unless one or both keys are zero.

(1i1) Flags (5 bits): the flag bits, described in detail in Section 6.2.7
below, are used to supply additional information to the sub-channel,
affecting command execution and what happens when the action of
the CCW is.complete. Two of the flag bits, 'Chain Data' and
'Chain Command', specify whether data or command chaining is
required, and another, 'Suppress Length Indicator', also has an
important bearing on the termination of the action. If neither
data nor command chaining is specified, the operation terminates
at the completion of this command.

(iv) Byte Count: this specifies the number of bytes of information to
be transferred in performing the action. The sub-channel dec-
rements the value specified in the Byte Count field in step
with augmenting (or decrementing, in the case of Read Reverse)
the Data Address (though neither of these fields in the CCW
itself is altered). When the count has reached zero, the action
is complete.

Contrary to IBM practice, an initial count of 'all zeros' is
interpreted as 65,536.

If the peripheral device signals an ‘end' condition (e.g. the end
of a block on a magnetic medium) before the count has expired, the
action is terminated. If the Chain Data flag is set, the whole
peripheral operation is also terminated with an error condition -
indicated. If the Chain Command flag is set, the operation is
terminated only if the Suppress Length Indicator flag is not set,
again with an error condition indicated; otherwise, normal command
chaining takes plagce. Should the device reach the 'end' condition
simultaneously with the expiry of the. count, i.e. as a consequence
of the transfer of the last byte, the sub-channel will respond to
the count expiry, and perform data. chaining if requested, before
recognising the device 'end' condition.

The 'unexpired portion' of the .byte count (i.e. the difference
between the value specified in the CCW and' the number of bytes
actually transferred) of the last CCW executed is presented as
part of the status information with peripheral interrupts

associated with the normal or abnormal termination of peripherai
operations. ’

Contrary to IBM 360 practice, the fact that the expiry of a byte
count may not simultaneously cause the device to reach an 'end'
condition is not regarded as an error condition, even when data
chaining is not specified. In these circumstances the sub-channel
must wait for the device 'end' condition to be reported before
initiating command chaining, if requested, or terminating the

operation.
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6.2.4 Termination of Peripheral Uperations

A peripheral operatlon may be terminated for one of three p0531ble
" reasons:-

(i) Normal termination. When no errors have been detected
in the course of the operation, normal termination
occurs on the completion of an action specified by &
CCW with neither of the chaining flags set.

This is in accord with 1BM 360 practice. However in’
4-40 and 4-50, normal termination can also occur when a
device 'end' condition is reported before the byte
. count expires in a CCW having both the Chain Data and
Suppress Length Indicator flags set. In 4-T70 and,
IBM 360, this situation still causes the operation to
be terminated, but, since the Suppress Length
Indicator flag is ignored when the Chain Data flag is
set, the termination is accompanied by the 'incorrect
length' error indication.

\ii) Error termination. When an error is detected by the
sub-channel in the course of a peripheral operation,
the latter is terminated - usually at once, but in
some cases not until the end of the current block on
the peripheral medium.. The error conditions are
reported in the status information stored when the
‘interrupt associated with the termination is executed.

\1i1) As a consequence of 'Halt Device'. The Central Control
Unit may execute the instruction 'Halt Device' to
terminate a specified peripheral operation; the latter
is terminated at the earliest possible moment. As
with other forms of termination, an interrupt is
executed; the status information stored with 'the

: interrupt_gives no indication of the cause of termin-
ation.

'6.2.5 . ZDransfer in Channel

When the least significant 4 bits of the Command Code field of a .

CCW contain 1001, the command is 'Transfer in Channel'. The

Data Address field of the CCW is used to specify the address of the
. next cCw (it. must contain a multiple of 8), and the second word of
- the CUW is ‘{gnored altogether.

Pwo Transfer in Channel commands may not be executed in succession,
and the first command executed after Start Device may not be a
Transfer in Channel - i.e. neither the address in the CAW, nor the
address specified in a Transfer in Channel CCW, may itself designate
a Transfer in Channel CCVW.

A Transfer in Channel CCW may follow immediately after a CCY with -
its Chain Data or Chain command flag set - the chaining, of the
type specified, is to the CCW designated by the Transfer in Channel
CCW, as if the latter had not intervened.
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6.2.6
6'2.6.1

6.2.6.2

6.2.6.3

6.2.6.4

6.2.6.5

Command Codes

Introduction

. A1l ,eight bits of the command code are transferred to the

peripheral device concerned, to be interpreted by ‘the device
control unit. For the detailed interpretations of commands the
Product Specifications of the appropriate-devices should be
corsulted. As far as the sub-channel is concerned, commands
(othgr than Transfer in Channel) are grouped into six classes,
determined by the least significant 3 or 4 bits of the command
code, as follows ("M" represents a modifier bit which may have
significance to the device control unit, but not to the sub-
channel) s~ T .

Command Code ) . Command

1 - Sense
10 Read Reverse
11 Write
00 ~ Write Brase
01 i Read
11 Write Control

These actions are described in the following sections. (NB: IBM 360
does not provide 'Write Erase' and its command codes differ).

Sensg

This causes the transfer of 'secondary status information' from
the device control unit (ggz the peripheral medium) to the data
area in main store. The format of this information is specified
in the Product Specifications of the devices concerned. Parity
is not checked during the action.

Read Reverse

Information is transferred from the peripheral medium to the data
area in main store while the former is passing in the reverse
direction. The data address specified is that of the rightmost
byte of the data area, and it is decremented during the transfer.

Write

" Information is transferred from the data area in main store to the

peripheral ‘medium.

¥rite Erase

The action is as for 'Write' - information is extracted from the
data area in main store, but instead of being written to the
peripheral medium is 'lost', and the 'specified number of bytes

on..the latter are erased. Only applicable to magnetic tape
devices., Errors due to’ incorrect accesses to the main store are

therefore still liable to occur.
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6.2.6.6 Read
Information is transferred from the peripheral medium to the
data area in main store.

6.2.6.7 ¥rite Control
Control information is transferred from the data area in main
store to.the device control unit. The response of the latter
is described in the relevant Product Specifications. The device '
control unit does not check the parity of the bytes it rece;ves,
though main store parity error may occur.

6.2.7 Flags

6.2.7.1 Introduction

" The five fiag bits occupy bits 32-36 of the CCW. A'flag'is

said to be 'set' if the corresponding bit is a 1. The flag' bits

have the following significance:-

Bit Number Flag
32 Chain Data
. 33 Chain Command
34 Suppress Length Indicator
35 - Skip Data
36 Program Controlled Interrupt

Chain Data

The Chain Data flag is set when data chaining is required on
completion of the action specified by the CCW. VWhen the byte

count expires, and-the Chain Data flag is set, the action of the
current CCW is continued by the next one, or, if the next command
is Transfer in Channel, by the CCW designated by the latter. The
Command Code field of the 'continuation' CCW is ignored. The
device control unit is unaware of the occurrence of data chaining;
the same block on the peripheral medium is operated on. It is
essential that the sub-channel should complete the chaznlng process
(1nc1ud1ng execution of Transfer in Channel if speclfled) in time
to service the next byte in the current block.

If the Chain Data flag is set and the peripheral device reports an
'end' condition before the byte count has expired, data chaining is
suppressed and the peripheral operation is terminated, with an error
indication. If the 'end' condition occurs as a consequence of
transferring the byte which causes the byte count to expire, it
will not be reported to the sub-channel until data chaining has
taken place.

Chain Command

The Chain Command flag is set when command chaining is required
after the action specified by the CCW has been terminated and the
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'end' condition signalled by the device control unit (as described
in the appropriate Product Specifications). The flag is ignored
if the Chain Data flag is set. ’ .

If the byte count expires before the 'end' condition is reported,
command chaining is delayed until the 'end' condition occurs.

If the 'end' condition is reported before the count expires,
command chaining occurs only if the- Suppress Length Indicator
flag is also set; otherwise error termination of the operation
occurs. . :

The next CCW (which may specify Transfer in Channel) is taken

from the double-word adjacent to the current CCW unless the

'Status Modifier' condition is reported by the device control unit,
in which case these 8 bytes are ignored and the CCW taken from

the next double-word, whose address is therefore 16 greater than
that of the CCW which specified command chaining.

If neither the Chain Data nor Chain Command flags is set in the
CCW, normal termination occurs at the completion of the action,

. assuming no errors have occurred.

6-207-4

6020705

602!716

Suppress Leﬁgth Indicator

When the Suppress Length Indicator flag is set in a CCW, and the
Chain Data flag is not set, the fact that a device 'end'

condition has been reported before the expiry of the CCW's byte
_count is not regarded as an error condition. This flag is ignored
if the Chain Data flag is set. The effect of this in relation

to chaining is described in the preceding section. When chaining
is not requested, premature occurrence of the device 'end'
condition causes error termination instead of normal termination
unless this flag is set.

Skip Data

When the Skip Data flag is set in a CCW executing a Read, Sense,
or Read Reverse command, the information read from the peripheral
medium or device control unit is not written into the main ‘store;
the data area is therefore not altered. However, the data address
is updated and checked for-all types of error, including
protection; so the data area must be as 'valid' as it would have
to be were t@ia flag not set.

In other types of command the flag is ignored.

Used in coniunction with data chaining, this flag allows parts of
an input block to be ignored Oskipped'), and other parts to be
read into store. '

Program Controlled Interrupt (PCI!

The setting of this bit in a CCW causes the sub-channel to request
a peripheral interrupt after it has staticised, i.e. started to
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execute, that CCW. 'Depending on the type of channel hardware
involved, the interrupt may be requested either immediately
after staticising, or not until the first byte of the transfer
specified by the CCW has been passed. When the interrupt is
actually executed will depend on the priority of competing
peripheral interrupt requests, and it may not take effect until
some time after being requested. The course of the peripheral -
operation is not affected. : -t

The cause of the interruption is specified as part of the status
information stored when it is executed. The purpose of such
interruptions is to advise the Central Control Unit of the fact
that a peripheral operation has reached a certain stage.

6.3 Peripheral Interrupts

Peripheral interrupts are of three types:-
(i) Termination interrupts (described in Section 6.2.4)

(ii) Program Controlled Interrupts (described in Section
6.2.7.6)

(1ii) 'Manual Request' interrupts. These are caused by
. peripheral devices as the result of operator or other
external action, not by sub-channel operations.

All peripheral interrupts cause status information (the 'Channel
Status Word', described in Section 6.4) to be placed automatically
in standard locations in main store when executed, and identify
the device concerned by the weight placed in the P3 weight
register (see Section 5.2) and the device number included in the
status information. Because all channels use the same store
status area, all .further peripheral interrupts must be masked,

as soon as any one is executed, until this area of store is
available for overwriting again.

6.4 Status Reporting

6.4.1 Channel Status Word (CSW)

Whenever a peripheral interruption occurs (refer to Section 6.3),
_and sometimes in the course of executing the instructions Start
Device, Test Device or Halt Device, status information relating
to the device and channel concerned are placed automatically in
some or all of main store absolute locations 88-95. These
locations are referred to collectively as the 'Channel Status
Word' (CSW). '

The setting of the Condition Code to 1 at the end of- the instruction
indicates that the Channel Status Word has been stored during the
execution of Start Device, Test Device, or Halt Device. During

the execution of these instructions, all peripheral interrupts

must remain masked until there is no danger of status information

being overwritten.
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Sometimes a condition arises in a device which cannot be
indicated fully in the CSW. In such cases a bit is set in the
CSW indicating that secondary information should be obtained
from the device control unit by the execution of a 'Sense’
command (see Section 6.2.6.2). .

6.4.2 " Pormat of CSW

The CSW is laid out as follows:-

(Byte 88) (Bytes 89-91)
[—3évicégﬁb. Address of next CCW - [
Y 8 T 31
(Byte 92) (Byte 93) (Bytes 93-4)
SDB CSB Residual byte count

32 20 48 63

Bytes 88-91 (bits 0-31) are only altered in conjunction with
peripheral interrupts.

The significance of the fields is as follows:i-

. (1) Device number (8 bits). This indicates the number
* (on the channel - see Section 6.1.2.4) of the dvice
involved in the interruption.

(11) cCCW address (24 vits). This is the absolute address
of the next CCW to be staticised by the sub-channel
when a termination interrupt or PCI occurs, and is
usually 8 bytes greater than the address of the last
CCW executed. .

(111) sDB (ﬁ bits).- Standard Device Byte. This is described
" in Section 6.4.3. :

(1v) ©SB (8 bits) - Channel Status Byte. This is described
. in Section 6.4.4.

(v) Residual Byte Count (16 bits). Following a termination
interrupt, this indicates the difference bétween the
specified value of the Byte Count of the last CCW
executed, and the actual number of bytes tranaferred.

In the descfiptions of the Standard Device Byte and the .Channel
Status Byte which follow,,a bit is said to be 'set' or ‘present’
if it is a 1.

6.4.3 Standard Device Byte (SDB!

6.4.5.1 Introduction

The Standard Device Byte is stored in location 92. The contents
of the byte are used to record conditions associated with a
particular peripheral device and its control unit.

lssue
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The bits of the SDB are assigned as follows:-

Bit (of CSW) Abbreviation Condition
32 © MR "~ Manual Request
33 TIP Termination Interrupt
Pending T
34 DB Device Busy
35 CB Device Control
. Unit Busy
36 DE Device End
37 ‘ SI Secondary Indicator
38 INOP Device Inoperable
39 sM Status Modifier

When stored in conjunction with a peripheral interruption, only
the MR, SI and INOP bits are significant. With Program
Controlled (not termination or Manual Request) Interrupts, the
SDB may be ignored. Other bits are significant when storedin
the course of Start Device, Halt Device and Test Device
instructions. The conditions associated with some of the bits
are described in greater detail in the Product Specifications
of the devices concerned.

6.4.3.2 Manual Request (MR)

The presence of this bit with a peripheral interruption indicates.
that the device concerned requires attention by the Central
Cdntrol Unit. This condition is generated by means either of a
manual switch or-of signals transmitted over a data transmission
or data exchange system. The appropriate Product Specifications
may be consulted for further details.

The condition can only be generated at a time when none of the
following oonditions are present in the device or its control

uniti:-

Interrﬁpt Pending (TIP)
- Device Busy (DB)
Control®Unit Busy (CB)

The condition is cleared when the interrupt occurs. If CC =1
following a Start Device or Test Device, and MR = 1 in the stored
SDB, it should not be assumed that the Manual Request condition
exists in the addressed device. 1t may exist in a device attached
to the same sub-channel or device control unit. 1ln these
circumstances, the condition is not cleared, and the identity of
the device will be discovered when the interrupt occurs.
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6.4.3.3

6-4.304

6.4.3.5

694.3.6

6.4.3.T

6.4.3.8

Termination Interrupt Pénding STIP}

This bit is associated with the condition which exists in

the device and control unit prior to the execution of a termination.
interrupt. The condition is cleared by the storage of the CSW

at the time of the interrupt; its presence in the SDB shquld be
ignored.

The presence of this condition prevents the initiation of anothér
peripheral operation on the same sub-channel. '

Device Bus DB

This bit is associated with the condition which exists when the
peripheral device (but not necessarily its control unit) is busy.

The presence of this condition inhibits the initiation of a
peripheral operation on this device.

Control Busy (CB

This bit is.associated with the 'busy' condition in a device
control unit. This condition inhibits the initiation of a
peripheral operation involving this particular control unit.

Device End (DE

This bit is associated with the condition of a peripheral device
in between peripheral actions. If the device is not in this
condition a new peripheral operation cannot be initiated, unless
the first command is Sense,. '

Seconda Indicator (SI

The presence of the SI bit in the SDB indicates the presence of
secondary status information in the device control unit. This
Ynformation is usually generated as a result of error conditions
detected by the control unit (e.g. an unacceptable command
code, parity error), and is described in detail in the relevant
Product Specifications.

In this situation the only command accepted by the device is a
Sense command,, which causes the secondary information to be
read into the store (see Section 6.2.6.2); at the end of the
Sense operation this bit will be reset to zero.

The presence of secondary status information will cause a -
peripheral cperation on the device concerned to terminate (with
the SI bit set in the SDB when the termination interrupt occurs)
when the device next reaches an ‘'end' condition; i.e. command,
but not data, chaining, is inhibited.

Device Inoperable !INOP)

This bit is associated with an 'inoperable' condition in the
device. Should a device become inoperable in the course of an
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operation, the latter is terminated. This condition will inhibit
the initiation of a new peripheral operation unless the first

. command is Sense.

6.4-3-9

6.4.4
6.4'4.1

Status Modifier (SMZ

The Status Modifier bit is-associated with conditions which ariss.
in peripheral devices in certain circumstances (detailed in the
appropriate Product Specifications) and, when command chaining
occurs, cause the sub-channel to augment the address of the next ..
CCW to be executed by 8 bits, thus skipping the next CCW in
sequence. :

The presence of the bit in the SDB_may be ignored.

Channel Status Byte (GSB)

Introduction

-The Channel Status Byte is stored in location 93. The contents

of this byte are used to record conditions associated with the
channel/sub-channel controlling a peripheral operation, rather
than with the device and its control unit.

These conditions are all liable to arise in the course of a
peripheral operation; some are error conditions, causing the
operation to terminate prematurely. Some may arise during the
execution of Start Device, camsing the operation to be suppressed.
The error conditions, apart from Channel Control Check (see
Section 6.4.4.7), should be ignored except after Start Device or
termination interrupts. ’

The bits of the CSBrareassigned as follows:-

Bit (of CSW) Abbreviation Condition
40 PCI Program Controlled Interruption
41 * IL Incorrect Length
© 42 * PGC Program Check
43 * PTC Protection Check
44 . #* CDC Channel Data Check
45 . % CCC Channel Control Check
46 CTIP *  Termination Interrupt Pending
47 CTI Termination Interrupt

(* indicates an error condition)

The bits in the CSB must be inspected by the Supervisor following
a Start Device instruction when CC = 1 indicates that the CSW

has been altered, and also following a peripheral interrupt which
is not a Manual Request (see Section 6.4.3.2). In the former
case, only conditions actually arising during the execution of
Start Device are reported. ’
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6.4.4

6.4.4

6.4.4:2 Program Controlled Interrupt

' The presence of this bit in the CSB stored with a peripheral
interrupt indicates that a PCI flag was set in one of the CCW's
executed in the associated peripheral operation. .

Should a subsequent CCW of the same peripheral operation be
executed, having its PCI flag set, before the interrupts requested
by PCI flags in one or more preceding CCW's have been executed,
only one interrupt will occur; all outstanding PCI requests will
be cleared by that interruption. However if another PCI flag is
detected after the execution of the interrupt, a further interrupt
will be requested. Should there be one or more outstandiyg PCI
requests at the termination of the peripheral operation, the
termination interrupt will clear them; in this case the PCI bit
will be present in the CSB stored when the termination interrupt
is executed.

The information stored in the CSW when a PCI interrupt is executed

. reflects the state of the peripheral operation at the time of
interruption, rather than when the PCI flag was first, or
subsequently, detected. ' ’

.3 .Incorrect Length (IL)

When the IL bit is set in the €SB accompanying a termination
interrupt, it indicates that the peripheral operation was
prematurely terminated because a device 'end' condition was
reported to the sub-channel before the expiry of the byte count
in a CCW which has either its Chain Daia flag set, or its Suppress
Length Indicator flag not set. Premature occurrence of a device
'end' condition can only be prevented from causing the 'incorrect
length' error if the Chain Data flag is not set and the Suppress
Length Indicator flag is set (but if the CCW had an initial Byte
Count of 'all zeros' and no bytes had been transferred, IL

would not be set provided only that the Chain Data flag was not

set).

Note that a device 'end' condition may be generated because of

' some other error condition (e.g. Protection Chock) arising in the
middle of a peripheral block,.and that in such cases the IL bit
may be set in the CSB in addition to other error bits in the
CSB or SDB. It may also be set following termination by Halt
Device, even if the Suppress Length Indicator flag was set in the
last CCW.

.4 Program Check {PGCZ

When the PGC is found to be set in the CSB accompanying a
termination interrupt, or stored during the execution of

Start Device, it indicates that the peripheral operation concerned
wa: terminated or suppressed because of a program-originated
error. The conditions which give rise to this error are:-
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(If CSB stored diuring Start Device)
- CAW specifiés a CCW address-in & non-existent area of
store. .

-~ CAW specifies a CCW address which is not a multiple of 8.

- The command code of the CCW designated by the CAW contains
in its least significant 4 bits one of the patterns 1001 _
-zTransfer in Channel), 0000, 1000, 0110, or 1110
unrecognised codes).

(1f CSB accompanies termination interrupt).

- CCW specifies a data area in a non-existent area of store
(regardless of whether or not the Skip flag is set).

- A Read, Read Reverse or Sense command attempts to overwrite
reserved store locations (even if Skip flag is set). See
Section 3.5.

- Address of next CCW specified by a& Transfer in Channel
Command is in a non-existent area of store.

- Address of next CCW specified by a Transfer in Channel
Command is not a multiple of 8.

‘= A Transfer in Channel command follows immediately after
another Transfer in Channel (the address given in the CSW
in this case is that of the second Transfer in Channel cew).

- Command Code of a CCW contains one of the patterns 0000,
1000, 0110 or 1110 in its least significant 4 bits.

6.4.4.5 Protection Check ZP‘I‘C}

This bit is set following exror termination of a peripheral
operation due to an attempt having been made to overwrite a main
store location whose key differs from that specified in the CAW,
both being non-zero. Note that this error may occur even if the
Skip flag is set in the relevant CCW,

6.4.4.6  Channel Data Check (CDCY

The presence 6f this bit in the CSB accompanying a termination
interrupt indicates that a parity error was detected on a byte
being transferred between main store and peripheral device during
the operation which was terminated.

Parity checking is not performed during a Sense command, which
cannot therefore give rise to this error. Parity is not checked
by the device control unit during a Write Control command, but is
checked as the information leaves the store. Parity checking
still occurs during a Write Erase command, but not vhen the Skip
flag is set in a Read or Read Reverse command.
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6.4.4.7

6.4.4.8

6.4.4.9

604-5

The occurrence of a parity failure does not cause the sub-channel
to stop a peripheral operation immediately. Normally the

operation will proceed until the next device 'end' condition
occurs, i.e. command chaining is inhibited, but data chaining
proceeds normally. )

When the parity error is detected during en output operation,
the erroneous byte is transmitted unaltered. When the device
control unit detects the error condition, it may cause the
operation to be terminated immediately by generating an 'end’
condition, and/or set its Secondary Indicator bit (see Section
6.4.3.7); the action of the device control unit is detailed in
the appropriate Product Specifications.

When the parity error is detected during an input operation, each
incorrect byte is replaced in the main store by an 'all ones'
byte (except when the Skip flag is set).

Channel Control Check (CCCl

The presence.of this bit indicates that the parity of the CAW
or a CCW was erroneous; this condition terminates the operation
immediately. When this bit is set, other information in the
Channel Status Word should be treated as suspect. It may be set
following the execution of Start Device (caW or first CCW parity
error) or in conjunction with a termination or PCI interrupt.

- Channel Termination Interrupt Pending (CTIP)

The presence of this bit in the CSB may be ignored. It is
associated with the condition which exists in a channel prior teo
the execution of a termination interrupt.

Channel Termination Interrupt

The presence of this bit in the CSB stored on execution of a
peripheral interruption indicates that the interruption was due to
the termination of a peripheral operation (see Section 6.3).

Validity of CSW

The validity of the information stored in 'the Channel Status
Word depends on the circumstances leading to its storage.

When status information is stored during a Start Device, Test
Device or Halt Device instruction (indicated specifically by the
Condition Code being set to 1) the first half of the Channel
Status Word is not altered, and the Residual Byte Count field
should also be jgnored. Only the Standard Device Byte and
Channel Status Byte are relevant, the latter being significant
only after Start Device, when it indicates conditions generated
in the course of the instruction - all conditions associated with
CSB bits are effectively cleared at the beginning of the
instruction. Apart from this, the CSB only contains valid
information after the execution of Halt Device on a selector
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- channel, and may be ignored anyway in this case.

The conditions giving rise to the different settings of the
Condition Code by the four peripheral instructions are described
in Appendix D.2. 1-4.

When a peripheral interrupt occurs, the whole Channel Status

Word is overwritten, though in some cases the contents of

various fields should be ignored. In the table below are listed
the various conditions giving rise to peripheral interrupts,

with indications (V = Valid, U = Validity uncertain, X = ignore =
invalid or not meaningful) of the significance of the fields.

. . ) Device ccw >( . Residual
Interrupt ) Number Address SDB CSB Count
1. Manual Request v X Vv X X
(MR = 1)
2. Program Controlled Interrupt v v VvV v X
(PCI =1, CTI = 0) :
3. Normal termination ') v v Vv v
4, Error termination
a) CCC = 1 \'s X v Vv X
b) PGC or PTC = 1 \') U v V X
¢) CbC, IL, SI or INOP = 1; v v v Vv v

or after Halt Device

The validity of the CCW address is uncertain in case 4(b) because
the time at which the information is stored in uncertain; it is
valid at the time it is stored.

Should certain types of hardware failure occur, a Channel Status
Word may be stored in conjunction with an interrupt in which the
SDB and CSB are 'all zeros'. In this case all the other fields

should be ignored.

6.4.6 Analysis of SDB and CSB after Interrupt

The steps in qhich the SDB and CSB should be analysed following
a peripheral interrupt are as follows (at each step it is
- assumed that the conditions of none of the previous steps apply).

Step Indications Interpretation
1 MR = 1 Manual Request Interrupt (occurs only

- when the sub-channel is not involved
in a peripheral operation).

2 cCC =1 Because of parity failure in control
information, other status information
is suspect.

PPD 005
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Indicatiorns

PCI=1, CTI =0

o
(=
ct

)
)
)
)
THoe}
3
)
)

PTC
PGC

fin
—

coc

n
-

IL =1

SI
INOP

0 and’
1

all zeros
all zeros

SDB
CSB

Interpretation

Program Controlled Interrupt. The
progress of the operation may bé
determined from the Next CCW Address
field. Note that, even if the
Channel concerned is of - the type in
vhich a PCI is not requested until
the servicing of the first byte oft
the transfer specified by the
relevant CCW, a PCI requested by an
earlier CCW may be executed before
that time and still appear to
originate from the later CCW.

Normal termination (after termination
by Halt Device, IL may = 1; and

after a Sense command INOP may = 1,
but secondary status information will
still have been transferred correctly)

Note: If TIP, DB, CB, DB, INOP all

= 0, a device error condition is
indicated which will cause
subsequent Start Device (and Test
Device and Halt Device) instructions
to generate CC = 3, and hence
inhibit future operations, including
Sense commands.

Program error in CCWs.

Data parity error.
Count error ('short block')

Error has occurred; secondary status
information .available from device,
using Sense command  (but see note
under step 4).

Device’error has occurred which
cannot be examined using a Sens
command.

Hardware error.

The anaiysis of the SDB gnd CSB to be performed after peripheral
instructions which have set CC = 1 is described in
Appendix D.2 1-3.
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6.6
6.6.1

Connection of Peripheral Devices

The Standard Interface -

The term 'Standard Interface' refers to the logical and physical
'rlug and socket' arrangement by which every peripheral device
control unit is connected to a System 4 processor. The interface
is 'standard' because each device control unit is designed to haye
a standard 'plug', and the same sort of matching 'socket' is ’
provided by all channels on all System 4 proceasors, Thus

(subject to performance limitations, and certain other restrictions)
any device control unit may be attached to any channel on any
processor, and any channel can accept all the different types of
device control unit. A device control unit may control one or

more devices, all of which are therefore connected to the processor
via the interface to which the control unit is attached.

The System 4 standard interface is one byte wide, which is to say
that it contains sufficient lines to enable one byte of

- information, with parity, to be transferred across it at a time.

6.5-2

This applies to control informution as well as data. The standard
interface is used in somewhat different fashions by selector and
multiplexor channels. The essential difference is that whereas

‘on a multiplexor channel each byte of information transferred

across the interface is preceded by another byte identifying the
peripheral device concerned, on a selector channel (on which only
one peripheral device can be engaged in a peripheral operation at
a time) the device identification byte is not required.

Most peripheral devices are capable of operating on either type of
channel. However, random access devices must uswlly be attached
to a selector channel, and remote communications devices to a
multiplexor channel. ’

Trunks

A '"trunk' is a physical unit, associated with a channel, which
provides a single standard interface 'socket' for the attaochment

of one device control unit. One channel may have several trunks.
Trunks, like sub-channels, are not explicitly addressable, but
they should not be confused with the latter. For instance,

whereas a selector channel may have several trunks but has only one
sub-channel, on a multiplexor channel the number of sub-channels

is the same as the number of devices, which is never less than the
nunber of device control units (i.e. of trunks).

A trunk is a physical entity whereas a sub-channel is a logical
entity. ’

4-70 Channel Control Units

Introduction

The physical implementation of channels and sub-channels on 4-70/75
is by units called Channel Control Units (CCUs). There are three
different types of CCU. They differ in the types of channel they
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6.6.2

imnlement (selector or multiplexor), in their performance, and in
the numbers of channels, sub-channels and trunks they can provide.

Eech Channel Control Unit is an autonomous unit, capable of
operating in parallel with other CCUs gnd with the Central Control
Unit, There may be up to 6 CCUs on a single 4-70. Each CCU i
has its own 'Accessway' to the Input Output Store Multiplexor
(see Section 3.2.1.2). CCUs are not explicitly addressable, “ghd
the channels they control may be arbitrarily numbered.

. The three different types of CCU are called:-

Single Channel Control Unit (SCCU)
Multichannel Control Unit (MCCU)
Multlplexor Channel Control Unit (MXCU)

The performance capabilities and rules for connection of CCUs are
detailed in Appendix C. The characteristics of the different
types of CCU are summarised in the table below:-

SCCU ' MCCU . MXCU
Channel Type Selector Selector: Multiplexor
Maximum number of 1 . 8 1
channels
Maximum number of 1 "8 (1 per 256 (1 per
sub-channels channel) device)
Meximum number of 4 - 8 (1 per 16
trunks channel)
Priorities

Two types of priority need to be considered; relative priority for
servicing different sub-channeis during concurrent peripheral
operations, and relative priority for execution of 1nterrupt
requests from different devxces.

Priority of service for channels is determlned firstly by the
priority of the CCUs involved (this depends on the particular
Accessways to whHch they are connected); then by the relative
priorities ¢f the different channels on the same CCU (this is
independent of the channel numbering). Priority between trunks
on the same channel is determined by the channel hardware, and
between devices attached to the same trunk by the device control
unit.

Interrupt priority between channels is determined by the channel
numbering, channel O having highest priority. Priority between
devices on the dame channel is determined on the same basis as
governs the relative priorities for service, described above.

PRODUCT PLANNING SPECIFICATION
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6.6.3

6.6.4
6.6.4.1

Storage of Control Information

Each CCU is responsible for updating and storing the control

. information which governs the operation of its sub-channels.

BEach is provided with internal registers for updating the
control information for one sub-channel. The SCCU, having only
one sub—channel, can retain the control 'information in these
registers all the time (and hence attain its high level of
performance). The MCCU and MXCU hold the control information
for all their sub-channels in, respectively, a private
scratchpad store, and the reserved area of main store (see
Section 3.5). _ .

" For each device on an MXCU, 16 consecutive bytes are reserved.

The absolute address of the first byte for any device is evaluated
by multiplying the device number (0-255) by 16 and adding a base
address which is either O or 4096. The same base address is used
for all the devices on one MXCU. If there are two MXCUs, either
they may use the same base address (i.e. share the same 4096-byte

. block of reserved store locations), in which case different

devices on the MXCUs must have different device numbers; or one
may use base address 0, and the other 4096. If there are three
MXCUs (the maximum), two of them at least must usé the same base

. address.

An MXCU using base address O cannot have devices numbered in the
range 0-5 since the reserved store locations start at 96. The
last reserved location available may be location 1023, 2047, 4095
or 8191, allowing 58, 122, 250 or 506 multiplexor -devices
altogether.

The 16 bytes belonging to a particular multiplexor device are
used to hold the following information during a peripheral oper-
ation, while it is not actually being updated:-

Byte O : Device number

Bytes 1-3 : Address of next CCW

Byte 4 's (Bits 0-3) Key (from CAW)
' (Bits 4-7) Least significant 4 bits of command
: code’

- Bytes 5-7 : Current data address
Byte 8 : (Bits 0-4) Flags
Byte 9 : Channel Status
Bytes 10-11 : Current byte count
Bytes 12-15 : Not used '

Miscellaneous Features of CCUs

‘Trunk Cable Lengths

Trunks may be up to 100 cable feet long, except on the SCCU when
they must be between 25 and 75 cable feet. -
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6-604-2

6.6-403

6-604-4 .

PCI Reguesfs

Sub-channels of the SCCU and MXCU do not request Program
Controlled Interrupts until servicing the first byte of a
transfer specified by a CCW in which the PCI flag is set. Sub-
channels of the MCCU, on the other hand, request PCI in the
process of chaining to a new CCW which'has.its PCI flag set. -

MCCU Diagnose Facility

A special diagnostic facility is available on the MCCU when it
is addressed after the execution of a 'Diagnose' instruction.

This facility is described in Appendix D.2.9.2.

Miniburst Mode on MXCU

The operation of a multiplexor channel alters if, after
servicing a byte, the device concerned is found to be still

requesting service.

In this case the sub-channel control

information is not returned to the reserved part of main store
" but is retained in the registers of the MXCU until the next byte

has been serviced; and so on.

Thus, if successive services are

requested by a device at a sufficient rate, the MXCU behaves

as if it had only one sub-channel.
specified by program. :

This behav;our cannot be
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7.2
7.2.1

7.2.2

T.2.3

INITIAL PROGRAM LOADING

Introd-iction

In this section is described the method by which an operator
initiates the operation of the processor.

Operator Instigated Initial Program Loading
Géngral

An operator initiates the operation of a processor by executing
a sequence of actions which involve a peripheral device and

the Operators Control Panel. The functions of each of the
controls and indicators on the Operators Control Panel is
specified in Section 10.

System Reset

The first stage in the initial program load sequence is the
pressing.of the .System Reset Control. This action causes the
Central Control Unit to clear the following registersi-

Condition Code Register
Program Mask Register
. Sequence Control Counter
_Interrupt State Identifier
Store. Protection Key .
Operation Mode Indicators
Relocation Base Register

'--fﬁé"Central Control Unit then initiates Processor State 3, and -

halts all its operations. In addition the channels and
peripheral devices are also reset. The system then waits for
the action of the Load Control.

The Program Load Segquence

Activation of the Load Control on an Operators Console causes
the Associated Central Conitrol Unit to initiate the 'initial
program load sequence'. Before this control is pressed, the
address of the peripheral device, which is to read the
'initial program load sequence', must be set up on the Load
Davice Switches. The first hexadecimai digit specifies the
channel number, .the next two the device number on that channesl.

The action of the Program Load Sequence is as follows:-

1. The Channel Address Word is cleared and as a result
specifies a Channel Command Word at address O and a Zero

Protection Key.

2. The second word in store (locations 4 to 7) is filled with
the second half of a Channel Command Word. This word -
specifies a 24 byte command chained transfer.
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" 7.2.3 Continued.

3, The first word in store (1ocation 0 to 3) is filled with
the first half of a Channel Command Word. The command
specified by this word is 'Read' and the address 'O'.

4. The action of a 'Start Device' instruction is performed;
the device address is then taken from the Load Device
Switches. ’ '

5." If the addyesaed sub-channel is available, the action
continues as for a normal Start Device, i.e. as if CC = 0.
1f any of the conditions associated with ¢C =1, 2 or 3
(see Appendix D.2.1) occurs, the peripheral operation is
suppressed and the action is-halted.

6. After the first block has been read into bytes 0-23,
commind chaining occurs to the CCW now in bytes 8-15.
Operations in the channel continue in the normal way until
chaining is complete. Note that information may only be
read into the Reserved Store (0 - ) until the first
channel interrupt occurs.

7. At the end of the transfer, the Channel interrupt is
executed and status information is stored in the Channel
Status Word. If any errors are indicated (see 7.2.4
below) the action is halted, otherwise the action
continues and the appropriate Weight is placed in the
Weight Register of Processor State 3.

8. The central control registers associated with the Program
Counter Register are loaded from the information stored
in the first word of store. Those registers which are
associated with the Interrupt Status Register are loaded
from the second word of store. '

9. Normal opérations-commence by staticising the instruction
specified by the Sequence Control Couter.

T.2.4 Fault Detection

e ————————

Faults detected in stage 5'and 7 cause the sequence to be
_halted. The faults detected in stage 5 are those associated
with the execution-of a 'Start Device' instruction.

The faults in stage 7 are detected by checking to see if any
of the following conditions are true.

gcC =1 -CbC =1 PMC =1 PGC =1
PCI =1 CPTI =0 MR =1 SI=1 INOP=1 TIP=0 DE=0
T.2.5 Format of First Record

The format of the first 24 byte record read into store must
be as follows.

Issue Date’ | Auth'y].Log | Title ‘ Document No.

4 |16, 2.68 | MRW | 743 cmm?u. PROCESSOR MODELS PS 4.10,70
4-70/7
4/1}10.7.68 | MAm | 809 2

Page 7.2




Issue 1

PPD 005

iISHIEIEETicICon]

PRODUCT PLANNING SPECIFICATION

" T7.2.6

7.3
703ol

7.3.2

7.3.3

7.2.5 (continued)

Word Allocation

(0] Program Counter

1 Interrupt Status Register

2 _ First word of second Channel Command Word
3 Second word of secend Channel Command Word
4 and 5 . More channel command words or as required.

Erroneous Initiation

A processor that is operating will attempt to perform the initiated
program load sequence whenever the 'Load Control' is operated.

Processor Instigated Initial Program loading
Genéral

A 4-T70 processor may either initiate the operation of a reset or
"'stopped' 4~T0 processor or redirect the action of a working 4-70
processor if the processors are linked by specially ccnhected
direct control lines. The method used is a modified form of

the initial program load sequence and can only be successfully
‘accomplished if the correct control words are present in the

main store of the processor which is to be initiated.

Links

The initial program load command is carried by two lines in’
each direction in each direct control connection between 4-T0
processors. It is thus possible for a processor to send or
receive the command to or from up to six other processors. For a
further description, refer to PS 4.6.10. *
In addition to the normal direct control link a processor which
is to be initiated must have a special hardware connection made
between its control system and one or other of the incoming
initial program load lines. This link is not a catalogue item
and must be specifically requested.

Operation

A-processor instigates an initial program load operation in a
remote processér when it executes a 'Write Direct' instruction
which has the bits of its Immediate Field all set zero with the
exception of one or both of the bits which select the initial
program load lines (i.e. theleast significant two bits of the
field). Any processor linked to the selected initial program
load line reacts by staticising into its control registers the
contents of a Program Counter and Interrupt Storage Register
previously stored in main store words O and 1 respectively.
Processor Operation commences in Processor State 3 with an
inhibition on interrupt execution that lasts until the completion
of the first instruction. This instruction must load the current
Interrupt Status Register with the corresponding value stored in
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7.3.3 (continued)

main store and thus ensure that subsequent interrupts do not
cause the loss of this .information.

As a side effect of the operation, the contents of main store
bytes 2 and 3 are replaced with the value indicated by the
Load Device Switches on the processor's console.
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8. DIRECT CONTROL

Direct Control is an optional feature of the 4-70 that can be
used ‘for communication between processors and also for initiating
the operation 'of one processor by another. (See section 7).

The instructions associated with the Direot Control feature are
described in Appendix D. The function ‘and properties of the
System 4 Direct Control System are specified in PS 4.6.10.
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9. ENGINEERING

9.1 Introduction

In this section are specified the processor's dimensions and power.
requirements. The Engineer's Control Panel is not specified as it is
fully defined in the 'Engineers' Description' of the 4-70.

9.2 The Physical Layout of the Proceséor

The processor consists of from 10 to 21 cubicles which are arranged

with the Central Control Unit and the Channel Control Unit cubicles

surrounded on two sides by the main store and its power supplies and
on the third side by the power surplies of the Central Control Unit

and of the auxiliary Channel System. The engineer's control panel

is attached to the Central Control Unit double cubicle.

Each cubicle which is not a povzr supply has a door on its front,
another on its back. Thgse doors each hold three platters on which
are.mounted the processors logic etc. There are in addition three
platters mounted in the centre of each cuticle. The cubicles must
be so positioned that the doors may be fully opened. In particular
free access must be given to the door that covers the engineer's
control panel.

The layout of the processor is as follows:-

Diagram 2
00-0.25 MB |0.25-0.5 MB
3345 4171 4171 ]
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PROCESSOR LAYOUT

—————— G—

The length of the cable run from the Engineer's control panel to
Operator's ccntrol panel is 75 feet.
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9.3 Cubicle Regquirements

Cubicles are 27% inches deep and height from floor is 61% inches.
Their width, weight and ‘power requirements are as follows:=-

Table 8
Itém‘ Width Weight Power
inches - pounds KVA . *
Central Control Unit 4870 ) '
plus 4872 S . 58 §,220 . 4.0
Channel Control Unit ' '
Cubicle 48T1 54 1,120 5.3
_Channel Control 4873 - 21 624. 2.7
Main Store Cubicle 4171 54 1,120 5.2"
?ower Sux'»ply Cubicles .
Central Control Unit 3346 81 1,792 21.5
Main Store 3345 54 4,232 14.0
Power Supply Expansion 3347 27 672 55

*°1.3 per 65 KB
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10.
10.1

- 10.2

10.3

1U.3

10.5

19.3

.1

2
2.1

OFPERATING FACILITIES

Introduction

‘In this section are described the controls and indicators- which

are available to an overator. Engineer-only controls

are described in Engineering Specification 642 4070.0011 RO8
Section 5. Operator Controls are of twe types:

‘the first are those used for cortrolling the operatinm

of the aardware featur=s of the processor and are: concerned T
with such operations as initial program loading and halting the
processor; the second group of controls are those used for com-
municating commands to the supervisor program. The second type
of control takesthe form of an alphanumeric keyboard, the
properties and functions of which are described in the specifica-
tions concerned with operating devices. Further information may
also be found irn those specifications which describe the relevant
supervisor requirements.

Operator's controls are of two types; those that must be readily
available, and those ‘that are covered by a flap and are not nor-
mally used except in particular circumstarces. The first type
are described in the next section whilst the second are described
in Section 10.1. ' : .

Operator's Control Panel

The Controls and Indicators described in this section are mounted
on the Operator's Control Panel. The panel is itself mounted on
the Central Processor Control Desk; this is described in PS 4.8.3.
The controls are mounted such that: the Emergency Off Button is
situated by itself on the left of the panel; the standard conirols
and indicators in the centre of the panel, wich the indicators
above the control buttons. The special controls and indicators
are under a flap 4o the right of the standard controls.

Standard Controls and Indicators
The Emergency Off Button

Operation of this control causes instant removal of power from

the entire system, prematurely terminating the current instruc-
$ion but not Physically damaging devices or.media. Instruction
sequencing stops immediately and there is no interrupt to P4 state.
Engineer's action is required to reset the 'emergency off’

state after this control has been operated. .

The control is a button of different appearance from other
controls, and is located separately from them. It is bezelled
and strongly sprung to obviate accidental operation.

Controls

S?og

fIf the Central Control Unit is rumning, actuating this control

causes it to go to the ‘stop' state; the Stop Indicator then
lights. .
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10.3.2.1 (continued)

In the 'stop' state, an instruction is staticised but not yet
‘executed. Input-Output operations continue until their natural
termination is reached. .

When the ‘'siop' state has been reached as a result of the operation-

of this control, running may only be resumed by operating the Start. -
Control, or the General Reset followed by Load. *

10.3.2.2 Start

Operation of this control will cause a 'halted' Central Control
Unit to recommence its operation.

10.3.2.3 Load

Operation of this control will cause the 'initial program load!
sequence to be initiated. The action must be preceded by setting
the Loading Device switches and by operating the General Reset

" Control. Further information is given in Section 7. If this
control is pressed whilst the Central Control Unit is operating,
the 'initial program load' sequence will be executed. '

10.3.2.4. 'Power On/Off

This is an alternate action switch which initiates the ‘*power on'
and 'power off' sequences of the entire installation. The switch
is inoperable if the Remote Indicator is 1it.

Setting this control to ON initiates a controlled run-~up of
power throughout the system.

After power has béen switched on, the Load Control is inoperative
until returns indicate that the computer is fully ready for use.

When the power run-up is completed, the processor is in the 'stop!
state, and running may be commenced by operation of the Load Button.
The last action of the Sequencer Unit is to energise the Controls

and Indicators of the centre panel cf the Console Unit. Cobnsequenti-
ly, the Stop Indicator does not light until. the computer is fully
ready for use.

Setting the control to OFF, initiates-a controlled rundown of
power throughout the entire system. After the operation of - the
control, there will be a 10 second delay before the power goes
fully off.

10.3.3 Indicators

10.3.3.1 Stop

The Stop indicator lights to indicate that the processor is in the
'Stop' state. This state is entered automatically on detection

of an error (except 'Awaiting Interlock Release') or as a result
of Operator or Engineer intervention (e.g. depression of STOP
button). The indicator is 1lit after the 'power-on' sequence

has terminated.
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10.3.3.2 System Error:

The System Error Indicator is lit on the detection of the occur-
rence of one or more errors of a kind which are not resolvable.by
program action. The lighting of this indicator, unless it occurs
during 'initial program loading', indicates that engineering
attention is required.

The occurrence of any of the following conditions causes the
indicator to light :-

Parity error detected during a Main Store access
Parity error detected during a Scratchpad access
Parity error detected during a‘Micropfogram access

Parity error detected during the accessing of a Store
Protection Key

Parity error detected by the processor on a byte read
from a peripheral. (Note: most device control units
send parity corrected bytes to the processor)

Program error (see the description of the Program Check
Bit in Section 6.5.10.4) detected during the execution
of the 'initial program load' sequence.

Device specified as the 'initial program load' device

is inoperable.

The System Error Indicator can be reset by removing the error
indication using the Engineers' Control panel (unless the error
was a Microprogram Error or Awaiting Interlock Release) or by
pressing the General Reset Control.

10.3.3.3 Supply Warning

This indicator is lit when it is detected that the main supply
is outside a statutory % 6% tolerance but has not yet reached
the level of deviation at which automatic shut down occurs.

10.3.3.4 Remote

This indicator when 1it shows .that power control is at the
engineer's panel and that the Power On/Off Button on the
operating panel is inactive.

The Remote Indicator is also a control button which when preésed
causes all the indicators on the control panel to light.

10.4 Special Controls and Indicators
10.4.1 Introduction

The special controlé and indicators are located on the operator's
con*rol panel under a flap. The layout of the controls and
indicators is as follows :-—
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10.4.1 (continued)

Top row - general reset, console interrupt
Middle row - idle indicator, program state indicators
Bottom row ‘= channel address switch, device address switches.

10.4.2 General Reset Control

The General Reset Control is used to halt the actions of the
processor in such a manner that it may be restarted using the
'initial program load' sequence.

Operation of the General Reset Control causes changes to occur .
in the Central Control Unit, in the Channel Control

. Units and in the device control units and peripherals attached
to those channels. The following actions take place i~

The hardware.central control registers listed below are
cleared :-

Condition Code Register
Program Mask Register
Sequence Control Counter
Interrupt State Identifiexr
Protection Key

Mode Bits

Relocation Base Register .

Central Control Unit operation is halted and Processor
State 3 is initiated.” The Channel Control Units cease
operating and reset the appropriate registers.

Device Control Units and Peripheral Devices are reset
in the manner described in the appropriate specifications.

The Central Control Unit waits ready to respond to a
command from the 'load' button.

10.4.3 Console Interrupt

Operation of this control causes the 'Console' interrupt to
be requested in the Central Control Unit.

10.4.4 Load Device Switches

These are a set of three hexadecimal digit switches. The
device, which has the channel and device number address which
is indicated by the setting of these switches, is the device
which is set by the processor as the source of its control
information during the 'initial program load' sequence.

10.4.5 Program State Indicators

These are two indicators which together form a two bit binary
pumber that indicates the Central Control Unit's current 1
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10.4.5 (continued)

10.4.6 Idle

processor state.

Code

00
0l
10
11

The code is as follows:-

Current State

Processor State 4.
Processor State 3
Processor State 2
Processor State 1

This indicator lights when the Central Control Unit is
executing the 'Idle’ instruction. ;
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11. RELIABILITY AND MAINTAINABILITY
11,1 Introduction
The reliability to be attained by the processor is specified in
this section. The maintenance charging meter is also described.
11.2 Reliability

It is not possible to define exactly the reliability of a 4-70/75

processor in terms of its Mean Time Between Failures. Instead a

table is given indicating the relative reliability of its component

units. The actual reliability of a system could vary by as much

as +400% and -50%.

Note : the reliability figures only include those failures which
occur during normal operational periods. This means that
faults which occur during special test runs with marginal
conditions applied are excluded when assessing the MIEF.
Failures caused by Program, Software or operator erroxr are
also excluded. .

TABLE 9
Mean Time Between Failures
MTBF
Item ‘ in hours

Central Control Unit 4870 plus 4872 480

Multiplexor Channel Control Unit 4270 1,950

Single Channel Control Unit 4271 2,250

‘Multichannel Control Unit 4272 . 1,900

Main Store Module 4171 510

Power Supply Cubicles )

Central Control Unit 3346 ’ 3,000

Main Store 3345 . 4,550

Power Supply Expansion 3347 9,100
11,3 Maintainability

The 4-70 processor must comply with the maintenance requlrements

for System 4 as outlined in PS 4.3.4. The Engineer's Control is

specified in Engineering Specification 642 4070 0011 RO8, Section 5.

11.4 Maintenance Charging Meter

Each 4-70 Central Control Unit has an associated Maintenance

Charging Meter. A meter has the following characteristics :

(1) The Maintenance Charging Meter is a direct reading

hour meter covering the range 0-9999 hours.
(ii) The meter is located in the processor or pover cabinet
such that it may be éasily viewed.
Issue Date Auth'y | Log | Title Document No.
Lo
4 |16.2.68 A | 743 CENTRAL PROCESSOR PS 4.10.70

MODELS 4-70/75

PRODUCT PLANNING SPECIFICATION

PPD 005

4/110.7.08 |™MAW | 809
]

Page 11.1




Issue 1

PPD 005

e

JERGlISHIEIEEtTic) @@m phery

PRODUCT PLANNING SPECIFICATION

11.4 (continued)

(iii) The meter will record time when all the following conditions
are satisfied :-

-~ the processor power is switched on
- the Stop indlcator is not 1lit (1.9. the machine

is in the 'go!

- the Engineers' Key is not in position.

(iv) The meter will not record time when :-

or

state)

éa; the processor power is switched off
the processor power is switched on

the. Stop indicator is 1lit

the Engineer's Xey is not in position
or (c) the processor power is switched on
: the Engineer's Key is in position
(regardless of whether ‘the Stop indicator is
1it or not). .

(v) The meter will record time when the 'idle' instruction

is being executed.
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19.
19.1

19.1.1

19.1.2

PAGING

Introduction

The 4-75

Paging is a method of dynamic address ‘conversion and is the
distinguishing feature between a 4-70 and a 4-75 processor.
The relevant catalogue numbers are given in Section 1.6.

.Puggose of Paging

The range of addresses referred to by any program which uses
paging is effectively divided into 4,096-byte units called
pages, each page comprising the bytes addressed from 4,096n
to (4096n + 4095), (n =0, 1, 2,eeee 4095). The range of
addresses used by such a program is called its virtual store,
and may extend to 224 bytes. The paging system allows any
page of the virtual store to be contained in any physical main
store block of 4096 bytes whose absolute addresses start at a
multiple of 4,096, e.g. absolute locations 4096N to (4096N +
4095), by causing every program-generated address of the form
409n + x (0 x & 4095) automatically to be converted to the
form 4096N + x.

Address conversion is performed at instruction execution time
and is therefore truly dynamic. The conversion is -effectively
performed by table look-up; there is a different value of N for
each n, and there is no constraint on the values of N to run
consecutively. Any one or more pages of a program's virtual
store may be absent from the main store, in which case the
Supervisor ensures that the table entries for those values of

n confain markers which cause the program to be interrupted as
soon as it refers to an absent page. This interruption occurs
in such a way that the Supervisor is able to bring the required
page ‘into the store, insert the appropriate value of N in the
table, and cause the program to resume with the instruction
which referred to the missing page.

The purpose of paging is therefore to allow a program to refer
to a virtual store whose individual pages may be dynamically
relocated in the main store, and inecidentally to enable a
program to cperate in a physical main store area-smaller than
its virtual store. As indicated in Section 19.1.4 below, the
arrangement of conversion tables also enables different programs

to share pages.

Paging operates in conjunction with the Relocation Base Address
Register; ‘thus, if the value in the latter is R, and the virtual
address generated by a program is 4096n' + x (0¥ 4095) the
address presented to the paging mechanism for conversion _is™ -
actually 4096(n' + R) + x, so that the conversion tables

aftually give the values of N corresponding to n where n =n' + R*

(modulo 4096). i
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19.1-

19.1.

3

4.

When Paging Operates

The conversion of an address by the paging mechanism (if fitted)
tgkes place if, and only if, the following conditions all g
obtain:-

(a) the progessor is in the paging mode (see Secti&n
2-4.905 ;

(v) the processor is operating in the Pl or P2 state;

(¢) the address in question is an instruction-specified
operand address greater than 71, or any instruction
address specified by a Branch or Execute instruction
or by the Sequence Control Counter. Thus instructions
as well as data are relocated by the paging mechanism.

Note 1. Addresses- generated by input output channels, are not
converted. It is the Supervisor's responsibility to ensure
that virtual store areas required for input output. operations
are present in the physical main store and, if they cross page
boundaries, that they occupy consecutive locations therein.

Note 2. The addresses left in General Purpose Registers by the
Instructions 'Load Address' and 'Branch and Link' (both versions)
are unconverted.

Note 3. Instruction-specified operand addresses in the range O-T1
are not converted.

Outline of Paging Mechanism

As described in Section 19,1.2 the basic function of the paging
mechanism is to convert addresses of the form 4096n + x (0§gx
n$4095) to the form 4096N + x (x unchanged). For this purpose
the 12-bit field containing n is split into an 8-bit and a
4-bit field, containing numbers referred to as s and p,
respectively, so that n = 16s + p (osps 15, 0S s.< 255).

Thus the virtual store of each program is effectively split

into a maximum of 256 segments, each segment containing up to

16 pages. s is the segment number, and p the page number
within that segment, of any particular page. Address conversion
is achieved by using two types of tables, called 'Page Tables'
and 'Segment Tables'. Each program operating in the paging
mode uses one pagé table for each segment it addresses, and a
single segment table. These tables are held in the main store.
Each page table comprises a set of comsecutive 4-byte locations,
or entries; the (p + 1)th entry of the page table for segment s

contains the value of N (if it exists) corresgonding to the page
for which n = 16s + p. ch entry also includes a one-bit

marker to indicate whether or not the page is present in the main
store, i.e. whether or not N exists. The segment table

similarly consists of a list of 4-byte entries, the (s +1)th
entry containing the (absolute) starting address of the page

table for segment s. The starting address of the segment table
for the current program is held in a special Scratchpad register

(the Segment Table Base Register) where it is placed by the
Supervisor prior to resumption of the program. Each program can
thus have its own segment table.
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19.1.4 Continued.

Any page table may be referred to by more than one program,

by having its start address included in more than one

segment table. In such cases the numbers of the segments
concerned need not be the same, since the contents of the page
table do not refer to the segment number. This allows different
programs to have access to common segments, which are included
in the virtual stores of ach of these programs; although each
program may refer to a common segment by a different number,

the numbering of the pages within the segment is the same.

To convert a virtual address to absolute form requires two main
store accesses, to a segment table entry (whose address is
determined by adding the segment number to the contents of the
Segment Table Base Register) and then to a page table entry
(whose address is determined by adding the number of the page
.within the segment to the contents of the segment table entry).
As it would take too long to perform this operation for every
address, the paging mechanism also includes a fast Associative
Memory, arranged to contain the numbers and locations(i.e. the
values of n and N) of the eight pages most recently referred to.
Every time an operand or instruction address of the form 4096n + x
.1s to be converted, the Associative Memory is searched to see if
this value of n is already present therein. If it is, the
corresponding N is extracted from the Associative Memory. If it
is not, n is split into its s and p portions, which are used

to extract the value of N from the appropriate page table and
thus generate the required absolute address : 4096N + x. In
addition these values of n and N are inserted in the

Associative Memory, replacing the item least recently used. If
there is no value of N, i.e. the page in question is not present
in the main store, a\'Page Turning' interrupt occurs, the

number of the required page being left in a Scratchpad location
so that the Supervisor can bring that page into the main store
and update the page tables accordingly.

The contents of the segment and page tables, and hence the
allocation of virtual storage and the assignment of pages to
locations in the main store, are controlled completely by the
Supervisor.

Further details of the paging mechanism are described in
Section 19.2.

19.1.5 Store Protection and Monitoring

Since, in the paging mode, all program-generated addresses are
converted via the segment and page tables, and since, as
described in Section 19.2, these tables incorporate checks on
the virtual addresses presented for conversion, store protection
can be ensured by the Supervisor without relying exclusively on
the use of the reservation keys (see Section 3.4). These may be
used as extra checks on the system.

o
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190 1. 5 Continued.

19.1.6

19.2

19.2.1

19.2.2

19.2.2.1

The Write and Read markers which form part of the reservation
keys can be used by the Supervisor to discover the use which
has been made of any page, and hence to determine which page
or pages should be discarded from the main store when new ones
have to be brought in.

Compatibility Between Paging and Non-Paging Modes

Non-privileged programs written for non-paging systems may be
run under paging conditions, and vice versa, provided that the
necessary program/Supervisor interfaces, etc., are compatible
and that the storage allocation procedures of the Supervisor

.are suztable. In particular:-

(a) A program which relies on paging may run in non-paging
mode provided that the physical main store is large
enough to accommodate the virtual store used by the
program, virtual addresses being treated as absolute.

(b) A non-paging program may run in paging mode profided

" that enough consecutive segment numbers are allocated
to it to provide a virtual store compatible with the
range of addresses used by the program.

‘

The Paging Mechanism

Types of Address Converted

Section 19.1.3 lists the conditions governing the use of the
paging (address conver31on) mechanism. When these conditions
obtain, all instriction addresses (including branch addresses)
and instruction operand addresses are automatically presented
to the paging mechanism for conversion, after addition of the
relocation base address. As previously described, a virtual
address of the form 4096n' + x becomes, after addition of the
relocation base address, 4096n + x (where n = 16s + p) and is
converted to 4096N + x.

The terms n, N, s, p and x are used throughout this section to
refer to typical addresses.

The Associative Memorv

Formats and Use

The Associative Memory comprises eight non-addressable 24-bit
cells. Bach cell contains the following:-

Virtual page number (n) (12 bits)
Absolute page number (N) (12 pits)
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19.2.2.1 Continued.

A cell is said to be valid when ihe values of n and N which
it contains correspond to one of the eight most recently
addressed pages in the main store. Further information on
validity is given in Section 19.2.2.4.

Any address to be converted, after incrementing by the
relocation base address, is first referred to the Associative
Memory. If the relevant value of n is equal to the value of
any of the valid cells \a11 of which are examined) conversion
is completed by extracting the value of N from that cell and
substituting it for the most significant 12 bits of the address.

If no matching valid cell in the Associative Memory exists,
table look-up in the segment and page tables is automatically
performed; if this is successful, i.e. if the page is present
in the main store, a new entry for this page is automatically
generated and inserted in the Associative Memory, and the
conversion is completed. Otherwise interruption occurs.

Issue 1

PRODUCT PLANNING SPECIFICATION

19.2.2.2 Order of Recency
. Included in the Associative Memory is an automatic mechanism
which effectively remembers the order in which the cells
within it were most recently used, i.e. had their contents
successfully matched with addresses presented for conversion.
This mechanism is automatic and not under program control. It
makes its effects felt in two ways:
(a) After a failure to match an address to be converted
against any of the values of n in the Associative
Memory, the new entry subsequently generated by
look-up in the segment and page tables over-writes
the cell containing the least recently used entry,
vhich itself becomes the most recently used. The
remaining cells are ordered below in the previous
sequence. . :
(b) Vhen a ‘'Load Scratchpad' or 'Store Scratchpad'
instruction is used to insert or read out an item in
. the Associative Memory, the cell over-written, or
read from, is the one least recently used; however,
as soon as that cell has been referenced (i.e.
immediately the contents of the cell have been
transferred from or to the main store, and before the
next transfer) it becomes the most recently used
cell and the others step down, letting another take
its place at the tail end of the order of recency.
19.2.2.3 loading and Storing the Associative Memo
If a 'Load Scratchpad' or 'Store Scratchpad' instruction is
executed which refers to a Scratchpad location in the range
128- 255 (decimal), the words involved are transferred between
the designated main store locations and the Associative
Issue Date Auth’y | Log | Title Document No.
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19.2.2.3% Continued.

Memory. Regardless of the actual Scratchpad addresses specified,
the first word transferred either overwrites (Load Scratchpad)

or is read from (Store Scratchpad) the least recently used cell
(which immediately becomes the most recently used) and so on.
Thus a different cell is accessed for each word transferred. The .
number of words transferred is determined by the L field.

A1l 24 bits of each cell are read out or overwritten. The format
of the main store words involved is as follows:-

ignored n N
0 8 20 31

After the completion of a 'Store Scratchpad' instruction
involving the Associative Memory, all cells are automatically
set invalid, regardless of the number actually read out.

_(a) Any address between 128 and 255 inclusive, refers to the
Associative Memory.

(v) If more than 8 addresses are specified within the above
limits, the mechanism continues to load or store the
Associative Memory and overwrites or stores again its
contents either until the count reaches zero or until
the scratchpad address wraps around and address O is
specified.

(¢) It is permissible to address the Associative Memory
as the last part of an operation which initially
specified the normal part of the Scratchpad.

Further information is given Section 4.4.5 and D.2.5.

Yalidity of cells

19.2.2.4
A cell becomes invalid when a 'Store Scratchpad' instruction
involving the Associative Memory is executed; all the cells are
made invalid, whether or not their contents were actually
transferred.
A cell becomes valid for one of two reasons:-

(a) When a new entry is generated by a successful
automatic look-up in the page and segment tables,
following failure to find a match among the
existing entries.-

(b) When a cell is overwritten by the 'Load Scratchpad'
instruction.

19.2.2.5 Page Usage Analysis
The page numbers of pages accessed during the execution of a
Issue Date JAuth'y} Log | Titie Document. No.
4 16.2.68 | MAwmy | 745 CENTRAL PROCESSOR MODELS PS 4.10.70
4-70/15
Page 19.6

PRODUCT PLANNING SPECIFICATION




PRODUCT PLANNING SPECIFICATION

Issue 1

$19.2.3

19.2.2.5 Continued.

19.2.3.}.

program can be estimated either by inspecting the main store
reservation keys (See Section 19.1.5) or by exanining the
order in which the most recently accessed pages were used.
This latter method requires less processor time and is:
performed as follows:~ :

(a) bvefore the exeoution of a program is either
initiated or restarted, all the cells of the
Associative Memory are loaded with a standard entry
which will not be used by program (s = 255, p = 15

‘and N = 4,095, i.e. all 'l's, is the most likely
choice). The validity bits of the cells are then
‘reset by executing a 'Store Scratchpad' instruction
specifying one of the cells. Finally the n, N
value of pages likely to be used by the program are
stored in the memory by executing the 'Load
Scratchpad' instruction.. )

(b) after execution of a program has at least temporarily
ceased, the cells of the Assoclative Memory are
loaded into main store. The order in which they are
placed will reflect the recency of usage and any cells
not used will be identified by the previously chosen
void value for n and N.

Segment and Page Tables
The Segment Table Base Register

The absolute atar'?ing address of the current segment table is
contained in a ScratEhpad location whose address is specified
in Section 4.4.5. The format of this register is as follows:

Limit “Segment table address 3rJ
8

The address is contained in bits 8 - 31. Its two least
significant bits must be zero. The limit field contains the
largest segment number which the program is permitted to use.

Following a failure to match an address in the Associative

Memory, a word in the segment table is referenced by adding 4s
to the address in the Segment Table Base Register, to form its
address. An 'Address Error' interrupt is requested vhen )
referring to the segment table, if s is greater than the limitorif
the address generated lies outside main store. :
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" The Segment Table

kach segment table entr&, of which there can be up t6 256,
occupies 4 bytes and has the following format:

Ignored Page table address

0 8 31

The absolute starting address -of the appropriate page table is
held in bits 8-31, The two least significant bits must be

Zero.
A segment table entry is used in the following way:

the address of the page table entry required is formed by
adding 4p to the page table address. AP 'Andress Error'
interrupt occurs if, in referring to the page table, the
address generated lies outside the main store.

The Page Table

Each page table entry, of which there can be up to 16 per

‘table, occupies 4 bytes and has the following format:

A Spare P N

0 1 16 20 31

(A = Availability)

The leftmost bit of an entry indicates whether the
corresponding page is present (1)'or absent (0) in the main
store. If the page is present, bits 16 - 19 and 20 - 31
contain p, the page number within the segment, and N, the
absolute page location, respectively. The segment number is
not included, since the same page table may be referred to
under different segment numbers by different programs. The
'spare' field, bits 1 - 15 (and bits 16 - 31, if bit O = 0)
may contain any information.

In addition to the interrupt mentioned in Section 19.2.3.2
above, an 'Address Error' interrupt (Page Number Error) will
be requested if the page is marked as present (vit 0 = 1)

but the value of p in bits 16 - 19 does not agree with that
used in referring to the entry. This error is detected after
generating the new entry in the Associative Memory, and
prevents the completion of the address conversion pracess.

If the page is marked as absent, a'Page Turning' interrupt
(Section 19.2.4.2) occurs. '

Segment and page table entries are not altered by the address
conversion process, and are completely under program (i.e.
Supervisor) control.
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19.2.4
19.2.4.1

19.2.4.2

Program Interrupts

Introduction

Vhile a program is operating in the paging mode it is subject
to all the normal types of interruption. In addition, there

is a 'Page Turning' interrupt which occurs when, following a
failure to match an address presented for conversion with any .
of the values of n in the Associative Memory, the contents of
the appropriate page table entry shows that the required page
is not in the main store.

The 'Page Turning' interrupt is executed without activating the
normel flag scanning sequence of the Interrupt Gontrol System.
The interrupt thus has immediate effect and does not have a
position in the normal interrupt priority queus.

The 'Page Turningi interrupt has neither an interrupt flag nor
a mask bit associated with it. It cannot occur.whilst the
processor is operating in the standard address mode.

Several Page Turning interrupts mey occur in the conrse of
executing a single instruction, in all cases, however, the
execution can be successfully restarted once the missing page (s)

has (have) been fetched.

The Page Turning Interrupt

The Page Turning' interrupt is executed in the following manner:
1. The current instruction is inhibited.

2. The central control storage registers of the
interrupted state receive the normal information stored
during a change of state. The Sequence Control
Counter contains the address of the start of the current
instruction. The instruction length code may be stored
incorrectly.

3« The Segment/Page number which could not be interpreted
gs placed in bits 8 to 19 of register 5 of processor state
our.

4. The Interrupt State Identifier field is loaded with the.
code ananniated- sith the interrupted processor state.

5. The Sequence Control Counter is loaded with- the contents
of register 4 of Processor State Four.

6. Normal processor operation commences in processor
state three.
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19.2.4.2 Continued.

Address conversion is caused to occur at a sufficiently early
stage in the execution of every instruction to permit the
instruction to be restarted, following a 'Page Turning'
interrupt, from scratch. All SS instructions, and the
instructions 'Load Multiple' and 'Store Multiple' are checked
initially to ensure that if their operand fields cross page
boundaries, the absolute addresses of the pages in question are .

-available. The worst case which can occur is an 'Execute'

instruction which executes a 'Move'-type instruction; this may
involve up to 8 'Page Turning' interrupts (so that the 'Execute’
instruction is initiated nine times in all), since the

'Bxecute' instruction, the 'Move' instruction, and its two
operand fields may each straddle two pages which were not in
the store prior to initiating the instruction for the first
time.

19.2.4.3 * Program Error Conditions
The three error conditions specifically relating to the paging
mode have been described in Section 19.2.3. 1In additionm, all
" data and instruction addresses associated with an instruction
are checked in the normal way either before conversion (for
alignment errors, etc.) or after conversion (for protection
violation, etc.) as appropriate, and all the other checks are
performed as usual. Detection of error conditions leads to
instruction termination in the usual way; no further address -
conversion is performed on the instruction.
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20.  EMULATION FACILITIES
It is not possible for the 4-70:Central Control Unit to .emulate the
action of other processors.
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APPENDIX A
INSTRUCTION EXECUTION TIMES

SYMBOLS

- Number of Bytes processed (B& L)

Channel Response Time (see Appendix C Seotion 5)
-~ Number of Digits .
Instruction Execution Time

- Time taken to service interrupt if applicable

~ Number of Control Characters '

~ Number of bytes in first operand

Number of bytes in second operand

—~ Number of bytes specified by L field

< Number of 4-bit shifts (next highest integer if not
divisible by 4, minimum is 1).

Number of Registers.

3
1

RHHUQW
SR
1

Lo~ B N e B )
N
[}

w .
i

GENERAL NOTES FOR 4-70 and 4-75

1. A1l instruction times include staticising time. Times are
the average produced by a string of instructions of the same
- type, randomly chosen.

2. Single modification is assumed throughout. To RX instructions
which use both index and base registers (double modification)
add 0.15 usecs, except those marked +, I or x. To those marked
+ add 0,30 usec, to those marked + add zero and to those marked x

add 0.05 usec. .

3. Instruction times do not include recomplementation where
necessary.

4. Normalisation, where performed, is taken as one hexadecimal
place shift.

5. Decimal instruction times are calculated on the basis of the
first operand field being greater than the second.

6.  Measured instruction times will be within = 5% of those quoted.

T. Control Characters, K, are all characters in the first 0peraid
field except Digit Select and Start Significance.

/continued.....
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.NOTE FOR_4-75 OPERATION

4-T75 instruction execution times are greater than those of a 4-T70
by an amount which is dependent on instruction type and is composed
of three independent factors., The first factor results from the
basic functioning of a 4-75 and is independent of its mode of opera-
tion. The second factor, applicable only when the processor is in
the paging mode, results from the address conversion overhead of the
Associative Memory. The final factor covers the "maintenance" of
the Associative Memory and applies where it is necessary for the
contents of the Associative Memory to be changed before an instruc-
tion can be completed. "

Instruction times corrected for the first two factors are given in
the following tables. The ‘maintenance correction' is dependent

on program structure etc., and can only be applied to individual
cases for which it is known what the likelihood of any store access
requiring maintenance action is. The following figures give main-
tenance execution times for each instruction class. To enable the
times to be applied, the number of accesses required for each opera-
tion is also given.

The necessity for applying the maintenance factor is indicated by ﬂ
in the tables, :

ASSOCIATIVE MEMORY MAINTENANCE TIMES

Main-
1 &4 Type of No, of tenance
nstrué 101 Access Accesges (usecs!
RR Instructions ' instruction 0.5 5
RX Branches )
RS Shifts ) instruction 1.0 5
SI Privileged )
RX, SI except those above instruction 1.0 5
- operand - . 1.0 5
. 4.7(single
index RX)
RS (LM, STM) ‘ " instruction 1.0 5
: operand 1-16 6
ss instruction 1.5 5
operand I+L 5.5 (end)
L +1,7.0 (start
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+ g PRIVILEGED INSTRUCTIONS
(o]
|._l
o Instructs For- Mnem-— Op . Timing (us)
A B nstruction mat onic Code 4-70 1 4-75 non-paging 4-75 paging 4
O\ —
@ |® Diagrose SI DIG 83 10,00 10,06 10.12
% > Load Scratch-Pad Ss LSP D8 3.04 + 0.48R 3.13 + 0.54R 3.70 + 0.60R
5 - -
< Idle SI IDL 80 2.62 2.68 2.74
r fé Program Control SI PC 82 2,12 + INT 2.12 + INT 2.12 + INT
W
- Store Scratch-Pad Ss* SSP DO 2.73 + 0.52R 2.82 + 0.58R 3.39 + 0.64R
- ® Insert Storage Key RR IsK 09 3.06 3.12 3.18 VQ\") ?1
a .
o
g% Set Storage Key RR SSK 08 1.38 1.38 1.38 g | ¥
L o
0 < ’
J'E Read Direct (Optional) sI RDD 85 3.66 3.74 3,81
=k
%ﬁ Write Direct (Optional) SI WRD 84 3.68 3.80 3.92
o . X
§ Start Device SI SDV 9c 0.9 + CRT 0.96 + CRT 1.02 + CRT
Halt Device SI HDV 9E 0.9 + CRT 0.96 + CRT 1.02 + CRT
Check Channel s1 CKC gF 0.9 + CRT 0.96 + CRT 1.02 + CRT
S = Test Device ST TDV 9D 0.9 + CRT 0.96 + CRT 1.02 + CRT
¢ %) g 8
@ “ ¢
~ 3 :
. 5 3 PROCESSING STATE CONTROL INSTRUCTIONS
wl 3§ _
Set Program Mask RR SPM 04 0.68 0.71 0.74
Supervisor Call RR SVC 0A 1.48 1.54..

1.51

|
3
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BRANCHING INSTRUCTIONS

e
AC
(o]
(]
[e))
v |lo
L B
Sle
§>
c
-
B
4
3
&1
«Q
=
[~
(]
Q
58
O =
Eg
FS
v
33
\o
]
U
&
S
] O
0 Ego
Q g
(9]
> 3
=
o 2
3 =z
= op

. For- Mnem— Op . Timing Gls)
Instruction ' mat onic Code 4-70 4-75 Non-Paging 4-75 Pagin
. Branch = 2,54| Branch = 2,60 | Branch = 2,66
Branch and Link RR BALR 05 No Branch = 1.76| No Branch = 1.78 | No Branch = 1.79
Branch and Link + RX | BAL 45 2.38 2.44 2.50
o . Branch = 2.06| Branch = 2.12 | Branch = 2.18
Branch on Condition RR BCR 07 No Branch = 1.28| No Branch = 1.30 | No Branch = 1.31
L Branch = 1,90| Branch = 1,96 | Branch = 2,02
Branch on Condition + RX BC 47 No Branch = 1.37| No Branch = 1,40 | No Branch = 1.43
Branch = 2,58 Branch =.2.64 | Branch = 2.70
Branch on Count RR BCTR 06 No Branch = 1.80| No Branch = 1.82 | No Branch — 1.83
. Branch = 2,42 | Branch = 2,48 | Branch = 2.54
Branch on Count + RX BCT 46 No Branch = 1,89| No Branch = 1.95 | No Branch = 2.01
L Branch = 3,24} Branch = 3,30 | Branch = 3.36
Branch on Index High RS BXH 86 No Branch = 2,71| No Branch = 2,74 | No Branch = 2.77
Branch on Index RS BXLE 87 Branch = 3,24 ] Branch = 3,30 | Branch = 3.36
Low or Equal : No Branch ='2.71| No Branch = 2,74 | No Branch = 2,77
Execute + RX EX 44 3.66 + I.Ex. 3.78 + I.Ex.

3.90 + I.Ex.
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2 leading digits of divisor zero.

'PD 005 Issue 1
o DECIMAL INSTRUCTIONS £/ )
[ A
(=)
g =1
g|e TS Tining (ps) 2
@ e For-~ | Mnem- P Timing (ps b
Instrction mat onic Code 4-70 4-75 Non-Paging 4-75 Paging § rjg R
i 21| ada Decimal ss |ap FA | 4.95 + 0.83L) + 0.16L, |5.01 + 0.86L, + 0.18L, |5.81 + 0.89L, + 0.19L, [ |{ (3%
b= : 3
< ) : - 5
[=|| Subtrect Decimal |ss SP FB 4.95 + 0.83L) + 0.16L, |5.01 + 0.86L) + 0.18L, |5.81 + 0.89L, + 0.19L, .
Ao @
W | g
' 5.10 + 1.80L, + 4.50L, 516+186Ll+465L 598+192Ll+480L ©
|| Multiply Decimal |SS MP FC + 3.35L, (L,7L,) + 3.59L, (L7~ L, + 3.83L, (L~ L,) (oS,
s : :
g8 (a)7.90 + 5,201 -4.95L, | (a)8.22 + 5.35L,-5.05L, | (a)9.02 + 5. 501,-5.201, {;j
83 + 6.8L, (L )2 + 7.2L, (L -L) + 7.6L, —L) g
« » e l 2 2 2 l fwt"
af Divide Decimal* |SS | DP FD
~ (b)s.s80 - 0. eL + 1,95, [ (v)9.12 - 0.82L,+1,93L, | (b)9.92 - O, 831. +1.96L 5
LB + 6.8L, 1) +7.2L, (L, - + 7.6L, —L :
o0 1 . e 1 2 2) '
NQ ’e
-3 = . .
Vg Compare Decimel |SS cP F9 4.57 + 0.72L) + 0.16L, |4.63 + 0.74L, + 0.18L, |5.41 + 0.75L, + 0.19L,
Y] . .
Move with Offset [Ss |mvo | F1 3.38 + 0.72L) + 0.17L, [3.46 + 0.74L; + 0.18L, |4.26 + 0.75L) + 0.20L,
)
- - ' 2
Pack sS PACK | F2 3.06 + 0.64L; + 0.19L, [3.14 + 0.66L, + 0.21L, |3.94 + 0.67L, + 0.22L, g
Q
-f
i §|| Unpack SS UNPK | F3 3.34 + 0.34L. + 0.19L, |3.42 + 0.36L., + 0.21L 4.22 + 0.37L, + 0.22L
K] 8 4 2 1 2 1 2 E
(] v =
3 ) T
o 8| Zero and Add s zAP | F8 5.17 + 0,36L) + 0.19L, |5.25+ 0.38L) + 0.21L, |6.05 + 0.39L; + 0.22L, S
>l v =z ’ : F3
wl @ 9 . o
3 2 leading digits of divisor non-zero. L
(2]
u
2
o
o
z
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~ | & |** (a) Number £ 10,000,000
6] (v) Numbers 10,000,000 FIXED-POINT INSTRUCTIONS
o
[¢)}
! Instructi For- | Mnem- | Op Timing (ns)
o l@® nstruction mat onic Code 4-70 4-T75 Non-Paging 4-75 Paging P
® Add_Halfword RX AH 4 2.28 2,37 2.46
. Add TLogical RR ALR 1E 1.04 1,07 1.10
2 |21 [Cadd Logical RE__ | AL 5E 1.89 1,98 2.07 '
{ & | Add_Vord RR AR 1A 1,04 1,07 1.10 ‘9,
| Add Word RX__ [ A S5A 1.89 1.98 2.07 “ijﬁ
2|5 Subtract Halfword RX SH 4B 2.28 2.37 2,46 %
8 Subtract Logical _ |RR___| SLR | IF 1.04 1.07 1.10 &
Subtract Logical RX SL 5F 1.89 1.98 2,07 iC
= Subtract Word RR SR 1B 1,04 1.07 1.10 ()
o _Subtract Word RX S 5B 1.89 1.98 2,07 =
58 Multiply Halfword | RX MH 4¢ 6.39 6.48 6.57 =
o5 | Multiply Word RR MR 1C 5.39 5.43 5.45 19}
A | Multiply VWord RX M 5C 6.24 6.33 6.42 —
s Divide RR DR 1D 10.44 10.47 10.50 @‘
L3 Divide RX D 5D 11.29 11.38 11.47 '7_.;;
<3 Compare Halfword _ |RX | CH 49 2.28 2.37 2.46 ({0
S8 __Compare Word RR CR 19 1.04 1.07 1.10 B
4 Compare Word RX C 59 1.89 1.98 2,07
= Convert to Binarv** | RX CVB 4F (2)10.02 (b)17.46 (2)10.17 (©)17.61 (2)10.32 (b)17.76
Convert to Decimal+ | RX CVD 4E 9.52 9.70 9.88
Load and Test RR___|LTR 12 0.76 0.79 0.82 T
Load_and Complement | RR | LCR 13 0.76 0.79 0.82 3
Load Halfword RX 1H 48 2.0 2.09 2.18 2
Load Multiple RS LM 98 1.91 + 0.48R 1.97 + 0.54R 2.51 + 0.60R 0
o o Load Negative RR LNR 11 0.76 0.79 0,82 =
& 8 Load Positive RR___|LPR | 10 0.76 0.79 0.82 L
3 Load Word RR LR 18 0.76 0.79 0.82 z
a 3 Load Word RX__|L 58 1.61 1.70 1.79 £
- & 2 Shift Left Single | RS SLA 8B 1.08 + 0.08P 1.14 + 0.08P 1.20 + 0.08P z
ol m O Shift Left Double | RS SIDA | 8F 1.60 + 0.08P 1.66 + 0,08P 1.72 + 0.08P o
o Shift Right Single | RS SRA 8E 1.08 + 0.08P 1,14 + 0.08P 1.20 + 0.08P o
3 Shift Right Double | RS SRDA | 8B 1.60 + 0.08P 1.66_+ 0.08P 1,72 + 0.08P 0
Store Word RX ST 50 1.32 1.38 1.44 i)
Store Halfword RX STH 40 3.06 3.12 3,48 0
Store Multiple RS STM 90 1.44 + 0.52R 1.50 + 0.56R 2.04 + 0,64R i
! O
- 4
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~|8 FLOATING POINT INSTRUCTIONS ;'_“.‘
@ 3
- {9
o o Instruction For- Mnem- . Op Timing (ps) E—l
NS mat onic Code 4-70 4-75 Non-Paging 4-175 Peging 4 } '
| Add Normalized (Long) RR__ | ADR 2a - | 3.25 3.28 3.31 Py
Add Normalized (Long) RX AD 64 4.30 4.39 4.48 T
FIES Add Normalized (Short) RR AER 38 2.69 2.72 2.75 L
2 Add Normalized (Short) RX AE TA 3.66 3.75 3.84 (D}
< Add Unnormalized (Long) RR AVR 2E 3,22 3,25 3,28 .é:’é
Add Unnormalized (Long) RX AV 6E 4.27 4,36 4.45
25 Add Unnormalized (Short) RR AUR 3B 2.66 2.69 2.72 ;
G |6 | [Tadd Unnormalized (Short) RX AU TE 3.63 3.72 3.81 Y
=] [Subtract Normalized (Long) RR SDR 2B 3.25 3,28 3,31 Gs
= Subtract Normalized (Long) RX . | 8D 6B 4.30 4.39 4.48 o,
® Subtract Normelized (Short) RR " | SER 3B 2.69 2,72 2.75 =
= a Subtract Normalized (Short) RX SE 1B 3.66 3.75 3.84 Wi
sg Subtract Unnormalized (Long) RR SWR 2F 3.22 3.25 3.28 10
B 5 Subtract Unnormalized (Long) RX SW 6F 4.27 4.36 4.45 =
U’s Subtract Unnormalized (Short) RR SUR 3 2,66 2.69 2.72 4,1:
o Subtract Unnormalized (Short) RX SU TF 3.63 3.72 3.81 Y
3B | _Multiply (Long) : RR MDR 2c 10,98 11.01 11.04 | @
S8 Multiply (Lons) R | 1D 6c__[11.95 12,04 12.13 e
va Multiply (Short) RR MER 3C _5.58 5.61 5.64
=] Multioly (Short) RX ME ¢ 6.71 6.80 6.89
Divide (Long) RR DDR 2D 18.0 18.03 18.06
Divide (Long) RX DD 6D 19,23 19.32 19.41 T
Divide (Short) RR DER 3D 9.36 9.39 9.42 3
Divide (Short) RX DE D 10.49 10.58 10.67 2
Compare (Long) RR CDR 29 2.38 2.41 2.44 a
v o Compare (Long) RX CD 69 3.43 3.52 3.61 =
al 4 2 Compare (Short) RR CER 39 1.82 1,85 1.88 ';"
u 3 Compare (Short) RX CE 19 2.79 2.88 2.97 =
= P 3 Halve (Long) RR HDR 24 1.52 1.55 1,58 2
4 8 =z Halve (Short) RR HER 34 1.00 1.0% 1.06 3
S ° Load (Long) RR LDR 28 1.52 1.55 1.58 - o
o Load (Long) RX LD 68 2,57 2.66 2.75 T
Load (Short) RR LER 38 1.00 1.07 1.06 o
Load (Short) RX LE 718 1.73 1.82 ‘ 1.91 u
/continued..... g
o
<
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IS g .
o FLOATING POINT INSTRUCTIONS (continued)
(=]
[e))
b |8
o |® . For- Mnem- op Timing (us)
@ Instruction mat onic Code 4-T70 4-75 Non-Paging 4-75 Paging §
2> Load and Test (Long) RR LTDR 22 1,52 1.55 1.58
{ =S |__Load and Test (Short) RR LTER 32 1.00 1.03 1.06
< Load Complement (Long) RR LCDR 23 1,52 1.55 1.58
Load Complement $Shorﬂ RR LCER 33 1.00 1.03 1.06
) Load Negative (Long) RR LNDR 21 1.52 1.55 1.58
W |@ Load Negative (Short) RR LNER 31 1.00 1,03 1.06
- Load Positive (Long) RR LPDR 20 1,52 1,55 1.58
= Load Positive (Short) RR LPER 30 1.00 1,03 1.06
° Store (Long)+ RX. STD 60 1.84 -~ 1.90 1,96
%ﬁ Store (Short)+ RX STE 70 1,46 1.52 1.58
51
0
[
F-3
1.9
-~ o
L8
~J g3
w2
[4:]
[e]
=]
) o
3
R [v)
Pl L2
© ° =z
=3 9
o
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® LOGICAL INSTRUCTIONS
&
E:‘ g Instruction For-| Mnem- | Op : Timing (us)
o |® mat | onic | Code 4-70 4-75 Non-Paging 4-75 Paging 4
AND RR_| NR 14 1.04 : 1.07 = 1.10
z (2] [AD RX_| N 54 | 1.89 1.98 2,07
75| [Cam SI_| NI 94 | 3.55 3.63 3.82
< AND SS NC D4 3,01 + 0.98L 3.09 + 1.03L 3.89 + 1,07L
OR RR | OR 16 1,04 1.07 1.10
218 OR RX_| 0 56 | 1.89 1.98 2.07
SN e OR SsI_|oI 96 | 3.55 3.63 3.82
- OR SS oC D6 3,01 + 0,98L 3,09 + 1,03L 3.89 + 1.07L
= Exclusive OR RR | XR 17 1,04 1.07 1.10
@ Exclusive OR RX | X 57 1.89 1.98 2.07
b =g Exclusive OR SI_| XI 97| 3.55 3.63 3.82
! % g Exclusive OR SS XC D7 3.01 + 0.98L 3.09 + 1.03L 3,89 + 1.07L
! 02 Compare Logical RR | CIR 15 1.04 1.07 1.10
’ L Compare Logical RX | CL 55 1.89 1.98 2.07
L Compare Logical SI_jCLI 95 3.06 3.18 3.30
Q% Compare Logical . SS CLC D5 2.56 + 0.88B 2.62 + 0.91B 3.40 + 0.94B
G’,Eﬁ Edit SS ED DE 2.88 + 1,02K + 1.46D| 2.96 + 1.,05K + 1.51D |3.76 + 1.08K + 1.55D
8 Edit and Mark SS EDMK DF 4.22 + 1,02K + 1.46D] 4.30 + 1,05K + 1.51D 1 5.10 + 1.08K + 1,55D
o . Insert Character I RX |1IC 43 3.94 4,06 4,18
Load Address + RX LA 41 1.08 : 1.14 1.20
Move SI MVI 92 3.55 3.63 3.82
Move SS MVC D2 3.01 + 0.55L 3,09 + 0.58L 3.89 + 0.61L
Move Numerics SS MVN D1 3,01 + 0.98L 3.09 + 1.03L 3.89 + 1,07L
Move Zones SS | MVZ D3 3.0l + 0.98L 3.09 + 1.03L 13,89 + 1.07L
iy 5 Store Character * RX | STC 42 1 3.39 3.47 .54
Q 2 Test Under Mask S1_|™™ 91 | 3.06 3.18 3.30
Eg 2 Translate SS TR DC 3.01 + 1.7L 3,09 + 1.79L 3.89 + 1.88L
o & =2 Translate and Test - SS | TRT BD 4.48 + 1.71B 4.54 + 1.79B 5.32 + 1.86B
o = 2 Shift Left Double Logical RS SLDL 8D 1.6 + 0,08P 1.66 + 0.08P 1.72 + 0.08P
4 ° Shift Left Single Logical RS SLL 89 1.08 + 0.08P . 1.14 + 0.08P . 1,20 + 0,08P
5‘ Shift Right Single Logical RS SRL 88 1.08 + 0.08P 1.14 + 0.08P 1.20 + 0.08P
Shift Right Double Logical RS SRDL 8C 1.6 + 0.08P 1.66 + 0.08P 1.72 + 0.08P

NOILVYOIJI03dS DNINNVId LONCQOHd




Issue 1

PPD 005

e G SHE I Se e OpUtersy

PRODUCT PLANNING SPECIFICATIORN

INTERRUPT BXECUTION TIMES APPENDIX ‘B!

Time required to staticise one or more interrupts and also time required tn scan].

the Interrupt Flag Register in conjunction with the currentmask register after’
the latter has been addressed, is 1.6 microsecs if no change of state is fwlved.

Time required to perform either of the above operationsplus a change of state is
dependent on the priority of the interrupt actual executed and is as follows :

. State Execution
Priority Interrupt Condition : Initiated Time{usecs}'
1 Power Failure 4 6.62 ‘
2 Machine Check 4 6,98
3 External Signal No.O/Channel No.O 3 7.34+CRT*.
4 External Signal No.l/Channel No.l 3 T +.70+CRT*
5 External Signal No.2/Channel No.2 3 8.06+CRT*
6 .  External Signal No.3/Channel No.3 3 8.42+CRT*
7 External Signal No.4/Channel No.4 3 8,76+CRT*
8 External Signal No.5/Channel No.5 3 9.14+CRT*
9 Channel No.6 3 7 .58+CRT
10 Channel No.7 3 7 ¢94+CRT
11 Channel No.8 3 8.30+CRT
12 Channel No.9 3 8.66+CRT
13 Channel No.10 3 9,024CRT
14 _ Channel No.ll 3 9.38+CRT
15 Channel No.1l2 3 9.74+CRT
16 Channel No.l3 3 10.10+CRT
17 Channel No.l4 3 8.54+CRT
18 Channel No.1l5 3 8.90+CRT
19 Elapsed Time Clock 3 9.26
20 Console Interrupt Request 3 9.62
21 Supervisor Call Instruction ° 3 9.98
22 Privileged Operation 3 10.34
23 Op-Code Trap 3 10.70
24 Address Error (execute, addressing,specification, 3 11.06
25 Data Error protectior, pgging) 3 9.50
26 Exponent Overflow 3 9.86
27 Divide Error 3 10,22
28 Significance Error#* 3 10.58
29 Exponent Underflow* 3 10.94
30 Decimal Overflow* 3 11.30
31 Fixed Point Overflow* 3 11.66
32 Debug Mode 3 12,02
*CRT is applicable to channel use only. Continued....
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APPENDIX 'B'(Continued)

Note these times are increased by 0.06 microseconds and by 0.12 microseconds
on a 4-75 that is operating in the paging and non-paging modes respectively.

The 'Page Turning' interrupt execution requires 4 microseconds.

Note these times include an allowance for the time lost as a result of
disturbing’ the instruction prefetch system.

PPD 005
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C.1

c.2.1

c.2.2

APPENDIX C

PERIPHERAL CONTROL SYSTEM PERFORMANCE

Introduction

I/0 Devices are connected through Device Control Units (DCU's) to
I/0 Channel Standard Interface Trunks. The Channels controlling
the Trunks are connected to the Processor via Channel Control Units
and have priorities assigned to them dependent upon their demand in
the system. The 4-70/75 is provided with three types of Channel
Control Unit, the Single Channel, Multichannel and Multiplexor
Channel Control Units. The assemblage of Channel Control Units,
Channels and Trunks comprises the Peripheral Control System of the

4-70/175.

In this Appendix are defined the parameters which specify the
performance of the Peripheral Control System (section €.3) and
also those parameters causing degradation to its performance and
to the performance of the Central Control Unit. %Section C.4, C.5
respectively). A complete list of the values of these parameters
is given in Section C.6.

.Section C.2 defines the set of rules governing the configuration
of Peripheral Control Systems for the 4-70/75.

This Appendix should be read in conjunction with Section 6.

Peripheral Control System Configuration Rules
Connection of Chennel Control Units

The general rules for the connection of Channel Control Units to
a 4-70/75 are as follows:—

(a) The 4—70/75 can accommodate a maximum of SIX Channel Control
Units.

(b) The maximum number of Multiplexor Channel Control Units is
THREE.

(c) Normal priority order is Single Channel Control Units, Multichannel
Control Units, Multiplexor Channel Control Units. The order
may be changed for special circumstances.

Connection of Channels

(a) The 4-70/75 can accommodate a maximum of SIXTEEN-n* Channels.

(b) A Single Channel Control Unit can handle ONE -Selector
Channel.

(¢) A Multichannel Control Unit can accommodate a maximum of
EIGHT Selector Channels.
* n is the number of direct control lines.
cont/.....
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(d) A Multiplexor Channel Control Unit can handle ONE Multiplexor

Channel.

(a)

C.2.%3 Connection of Trunks

The 4-70/75 can handle a meximum of FIFTY-SIX trunks.
limit is imposed by the number of Trunk platters available

in a maximum configuration.

(v)

Trunks are provided in Groups of 4.
Group must all be assigned to the same CCU, Trunks associated *
with a2 CCU must be in the same cubicle as the CCU. .

Trunks contained in a

This

(¢) A Multiplexor Channel Control Unit can handle a maximum of
SIXTEEN Trunks. :
(d) A Multichannel Control Unit can handle a maximum of EIGHT
trunks - ONE for each Selector Channel.

(e) A Single Channel Control Unit can handle a maximum of FOUR

' trunks - servicing is non-concurrent.

(f) A Trunk can handle only ONE Device Control Unit.
.Tableln summarises the Connection rules:-

Table Ci

Control Units Single Channel | Multi Channel Multiplexor

(Max 6) cu cy cu_(Max 3)
Channels (Max 16)|1 Selector 8 Selectors 1 Multiplexor
Trunks (Max 56), 4 8 (One/Channel) | 16
Servicing N&%—concurrent Concurrent Concurrent
Devices 256 256/ Trunk 256

Maximum 1 MB/sec 660 KB/SGC. 140 KB/sec
h h Rat Single Device

roughput Rate : TPR 500 KB/sec

Maximum ito. of

iroups_per 1 2 4

-ontrol Unit

From the latter it can be seen that the limit of 56 Trunks arises
from the maximum of 7 platters with logic for 8 Trunks each.

Pictorial representations of Téb;eCi aré given in the Conilguratior
(page C4) and the Layout of Platters (page C5).

C.2.4.1 General Rule

———————————————

DCU's of devices having highest data transfer requirements are
connected to the channel with highest priority; the remaining DCU's
are connected in descending order of data transfer requirements to

C.2.4, Connection of Device Control Units

descending priority sequence of channels.

Title
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Ce2.4.2 Multichannel

e ———————

In addition to a System Priority the Multichannel has its own
internal priority. Again the general rule is:-

DCU with the highest data transfer rate are connected to the
highest priority trunks, and the remaining DCU's in descending
sequence. :

EXCEPTION: Random Access DCU's should always take priority
over other devices regardless of relative transfer
rates. This is because Random Access Devices have
a critical Command Chain time.

C.2.4,3 Multiplexor

C.2.5

The Multiplexor Channel Control Unit also has its own . internal
priority but the rules for connéction are not as straightforward.
For example, fully buffered devices (Printers and Card Punches)
can be assigned to a low priority whereas the Typewriter, which
does not give an error indication on loss of an input’ character,
must be assigned a high priority. Table C2 lists devices
normally assigned to a Multiplexor Channel in order of priority

. requirements.

Table C2

1. Typewriters, Multi-purpose Device Control Unit.

2. Flow devices e.g. sorte:/readars, in order of available
pocket selection time.

3, Data Transmission other than Data Exchange.

4, Lector.

5. Card Reader.

6. Paper Tape equipment, Plotters etc.

7. Peripheral Switch-Controllers. :

8. Fully buffered devices (Card Punch, Line Printers)and Data

Exchange.

Connection of Devices

(a) A Single Channel Control Unit can accommodate 256 Devices.

(v) A Multichannel Control Unit can accommodate 256 Devices/
Trunk :

(c) AMultiplexor channel can accommodate 256 Devices. Main Store
reservaion is made for two Multiplexor channels but the
expected maximum of 512 devices cannot be achieved because
the first 24 words of the reserved area are used for
Supervisor. Because each device on a MXCU requires 4 words
of Main Storage, the maximum number of devices on two MXCU's

is 506. (See Section 3.5).

If a third Multiplexor Channel is added to the system, it
must share reserved store with one of the other MXCUs.

PRODUCT PLANNING SPECIFICATION
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C.3

c.3.1

C.}.Z

C.3.3

C.3.4

PERIPHERAL CONTROL SYSTEM PERFORMANCE

Introduction

This section defines the performance of the Peripheral Control
System in terms of the maximum throughput rates achievable by
the total System and by the individual Channel Control Units.

Definition of Throughput Rate

Maximum Throughput rate of & System or Unit is defined as the
maximum number of bytes which can be transferred through the
System or Unit between one or more Device Control Units and
Main Store. - The maximum System throughput rate is determined
by the rate at which bytes can be accepted by Main Store. The
Maximum throughput rate of a Channel Control Unit is determined
by the minimum time to service successive bytes.

Minimum Byte Servicing Times for the various Channel Control
Units are given in Section C.6. Maximum Throughput rates
(TPR) of the Channel Control Units are given in Table C.l.

Qualifications to Figures quoted in Section C.3.

It must be noted that the throughput figures quoted in this
section are best case, based on minimum successive Byte Servicing
Times. No allowance whatsoever has been made for degradations
to these rates resulting from interference from other Input
Output operations or the Central Control Unit.

Neither has any allowance been made for tolerances on through-
put rates of individual devices. In configuring a device to
any part of the Peripheral Control System, these tolerances
must be taken into account to avoid exceeding the performance

limits of that part.
Maximum Throughput Rate of Peripheral Control System

The maximum throughput rate of the overall Peripheral Control
System is quoted here as 4 Megabytes/sec. The derivation of
this figure assumes that all available Main Store cycles are o
used for Input Output transfers. The figure is an approxima-
tion only; it is based on an approximate Store Cycle time of

1 usec for 4 Bytes and makes no allowance for the possible
benefits of store interleaving. However, it is justified in
that Systems configured within this limit are unlikely to
experience overload conditions.

To ensure that the attached Channel Control Units do not
exceed the 4 MByte limit, the rates they impose on Main Store
for byte servicing must be taken into account. The Multi-
plexor Channel Control Unit requires 5 Main Store accesses per
byte or 20 per word, whereas the Single Channel and Multi-
channel Control Units require only one store access per word.
The following equation therefore defines the limitation on

the System Throughput rate -
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C.3.5

Cc306

€.3.4 (continued)

20 x M + S + MU < 4MBytes/sec

wvhere M = Sum of throughput rates of DCUs on Multiplexor
Channel Control Units.

Sum of throughput rates of fastest DCUs on Single
Channel Control Units.

Sum of throughput rates of DCUs on Multi Channel
Control Units.

Maximum Throughput Rate of the Single Channel Control Unit QSCCU) )

The maximum throughput rate of the Single Channel Control Unit
is 1 Megabyte/sec.

S

1]

MU

i

This figure is the reciprocal of the fastest byte servicing
time available - 1 usec.

If the throughput rate of the SCCU is 700 KB/sec or above, the
SCCU sequences go into a fast loop in which no time is available
for sequencing service requests from the Central.Control Unit.
Simple condition code responses to Start Device, Test Device and
Check Channel Instructions can be dealt with by non-sequenced
hardware but Halt Device and the hardware instruction 'Service

. Interrupt' have to be serviced by SCCU sequences and consequently

hold up the Central Control Unit until the throughput rate of
the SCCU falls below 702 KB/sec. The effect of this restric-
tion on Central Control Unit performance is described in Sec-

tion C.5.

Maximum Throughput Rate of the Multi channel Control Unit fMCCU)

A special feature of the MCCU is that servicing of bytes from
different trunks can be overlapped,with a consequent reduction
in average byte servicing time. The advantage of overlapping
is lost, however, if one trunk requires two or more bytes to be
serviced in sSuccession.

With full overlapping, the MCCU has a maximum throughput rate

of 660 KB/sec. This rate is only achievable if more than one
trunk is connected and no Device Control Unit has a throughput
rate greater than 330 KB/sec. The former restriction arises
from the need to overlap services; the reason for the latter is
that a DCU with a throughput raté greater than 330 KB/sec will
pass more bytes in a given time than all the other DCUs together
and will, therefore, at some time, require more than one byte
serviced in succession, with consequent loss of the overlap
benefit. As the throughput rate of the fastest DCU increases
above 330 KB/sec, so the loss of the overlap advantage increases
until the limit is reached where one DCU has a throughput rate
of 500 KB/sec and the MCCU cannot service any other DCUs. The
maximum single device throughput rate is therefore 500 KB/sec.

The performance of MCCU is summarised graphically on page c.9.
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C.3.7
0.3.7-1

€.3.7.2

Maximum Throughput Rate of the Multiplexor Channel Control Unit(MXCU)

Normal Byte Servicing Mode

The Multiplexor Channel requires five Store Accesses for every
byte processed in normal operation and its throughput rate is
consequently heavily dependent on Main Store Access Time as
seen from the Channel., The relationship between Throughput
Rate, T, and Store Access Time is given by the equation

1000 -

T =Sa42.7

KB/sec

where A is Main Store Access Time, seen from the Channel,
A plot of this equation is given in the .Graph on page C.1O.

The nominal Multiplexor Channel Control Unit throughput rate
is 140 KB/sec. This requires a Store Access Time seen from
the Channel of 0.9 usecs. (Increases in this time will cause
a further degradation of MXCU TPR at a rate of 1 KB/lO nsecs)

The sum of TPRs of DCUs attached to a MXCU must not exceed 140
KB/sec. '

- Miniburst Operation

Besides working in the normal Multiplexing mode, the MXCU can

work in a mini-burst mode in which all the Channel facilities
can be dedicated to one device for two or more successive byte
services. In this mode, byte transfers require only one store
access instead of five, and MXCU throughput rate is increased.
The relationship between throughput rate, Tm, and Store Access
Time, A, seen from the Channel, is given by the equation

- 1000n
=Toh + 2.7) + (n = 1) (A + 1.3)

where n is the number of bytes processed in a mini-burst.
Dependlng on the length of mini-burst, throughput rate can reach

a maximum of about 450 KB/sec.

It should be noted that a miniburst can only be requested by a
DCU and not by program or the MXCU.
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c.4.2

C.4.5

SOURCES OF DEGRADATION TO INPUT OUTPUT PERFORMANCE

Introduction i

This section gives a mainly qualitatiée account of those
operations of the Channel Control Units and of the Ceniral
Control Unit which can degrade the performance figures of

a Channel Control Unit below the maxima defined in Section C.3.

Priority for Store Accessing

Vhen Channel Control Units require access to main store

they signal their requests to the Input Output Store
Multiplexor. The Store Multiplexor records the requests

and services them according to the priority of the origin-
ating Channel Control Units. -If the two highest priority
requests to Input Output Store Multiplexor require to acceéss
opposite halves of the store, their servicing may be over~ -’
lapped. Request from lower priority Units cannot ‘'jump the
queue’ even if all higher priority requests are waiting to -
access the other half of the store. ' : :

" Once a request is recognised as the highest priority

0040301

request it still has to compete with store access demands
from the Central Control Unit; if the latter has already
claimed the store module which the Channel requires, a
further delay can occur. _ .

Channel Control Units' requests for Store access. can there~
fore .be delayed both by requests from more prior Channel
Control Units or by requests from the Central Control Unit;
the delay due to the former will depend on the loading of
the more prior CCUs. The result of such delays is that
any Channel operations requiring store atcesses can take
longer than the minima listed in Section C.6. Most sig-
nificant is . the possible increase in the average byte
servicing time with the consequent decrease in Channel
throughput rate. The effect is complex and no quantitative
evaluation of the degradation to Channel Control Unit ‘is
attempted here. ’ :

Chaining

Introduction

Data Chaining and Command Chaining operations require
significant action by the Channel Control Units during
which action byte servicing cannot take place. Sufficient
byte storage must therefore be provided in the attached
Device Control Units (DCUs) to allow the DCU to continue
servicing its device during the chaining operation. If a
DCU does not have sufficient buffering, an ‘'overrun' con-
dition occurs and the Service Request Not Honoured bit is
set in the DCU's Secondary Indicators. Depending on the
type of device, this error condition may be recoverable and
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C.4.3.2
C.4.3.2.1

C.4 -3.0 1 (continued)

can act as a safety valve for shedding peak overloads;
some occurrences of this error may be tolerable but system
efficiency will suffer if persistent overloads are likely.

The sequence times for chaining operations in the three
types of Channel Control Unit are given in Section c.6.

Effect of Chaining on the Single Channel Control Unit

Data Chaining

Data Chaining is the Channel operation most likely to dause
an overrun on DCUs attached to the SCCU. This is because
data can continue to pass between the DCU and its device

while the SC_OU is executing the Chain.

The number of buffers of byte storage required in the DCU
to prevent an overrun during chaining can be determined

approximately by the equation
N>Cs (D+1t)+B - e(4)

where N is the number of buffers
Cs.is the Data Chaining time (usecs)
D is the throughput rate of the device (bytes/usec)
t 4is the tolerance on D
B is the number of buffers full (reading) or
empty (writing) at the beginning of chaining.

Example: Consider a Data Chain on an 820KB/sec Drum.

The time for a Data Chain with Transfer in Channel is 6.96
usecs (see Section G.6).

Equation C(i) therefore shows that

N> 6.96<x 0.82 = 5.7
This assumes t = 0 and B = O,

The number of buffers available in a .Drum DCU is 6. The
calculated value of N is dangerously close to this limit and
may easily exceed it if the tolerance on the 820KB/sec is
included or if main store access delays increase the length

of the chaining operation.

N.B. The conclusion drawn is that Data Chaining on an
820KB/sec Drum is not recommended.

Having completed a Data Chain, the SCCU can resume normal
byte servicing and must also clear/fill the extra DCU
buffers filled/emptied during chaining. If sufficient
time is not allowed for this 'catch-up' between Data Chains,
then the value of B in equation C(i) is increased for sub-
sequent chaining operations and N is more likely to exceed
the number of buffers available. _
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C.4.3.2.1 (continued)

'Catch-up' time can be determined approximately from the
following :

Let x be the 'catch-up' time measured from the beginning
of the Chaining operation.

In time x, (D + t)x bytes are itransferred between the DCU
and its device. . [

0f. the period x, (x - Cs) usecs are available for byte
servicing .

S [x =Cs) = x(D+t) + B

S

where S is the time required to service one byte (usecs)
and D, t, B and Cs are as defined for equation C(i).

o.o x =0C0s + SB . .
1 - S(D+t N

A graph of x against (D+t) is plotted on page C18 assuming
that B = 0 and using values of Cs and S quoted in Section .
C.6.

For a given device throughput rate, the minimum separation

" of Data Chains can be determined approximately from this

C.4.5.2.2

C.4.3.3

graph. Any increase in Cs or S by store interference
will produce a corresponding increase in x.

Command Chaining

A Command Chaining operation is less likely to lead to a
DCU overrun condition on the SCCU. A Command Chain occurs
between data blocks when data flow between the device and
the DCU is considerably diminished.

If the Command Chain operation is lengthened or delayed by
queues for store access, however, the time taken to complete
the operation may exceed that allowed by the DCU. The time
allowed for Command Chains depends on the DCU and figures
are quoted in the appropriate DCU: specifications.

Effect of Chaining Operations on the Multichannel Control Unit‘l_l[cCU)

Vhereas servicing of trunks on the SCCU is non-concurrent,

the trunks on an MCCU can be serviced concurrently and the
effects of chaining operations are more complex. A Data

or Command Chain performed on behalf of any trunk takes
precedence over normal byte servicing for all the other
trunks, regardless of their relative priorities; furthermore
it is possible for chaining operations to occur on two or more
trunks in succession, in which case an overrun of buffers in
the fastest DCUs is more likely. -
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€.4.3.3 (continued)

Baving completed a chaining operation, the MCCU must clear/
fill the DCU buffers filled/emptied during the operation.
This 'catch-up' operation begins with the highest priority
trunks and servicing of lower priority trunks is held up
until more prior DCUs require no more byte transfers between
themselves and the MCCU.

The effect of ohaining on a partiocular MCCU trunk therefore -
depends on the priority of the trunk, the total throughput
rate of more prior trunks, the duration of the chaining
operation(s) and the number of buffers the attached DCU
has available. :

It can be shown, by the method used in Section C.4.3.2.1, that
the (n + 1)th priority trunk must wait approximately Wn usecs
from the start of chaining before it is serviced, where :

n
_Cm + Sm % Br
= 1 bsvyem o(1ii)

1-5n g (Dr+ tr)
1

W
n

Br is the number of DCU buffers full (reading)or empty (writing)
at the start of chaining.

Dr is the throughput rate of device on trunk r (bytes/usec).

tr is the tolerance on Dr ]

Sm is the average byte servicing time for the MCCU (usec)

Cm is the duration of the chaining operation(s) (usec);
two or more may occur in succession.

By calculating the ‘number of bytes transferred by the device

on trunk (n + 1) in time W_ and comparing this with the number
of buffers available in itS DCU, equation €(iii) can be used to
make a rough assessment -of the likelihood of an overrun on DCU
(n + 1). However, the equation is probably more useful in
showing the relationship between parameters. The following
observations can be made :

(a) Lower priority DCUs are more likely to overrun on heavily
loaded MCCU systems. . In such systems-the term Sm z)(Dr + tr)
can approach 'l', increasing the value of Wn'

(b) Data Chains anywhere in the system are likely to have the
most serious effect because data can still be transferred
between all the DCUs and their devices during Data Chaining.
In this case, the term fb (Dr + tr) is the sum of throughput
rates of all more prior devices.

(c) If a Command Chain is performed for a trunk, the amount
of data passed by that trunk during chaining and for a period
subsequent to chaining is diminished. If the Command Chain
is performed for a trunk more prior than the (n + 1)th, the
(Dr + tr) of the attached device can be subtracted from the
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C.4.3.4

C.4.3.5

C.4.4
0.4-4.1

‘term ﬁé(nr + tr) and the value of W_ is reduced. This

relaxation does not apply if the Command Chain is performed
for a less prior trunk.

(d) The likelihood of overrun is increased if two, or more
chaining operations occur in successmon, i.e. Cm 1a signif-
icantly increased.

The time to 'catch-up' after chaining, i.e. resume normal
servicing of a trunk up to and including the (n + 1)th is
given approx1mately by equation C(iii) summed over n + 1 instead
of n, i.e. W ... By settlng n+ 1 equal to the number of trunks
attached to %ﬁe MCCU, W 1 could give a measure of the 'catch-up'
time of the whole MCCU SyStem. Unlike equation C(ii), however,
this cannot be used to define a minimum separation of chaining
operations if more than one trunk is fitted; the incidence of
chaining operations for one trunk can be independent of the
incidence of other trunks and their separation is therefore
indeterminate. The equation for W does show, however,
that heavily loaded systems can takt'a long time to recover
(in.the limit of a fully loaded system, i.e. 1 =14+l Dr + &

’

is infinite) increasing the chances of ansoverrun during

'sﬁﬁsequent chaining., The conclusion drawn is that chaining,

particularly Data Chaining, on MCCUs loaded at or near their
performance limit, is likely to lead to overruns. -

Effect of Chaining Operations on MXCU .

The time the MXCU requires to perform a chaining operation is
comparable with the average byte servicing time; the number of
bytes processed by the attached DCUs during chaining and ‘*catch-up!
is therefore much less than on the SCCU and MCCU. Unless used
excessively, the effect of chaining on MXCU performance is much
less’ slgnlflcant than on the SCCU and MCCU.

Conclusion .

Some quantitative measure of the effect of chaining on the
SCCU has been given and the effect on MXCU performance is
not likely to be significant, unless used to excess.

Meaningful quantitative 'deScriptionsof chaining on the MCCU
are difficult because chains can occur on a number 6f trunks

in succession or at indeterminate intervals. The conclusion
drawn is that although Command Chaining has to be employed,
Data Chaining should be used sparingly nn heavzly loaded MCCU

configurations.
End Servicing without Chaining

Introduction

A DCU reports the completion of an operation by raising Service
Request and End. The Channel:-Control Unit responds to this
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C.4.4.3

C.4.4.4

Co4l5

C.4.5.1

C.4.4.1 (continued)

condition by executing a number of sequence steps during
which time byte servicing is interrupted. If Command
Chaining is to follow, the End Service time is added to
the Chaining time. End Servicing times without chaining
are given in Section C.6.

Effect on SCCU

End servicing has no.effect on SCCU performance. While
End Servicing is being performed no byte servicing is
required. .

Effect on MCCU
End servicing has the same effect on MCCU performance as a

chaining operation. Servicing of bytes from other trunks
is interrupted. However because one trunk has. completed

.an operation its data throughput rate has fallen to zero

and the MCCU can more easily cope with the remaining through-
put rate after the End Service sequence. .

Effect on MXCU

. The effect of End Servicing on the MXCU is not significant

because the time required for an End Service is small com-.
pared with the byte servicing time. '

Effects of Servicing Central Control Unit Requests

Introduction

Channel Control Units have two hardware sequences for
responding to the privileged instructiors Start Device (SDV),
Test Device (TDV), Halt Device (HDV) and the hardware
instruction Service Interrupt. Execution of the two
sequences is separated by a period in which the Channel
waits for a 'Ready' response from the appropriate DCU.

The sum of the sequence times and the 'waiting for Ready'
time is)termed the Channel Response Time, CRT (see Section
0.5-3-2 . .

- The first hardware sequence broadcasts device addresses or,

for Service Interrupt, the hardware command Who Are You.
The second sequence transmits a command to the DCU which
has responded with 'Ready'. Response to the instructions
SDV, TDV and HDV under certain conditions (see Section 6.8)
and to privileged instruction Check Channel (CKC) only
involves the first sequence. ‘

A Channel Control Urnit can continue to service bytes in
the 'waiting for Ready' period but not while its sequences
are broadcasting addresses or commands. Times for these
sequences are listed in Section C.6.
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C.4.5.2

C.4.5.3

C.4.5.4

C.4.5.5 -

C.4.5.6

o
s,
o~

Effect on SCCU

If the SCCU is bﬁsy servicing a trunk, response to SDV,
TDV and CKC only involves the setting of a condition code
and is short. .

Response to Halt Device involves both addressing of a DCU
and transmission of a command to the DCU. The response
time is long and could cause DCU overrun but because the
DCU is being halted, this is irrelevant. :

Response to Service Interrupt is also long and could cause
an overrun on a fast DCU. While servicing DCUs with a
throughput rate. greater than 700KB/sec, however, SCCU
sequences are fully occupied with byte servicing and the
sequences for responding to any processor requests cannot
be started; byte servicing is therefore not interrupted and
an overrun of the DCU cannot occur. .

Effect on MCCU

Full Channel Responses to privileged instructions (except

CKC) and Service Interrupt can be longer than Command Chain
time and the resulting interruption to byte servicing could
lead to overruns on attached DCUs. However, a restriction

similar to that on the SCCU may limit the interruption of

byte servicing on heavily loaded MCCUs; if the total through-
put rate of the MCCU is greater than 500KB/sec the MCCU °
sequences can be exclusively occupied with byte servicing and .
sequences for response to processor requests are then unable
to start. The effect of this restriction on the Central
Control Unit is discussed in Section C.5. :

Effect on MICU

Response times to processor requests on'the MXCU are
comparable with the byte servicing time and single processor
requests will not have a significant effect on MACU perform-
ance. As requests increase in frequency then the throughput
of bytes in the MXCU will show & corresponding degradation.

Ready .

Channel Control Units respond at a lower prioritI to Ready than to
Service Requests; hence on a busy Channel Control Unit, the

processor delay can. be extended and may last until the termination
of one of the current operations. (See Section C.5.3).

Program Controlled Interrupt

The detection of a Program Controlled Interrupt results in the
execution of a Service Interrupt command for which the duration of
Channel respénse can- exceed that for chaining operations (See
Section C.6.) with the consequent risk of overruns. Excessive
use of the PCI should therefore be avoided. :
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C.5

C.5.1

C.5.2

€.5.3
€.5.3.1

DEGRADATIOKS TO C L T _PERFO C PERT
CONTROL SY; )

Introduction

-Operat:lon of the Central Gontrol Unit can be delayed by operation

of the Paripheral Control System. The delays can arise from
conflict in main store accessing or from delays in Channel response
to- Processor originated requests. This section describes the
sources of delay and the values of some factors contributing to
the delays are listed in Section C.6.

Store Access Delays

Central Control Unit requests for store accesses are routed

thro a Store Access Unit. This Store Access Unit competes with
the 1/C. Store Multiplexor for access to the Main Store and in
cases where there is a conflict for the same store module, the I/O
system is given priority, thus delaying the Central Control Unit.
No quantitative measure of the delay is available.

Chann sponse Times to Control Unit r sts

Definition of Channel Response Time (c;m

Channel Control Units have two hardware sequences for responding
to Central Control Unit requests. The execution of the sequences
is separated by & 'walting for Ready' period. The first sequence,
termed pre-Ready, broadcasts addresses or the hardware command
¥Who Are You. The second sequence, termed post-Ready, responds

to the Ready return and transmits a command to the responding DCU.

The Central Control Unit is interlocked to the Channel Control
Unit from initiation of the processor request until the latter has

completed its response. The duration of the interlock is defined
as the Channel Responde Time, CRT.

Full CRT is comprised of five factore in the following sequence -t~

a) An indeterminate delay before entering the Channel
Control Unit pre-Ready sequence

b) A defined time, for execution of the pre-Ready sequence

¢) A defined time for the appropriate DCU to return a Ready
signal; this time is termed the Device Response Timey DRT.

d) An indeterminate. delay before entering the Channel
Control Unit post-Ready sequence

e) A defined time for execution of the post-Ready sequence

The duration of delays (a) and (d) depends on the loading of the
Channel Control Units; the reasons for the delays are discussed
in the following sub-sections.
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C.5.3.1 Continued.

C.5.3.2

C.5.3.3

Device Response Times are defined in the appropriate DCU
specifications.

Channel Control Unit pre-Ready and post-Ready sequence times are
listed in ‘Section C.6.

Note: Response to Start Device, Test Device and Halt Device under
certain conditions (see Scction 6.8) and to privileged
instruction Check Channel, only involves factors (a) and (b).

Single Channel Control Unit

If the SCCU is not busy and if there is no other reason to reject
a processor request, Channel Response Time is the sum of the
appropriate SCCU sequences and the Device Response Time. If the
SCCU is servicing a trunk, Channel response to Service Requests
(i.e. byte servicing) takes precedence over response to both
processor requests and Ready returns. Indeterminate delays are
therefore incurred before entering the SCCU sequences for handling
th processor requests and the Ready return.

If the SCCU is servicing a DCU with a throughput rate greater than
700 KB/sec it is fully occupied with byteé servicing and is unable
to deal with some processor requests at all. Simple condition

* code responses to SDV, TDV and CKC can be made but response to
HDV and Service Interrupt, which require action by SCCU sequences,
is delayed until the throughput rate falls below 700 KB/sec.
‘This means, for instance, that a Halt Device or Service Interrupt
instruction addressed to an SCCU servicirg an 820 KB/sec Drum can
delay Central Control Unit operation until the end of the
current data block is reached.

Multichannel Control Unit

If the MCCU is not busy, responses to processor requests are not
delayed. CRT is therefore the sum of the appropriate sequence
times and the Device Response Time.

If the MCCU'is busy, byte servieing takes precedence over
"servicing processor requests and Ready returns. As for the SCCU,
indeterminate delays will be incurred in entering the appropriate
MCCU sequences.

If the MCCU is servicing a load of 500 KB/sec or greater and if
Service Requests are received from the load at regularly spaced
intervals the MCCU can be locked into the byte servicing sequence,
excluding response to processor requests. However, if more than
one trunk is being serviced, the incidence of Service Requests

is spasmodic and byte services are bunched leaving some time
available for starting processor request responses. Thus,
although it is unlikely that these responses are completely
inhibited, the delay to the Central Control Unit can be extended
significantly as the MCCU load increases from 500 KB/sec.
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C.5.3.4 Multiplexor Channel Control Unit

As.for the SCCU and MCCU, if the MXCU is not busy, Channel
Response time depends on the length of the appropriate MXCU
sequences and the respouse time of the addressed DCU in sending
Ready. .

* If the MXCU is busy, Service Requests’ take precedencd over
processor requests and Ready returns and the Central Control Unit

can be delayed an indeterminate length of time depending on the
loading of the MXCU.
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c.6 Peripheral Control System performance figures
C.6.1 Section Introduction -
The figures quoted in this section are calculated from the
shortest possible execution times of the appropriate Channel
Control Unit sequences. Any sequences involving store access
can be lengthened by interference at store from other Channel
Control Units or the Central Control Unit.
C.6.u Single Channel Control Unit
C.6.2.1 Dyte servicing
C.i.”. 1.1 Introduction
Two SCCU‘sequences are involved in byte servicing. For fast
devices, a fast servicing loop is provided which is traversed
once for every byte transferred. If the rate of Service
Requests is not high enough to fully ocoupy -the fast servicing
loop, an Idle sequence is entered between byte services and
average servicing time is increased.
€.6.2.1.2 * Byte servicing times and throughput rate
Fast Service Request loop . 800 nsecs
Additional time required for Store accesses 800 nsecs
Average byte servicing time (800 + 4 x 820) 1000 nsecs
Maximum SCCU Throughput rate (reciprocal of 100Onsec) 1 Mb/sec
Average byte servicing time if Idle loop is entered 1430 nsecs
(i.e. time to traverse Idle loop + fast servicing loop)
Note: Certain processor requests, requiring action by CCU
sequences, are only honoured in the Idle loop and only then if a
Service Request is not detected while traversing the Idle loop.
Therefore, -if the rate of Service Requests is greater than or
equa) to 1 every 1430 nzccs, then Processor Requests are
delayed. This rate of Service Reyuests is equivalent to a
throughput of 700 KB/sec. ’
C.6.2.2 Data Chaining times
Note: Data Chaininé time is the time required to service the last
byte of a bloux umnd then execute the chain. The times below do.
not include’ the byte servicing time.
Data Chain times (extra added to byte servicing. times); . usecs
Basic Data Chaining sequence (3 store accesses) 4.65
Additional time required for Transfer.in Channel (1 store 1.36
access)
c.6.2.3 End Servicing
End Servicing with no Command Chaining usecs
Basic Time iWrite) 2.52
Basic Time (Read - 1 Store access) . 3.28
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, C.6.2.3 Continued.

C.6.2.4 Response to Central Control Unit Reguests
C.6.2.4.1 Introduction

C.6.2.4.2 _SCCU Sequence times

' Additional times for Command Chaining:

. 4 usecs
Basic time (2 store accesses) ' 3.04 °
Additional time if:
'Previous transfer was a Read (1 store access) ‘ 0.76
Next transfer is a Write (1 store access) o 0.72
Status Modifier is set 0.24
Transfer in Channel (1 store access) 1.36

The figures quoted in this subsection are the sums of the pre-Ready
" and post-Ready sequence times (see Section C.5,3. 1).

‘Start Device:

If Condition Code §cc) = 0 and Read (3 store accesses) 8.54
If Condition Code (C7) = O and Write (4 store accesses 9.38 :
CC =1 (4 store accesses) o : 8.86 *
Test Device:
CC =0 5.18
cC =1 (1 store access) ' 5.50
cC =2 - 0.60
Check Channels
CC = 0,1 ' 0.84
CC =2 : ~ 0.60
Halt Device: _
cC=0 ) : . .0.84
CC = 1 (1 store access) - ‘ 5.48
CC-=2 : 4.92
Service Interrupt:
2 store-accesses . _ : 6.60
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C.6.3
C.6.3.1

-Co6o3.lol

C.6.3.1.2

C.6.3.2

C.6.3.3

Multichannel Control Unit .

Byte servicing

‘Introduction

Two MCCU sequences are involved with byte servicing. The MCCU
has the ability to overlap servicing of bytes from two or more
trunks; while servicing bytss in this mode, the MCCU sequences
in a Service Request loop. If overlapping of services is not
possible (e.g. two or more bytes from the same trunk require’
consecutive services) or if the rate of Service Requests is not
high enough to fully occupy the Service Request loop, the MCCU
enters an Idle loop.

Byte servicing times and Thropghput rate

usec
Length of Idle boop 0v48
Bytes of Service Request loop 1.26
Extra time required for store access 1.02

Average byte servicing time with full overlapping g
(1.26 + 4 x 1.02) = 1.515 usec

Maximum MCCU throughput rate with full overlapping

(reciprocal of 1.515) = 650 KB/sec
Average byte servicing time with no overlapping . ... . - S
(1.26 + % x 1.02 + 0.48) = 1.995 usec

Maximum MCCU throughput rate with no overlapping

(reciprocal of 1.995) 500 KB/sec

Note: Central Control Unit requests, requiring action by MCCU
sequences, are only honoured in the Idle loop and only then if a
Service Request is not detected while traversing the Idle loop.
Therefore, if Service Requests are received at regular intervals
and at a rate greater than or equal to every 1.995 usecs, processor
requests are delayed. This rate of Service Requests is equivalent
to a throughput rate of 500 KB/sec.

Data Chaining times (additional to byte servicing times)

Basic ’ ' . 4.42

Extra for storing part of word ) i.e. Chain does not start/ 1.02

Extra for fetching part of word) finish on word boundary on 1.04
output input

Extra for Transfer in Channel 1.26

End Servicing.

End gervicing with Device End not set %.72
End servicing with Device End set but no Command Chaining:

Basic (no store access) 4.46

Extra for storing part of last word (only on input if do 1.36
not ‘end on word boundary)
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C.6.3.3 Continued.

hAdditional times for Command Chaining: usec

Basic _4.18
Extra for fetching part of word (only on output if do not 1.04
start on word boundary)

Extra if Status Modifier set oﬁgg.
Extra if Trensfer in Channel 1.26

C.6.3.4 Response to Central Control Unit regdbsts

Times are quoted separately for the pre-Ready sequence and the
post-Ready sequence (see Section €.5.3.1).

Pre-Ready
. Usec
Start Device éc = 0) 3.06
Start Device (CC = 2) . 1.40
Test Device écc.= 0) 3.06 *
Test Device (CC = 2) 1.40
_ " Halt Device écc = o; 1.40
Halt Device (CC = 2 3.06
Check Channel ‘ 1.40
Service Interrupt 4;08
Post-Ready
Start Device (CC = 0) . 11.92
Test Device (CC = 0) ‘ 4.76
Halt Device (CC = 2) : 4.76
Service Interrupt . 5.54
C.6.4 Multiplexor Channel Control Unit
C.6.4.1 Byte servicing time °
All times assume s store access time seen from MXCU %%%g_

Normal mode 7.02
‘Miniburst mode --first byte , 4.86
Miniburst mode - subsequent bytes 2.02

C.6.4.2 _Data Chaining times (additional to byte servicing times)
Basic ‘ ) 5.04
Additional for Transfer in Channel 1.26
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C.6.4.3 End Servicing times
. usec
End with no Device End or Device End and no Command Chain  5.48
Extra for Command Chain . 5.40
- Extra for Transfer in Channel 1.26 -
C.6.4.4 Response_to Central Control Unit_reguests
Times are quoted separately for the pre-Ready and post-Ready
sequences. (See Section C.5.3).
Pre-Ready
Start Device . o ' ' 1.44
Test Device ‘ ' 1.44
Halt Device . 1.44
Check Channel 1.50
Service Interrupt 8.12
" Post-Ready
Start Device:
‘cc=0 9.86
cc=1 10.34
CC =2 _ 7.28
CC = 3 (Ready not received or two Readies) - : 6.00 -
cC =3 7.04
Test Device:
cC =0 ' 3.74
cC =1 ' 6.80
CC =2 '3.74
CC = 3 (No Ready or two.Readies) 2.70
ccC=3 3.50
Halt Device:
cc =0 : _ 3.74
cC =1 _ ' 6.80
cC =2 : . 3.74
cC = 3 (No Ready or two Readies) , 2,70
cC =3 » 3.50
Service Interrupt - - 2.9
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D. PRIVILEGED INSTRUCTIONS
D.l1 Introduction
The jnstruction set of the 4-70 procéssor includes a number
of instructions which have processor control functions and
which may only be executed when the processor is operating
in the Privileged Mode. These instructions are specified
in this Appendix.
D.2 Instructionsg
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D.2.1 INSTRUCTION NAME:: Start Device
OPERATION CODE : 9C
FORMAT . ¢ SI
DESCRIPTION

The Start Device instruction is used to initiate all peripheral
operations. The rightmost twelve bits of the sum of the contents
of the register specified by B, and of the D, field specify the

. channel (upper four bits) and &evice on that channel (lower eight
bits) on which the operation is to take place. Other bits of
this sum, and the contents of the 12 field, are ignored.

Prior to the operation, the Channel Command Words (cow) to ve
executed by the: sub-channel involved, and the Channel Address
Word (CAW - bytes 72-75), containing the protection key to be
used by the sub-channel and the address of the first CCW, must
be loaded. '

The instruction is complete when the peripheral operation has
been either initiated successfully or suppressed, which will
be indicated by the setting of the Condition Code on completion.
The CAW may be altered as soon as the instruction is completed.

The formats of the CAW and CCWs are given in Section 6.2.

Status information may be stored in bytes 92 and 93 of the
Channel Status Word (CSW) if the peripheral operation is not
successfully initiated. This is indicated by CC=1. All
peripheral interrupts must be inhibited while the instruction
is being executed, until the status information (if any) stored
by the instruction has ‘been removed from the CSW, to guard
against the possibility of the latter being overwritten by an
interruption.

CONDITION CODES
CC =0 : Operation initiated and proceeding.

CC =1 s Operation not initiated.
- Status stored in SDB and CSB fields of CSW.

Operation not initiated, because sub-channel is

CC =2 :
executing commands or has a termination interrupt
pending. A

CC =3 : Operation not initiated because channel/sub-channel
is inoperable.

NOTES H

(1) In these notes, expressions such as "DB = 1" or "PGC = O"
refer to the presence or absence of the appropriate condi-
tions in the addressed device/sub-channel rather than to
the current values of these status bits in the Channel Status
Word. These conditions are described in Section 6.4.
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D.2.1 (continued)

(2) €C = 3 may be set for any of the following reasons :-

- No channel response (e.g. because incorrect channel number
was specified).

- No response from device control unit (e.g. because
incorrect device number was specifiad) or more than
one response.

-~ The 'freak' condition where TIP, DB, CB, DE and INOP
8-11 = 0.

INOP = 1 will not set CC = 3.

(3) CB = 1 is a sufficient condition for CC = 2; DB = 1, CB = 0
is not.

(4) For successful execution, setting CC = O, it -is necessary.
for all of MR, TIP, DB, CB, CCC and PGC to be zero, and,
unless the first command is Sense, DE must = 1 and INOP = O,
1f this is not the case, and the conditions for CC = 2 or 3
are absent, SDB and CSW are stored and CC set = 1.

(5) ©t may be set = 1, with MR = 1 in the SDB, if a Manual Request
condition ic present in another device attached to the same
sub-channel or ccntrol unit. The identity of this device cannot
be determined until the Manual Request interrupt occurs; meanwhile
peripheral operations cannot be initiated on other devices on the
same sub-channel or control unit.

(6) All CSB conditions are cleared at the start of the
instruction. Possible reasons for CCC or PGC to be set
in the course of executing the instruction, setting CC =1,
are listed in Sections 6.4.4.4 and 6.4.4.7. A first command
code which is acceptable to the sub-channel, but not to the
device, will not set CC = 1, but will subsequently terminate
the operation with the SI bit set on interruption.

(7) It is recommended that, following a Start Device which
sets CC = 1, the status bits should be examined in the
following sequence :- :

CCC; PGC: MR“(see Note (5)); INOP/SI; DB.
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INSTRUCTION NAME : Halt Device

OPERATION CODE : O9E

" FORMAT : SI

DESCRIPTION

The Halt Device instruction is used to forcibly terminate a
peripheral operation on a specified sub-channel. The rightmost
twelve bits of the sum of the contents of the register specified
by B, and of the D, field specify the channel (upper four bits)
and &evice on that channel (lower eight bits), which are used to
identify the sub-channel. Other bits of this sum, and the
contents ‘of the 12 field, are ignored.

On a selector channel, the specified device number is not required

to identify the (single) sub-channel, and is ignored. Where a
selector CCU requires to use a device number (e.g. in order to signal
a control unit) it uses the number of the last device in-

volved in a peripheral operation on the channel.

No control information (CAW,etc) is required by the instruction.
The.instruction is complete when the attempt to terminate the

peripheral operation has been made; the success or failure of the
attempt is indicated by the Condition Code setting: Termination

‘of the operation will subsequently lead to a normal termination
interrupt.

Status information may be stored in bytes 92 and 93 of the Channel
Status Word by the instruction. This is indicated by CC = 1.
This should only occur on a multiplexor channel, and only byte 92
(SDB) will be significant. All peripheral interrupts must be
inhibited while the instruction is being executed, until the
status information (if any) stored by the instruction has been
removed from the CSW, to guard against the possibility of the
latter being overwritten by an interruption.

CONDITION CODES :

CC =0 : No operation terminated because specified sub-channel
was not involved in an operation, or has a termination
interrupt pending.

No operation terminated. . Consult SDB. (On a
selector channel CC = 1 indicates a hardware fault

condition).

L}
—
.

cC

cc Operation on specified sub-channel terminated.

]
N
o

No operation terminated because channel/sub-channel
is inoperable.

H

]
W
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D.2.2

(continued)

NOTES :
(1) Notes (1) and (2) of Start Device (D.2.1) apply.

(2) The interpretation of SDB following CC = 1, when a
multiplexor channel is involved, is as for Start Device.

(3) No special indication of the cause of termination is
given when a peripheral operation is terminated by
Halt Device. IL may be present even if the Suppress
Length Indicator flag is set in the last CCW.
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D.2.3

INSTRUCTION NAME : Test Device

OPERATION CODE 9D

FORMAT s SI

DESCRIPTION

The Test Device instruction is used to examine the status of the.
specified device, in particular to determine what its response
would be to a Start Device instruction., The rightmost twelve
bits of the sum of the contents of the register specified by B1
and of the D, field specify the channel (upper four bits) and
device on that channel (lower eight bits) whose status is to be
examined. Other bits of the sum, and the contents of thevI2
field, are ignored.

No control information (CAW, etc) is required by the instruction.

The instruction is complete when the Condition Code has been set
and, if CC = 1, status information has been stored in bytes 92 and
93 of the Channel Status Word. Only byte 92 (SDB) is significant.
All peripheral interrupts. must be inhibited while the instruction
is being executed, until the status information (if any) stored

hy the instruction has been removed from the CSW, to guard against

" the possibility of the latter being overwritten by an interruption.

CONDITION CODES ¢
CC =0 : Device is available and can accept another operation.

CC =1 : Device is not available. Consult SDB.

¢ Device ig not available because sub-channel ié.
executing commands or' has a termination interrupt
pending.

cC

]
N

Device is not available because channel/sub-channel
is inoperable. .

HY

1]
W

NOTES :
(1) nNotes (1)-(5) of Start Device (D.2.1) apply.

(2) 1f cCc =1, CSB should be ighored. SDB bits should be
examined in this order : MR (see Note (5) of Start
Device); INOP/SI; DB.

(3) The instruction differs from the IBM 360 "Test I/0O" in
that it cannot be used to clear pending interruptions,
and when CC = 1 it does not store the complete CSW.
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D.2.4 INSTRUCTION NAME : Check Channel
OPERATION CODE : OF
FORMAT s SI
DESCRIPTION :
The Check Channel instruction is used to examine the status of a
channel., The channel number is specified in the leftmost four
out of the rightmost twelve bits of the sum of the contents of
the register specified by B, and of the D, field. All but these
four bits of the sum, and the contents of the 12 field, are ignored.
No control information (CAW, eto) is required.
The instruction is complete when the Condition Code has been set.
The contents of the CSW are not altered under any circumstdnces.
CONDITION CODES :
CC =0 : Channel is available.
CC =1 (Selector channel only) Operation complete;
termination interrupt pending.
Cd =2 (Selector channel only) Channei is executing
commands .
CC =3 : Channel is inoperable (or non-existent channel
specified.) '
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D.2.5 INSTRUCTION NAME : Load. Scratchpad
OPERATION CODE

28
FORMAT : SS

DESCRIPTION :

Execution of 'Load Scratchpad' causes consecutively-addressed
32-bit words to be transferred from main store to consecutively-
addressed locations in the Scratchpad., The first and second
operand addresses specify the initial locations in Scratchpad
and ‘main store, respectively. The number of words transferred
is specified in the L field.

CONDITION CODE : Unaltered.

NOTES o

" (1) The number of 32-bit words transferred is one greater than
the quantity (0-255) in the L field.

(2) 411 but the least significant 8 bits of the first address
are ignored; they specify a Scratchpad word location
number in the range 0-255.

(3) The addressing of non-existent Scratchpad words with addresses
below* 128 has no effect. '

(4) on a 4-70, and on a 4-75 with the engineers switch reset to
inhibit paging, reference at any stage of execution to a
Scratchpad address above 127 will cause a Data Error interrupt.
The instructidn is terminated.

(5) On a 4-75 with the engineers switch set to permit paging,
reference to any Scratchpad address in the range 128-255 will
cause access to the Associative Memory (see Section 19.2.2.3).
Should the count of words still not be exhausted after reference
to address 255, "wrap around" ococurs, the next Scratchpad word
accessed being location 0. The state of the Paging Mode
indicator bit is irrelevant.

(6) The second address is a byte address and must be a multiple
of 4, otherwise Address Error interrupt occurs and execution
is terminated.

(7) If a location outside the available main store is addressed
at any time during execution, Address Error interrupt occurs
and execution is terminated.
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D.2.6 INSTRUCTION NAME- : Store Soratchpad
OPERATION CODE ;DO
FORMAT :+ 88
DESCRIPTION s
- Execution of 'Store Scralchpad' causes 327bit words to be
transferred from consecutjvely-addressed locations in the
Scratchpad to consecutively-addressed locations in main
store. The first and the second operand addresses specify
the initial location in Scratchpad and main store,
respectively. The number of words transferred is specified
in the L field. - '
CONDITION CODE ¢ Unaltered.
NOTES 4 :
(1) (2) As for 'Load Scratchpad' (D.2.5)
(3) " The addressing of non-existent Scratchpad words
' with addresses below 128 causes zero words to be
loaded into main store.
(4)-(7) As for ‘'Load Scratchpad' (D.2.5).
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D.2.7 INSTRUCTION NAME : Program Control
OPERATION CODE : 82
FORMAT ¢ SI
DESCRIPTION s
Execution of the 'Program dontrol' instruction causes the. termination '
of program execution in the present state and initiation of another
state., The action is controlled by the contents oflthe Immediate
Field. The address specified by the instruction is placed in the °
Program Counter of the terminated state so that when the latter is
re-initiated it will resume at that address. '
CONDITION CODE
The code of the terminated state is preserved in the
Program Counter storage register of that state. The
code of the initiated state is loaded from the Program
Counter stoOrage  register of that state.
NOTES :
(1) The 8-bit Immediate Field is partitioned into 4 sub-fields.

From left to right these are :-

(a) A 3-bit unused portion which must be zero.

(This is a program restriction).

(b) The 1-bit Test Mode Control Flag : see Section
5.3.5 for the definition of the action of this
flag.

(¢) The 3-bit Direct State Initiation Field : if the rightmost
bit of the Immediate operand is zero, the state initiated
is P1, P2, P3 or P4 according to whether this field contains
x11, x10, x01 or x00, respectively (x = 0 or 1; programs

. should use x = 0). ~
(d) The 1-bit Specification:Control Flag :.
F=1 specifies that the new state is determined by the ISI
T field of the ISR of the terminated state.
F=0 specifies that the new state is determined by bits
5 and 6 of the Immediate Operand, accordlng to (c) above.
(2) The effect that the execution of this instruction has on the *

Interrupt Control System is described in Section 5.3.5.

{3/ An 'Address Error' interrupt will occur if the specified address

is not on a halfword boundary. .
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D,2.8 INSTRUCTION NAME : Idle/Nq-Op

OPERATION CODE : 80

FORMAT : SI

DESCRIPTION :

Execution of the 'Idle/No-Op' instruction effects an Idle Mode

within the Central Control Unit by continuously branching back

to itself. The contents of the Immediate Field are displayed

on the Engineer's Console. :

CONDITION CODE : Unaltered.

NOTES . :

(1) Vnen this instruction is being executed the Idle Indicator
on the Console is 1it.

(2) Any interrupt requested whilst the Idle Mode is in effect
will be executed if it is not masked. The Idle Indicator
is then removed and the Central Control Unit is no longer
in the Idle Mode.

(3) The B and D fields of this instruction are ignored, *
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D.2.9

D.2.9.1

'Diagnoss Snapshot' operation is initiated. As a result of this operation

INSTRUCTION NAME : Diagnose
OPERATION CODE s 83
FORMAT s SI

The Central Control Unit
General

Execution of the 'Diagnose' instruction affects the subsequent
action of either the Central Control Unit or a Multichannel
Control Unit. In the former cese, which applies whenever the
instruction is not followed by an input-output instruction. the
Central Control Unit is set into the 'Diagnose Mode', and a counter
is loaded with the contents of the least significant 12 bits of
the instruction-specified address. Subsequently the next
instruction is fetched and, as it is executed, the previously
loaded counter is decremented by one after each sequence step of
the instruction is executed. When the counter reaches zero, the
instruction is caused to terminate after the next step, when the

the contents of a specified set of registers are dumped into main
store locations 32 to 60. The subsequent operation of the

Central Control Unit is normal and commences with.the next instruc-
tion. The Immediate field of this instruction and the bits in the -

instruction-specified address above the rightmost twelve, are not
used.

CONDITION CODE : Dependent.upon the object instruction.

PROGRAM INTERRUPTIONS :

Interrupts may Qe requested as a result of the execution of both
the 'Diagnose' and the object instruction

NOTES s

(1) fne initial count must be at least 3 for an SS instruction and
. at least 2 for any other type of instruction.

(2) If the 'Snapshot' occurs after the very last step of the instrud
tion, one or two succeeding instructions may be skipped. To get
around this, .two ‘dummy' (not SS) instructions should be placed

after the one diagnosed.

(3) If interruption does not. occur, and the count is still non-zero
when the last step of the instruction is executed, the snapshot
is inhibited, the Diagnose Mode is reset and the next instruc-

4ion is fetched and executed.

(4) If an unmasked interrupt occurs before the count reaches
zero, the interrupt is serviced up to, and including, the
sequence step during which the count equals zero. The 'Diagnose
Snapshot'is then initiated. If the count’'is still non-zero
when the last sequence step in the interrupt sequence is
executed, the *Snapshot?

%*
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D.2.9.1 (continued)

operation is inhibited, the Diagnose Mode is reset, and the
next instruction is fetched and executed. If the count
becomes zero before one of the first five steps of the

" interrupt sequence, an error is likely to occur and the Shap-
Shot may not be executed. '

(5) P4 interrupts should always be masked when 'Diagnose' is
executed. Unless all other interrupts are masked, 'Diagndse’
should only be executed in P3 state.

(6) The format of the information placed in main store by the -
diagnostic snapshot operation, is as follows:-

Word 1 (bytes 32-35) contains the following 1 bit markers:
CYIN, CYO, ADD, FO, F1, AMF, NIC(0-2), CAM, CC1(0-1), PAR,
AE(0-4), cT1(0-2), MK1-6, MK11-15. These may be recorded
incorrectly if they were changed during the sequence step
immediately preceding 'Snapshot’.

Word 2 (bytes 36-39) contains the contents of AR1O.

Word 3 (bytes 40-43) contains the contents of AR11 (8 bits)
and AR9 (last 24 bits). - N

Word 4 (bytes 44-47) contains the OP Code (8 bits), C1, C2,
L1, L2, L3 (all 4 bits), 2 unused bits, AR9 (first 2 bits).

Word 5 gbytes 48-51) contains the Program Counter (32 bits).

Word 6 (bytes 52-55) contains Scratchpad Address (7 bits), one
unused bit, Shift Counter (8 bits), Interlocks (16 bits).

Word 7 (bytes 56—59; contains CR3. .

Word 8 (bytes 60-63) contahs CR4.

D.2.9.2 The Multichannel Control Unit
D.2.9.2.1 General

The execution of the 'Diagnose' instruction followed by the
executién of a 'Start Device', 'Halt Device' or 'Test Device'
instruction, causes certain diagnostic operations to be performed
by the Multichannel Control Unit which controls the specified
channel. The channel control unit functions in the normal manner
when the 'Diagnose' instruction execution is followed by that of
either a 'Check Channel' instruction or a channel interrupt. A
channel that is not a multichannel which is addressed by-the
diagnostic operation will ignore the 'Diagnose' instruction and
respond to the input-output instruction in the normal way.

The count specified by the 'Diagnose' instruction has the following

effect:- ) :

(a) count ¢ 4 Central Control Unit executes 'Diagnostic *
Snapshot' operation. ‘

(b) count = 4 or 5 as for (a) but followed by Multichannel *

Control Unit action.

(¢) count » 5 immediate Multichannel Control Unit action.
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D.2.9.2.1 (continued)
The input-output initiation procedure is modified as follows :-

(a) The instruction specified address must address a channel
controlled by a Multichannel Control Unit. The device
address is used as an operation modification indicator. ;

(b) The format of the Channel Address Word is reorganised as
follows :- -

bits O0-3 Protection Key
4-7 Least significant 4 bits of appropriate
command code J o
8-31 Address of first byte of a selected main
‘ store location.

The word is followed by a test and control word which
occupies positions 76 to 79.

D.2.9.2.2 The Start Novice' Instruction

The execution in the previously.defined circumstances of a
'Diagnose' instruction followed by that of a 'Start Device'
instruction causes the following actions to occur.

(a) The channel control unit staticises the control
information‘and fetches the test word.

(b) It then reads into a hardware register the word in its
Scratchpad selected by the combination of channel number and

the least significant four bits of the device number, This
register is overwritten by the'test word if the channel command
is a 'Write', 'Write Control' or 'Erase’'.

(c) Finally the word in the register

is . placed in the Scratchpad by means of & sequence of
manipulations controlled by the setting of the most
significant four bits of the instruction specified
device number. The same word is also stored in main
store at the address specified by the Channel Address

* Word, in *this case parity errors may cause some of the
bytes to be set to all 'l's.

The above operation causes the Condition Code to be set tol and
the second Channel Status Word to be stored with the byte count
replaced by the least significant two bytes of the stored word.

The normal operation of both the non-addressed channels and in
certain circumstances of the addressed channel, are not effected

by this diagnostic operation.

D.2.9.2.3 The 'Test Device' Instruction ,

The execution of a 'Test Device' instruction in the circumstances
previously described for the 'Start Device' instruction, causes

”PD 005

Issue Date Auth'y | Log | Title Document No.
4 16.2.68 | MWW | 743 CENTRAL PROCESSOR MODELS PS 4.10.70
4-70/75
- b = AT A ol s pag-g D N 12 Vs




Issus 1

PPD 005

SERGliShIEIEC i Compritersy

D.2.9.2.4

D.2.9.2.5

D.2.9.2.3 (continued)

the channel control unit to staticise the control information and
fetch the test word. In its subsequent operation, the control
unit transfers the test word through its register and then stores
it in the main store at the address specified by the Channel
Address Word. The Condition Code is set to 'l' and the Channel
Status Word is set as for the 'Start Device' instruction.

The operation of both the non-addressed channel, and, if the most
significant four bytes of the device number are zero, the addressed
channel, are not effected by the operation. .

The 'Halt Device' Instruction

The execution of a 'Halt Device' instruction, following that of a
'‘Diagnose' instruction, causes the Multichannel Control Unit
controlling the addressed channel to perform a general reset
operation on all its channels. As a result the Condition Code
is set to 2 and the addressed channel will not appear to be

"either busy or operating. The non-addressed channels will be

reset as if they were still busy or operating, if this was
previously the case. There are no subsequent interrupts to

reset these conditions.

Further Information

Further information concerning the diagnostic operation of a
Multichannel Control Unit may be found in the'Engineering
Description' of the 4-70.
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D.2.10

INSTRUCTION NAME : Set Storage Key

OPERATION CODE : 08

FORMAT RR

DESCRIPTION

Execution of the 'Set Storage Key' instruction causes a new value -
to be loaded either into a single main store Reservation Key or,
if both the Reservation Key Control Indicator (see note below)

and the engineer's switch which controls paging, are set, into a
group of eight reservation keys. :

The address of the 512 (4,096) byte reserva-
tion area associated with the key(s) is held in the second register
specified by the instruction. The value loaded is that held in
the first register specified by the instruction.

CONDITION CODE : Unaltered.

NOTES ' s

(}) The second register specified by the instruction contains
the address of the 512 (4,096) byte main store area whose
key(s) is (are) to be set. The format of the register

must be as follows ¢~

0; © 00O

ignored area address ignored 0000 .
0 : 8 23 28 31

Programmers are.recommended to ensure that bits 28-31 are zeroes.
If bit 29 = 1 only the keys on the odd half of store are affected.
When a group of 8 keys are involved, the main store area does not
necessarily have to start at a multiple of 4096. VWhen setting
the obligatory zero key on the first block”of store, an address
less than 96 must be specified, otherwise 'Address Error'
interrupt occurs. I

(2) The first register specified by the instruction contains the six
bit reservation key in bits 24-29., ,Bits 0-23 and 30-31 are ig-
- nored. The function of the storage. key fields are specified in
Section 3.4. : . ) :

(3) If a location outside the available main store is specified the
operation is terminated with unpredictable results.
(4) The Reservation Key Control Indicator is loaded during a

change of state with the contents of bit 23 of the new
Interrupt Status Register.-
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D.2.11

" INSTRUCTION NAME : Insert Storage Key

OPERATION CODE : 09

FORMAT . ¢t RR

DESCRIPTION :

Execution of the 'Insert Storage Key' instruction causes the

specified main store Reservation Key(s) to be loaded ('OR'ed togethe

and then 1oaded) into the first register specified by the
instruction. The first action applies unless both the Reser-
vation Key Control Indicator and the engineer's key which
controls paging, are set. The address of the 512 (4,096)
byte reservation area with which the key is associated is held
in the second register specified by the instruction.

CONDITION CODE : Unaltered.

NOTES :

(1)

t2)

.' (3)
(4)

All notes to Set Storage Key are applicable to Insert
Storage Key.

‘Reservation Keys are not changed by the execution of -
this instruction.

Bits 0-23 of jl:he first register are unchanged.

When multiple keys are stored, they are 'OR'd without
a check being made to ' ensure that the keys are identical.

r
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D.2.12 INSTRUCTION NAME : Write Direot

OPERATION CODE : 84

FORMAT s SI

(1]
o

. DESCRIPTION

Exeoution of the 'Write Direct' instruction causes an eight-bit
byte to be staticised on all Direct Oontrol Trunks. The byte
remains staticised either until the execution' of another 'Write
Direct' instruction or until a 'Power Failure' interrupt causes
it to be set zero, whichever occurs firet.

At the same time the'Signal Out lines of one or more trunks, as
selected by bits in the Immediate Field, are pulsed.

CONDITION CODE : : Unchanged.
NOTES . :

(1) Trunks are selected by the bits of the Immediate Field
as follows :-

Six

Five

Four

Three

Two

One i

Initial Program Load 1 .
Initial Program Load 2

[
»
SoaubpUVuNDHO b

A trunk is only selected if its associated bit is set
to '1°'. .

(2) sSelection of a non-existent trunk has no effect.

(3) _If the Direct Control Option is not installed an 'Op
Code Trap' interrupt will be requested.

(4) It is a program restriction that bits O = 5 must not be set
if either or both bits 6 and 7 are set.

(5) Further information is given in PS 4.6.10.
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D.2.13

INSTRUCTION NAME : Read Direct
OPERATION CODE : 85
FORMAT : SI

DESCRIPTION :

Execution of the 'Read Direct' instruction causes the sampling
of the Static In lines of the Direct Control trunk selected by
the instruction's Immediate Field. If the sampling is sucoess-
ful, the eight-bit byte sampled is stored-in the location spec-
ified by the instruction specified address. :

CONDITION CODE : Unchanged.

NOTES ' :

(1) Selection of trunks is in accordance with Note (1) for
'Write Direct'.

(2) The remote Initial Program Load bits are ignored.

(3) If more than one trunk is selected the results are

unpredictable. If a non-existent trunk is selected
a zero byte is stored. )

(1) If bits 0-5 of the I, field are zeros, no trunks are
sampled; instead a set of engineers' breakpoint switches are
sampled. ‘

(57 If the Direct Control Option is not installed, an 'Op Code
Irap' interrupt will be requested wuniess all 8 bits ‘of the
I, field are zeros, in which case the action described in

Ngte (4) takes pluce.

(o) wurther information is given in PS.4.6.10.

Issue

Date Auth'y | Log { Title Document No.

4 16.2.68 | Miw 743 CENTR.L PROCESSOR MODELS PS5-4.10.70

4/1] 10.7.68 | Maws | BO9 | 4-70/75

PRODUCT PLANNING SPECIFICATION

Page D.17






