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Main features

LE

- MEMORY MODULES OF 8 OR 16K
~ MEMORY CYCLES INTERLEAVING

- MODUL s

- 16:BIT WORD ORIENTED
~ 16 GENERAL PURPOSE REGISTERS
- MEMORY MANAGEMENT UNIT (PSS7M), 2K WORD PAGE SIZE
- FLOATING POINT PROCESSOR (P4STM)

- PROGRAMMABLE REAL TIM!

2 DIRECT INDIRECT, INDEXED, INDEXED INDIRECT ADDRESSING
- 63 INTERRUPT LEVELS,
~ EXTERNAL REGISTER TRANSFERS

- HARDWARE MULTIPLY/DIVIDE, DOUBLE LENGTH ARITHMETIC
- AUTOMATICSTACK HANDLING
- REAL TIME CLOCK (20 MS, MAINS)

~ INTEGRATED V24 SERIAL CONTROL U

~ POWER FAILUNE DETECTION WITH AUTOMATIC RESTART
- MICRODIAGROSTICS

HIGH SPEED DATA CHANNELS

ZINTERFACES FOR INDUSTRIAL EQUIRMENT

- DATA COMMUNIC;
- POSSIBILITIES TO CON lEer ALL STANDARD PERIPHERALS

BASIC AND BASIC REAL TIME MONITORS

DISC AND DISC REAL TIME MONITORS'

MULTI APPLICATION MONITOR (PSS7M)

SMALL REAL TIME MON)

CASSHTTE OPERATING MONITOR

MONITOR EXTENSION FOR DATA COMMUNICATION
ASSEMBLER, FORTRAN COMPILER, BASIC, FACT, LINKAGE EDI-
TOR, OVERLAY LINKAGE EDITOR, CASSETTE EDITOR, UPDATE
PACKAGE, LINE EDITOR, DEBUGGING PACKAGE, HARDWARE
TEST PROGRAMS
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Definitions and Abbreviations

Gabinet - The basic structure containing 19'" racks
“ Rack e st wiln te cabinet o which rack mounted
ts may be

e - et m which the CPU is mounied;

Extension. = & cobinet conlalng s equipment ot thea the
Cabinet

ting Box - e ok i 5 CRU s et
Fautomet Shei - i e e shich system equipment other than the CPU
is pl

Standard — O s e n the Cualogue

Device Unit

o Package

Microdiagnostics - A microprogram standard available on the CPU board,
which tests panel drivers, data path, bus dialogue and me-

mory.
Character - One half-word: 8 bits.

MSI - Medium Scale Integration.

LS - Large Scale Integration.

TIL - Transistor to Transistor Logic.
ROM. - Read Only Memory.

PROM - Programmable Read Only Memory.
Mos ~ Metal Oxide Semi-conductor.

PL - Initial Program Loader.

GPBUS - General Purpose Bus.

MMU = Memory Management Unit.

FPP ~ Floating Point Processor

Introduction

The P856M and the PSSTM mini computers are general purpose digital proces-
sors designed for industrial and scientific appli
&

family
VB s plced i al Wesiern Burtpet: sounris 4 Vel 2 i the Unted
States and Japan.

‘The P856M and the P8STM are fust, compact and easy to interface thanks to
the asynchronous General Purpose Bus around which all 1/0 facilities are
The

ofthe two with a ma 32k
are 8k 16-bit words with a of 1.2 4. Also available are 16k 16-bit
ord s ket b e o G2 e el e e 3
fast memory modules are used memory cycles inierleaving s possible.

TonM

a one-board ﬂoalmg Point Processor and a one-board Mzmury
Managemenl Unit
g P

t Procesor ghves o hardyare socuton f foating pont
instructions, The Memery Management Unit pr the user it o important
i W ko et s k words memory
and i impléféats memory protecion on 8 2k word page
sl i niang ke il dlcjne e s il
user all of a real-time
cavironment, under control of a Malt Application Monitor
ry modules are 16k 16-bit words with 0.7 s eycle time. On
opton, 16 12 s i cycl tme memory modules may also b used
high spéed memory allows interleaving when at least two 16k modules

Standard foatucs o both CPU'S
re registers of which u are fully programmable

= mwgml:d V24 Seral sontrol uni
- power failure/automatic restart
= i fsguenoy real i clock (20 me)
- general purpose
e ottt I

ct access for up to ot extermal registers

‘memory access facili

- microprogrammed standard instruction set.
- addressing for up o 32k 16-bit words
- hardware bootstrap loader




plus the followins features particular to each CPU:

PaSeM =
~micrdignosisfor automatc andse-by sep sing of the first 4k words of

memory and CPU-C!
vm!rlmmuble Real Time Cloek (option):

PRSTM
memory and CPU-CU tope.
~ddraing xtension for up to 128k vords of memory through = Memry
Management Unit MMU (option)
emory protection on a 2k wmds page basis

~ Floating Point Processor (opt
~ programmable Real Time Gos an'.mn)

by the first 16k words of

All_input/output transfers are handled via the General Purpose Bus. A

and powerlul instruction set, includinginstructions such as
e, multiple_store, multiple load, exteral register han
inscueion and, fo the PASTM som exta nsrucions petanin (o the MMU
S
e e programming
S e o

System software for the PSSEM comprises six monitors:
M

Basic e iomion e R Time Monnor Small Real Time Monitor
and. & monitor extonsion 10 be ta_communication application.
The Sysiem software Tor the FSSTVL is the samme s for the FESOM pls &
Muli Application Monitor to be used in systems over 32k words.

Moreover the following processing and service software is available:

L ORTRAN,
ime FORTRAN s Eduor Ui Gt Updna De:
‘bugging Package plus several utility packa

BASIC (5esiners All parposo Symboli hstustion Code) and FACT, (Facili
for Automation, Control and Test) conclude this wide range of software availa-
ble 1o the user.

All system software !m the P8S6M and PS7M is compatible with the P852M
system software except for the extended memory addressing software, which
can anly b usefuly ke on tne PSS oves 90 wends

X

1 General

A diagramatic representation of the systemv’s components and input/output
Structure are shown by figures 1.1 and 1.2 respectively.

THE SYSTEM

The failes offted to. usr b the P8S6M and PASTM minicomputer ystems
enable each user o produce a tailor made system to suit his own requirements,
204 ths avcid s et to purchase fciles which will never ba used.

case with which a system may be constructed and enhanced, and the
overal ey o the sy, e centered around the gonera pur
asynchronous bus is used for the interconnection of the system’s main.
emory, peripheral device control units, transfer facilities, inter-
& central processing unil itself, Physically the bus may be
arious longths, o Suil any particular configuration, and i consists of those
lines récuired to inake correct interconnection and operation between units
possible. »

Ecent ot he e B ceatie b VL e of contrllng
in conjunction with the interrupt system, The interrupt system is capable

of handling up 10,63 hardwars levels and operaiesusin the necessary bus ines

concurrently and independently of data transfers or bus control operations

Peripheral connection is also made easier by use of the bus and the availability
of up to 64 input/output processor sub-channels for high speed data transfers
provides the system with a powerful input/output capability. Organization of
the channels is on a priority basis and any number of the channels may be in
operation at the same time. Once in operation the input/output processors are

able to contol & transfe between 4 doviee contol unit end memory using
both the bus and a line connected directly between the control
unit and the input/output prosessor sonroling the exchange:

The central processing unit, connected within the R 8 th bus s normally
allocyed bus tame i acoeedance with the Sysiem . However, the
pumbxmy it for the cntal processing it 10 be it s s s

out
e mormel ahmetls and Togiea prooeses nécsary for th operaion ofthe
s, both ot word and in cerain cuses characec level. Input/output
instructions exist for the control and operation of al s
Contie - s, T st ioteieons cale.fo 1643 s et 1o ex{endl

11



gt via the General Purpase Bus and, for PESTM cxlended memory
i o to Move Tables and (0 load regiters with addrsse for

e dink Pont Fosssor permit he v o hardwarefor the
exceton of Rowiing poin nsrucion.

Memories

f 1.2 5 0r 0.7
i the General Purpose Bus. The 0.7 5 memories allow interleaving. It is
possible to mix the 12 ¢ and 0.7 s memories.

sowrie
b

St puspost pus

g

squimmer

Figure 1.1 System Main Components

-2

B e

Figure 12 Survey of peripherals and their control units

erleaving

Interleaving of the 0.7 s read/write core memory permits a very fast execution

of instructions. The access time comprises one read cycle after which the

execution of the instruction starts immediately. To make full use of the inter-
ing capability the minimum memory size is 32K ie. 2 modules of 16k

‘whefe ane module will contain the even addresses and the other module the

odd addresses.

13



Control Pan

PR buitons are provded for norys! pmal aperto luding
fondand read facilites to both memory and registers and an additional option
i5 availble at the control panl o enable the i cmte g s running

d any initial program. ootstrap is held
ithiil d and is transferred to memory an
‘exceuted when the PL button is pressed.

The main facilities outlined, tosether with all the normal system and user
facilities are covered in more detail in the following chapters.

GENERAL SPECIFICATIONS

Microprogram controlled processor using ROM, TTL

circuitry.

Cmncldem current ferrite core memory as standard.
ncotion of ROM and/or PROM mémory is

pm; o

Core memory is available in modules of 8 and 16k for

1.2 s memories and in modules of 16k for 0.7 ps memo-

ies.

CPU Technology

Memory

Microprogram controlled test for data path, CU-CPU
dialogue, memory.

Microdiagnostics

Registers 16 internal registers, 14 for gencral purpose use.

Addrossng possble for up 1o 64 contol s and 256
external regist

External Addressing

1/0 Capabi Upi 65 el iy o ol within the

syste

T scmmle types of transfer channel:

1. Programmed Channel capable of transfer rates up to
30k wnms/s::. depending on the method of pro-

‘eramming us
Up 10 8 mpm/ompm Processor Channels, each
ceutciing Ui o € deparaie L iostilie prior
ba ipable eﬁransfu isles o B33k o/
for memories of 12 7 and 1.2Mw with the fust
mérory. Each devies conirol unit use a separate
break line connected dircetly between itself and the
‘appropriate input/output processor.

‘Word Format

Instruction Set

Bus System

Power Supply

Environmental
Conditions

16:bit instruction and data word. Data may be handled
25 two separate 8-bit characters.

Instructions using 8 different methods of forming an
operand, includin

- short

 dlrect and indirct addressing

- address and operand in register

- indexing

Single asynchronous bus using TTL circuitry and in-
corporating the following subsections;
- trol

- Data/Command Exchanges

- Interrupt Handling

- Miscellaneous

100V, 115V, 220V or 240V, SO0HZ or 60Hz
Standard: 220V SOHz

0°-45°C, up to 9% relative humidity (without conden-
sation)




pasa CPU

2 Hardware structure

Figure 2.1 shows the main units of the system’s hardware structure in block
form Explanstion o the mermory, GP Bus, ferupt system and nput/autput
fcillies are covered fn detail in laier chapters

CENTRAL PROCESSING UNIT
‘The main components of the CPU are:

Arithmetic Unit (ALUY

The s vl ke i ik scable 1w o, siac o o logical
mbination of the two 16-bit inputs to be available as a single 16-bit output. In

Sddidon the sial of (he oulput with Teferencs 10 osive negtive il or

overflow condition is availsble, and an indication is also given when the

output i less than decimal 128 if this output s to be used as a memory. S

for stack operations, Overail control of the unit is exercised by the micro

program held within the system’s control ROM.

P Rogistt
This registor i used o hold the adaress of the next instrcton to be caried
out. 1t s incrementedinsts of tw i the pogram s Lo cary on i sequonce
Al cauned new address if a branoh s 10 be caried
ngmcr {a pbysieay onty 15 B, conesponding (5 bis 010 14 of i
e i

The PSW Register

This egistr s divided inlo three parts which togiber form one {6t wword
knownasthe

sk s e romired io
be saved. Program action is required to restore the saved word and whilst

15 W o U iy ack piogram athon thay b6 atied out o ale e

contents of the word.

Six bits used 0 hold the priority lvelof the progrum tat is rning. Conteol
of this register is exercised by the interrupt syste

The CR Register

‘Two bits used to hold the state of the result of, or the response to, certain
instructions. Control of this register is exercised by the microprogram held
‘within the system’s control ROM.



GF Register
it bits which are used to record the general status of the system.

The Seratchpad
The S consists of foue 15X &bi eadfwrite memoryciruisaranged
Als, ressed

from sither the' e i on or s switches on the operator's

et i i system control ROM. The specific designation of registers

within the scrachpad is:

-

s ——

!.{Hag\.mb"“ Bt
)

e

Figure 2.1 General structure of CPU

HL >

Figure 22 Data flow in Data Handling Unit

Registers Al 1o A4
These registers arc addressed from the insiruction format whilst the processor
i operating and may be used to hold one or both of the operands of an instruc-
Hiom, and possibly th resul. They may also be scd a3 adaresing and indexing
registers with respect to memory.

23




ey i usodus w sack ot by the inemopt e a3 owch
updated whenever it is used for memory addressing. It may also be addressed
B otion forma i (he same mannor as egisers Al 1o AL

e e Sesise i used as a buffer for the ouput ofthe ALU. The output
from the 1 registr i diected sither (0 the crated o (o the general
purpose bus, control of the register being ety oo Sl
D ssiom's conirol ROM.

M Register
This 16-bit register is used as a multi-purpose register in the input/output-loop
of the Al

‘The Q Register

g
This is a 16-bit register used during double length instruction operations.

D Ml
This multiplexer has four modes of operation;
AL utput diect ottput

A e oo SRty
character swa
BUS inpus

The C Multiplexer
‘This multiplexer performs operation on:

IV s Sutput

The § Register

This 16-bit register is usea as a multi-purpose register by the addressing and
cobning cifcuts within the CPU. e e, o o o

‘microprogram held within the system’s control ROM. The three uses of the §

Normal Addressing

Input o the  register  from the fifleen most significant bitsofthe output of
. The output of the S register is used for memory, external register, or

i addressing, vis the general purpose bus. The S register must be reloaded

g in et mode,only the 12 eat sgaiant
bits of the S register arc sent to the General Purpose Bus, whilst the 4 most

24

significant bits are sent to the MMU for logical to physical address translation
(see page
In system mode the 16 bits of the § rogister are used in the normal way.

Stack Addressing

The S register is initially loaded with the most significant fifteen bits from
register ALS, via the ALU. It is then used as a downward counter to address
consecutive words in the memory stack. Addressing is carried out via the
‘general purpose bus.

op Cour
The ot slgoifcaat v il o therS regiser are ed a4 Joop counter
y the system microprograt

T 6 egite s sed o hld iter the complete instruction or the most
significant word of & fouble length tostruction. It Is the contents of this
register, together with the current state of the processor, that are used (o access
the e wlopogean ol o o ol sl i g o e

The K register is o
via the general purpose bus.

o togulred. naifbciOA WOre from moriory

Address Generator GA

The input to the address generator is derived from the K register and the
current state of the processor. The unit then encodes the relevant information
i i e i icular
instruction. The 9-bit output from the generator is input (o the RA register.

M Address Register RA

‘This 9-bit register buffers the address being used to dccess the current micro
instruction word from the control mi The register is loaded from
the output of the address generator and is used directly to address the control
ROM.

Control ROM and Microprogs

This section is compm:d oo ROMICk Each 1€ contine Sl bitwands
register

ICs to obtain 511 fmlrlyelgm “bi words of

& oot poil 13 o
‘memory.

The misroprogrm i held in the ROM and exrcse ditet ontrol overthe
data paths and timing of

Contral
ot i dat o o bt cusions e ovn 1 Chapter 8.




3 The Basic Word

e Precision
The basic word used within the system is 16 bits, and as such it may be
represented by four hexadecimal symbols in the range 0000 to FFEE. Bits

within the word are numbered from 0 to 15, bit 0 being the most significant
bit. Data may be represented as single precision signed integer contained in
one word as follows:

O —

where bit 0 is used as the sign b, set to zero for positive data and to 1 for
negative data.

For programming purposes the word may be divided into two $bi chaactors
‘which may be used independantly by certain processor actions, bits 0 to 7 of
e word eptessnting (he Jot band Character ind bt § 015 epresenting 0
right hand character.

LEFT HAND CHARACTER § RIGHT HAND CHARACTER
78 15
Bit'0 16 b3t basic ward
Double Precision
In doubl 3

signed integer, contained in two words as follows:

NE |
LL #]

The sign bit of the least significant word is not used and is usually set to 0.
‘This means that 30 bits are available for data representation.




R e th expanan.

stan b1t

o |

Fora i ipt ng Point Processor.

DATA FORMAT

Data within a word may take the form of numeric values, logical data, or
racter representation. Within a word positive and negative pumeric values
are able to be represented, the most significant bit, bit 0, of the word being
s 0 Indica the sgn o any vaiue. Posive valus re rpreseted by
mal i it cqual (00 and wsing he remaining il bis o cxpres
{he numeric vau egaive walues are represented by making the
i S 4 An en e 1 reqee mimens v by s 74 dor
plement n the remuining fifeen it
The figure b s the representation of the numeric values +3 and =3
e v ™

Representation of Muneric Values

Numeric values represented and used within characters may only specify posi-
tive values to a maximum of 8 binary bits, no sign bit being used by cither

Logical data may be held and used in either whole word or character format
and no sign bit is used, data being bit significant within the complete word or
charagter.

representing standard alphanumeric and control characters may be held

i a1 e Ak W SO oo

‘numeric values or logical data depending on the instructions carried out when
‘using such data.



Memory

Care memory is available in modules of 8k or 16k 16-bit words with a cycle
e of 1 3 ot 07 4 up to maxizhum of 32k for the PASGM and 128 for
the PSSTM. Each module consit of & Single printed cireuit board which is
‘mounted within the mounti ng Do Costeaion (1o sretout s o/ s e

fe for
from lose of detorloretipn of data dunng power on/off s s:uuences and in the
event of any power failure.

Al ey sistules sfersd e sble 10 el et o o Dhmiai
modeignd fhocl Chancler iyl fsteistiont aco svatale o piovide
useful and efficier Tespoc I charactor bullering 4nd Henston
Character mode o nable (e content of the et  Sgiican L
iaput/outout ines 10 56 Sthe set from, or writen Into ethe the e hand o

charseie of the addressed memory locatio. In i such operations
the unused character is left unaltered.

[rE—

o] e s T

T e |03 T+

Figure 4.1 Operation of memory in character mode




FaPERTBFE PUNCH T CPCTE

Listing on PER 3100 matrix printer.

MEMORY ADDRESSING

Depending upon the type of instruction or operation being carried out the

emory may be addresed in words o charuters for programming purposes.
Bits 0 10 14 of the address are used to access memory in word mode, bit 15
Deine unused and inigniean When operaing in characier iode allsixteen
address bits are used, bits 0 10 14 addressing the word location required and bit
15 addressing the character. With bit 15 set to 0 the lefl hand character is
addressed, bit 15 set to 1 addresses the right hand character.

e ot o ”

Figure 42 Layout of words and characters in memory.

“Word addresses written with the least significant bit present will be addressed
ignoring this b

Memor, ssing i an environment > 32K s eniely ransparent (o the vsee
b by the Memory Management Unit



Memory Management Unit MMU

DESCRIPTION

‘The Memory Management Unit is a feature of the PSSTM computer which uses
Virtual Addressing and allows to extend memory addressing over 32K op o 126k
‘words. It permits dynamic program relocation in mul sk programming under
soncolo Monitor and off

¢ MMU cannot by used with the PSS6M.
S G o veaBee 1t MU Rt iy s

The system considers (he memory as consisting of n blacks of 2k words,

called pages. The monitor is always loaded at the beginnit

the lowest address upwards. When the user program is
monitor and it is spit in pages of 2k, which do not need to be

contiguous. Moreover, only those parts of the program are loaded which arc

required at the time.

A user program may not exceed 32k words.

In order to address the pages in memory a segment table of 16X 16 bits is

built for each program called.

‘The user program uses relative addresses contained in 16 bits. At execution

time these Iogial nddeses ae divided i two parts, O pat, bits 0o 3 i
5 the relative

e e beginning of the page.
el il i i in the segment table and the MMU
2 6-bit physical
ples e whmh lngelhe[ thindivecs il
18+

If the running program has less than 16 pages loaded in memory the unused
words of the segment table have a protection bit set.

In system mode, see page 13-10, the MMU does not transiate the 4-bit segment.

addresses as the system software routines use absolute addresses.

To runsfr n ths mods data ffom a system to  uset atca special instructions
ich have a source table address, destination address and length as pare-

s Bl o oot bekese i s st Spsabare



Figure 51 MMU Operation.

Layout of segment table word
The MMU and the operating system control. the contents of the segment table
‘words. The bits in this word have the following meaning:

bits0-5  Physical Page addre
bit6 Page Error ndication. Ths bt i st by the Operating Sytem for
s e e 0 ot the addressing environment

of the running pro ecing this bit the MMU activates

a‘Page Faull signal e 3 rong ot wissing pugs s ied 10

This bit is actiod for system progras
bit7 R Only g Phis i st e (e elevant page i protectad
aghins. overwiting. This feature allows to shae the page among
several user programs.

Modifid Page This bit it by the MMU when  writeoperation
took place in this page. IF 50, the page need to be swapped out
again {o the backing store before a new page is \uided Irthe bit
remains zero the page may be overwritten which s
bit9 Overflow. The setting of this bit depends on the Vel i bis
10-15 included.
bils10:15. Counte, A bt couner [ ssocited with cach pag descrptr,
e areincrmented a egular time ntervals, This ner-
T e e e
generation time in a ratio 110 256, Dois Seciimas o
m, each time a page of the running program is called the
counter is reset o zero. If a counter reaches the interval set an
overflow bit is set. When space in memory is required the Opera-
St t bitset.

Page Fault bandiin
A special interrupt Page Fault s given when an attempt is made o write into
a protected page or when a missing or wrong page is tried o be accessed.
The interrupt line is wired from the MMU to the CPU and it has a priority
over other internal or external interrupts.

1 faull is delected the execution of the running instruction is sopped and
if necessary, exchange parameters are updated to resume the execution later
on. Moreovér three words are stored in the system stack:

- the it ine tclclogfvieoamed e puss i ntSuct.

=51 e confaini the pase s0regeof the pagt i which o[l yas deteeed
' MMU program level coded on the MMU boas

Next the CPU s switched to the Inhibit state and the computer to system mode.
The MMU program level is loaded in the PLR register and a branch is made
o an interrupt routine address.

‘The interrupt routine does not require an RIT instruction to reset the interrupt
as the Page Fault interrupt is automatically deactivated.




16k Mermory Module 12 s

8 Floating Point Processor F.P.P.

Introducti
he Floating Boint Processor s a optonal,high sped aithtic processor which
o e included i the PISTM st

The proczsmr is contained on one honrd e n|uggad in the third slot o[
the M4 nt Uni

power consumption is +5 V, 6.0

Figure 61 shows the conmecion of he FP i the system.

et el o

Figure 6.1 Connection of Floating Point Processor

Operation

‘The board contains three 16-bit accumulators FPA holding the result of a floating.
Point operation or the floating point operand or the first Hoatng point operand
in three other 16-bit

registers,

Program it decoded by the CPU.
each instruction, i.. op.code, mode, bits etc. are also cop
cegister on the FPP board.

an instruction

i ing Point
3

] activated by the CPU and the latter stops.

Some decoding of the instruction register contents takes place on the FPP board
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and an arithmetic unit on this board s signalled the type of operation it has to

e PPA, registers A1 and A2, the contents of consecutive memory locations.

“The result is stored in FPA, or Al and A2, or a number of consecutive memory
Locations. ) =
fons

Any abnormal condition gives an FPP interrupt and sets the CPU condition
. The FPP intercupt must be connected to on of the cight internal

interrupt levels.
If no error condition was obtained the CPU fetches the next instruction.
Figure 6.2 gives the architecture and flow in the FPP.

BT

Figure 62 Floating Point Processor

Floating Point Format
The Floating Point Processor handles data of the following format:

Floating Point Data
Floating Point Data are real numbers contained in three consecutive 16-bit words,

The first two words contain the mantissa which is 4 left normalized, double
precision number,

e exponem s held in the thi

word as a single precision integer.

¥

(= e ]

‘The sign bit of the second mantissa word is always zero.
‘The mantissa scale is between:

positive: /o <m < 18
where e = 23

negative: -1 <m< ~ ¢

‘The exponent scale is between: ~ 215 SE< +215—1

A flcating point number is: (m1,m2) X25, where E = the exponent.
The absolute value is:| DATA | < 10%, The accuracy is in 9 decimal digits

e Fostin Point Prossor o sllowsth convrsion of g pindaa o
integer format an

Tn tha cas he Proscso pesmitsopeation it singe precision nieers (on 16
bits) and double precision integers (on 32 bits, the most sigaificant bit of the
second word being 0).



Floating
Floating Poi

sz e same e of addressing modes as the

int
int To

remainder of the RS mtcuc

Asurvey

FSU

‘of the Floating Point hamosion Set
Convert the double ‘precision integer o a floating point operand. Store
the reult 5

Cont oning operand in FPA 10 & double precision integer. The
result s pl:ced in A1

Add the floating point wperand i EPA i fo g

‘roe consecutive memory locations. The first addres

S of the specified register. The. sl i ither phoed in FPA or in

ot coertnd
ted by

R the Roating point operand in FeA o the foniog poit operand in

mmecnnsmnveln:nmns The st a uddress s indicated by the address
in the insiruction. The sl s placed i FPA or in memory.

Subtract the floating d in three consecutive memory

localons, e st Idduss s indical by the rgistr in (he msmlmvn,

fro orin

mory.
Subtract the floating point operand in three consecutive memory

EPA. The result is placed in FPA or in

locations,
the floating point operand
emory.

% e iR S v
i by the

registor n the instruction. The result s stored in FPA or in memory.
Ny v Noaig s sperand i FPA by the fostng operd in
locati s poined o by
e i the Inraciion. The sl s sored in FPA o n ol
D talng point operand in FPA by the ﬁonnng point operand

ngmu Specified in the instruction, The result is placed in FPA oein
mem

Divideth foating  poot opeand n FPALY the floating point operand
in thee conseutive memory locatons hos it address s poied t
dres in the fnsirueion. The reul s plce orin

The ‘contents of three consecutive memory locations are placed in FPA.
e st memory locaion i ndicted by the register in the instruction.

¢ memory locations are placed in FPA.

inte t by the addressin the nstruction.

The contents of P e stcped in hres consecutive memoryloarions

rst address is indicated in the register in the instructior

e 050 A st tord i the consecuive emory losdiins

e frst location s pointed to by the address in the instruction.

See Chapter 7 for instruction execution times.
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v Instructions

‘The instruction set gives the programmer the ability to carry out all the functions
necessary to program the system efficiently and may be divided into ten basic
groups:

Load/Stare Instructions
Arithmetic Instructions

Move Table Instructions

Within these groups ensured. by the possible use of up o sight
et gL oF i of e insmction' opeunds the methodto

eing chiosen by the programmer with reference to the memory and
g e e o e

Two formats for instruction layouts are used and where necessary two words
are used to define an instruction.

INSTRUCTION FORMATS

by the most slgmﬁ:anl bit, bit 0, of the instruction word. Where instructions
Condie af o onts o ormat i ¢t et aigaibcant it of o st word
only.

Format 0 instructions are always short, that is one word. Format 1 instructions
may be short orlong, onie ortwo words.



OPC 4 bits, the patiern of which defines the instruction to be carried out.

4 bits, specifies the working register to be used by the instruction, AQ -

5. ]t may contain one of the operands to be used and may also be
used 1o hold the result of he instruction. In certain cases with R1 = 0
the addressed register, the P register, will not be used and in these cases
Rt = 0 wil qualiy the operaton eode snd deine a diflerent intrution
than when

4bits specifie the sscond wrking register o bs used by the insiruction

It may contain the second operand or hold an address to be
ait Torming this operand. If R2 is made zero, no second working.
register is specified but this condition is used in deciding the method of
forming the second operand.

3 bits, specifies the working register to be used by the instruction A0 -
A7 It may contain one of the operands to be used and it ek ]
10 hold the result of the instruction. In certain cases with R3 =
aldressed registe, cho P regiter, will no b wsd g inthess ot 3
= 0 will qualify the operation code and define n different instruction
than when R3 = 0.

bl specifes the condiion which must exi ot a o8 partioularnsiru
uried out. Used to qualify conditional branch instructions and
TeTaces RS 0f the most Hesifeant 5 s oL 1

2 bits, specifies the mode of addressing to be used when forming the
second operand of an instruction where this is applicable,

1 bit, applicable to certain instructions using memory. When present it
specifics that the result of the instruction concerned is to be stored in the
‘memory address specified by the instruction. When this bit s not present
the result is placed into the working register specified by R1.

8 bits, these bits arc used to specify the operand in format 0 instructions,
and include short constant operands (k) and short displacements (m-for
lave branh instrution), Thi fleld s aso sed o speciy couns for
shift i (n) and device addresses 10 1/0 instructions (dev), in
ot e par o the Rl ansy Broped 1 it he ey cadk

16 bits, this field is made up of the complete second word of a double
 this T 5 4




FORMING THE OPERAND

{he instructions may use various methods of forming one of the
o i, ifht mthods o forming an oerand ae vaiable
e ed by the values of the Format, Mode, and R2 felds of the instruction

Jayout.
d and a brief description of

Figy hods o
S e e

Type  Format Mode  R2

1 = Reg/Reg.
T2 1 o1 R2=0 Long Consiant
T3 1 o R2#0 Address in Reg R2
T4 1 10 R2=0 Address in next word
T5 1 10 R2#0 Indexed
T 1 1 R2=0 Indirect
T7 1 = R2#0 Indexcd Indirect
T8 0 = = ort Constant

Figure 7.2

T1.  Register/Register - Format 1 (short)
The

byR2 of

format.

Long Constant - Format 1 (long)
‘he operand is the value in the least significant word, all sixteen bits, of
the double length instruction format.

T3, Address in Registor - Format 1 short)
The operand is held in memory. The ddess of the operand s
v votoe i theresite speefied by R of th instruction orma

Address in Next Word - Format 1 (long) ;.
The operand is held in memory. The memory address of the operand is
the value in the least igailicant word of the double length instruction.

Indexed Address in Next Word - Format 1 (I

The operand is held in memory. The memory address of the operand is
found by adding the value in the register specified by R2 of the in-
struction format to the value in the least significant word of the double
Length instruction,

Indirect Address in Next Word - Format 1 (long)

The operand is held in memory. The memory address of the operand is
id in memory. This indirect address is the value in the least

Significant word of the double length instruction.

. Indexed ndirect Addres n Next Word - Format 1 (long)
mory address of the operand is
50 5e1d n memory. This fuie nddmx i found by adding the value
- Toper speied 57 R of the instruction format 0 che value i
the least significant word of the il Tength instruction.

T8.  Short Constant -
ThE b 1 et s st significant eight bits of the instruc-
tion format.

INSTRUCTION TIMING

‘The timing of the instructions depends on various factors: the type of instruc-
tion itself, the memory, the method of forming the operand and the number
of memory cycles require

‘The instruction set offers ssibility of very rapid execution times where
single word register/register or short constant operations are employed whilst
the more complex register/memory instructions save exccution time when
compared with the routines they may replace.

Execution time is also reduced in the case of conditional instructions by
caeying ot the conditional Gheck Tmedlstel afer accesing th Instrction
and then only continuing if the required conditions are satisfied.

TRAP ACTION

The use of any invalid inaruction cuses the acvation of the Tap scion
wmch consists of the fllowi baso action
ot et 6 cay ot th strution
Zinformation with reforence to he instrueton addres and processr statis
is saved in the stack
~ interrupts are inhibited
~ a user mode flag i reset when working in user mode
~ an indirect branch is made to address /7E for a trap routine.

‘THE INSTRUCTION SET

The instructions within the basic groups, together with their mnemonic, ad-
dressing type(s) and the execution time for the different types of memory are



i
. LDR Load Register
LDK  Load Constant

ST store
STR Store Register

Multiple Load

Multiple Load Register

Multiple Load Constant

Multiple Store

: MSR Multiple Store Register

Extended Load (MMU)
Extended Load Register
™i

o
fots
5

| ES  Extended Store (MMU)
ESR  Extended Store Register

Arithmetic Instructions
AD  Add

Add Register
K Add Constant

bt
Subtract Register
SUK  Subtract Constant

MU Multiply
MUR Multiply Register
MUK Multiply Constant

DV D
VR

Addressing

10-113 s
78-88 s
88

Execution times in 5

077 s mermory_|
22-30m
12-18 s
09-15ps

24-33
i
26-35+

nX08 pis
1995+

nx(
27+ 0x08 s

26-35+

08 ps
23-29+
X038 s

24-33p

2 ps

Addressing
types
DA Double Add T4-T7
DAR Double Add Register ~ T1,T3
DAK Double Add Constant T2
DS Double Subtract
DSk Double Subirac Regiser 14,5
DSK  Double Subtract Constant T2
@ Twos Complement T4-T7
R mplement
Register s}
IM_ Increment Memory T4-T7
IMR  Increment Memory
Register ™
NGR Negate Register T
CM_ Clear Memory T4-T7
CMR Clear Memory Register T3
CW _ Compare Word T4-17
CWR Compare Word Register T1, T3
CWK_ Compare Word Constant T2
FPL  lotegetto Floating
m
FEX Flmlmgl’mm
T
47
bl
FsU Hoallnngm
47
FSUR Flowing Pont
Subtract/Register bl
EMU Hone Point
7
FMURPengig Po
Mty Regiser i

Execution
[ T2 s memory

56-69 s
3145t

times in s

07 7= memory_|

37ps

St
62- 96ps
59 84ps
62- 96ps
59- gaps
88-122p5

84-110ps




FDV

Floating Point

Dot egiser

Logica Jesructions
Log. AND

AN
ANK
OR
ORR
ORK
XR
XRR
XRK
™
TNM
a
CIR

LCR
LCK

sc
SCR
cc

COR
oK
ECR

AB
ABL

Coarcter Handliog Instructions
Lc

Branch

Lor AND Rogister
Log. AND Constant

og OR
Log. OR Register
Log. OR Constant
Exclusive OR
Ex. OR Register
Ex. OR Constant
Test Mask
Test Not Mask.
One’s Complement
One’s Complement
Register

«d Character
Tout Coarpeler Rogister

Store Character
Store Character Register

Compare Character
Comparc Char. Register
Exchange Char. Register

Instructior
Absolute

T8,
ABR  Absolute anch Register T1, T3
T4

Absolute Branct

Addressing
types

Load Character Constant T2

Compare Char. Constant T:

T2
-T7

Execution times in jrs
T2 75 memory [0.7 75 memory.
88-122ps

84-110ps

Addressing
types

RB  Relative Backward
Branch

RF  Relative Forward Branch

CE_ Call Function

CFR  Call Function Register
CEL  Call Function

RTN Retum

EX  Excoul
EXR  Exccute Register
EXK Execcute Constant

‘Shift Instruction:
SLA Lell Arthmetic Shit
SKA. Right Aritmeic Shit

ight

SLC - Lef Cireuar Shit
SRC Righ Gl hift

SLN  Left Shift and Normalize
SRN mhtshmandNomme

DLA Double Left Arith Shift
DRA DoubleRight Arith Shift
DLL Double Left Log. Shift
DRL Double Right Log. Shift
DLC Double Left Circular

Shift
DRC Double Right Circ. Shift
DLN Double Left and Norm

shift
DRN Double Right and Norm
shift

Conrol Insrictinns

Hal
RIT Raset ntersal Itorrapt

T3

T8

n B el
T4-T7

kel

T4-T7
T1,T3
T2

Execution times

13 1l

8 40
2l Sy
55-664s | 45-547s
3 adps [27-41ps

depends on instruction in
operand

20+ 0x03 | 19+ 0x03 s
19+ nx03 is| 17+ nx0.3 pis
19+ nx03 js| 17 + nx0.3 s
11 fmos 16+ nx03 s
19+ nx03 js| 17+ nx0.3 s
18+ m03 | L6 03

42+ 1x05 is| 40+ nx0S pis
41 +nx05p5) 39+ 005 s

3.1 +nx0.3 3.0+nx0.3

2.4+ 0x03 ps| 22+ nx03 pis
24+ nx03 pis| 22+ nx03 s

24 +1x03 ps| 22 + 003
24+ 003 s 225 mo3la

454 0.5 ps| 43 4 x05 g
49+ X0 | 47 + mX0S ps

358
175
17
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8 Data Flow and Control

The control of data flow within the system is governed by the action which is
being carried ot at the time. The main sources of control being the instruction
set, the input/output processors, the interrupt system, and the bus control
System. Data flow within the system is carried out via the general purpose bus.
The input/output_processors use conventional control circuitry whilst the
control exercised by the instruction set, the interrupt system and the bus con-
troller are via a microprogram held permanently within the control ROM of
the CPU.

The following examples of data flow cover only the instruction set. The data

f the input/output processors is covercd later in chapter 10.
s all the instructions are controlled in a generally similar manner only onc
instruction, an add instruction, is shown.

microprogram instruction words would be accessed in sequence from the address
generated by the ROM address generator, Three separate actions take place to
carry out the complete operation:

1. The instruction is accessed from memory using the address in § REG and
P REG are then incremented by 2 in preparation for the next action.

The method of forming the operand is decided. The operand is accessed and
placed into REG M and

The arithmetic action is carried out and the result placed into the specified
register. The Condition Register is updated.

AT the same time the next instruction is fetched and the registers P and S
are incremented by 2.
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Figure 8.2 Microprogram Addressing Routine

show dis imatically the data flow involved in the basic

Figures $3 t0 86
arithmetic operations, with 1 ect to the overall system block diagram on page
23,

83




(R2) + M, @

The cyele for T3 eperand uses the volue copied into
oL in R0dress to' sceess n the Final operand.

REGISTERS
AL-A14

Wore:
complete operand of Short Constant
% i3 nd Q RE

Figure 83 Accessing an Instruction

The required

instruction



2 Addressing Cycle (T2 L0

) -
P)z o P
(5)+2 + 5

Cyctes for TA-T7 operands use the yalue initislly
Sh5icd into HREG to compute the final
e e heaoe:

wereastes] &
The r
into

LEXER

cqutnai word is capied
RS O
e
i

® e adress of the next roquires
Ine e o TR TOSMMRGYS

GENERAL PURPOSE BUS

HENORY. | The vora addrassed from 5-

it read fron memo

Figure 85 Addressing cycle (T2)
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General Purpose Bus

Th general purpose bus, conssing of 7 dats, addresing, nerrptand conel
lines, handles the exchanges of the and for

oy i o e ugxmlx s et
‘bus function. The four function groups of the bus are:

1. Bus Control Functions
2. Data/Command Exchanges
3. Interrupt Handling Functions
4. Miscellaneous Functions

In order to gain i in of the bus functi

may Bus control functi
or command exchange, interrupt handling is carried out entirely independant of

any time and without reference to any other bus function.

Figure 9.1 Connection of Standard Units o the Bus

BUS CONTROL FUNCTIONS

Efficient use of the bus for data or command exchanges is organized by a bus
controller within the CPU. This controfler allocates bus cycles for data or
command exchanges one a a time, on a priofity basis, to units which are able
to request such cycles.



All s connected o the bus are known as master or slave units, and masters
ster or slave depending o the type of exchange (o be
asters are those units which are capsble of

exchange. Apart from this pri
CPU i the event of a power failure being detected.

Priority Chain
| The priority chain is hardware wired at installation
system the CPU is given the lowest priority in
the input/output processors will i
requitoments, Once a bus request has been made the bus controller initiates a
mmaster selection cycle to determine the highest priority master requesting the
‘bus for a data or command exchange, as any number of masters may
request at the same time. In response {o a request a scan signal is nitiated and
g s routed to all masters, via the masters, and in strict order of priority. The
Signal is only retransmitied from a master if the master is not requesting 2 bus

er requesting a bus cycle is found

requests again. The complete selection may ta
exchange cycle, whilst the bus is effectively busy, thus kee;
cycle time down to the time required for an exchange.

the overall bus

Figure9.2 Shows a block diagram of the bus priority and selection system.

After being selected as the next master a master must wait untl the exchange
paths within the by fonger used. When this -

1ol of the b fro
‘bus. This final action allows & new master selection cyele to be carried out
‘whilst the exchange cycle takes place.

DATA OR COMMAND EXCHANGES

transfers (o control units, and transfers with external registers.

previously mentioned,

GPU LOWEST PRIORITY MASTER

g1 o
g
¥ g
£
z ¢
fa & g
le—5—+ 8
:
. :
§.—§k§ b Ly
- e
T .
P
g

N

Figure 92 Bus Priority and Selection System




must request and be granted a data or command
e Fvcle, and must wait until the previous data or command exchango
O ovmpletod before commencing its own exchange. Basically (o types
of exchange arc possible:

may take place, a master uni

1. Exchanges between the controlling master and another unit, where the other
nit is cither a slave unit or a master acting s a slave. e.g. CPU to Control

Unit or CPU to 1/0 Processor.

2. Exchanges between two slave units unde the control of a master, e.g. 1/0

Processor controlling an exchange between a CU and Memory.

Figure 9.3 Exchange example

1 Control Unit Address and function set on the Bus and validated by TMPN
2 CU recognises address and accepts the function. Replies to master with

3 The master has now set up the CU and may now change the Address and
Function, on the Bus.
CU remains set ready to receive data from the Bus

4 Memory Address and function set up on the Bus and validated by TMRN

5 Memory sets data on to the Bus and replies with

6 CU accepts data from the Bus  TMPN removed

7 TPMN removed

8 TMRN removed

9 TRMN removed

Timing Contro
The overall timing of exchanges made between units connected o the bus will
differ widely and in principle will depend upon the type of device, and to some
extent the physical positioning of the units on the bus. Control during an ex-
change is exercised with refcrence to timing and response signals raised by
the units making the exchange and where necessary timing differences are
accepted by the bus. This gives the system the ability to use cither standard or
non-standard peripheral devices without the need for special timing circuits,
provided that the devices meet the overall requirements of the bus. In addition
the bus includes a time out facility to unblock the priority system should for
any reason a device o unit not reply o a timing signal from a master within
64 js. In such a case the proposed exchange is aborted and the next selected
master is allowed to commence s xc

of a separate master (input/output processor). The ti
the exchange are described later in this chapter and are shown as dn indication
of relative timing only, they are not to scale. Complete timing details of all
transfers are available in the PBS6M/PSSTM Interface Manual.

INTERRUPT HANDLING

Interrupt handling is carried out independantly of other bus functions using
Separate bus interrupt lines, the CPU initiating a scan of the interrupt lines at
the beginning of every instruction if the previous scanning took place at least
2 ps earlier. The operation of the overall interrupt system including the inter-
rupt handling function of the bus is covered in the following chapter.

MISCELLANEOUS FUNCTIONS
These functions operate independantly of other bus functions 4nd are con-
cerned with the general reset and power on sequence within the system.

BUS SIGNAL LINES
“The signals and lines associated with the four bus functions, N stands for active.
low, are:

Bus Control Signals
BUSRN Bus Request
‘The signal is raised by a master whenever it requires a bus data or commang
‘exchange cycle and bus requests are allowed.

sPYC Scan Priority Chain
“This signal is raised by the bus controller in reply to BUSRN and indicates to
all masters the commencement of a master selection cycle.




OKO/OK1 Check Requtsts
This signal is gencrated as OKO (QUTPUT) by the bus controller and received.
by ihe highest priority master as OKI (INPUT). It is chained through all the
D sters i arder of priority as OKO/OKI Onward transmission of the signal is
Tniibited by the first master which receives the signal and is requesting a bus
cycle, this master is then selected as the next master

MSN. Master Selected
signal i raised by a master which has been selected as the e

indicto th slecion (o al other masers. . s romoved onco he maser
concerned commences its exchange cy

BSYN BusBuJy
‘This signal is raised by the master which has been selected and is now.

out an exchange cycle. It is removed on completion of the cycle to allow e
next selected master to commence its exchange.

Data or Command Exchange Signals

Timing Signals
TMRN Timing Master to Memory.
‘This signal s raised by a master and is used to validate the data and address,
and to control the timing of an exchange with memory.

[ MPN Tulpg Masierso. Fenpheml
This Pui B el and is used to vatidate the control d
e e e Aot L s hanGe i & poaplicl conrol
unit.

MEN Timing Master to External Register
This sigaal is aised by a master and is used (o validate the dats and address,

an external register.

TRMN Timing Register/Memory to Master

il Sones TMEN. and TMRN 1o comioling oF  exchange et with
a register or memory.

e Timing Peripheral to Master

is signal is raiscd by a perpheral device control unt and is used togeer
‘with. signal TMPN in the controlling of an exchange cycle with a peripheral
devices control uni.

Bus Address Lines
MAD128, MAD64, MAD() to MAD1S

Address Lines
These lines carry the memory address, register addrcss, o peripheral eddress

requested function, during any exchangs and are ‘qualified by the timing
signals from a master:

1. Metmory Exchanges (Quliid by TMRN)
MADOO to MADI - Thsse lines cary the it memory address required
Ioacon by id D
MADISSThis et en!y significant n characte gpertions and s used 0
define the chara i the addressed word which s to be used.
MAD 4 MADIZE - Thess lnes enable the extension ofmemary addresing
to 64k and 128k words.

2 Extomal Register Exchanges (Qualified by T!
D08 to MADIS - These lines carry the 8- hod r=s|sler address required to
— upto 0 256 rogitets
D04 - This line is used to indicate a read or write operation to the
‘addressed register.

3. Peripheral Control Unit Exchanges (Qualified by TMPN)
MADIO to MADIS - Those lincs cary he & il device ‘address required to
access up 10 64 control u
MADIOS - Ttis lne s o ineion lne used to indicate the dircction o the

AR08 Thisline is a fanetion line used foindicate whether he exchange
Ediaphiane ¢ command or status exchange.

MADO - Thi n line reserved for use by special functions.
MADG T used toindicats whether the currnt word o charalsr
Cochangs s the Tus when exchanges ar organize in

Bus Data Lines
BIO 00N to BIO 15N Input/Ouiput Lires
Theso les are the 16 input/otput lines used 10 cay data between the units
‘making an exchangs

ACN Accept
ignal is sent from & control unit to indicate that it accepls the request to
carry out a designated function.

WRITE Write
‘This signal is raised by & master controlling an exchange with memory to
indicate that the exchange is a write to memory. When the signal is not present
a read from memory cycle is indicated.




CHA
This signal is sent from & master to memory.{o indicate that the r=qu=xlod
‘exchang is to be carried out in character mode.

Sean Extena Iterapts
Thxs Tin s used t allow units connectod o the nterupt ystem vi the bus
e the bus interrupt lines as required.

Bus Interrupt Lines
SCEIN

Bus Interrupt Encode
T L i o e it sy i s alue, 01062, fthe highest
priority outstanding interrupt request to the interrupt sy

Miscellaneous Signls
CLEAR Clear
i slat s sent from e CPU o all urits connected tothe bus and nifees
4 gonera reset of all Such units.

RSLN Reset Line
‘This signal is raised during the power on or power restoration sequence and is
used within the system to ensure an orderly commencement or resumption of
operation without loss of data.

Power Failure

PWEN
This signal is raised during the power off or power failure sequence and is used
yithin e o i e oot

Interrupt System

The interrupt system within the CPU enables both internal and external inter-
upts toindcat tht cortan acion isrequired wilh eleene ko the interrupt.
This indication is given by raising an interupt signal. Efficient handling of
I s carod out by
e’ sotwae,ensurin hat ntemups tre senved in (h cortet order of

ties 10 the original program once

o e MR o

ORGANIZATION

Wuhm any sysem 63 indiyidual interropt sgnals aro possible to control the

riority running of 64 levels of program. Interrupt priority levels are numbered

End encoded from 010 62, b being given the highest prioiy. Signals at

intemupt levels 010 7 are itetly connected
in binary forr

ing box.

ignals at interruy pl Levels § (6 62 360 always encoded a5 & Gbi binary value

corresponding to their level and connected {o the interrupt system via the inter-
rupt lines of the general purpose bus.

OPERATION OF THE PRIORITY SYSTEM

Control units have prioit s st by hardware viring ithin themscives

nd s, the requited oIt i o i e s
&epamle Aypz:aﬁmemlpl sction maytake place o0 nandiing e e!gh(
are dire i ot

rupt. i ‘whic within
Randling al terrupt signals o e e s

e 8 basic interrupt signals are connected (o their own priority encoder, the 3
nulpul lines of which are connected via multiplexer (o the system comparator.
The mlplexer also accept the encoded signals from the interrupt lines of

e general wir
The system’ mpates the value presented by the multipiex
i e vl iendy o ot the DL regstr: Oy ofthe e
‘multiplexer is lower, thal is higher in priority, than the value in the PL register
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i further interrupt action taken. Once an nterrupt of higher priority than the
b program is detected a check is made to scc if interrupts are allowed,
fhe instructions ENB and INH being used to control such enabling.

Note: The connection of the magnetic tape control unit to the system requires
an additional bus and translator board. The interrupt signal of this control
uni is wired in a slightly different way. Refer to the Interface Manual

for more details

INTERRUPT ACTION

Tnterrupt action is carried out in two distint parts

1. The initial hardware action.
2. The programmed software action.

formation with respect to the interrupted level is kept
Safely 0 2 10 enable this level to be restarted correctly once the interrupt
has been dealt with.

Togethe these actions must ensure that the correct level of program is entered,
f L

Associated with the hardware action is a fixed and reserved word in memory
for each of the levels, locations /0 - /7C being used for levels 0 - 62 respectively.
These locations, referred to as hardware interrupt locations, are addressed
from a decode of the priority levels given to the interrupt lines and should
always contain the start address of the associated leve's coding. Start addresses
Tor all the levels to be used in any program must be decided upon by the pro-

e and then set into the correct hardware interrupt locations by either
the loading process, or by the initial running of the program.

The following fowcharls and explanations cover the hardware and software
actions of the interrupt system and assume that interrupts are allowed and that
the stack is empty at the commencement of the actions.

1. Hardware interrupt action commences by inhibiting further interrupts thus
allowing the present 10 be serviced without interference if this is necessary.
2. The contents of the P and PSW registers are stored in a memory stack
addressed from register A15. Hardware updating of register AlS is carried
‘cach time a word is stacked.
3. On completion of the sacking operation the pricrity level of the interrupt is
set into the PSW register, overvriting the original contents.




4, A branch is now made to the start of the new level's coding. This is cartied

out by using the priority level of the interrupt to address the required
ardvars “nterrupt Tocation, the value in the addressed location is then set
into the P register and is the address at which the program restarts after
siace cerapt dcion

Al this point the P and PSW registers contain information which is relative to the
niewlevel of program, the address at which the interrupted level is o restart and the
PSW for thie level. Further g ned Inxmlc s 25 i oot
out from the new prograi thesy

interrupt and definc the s mumlpl SRon 1 ke (nmny IR,
OTR, SST, CIO Halt or an RIT instruction).

f 1.1t may be seqited thal the contert of [ L et
Interruped fvelneed (o be stored. | then the system stack

ey et oL s OO Bt o Somls ST e o o

A consecutiely with the ontonts ofthe P and PSW registers o the nter.
ruptedlevl, Altenatvey a separte sal ara may be deignated and used

Lrcacrtion o b Heskiog wabrs cone

ket fom Wi level may f Soutse o sy (et i ey bs
required that these are serviced. If this is the case then interrupts may be
allowed before g acion 5 e e vorn e gl st

g

ends 1o use. The order In which storing of registrs and the eabling

i aiirta o caried out is 8 matter for the programmer (o decide Wit
teference o the specfic requirements of the overllprogam,

. Whichever action or device caused the interrupt may now bé and

1ny necessary program flags or b ot b o ecmpet o

a retum is made to the originally interrupted level any working
regisiors which were save] st be restoredcomcaly either [rom the systerm
stack or from the specific safe area used.

104

ALt point the sequled acion of the interrupt routine s complete, il
cessary flags and swilches are set, and the working regisers contain (h
vl]ues Teauited by the riginally inerrapied Jovel. T P egiler
s required by the original level are addressed by s AlS
ik . o b e uog o, Rekar nsructon i
register AIS as the stack pointer within this instrustion.

1, Tie Sonseta o segises AL are uodued 1o uldres the first word of the
‘and P registers still contain the original level.
2 et wordof e 40k s o e PSP regier rosonin the oriine

's
. The second word of the stack is set into the P register, thus specitying a
branch to continue the original level when program action is resume

Before program a ied any outstanding interrupts are checked for
priority against e vﬂlug in me PLpntof Ui PSW gt [0a mgx. ¢ level

interrupt exists then the original level e

Figure 10.1 shows diagramatically a possible interrupt sequence.
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Figure 10.1

Diagram of interrupt sequence

STACKING

‘The use of register ALS as a stack pointer gives the user the facility of auto-
matic updating of this register. Updating is carried out each time ALS is sed
for addressing purposes by decrementing its contents by 2, thus the stack
igher addressed locations to the lower addressed locations.

the stack does not overwrite any of the reserved arca at the beginning of
memory.



Input/Output

Data transfers within the system may take place between any unit which is

detinated s e oty asteror s il o between two slave units
of amaster, All

s within s sysem (ke the form o paralel 16-5i word,

transers Figute 111 shows  dngramati ayout of the units concerned with data

It d the channels with Which cach is associated. The cxchange paths

Avaable s the system are:

- CPU/Control Unit
- CPU/External Register
~ Memory Slave

- Memory Master

The basic transfer channel is the programmed channcl uses only the

CPU/Control Unit path to transfer data, one e G

betwesn a CPU register and a control unit. Optionally available within the

standard system are the input/output processor channels. These channels may.
used by devices connected directly to the general purpose bus and may

se the saime control units which are used for connction to the proj

channl, Up 1o 64 ooty précepsr Hibchannel may b conriected and

simultaneously rity system of servicing exchange requests.

and secondly to one of the subchannels available within cach processor. Trans-
fers carried out via the input/output processor channels use three of the

- CPU/External Register to set up the transfer parameters

- CPU/Control Unit to start or stop the transfer and check the statas of
device as necessary.

~ Memory/Slave to allow the direct transfer of data between the memory and
the contro] unit as initiated by the input/output processor.

In addition to these channels, two non stundard modes of operation are

posile, el pring oo of th aniible exchange paths, Direct access 1
i

r path.

memory
nal and external registers are possible using the CPU/External Re
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GENERAL PURPOSE BUS

PROGRAHVED INPUT/OUTPUT
CHANNEL PROCESSOR CHANNEL

Figure 1.1 Units concerned with transfers

CONTROL UNITS

Tiatl of s wanoar ool g valgble wibin o sysess re given in
d to any external device to the

e i o

timing signal ofthe general purpose bus o the necessary sgnals (o exorcse
iscrete controlof he evice, The basie requiremens of any conirol unit

1 Addres Decoter.

- 10 enable the device to transmit and receive data and
to control the initial starting and stopping of the device.

112

Tamne— o)

THACTIVE

Progras Action
€10 START

PuT

INTERRUPT
- -
OREREEY EXCHANGE

Tion

ocy
oA HuLTIRLEX

Progran Action
INR/OTR

ERROR Progran Action

€10 sTo

~—THTERRUPT:
2 wAIT

Figure 11.2 Four states of standard contfol unit




The standard control units used within this system are required to carry out
fous separte acions and have a slate of operation associated with each of the
e et functions are carried out with respect to the ‘commands

e th eurren st of th wai.

it and indicate

Figure 11. i
the actions necessary to change from one state to another.

‘The four states are;

1. Inactive In this state no exchange is possible. The control unit must be sent
a start command before any transfer can take place.

2 Buchange In tis sate the contol it 1s witing for a trnste o be in-
e T it ) oo ot ad e il s
master unit. On completion of the cxchange the control unit switches to the
execute state.

3 BxsauteIn hissat the control unit criesout eiher an exchange with
the devce i contoling,or ) athe comevand i G The action
mirly indopondant of the remlnder of the sysg
oo e SRS L et e e ke

; B Smle . Thig stae Iy enered from the etchange or sxecals sates yhen

d oron the oceene of n eror n this sate

ko o status and will switch to the inactive
i ol e i

Because all transfers are carried out via the general purpose bus on a priority
el b vl e o e for fast or slow.
devies, can us the same basi dsign nd may be connectedat  riocty level
i accordance with the romainder of the sysiom, When conniecion I

Via the ingut/output. processors (he break line Trom the uni Is connected
iecly 10 the appropats chnnel and not via the goneral purpose bus

Control Units Connected Directly to the GP Bus
These control unit form their own encoded interrupt signals, Figure 103 stiows
an overall block of such a control wnit and the signals associated with it.

DEFINITION OF UNITS

slayesand by masters

Al
within a standard system is
CPU - Mast
Nonm.lly i oot ok acems Lo the bus, apart rom specifc
able to control exchanges between itself an
Cthed madtos o Saves,

IOl B et
R st an Tnpuijautput prosessor is mormally given @ pi i
ceontan wih He eporance wiin {he ystem and s sl o contol
exchanges between the memory and a device control unit, hich
il he designicd slaves. Acting as @ slave the mpuuuuu-m processors

are initially set up by the CPU.

Memory - Slay
e memory is always a slave and is controlled during an exchange by

‘Standard Device Control Units - Stave
Standard devi i

an exchange by a master.




ADDRESS
0

le—> FUNCTION
DECODE

S T

Data Lines

o e,
310 00K-510 150

Address

MAD LON-HAD 15N

Function

MAD 04, 08, 09K

Function Accepted

SEQUENCE

le—n GENERAL
CoNTROL

AcH

Tining

PN

Tining

oM

Reset

RSLN

Power Failure

PUFN

End of Transfer

BREAK

A0
— INTERRUPT
CoNTROL

D 03

Scan Interrupts

sceIn

Interrupt

BIEC 00-05

Break

LCU connected directly to 6P BUS _

Figure 11.3 Signa\ Exchange

BN

PROGRAMMED CHANNEL

The progmmm:d channel c transfer channel and is standard with all
e A o prviding n oichang ey between  contrl i and
the CPU |l ulso provides the initialization path between the CPU anc

input/c processors. In n.\l ‘actions concerning the programmed channel lhe
CPU it |s ths conlmlhnx ‘maste

Dataare trnsfrrd by th use ofspcificinpu/cuipit and external registor
Idatons Nibime ol ) i T o character exchange requires
insructon. Apar from he o arich eatty out ths onc
chungcs. fnstructions are qualable o Start and siop a Gevice and to check the
status of  device. In practice program loops are used in the control of a block
transfer.

Two posible modes o aperlion exst hen using the programmed channel
for data transf

el Mode
Tris s the simplest but sowest form of transfer and is in most cases nevee
used. Each word or characte 1s exchanged separately and the complete pro-

gram is held up in a waiting oop. bemen ot excnnnges In this mode.

the necessary program loop, or the time taken by the device concerned to
execute a single exchange, whichever s the slowest.

Interrapt Mod
By the us of this mode, spertion o (e pogrammed channel s caried out
without the use of tim ming waiing loops. Each word or character is

terupt outine, This means that the main purt of any overall program can
Santinme 5] beexocuted during the taken to actually carry out an
exchange.

When the device control unit i ready to exchange anher charactr  fises
an intorrupt and the main program is Stopped whilst xchange

‘This sequence can be continu
aF ol . P togtam oAU i 150 e taneinie . In e second
case the main program must be made to wait as necessary.




and Respor
o wsation of s control unit via the progrned hannl e folloving
o Shctions may be used as commands to control us

CI0 START
CIo STOP
INR
OTR
SST
TST
The responses given to these commands are set into the condition register:

Rt Compand Accepted
mand Rejected

R 2 § atmase Unkaown

The use of the External
processors will be covered when ‘the input/output processors are explaines.
Control and Data Flow

‘As only one method of forming the operand for input/output instructions exists,
'S Short Constant the contrl sequence for al insrutions s similar, the main
dillnce cing between the input INR 55 structions and output, OTR,
CIO instructions. Fig PR dxngram:ucally the data flow
involved during the action ofihe mpm/nmp\u instructions.

The contents of
PoREG are copied
into STREG

OTR/CI0 Tnstruction (M) ~
R3) -

an swuzm

i

REGISTERS
AL-AL4

Q) pe,sori

s
ddressed

REGISTERAL
the a Lo

The scratchpad is
sdiressod Tron the
& rield

Tnstrl

505
coNTROL ESLIE]

(e

GENERAL PURPOSE BUS

The Device Address

i¢ set from 5101
is

bnto 1A 10+

Tne 10 function
N S3,

et
vram i Er
0 810 0-15.

5
3 L
Hab

conTROL
3 fittss

08, 03

Figure 11.4 OTR/CIO Instructions Flow




INR/SST/TST Instruction
constant /0010

A0_REGIST

REGISTERS
AL-ALE

EGISTERALS

e

5US
conTROL K-REGISTER

GENERAL PURPOSE BUS

T Sevice dggres G ge sxy e 0
Inin e dtoay Dua st TR
SRR DR | e

Lo

Rt

[t g

Figure 11,5 INR/SST/TST Instructions Flow

The sonstane /1000 iy Toaded fn W (/10 o0 A Jnput of ALV,
Tn’exchange character mode, and € Multiplexer).

The constant /800 fs loaded fn A0 through ALUL D in shift
right mode, and L register, in the sane tine § conter
3 KOBKI3) is Toaded in M.

Togical "or" of M and A0 fs Toaded in S register.
the exchange tine contents of S will be sent on HAD 1ines.

The exchange itsel takes place - BI0 are copled 1 83
Jane’the output of the serisl,
stEaan en a Togical 'or® of
1 eturnet o”siraren ped 3.




Figure 11.6 shows the layout of the control registers, the contents or ‘which are

INPUT/OUTPUT PROCESSOR CHANNELS
known as First Control Word and Second Control Word respectivel

The ml)ul/nmnul processor channels provide a fist method of bidek tansler "

between the system’s memory and up o 64 different device cor
Tracstor fates of 4 lo Bl wordyc or 124y o the s memosy boing BIRST ks

possible. A maximum of § input/output processors is possible and each is

capable ol‘con(mllm; up plos subclmnn: 5. These channels xcplnc: the non'ml A
insiution sequence of a progmimmed. chanael transfer TRAisEER T TERSSTER Chnencrers

out each exchange, st v s e helwun n e

sequence to carry.
oatopial ovice sontsel it and memory va the general purpos 1 = ok HoDE

Both iyes of control unit aaiabls may be coupsact i the inpu/output TRANSFER DIRECTION A0 54 ADDRESS NG
processor channels and in all cases the control units from o = Imeur, 1
e e s ol
{ sttes und squenclog o he device contolunis oy but the interrupt. faised o
in the e state for the programmed channel is replaced by a break ap 128 OF HEMORY

sigral wied dieetly to the Input/ouRuL Brocesors prioity system ‘and used

o iniate cach hardware exchange sequen 0 i

secono W
SECONDY e (EHORY ADDRESS

Figure 1.6 1/0 Processor Control Words

Organizati
A number of th devices connectd t the nput/output channels may be set
up and starled 5o that the overall transfers of cach are carried out together.
A1 ek seduets vould be weniced secordicg To 3 ‘priority given to each
device and derived in two separate ways:

1. Where more than one input/output processor is connected to the system

each separate processor would have a priority according o its position in

the chain of m

To enable each processor to differentiate between the 8 break signals from

the possible § devices connected to i, the break lines are connected to the
channels via a priority system.

Bach timea brak request i eceived by chanvel, he chaninel requets & s
e, When the pyce s gl the o channel carrics out a single exchan

Crowion. iha Goics omiahusit having he oghees priority bresk reques
outstanding, and the memory

Assosiated with sach ofthe possible§ contol it connected (0 any chann e ronrost aus
are e parameters of any transfer to be it

s
1o hald the ranser parumeters, During any e altnr e tardest
addressd from th prioy decoting of the break signals and are used and
v

Figure 11.7 1/0 Processor within the system




Control and Data Flt
Figure 11.7 shows & iiagramatic layout of an input/Outpit Processor.

system.
Three separate controf paths are used during an input/output processor transfer:

ithin the

1. CPU to Input/Qutpit Processor
When this path is in use the CPU is the master of the exchange and the
a slave. The exchange takes place between the

up of the processors and Read External Register instructions being uset
Fead the contents of the control words during end or error routines.

T forma of the Wrte Extcral Reisr nstcution and the approprise pirt of
i daa low concemed yhen sting up the o convol wordear shows
figures 118 and

T, ‘4]
PRENE 0s Sreoisren

Figure {19 WER Instruction Flow

Layout of Read/Write External Register Instruction.

2CPU0 Contal Uni

Figure 118 Read/Write External Register Layout. Whe this pa
is the stave. ke bhongs ks e betwen he CPU andth contrlunit data

11.4and 11.5) By the

R3

_ The contents of R3 is the value which is to be set into the
control word. pr

b stopped and started, and thir statos equested.

CHANNEL = The channel i the numbet give to.8 particular processor
h respect to its prierit 0 the possible 8 pro-
Uistore wheh may be conneted fo e ystem.

3. Input/ Output Processor to Memory and Control Unit
When s paih i in usethe input/output prooesor i the master of the cxcharge

memory and the control unit. Figures 11.10 to 1112 show an e
cxchange acton and the. dta flow during the two cycks which compris e
exchange.

SUB CHANNEL - The subchaninel s the prory siven 194 parater control
nit relative to the possible 8 devices which may be con-
Recicd to each channel.

uch an exchange would be initiated afier the receipt of  break signal and

aer the impul/ouput processor had requesied and been graned 2 bus cycle.

The break sigal would be remoted once the necesary actons (o initiate an
exchange had been carried o

“The action of the instruction within the CPU s to copy bits 8-15 from K REG into

SREG via M REG and copy the contents of R3 into L REG, befare carrying out

£nOTR SEQUENCE. Not,bit 4 from the OFC is ued o defne the instructions
or Wi




Note: A futher exchange with respeet o the overall transler would be carried
A dtacly I the control unil raisesits break lin again, during the
i viding no other higher priority

‘breaks or master requestsare outstanding.

Figure 1110 Exchange action

1116

ke e o1

NPT GUTRUT PROGESBOR CONTRGL

s

[l e

Figure 11.11 Exchange Cycle CW1
e Sy 02

contia o

o o

cengn rurrosE oS

Figure 1112 Exchange Cycle CW2
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DIRECT MEMORY ACCESS

The Direct Memory Access channel manages data transfers directly between
T tor and & single high-speed contol unit. This unit must be plugged into
o wting box. Transfers of data do not use CPU registers and thete is no
fiees i ting the status
hes completion. Al the beginning of-a transfer the program uses a WER
nstruction to load the starting address and block length into the control word

TRANSFER CPU/EXTERNAL REGISTERS

The use of exchanges between the CPU and external registers 1o set up an
input/output processor within a standard system has already been explained.
Exchanges may also be carried out with non-standard conirol units to enable
transfers between the CPU and an external register within & control unit for
use by specialized input/output systems. Such systems would operate in a
similar manner to the programmed channel and may or may not use the inter-
rupt system to control the timing of exchanges.

Up to 256 external registers may be addressed by the system and the facility
enables exchanges in either dircction.




12 Control Panels

Four types of control panel may be used for mounting:

- Full Control Panel
ended Control Panel

- Portable Panel.

FULL CONTROL PANEL

The Full Control Panel is the standard control panel for the PAS6M. It is 2U
(88.90 mm) high.

Eecede Be B

Figute 12.1 Full Control Panel

‘The facilities available on the full control panel are:

Safety Key Switc
i praiion ey oporaied switch peoiding the i on/offfsly, The
ik

1. TEST - Micro diagnostics

tool. For a description of the microdiagnostics see page 14-7.
2. OFF - Power off
LON - Powron

in lementry system tst can be performed withou any exernal
oL B s S pliam ot o merodingnostos s g

HONTRG . BTy
In thie posion t abic 1 o it the ol i Gl ol i
emaining control pane! vl are T




K paeronRIC o
3o oS poition the CPU s "o tun mode with the Real Time Clock on.
Al the remaining B ool panel swiches with the exception of the INT button
are inhibite

Display Lamps

1. Power Lanp.

Situaied above the Safety Key Switch, it when the Safely Key Switch s in all
but the OFF position and power is being supplicd to the syster.

2. Run Lam
Sitsated above the Safety Key Switch, lit when the CPU is operating in Run
mode.

3. Data L

Sixteens lamps situated one sbove each data switch and mumbered 0 - 15, The
lamse e 1w ip el o sty of the registers, memory, or status word
m the settings of other control switches. A 1 bit is indicated where

o s

Data Switches

Sixteen numbered data switches. Each switch is a two position switch used for

Toading the appropriate data bit into a register or memory, depending on the

setting of other control switches. A 1 bit is loaded when a switch is in the up
osition.

Register Address Switches

Four switches mounted to the right of the data switches and used to code the
address of the register o be used when reading or loading a register from the
Data Suitches. The switches are numbered wih the address value they repre-
sent in binary (8. 4,2, 1), giving an addressing capat r

Figure 122 Display of status

tons
‘The five control buttons are situated nearly centrally bencath the Data Switches.

h button is spring loaded to return o its original position after being de-
pressed and selects and initiates a specific function:

1. RST - Read Status
Depressing this button causes the contents of Program Status Word register
(PLCR.GF) to be displayed onthe lamps,

2. RR - Read Register
Depressing this button causes the contents of the register aadmsmi by the
Register Address Switches o be displayed on the Data Lamy

3. RM = Read Memary.

from the contents of the P Register to be displayed on the Data Lamps. The
contents of the P Register are also incremented by 2.

4. LR - Load Register
Depressing this button causes the value set on the sixteen Data Switches to
be loaded into the register addressed by the Register Address Switches. The
value is also displayed on the Data Lamps.

- Load Mem

D:pr:ssmg this b\mon excelthe von o o G o Dse Switches 10
cation addressed from the contents of the P
Resiter. The i e e he o LA i the Comenis of
the P Register are incremented by 2.

uttons
The two mode buttons are situated beneath Data Switches 14 and 15. They
select and initiate the following modes of operation.

1. INST - Single Instruction Mode
Depressing this button causes the CPU to execute the instruction addressed
from the contents of the P Register, and then stop.

2. RUN - Run Mode
Denressmg Sinblalia the CPU to execute the instructions of &
cted by the program and commencing at the instruction
B T e ety A Register,




Service Buttons
There are three service buttons:

1. MC - Master Clear
situated beneath Data Switch 0
Deprossing this button raises the master clear level throughout the system
\hilst it is depressed, causing a general reset of all the associated logic.

2. INT - Interrupt
Situated beneath the Register Address Switches.
Depressing this button raises a control panel interrupt.
This button is the only control operative when the Safety Key Switch is in
the LOCK position.

3. IPL - Initial Program Loader
Situated beneath Data Switch 10.
This button will only be prescnt if the IPL option is fitted. In such cases,
when the button s depressed it causes the Initial Program Loader (o be
loaded into central memory and the cpu to be started. Loading is carried
out from the device and via the channel specified by the setting of the sixteen
Data Switches.

‘TRANSPORTABLE PANEL

This panel is  free standing full control panel. It is fitted with a connector to
enablé it to be connected in place of a fixed full control panel or minipanel for
‘mainly servicing purposes.

MINIPANEL

The minipanel may be fitted, on option, o replace the full panel and offers the
following facil

1. Safety Key Switch
2. Interrupt and Start Buttons
3. Power and Run Indicators.

EXTENDED CONTROL PANEL

The Extended Control Panel is a 4U (177.80 mm) high panel which may be
‘mounted when the CP d into the 10-slot Mé or M4M. box or the
17-slot MSM mounting box (standard for P8STM).

‘This panel permits o have an address and it contents displayed at the same
time. Moreover the panel allows debugging faciliies as processing may be
stopped at any address set previously on the upper row of switches. The user
may then load new data.

‘Addressing from this panel is word oriented.

©0000000000000000 4
ittt e

Figure 123 Extended Control Panel
The functions of the switches and displays are:

Display lamps
Scventeen lamps situated one above seventcen address switches. When the
‘computer is running the lamps are lt to indicate addresses on the upper part
of the panel and data on the display lamps of the lower part. When the CPU
Stops the contents of the next instruction’s address is displayed on the lower
part and the address of the instruction on the upper part.

Address switches
Seventeen address switches on the upper part of the pancl. Each switch s a two
i r loading i pattern. A 1 bitis loaded

when a switch is in the ‘up’ p

LOAD spring-loaded switch
Used to load an address in an address register contained in the control panel.
The required address is set on the address switches. The LOAD switch is
pressed downwardsand the address is displayed on the address lamps.




‘PRESET switch
A thres position switch for debugging purposes:

CCESS - stop on memory access
i posiion the CPU stops when a physical addess gencrated by the CPU
I e Doat to the paitern caded on the address keys. If the address is detected
B O ating struction is excouted and the CPU goes in the idle siae.

WRITE - stop when writing into memory
In this position the CPU only stops if a store operation is performed in the
Iocation whose address was set previously on the address keys.

OFF
The switch is set in this position when debugging s not required.

Reading and loading memory is realiscd by using the RM and LM butions.
The instruction counter P remains unaffected during these operations as only
the address register in the control panel is incremented. It is therefore not
nccessary to reload P before restarting the program.

The wse of the RM and LM buttons is slightly different when the Extended
Control Panel is used compared to the description under Full Control Pancl.

Read Memory Procedure
First load the address register with the required address (see LOAD addn)
button, The contents of the memory lacation s displayed on the

data lamps.

~ The control panel register is incremented by two and the next address is
displayed on the address lamps.
Each time the RM button is pressed the address register is incremented
and the contents of the next memory location appears on the data lamps.

Load Memory Procedure

~First load the address register with the address required (see LOAD addr).

Z Set the value to be loaded on the data switches.

~ Press LM button.
The value is displayed on the data lamps. The address reister s incremented.
and displayed on the address lamps.

Al other pushbuttons and switches have the same meaning as described under
FULL CONTROL PANEL.

13 Basic Loading and Operating

The basic loading and operating facilties are all carried out a the CPU control
panel by the use of the control panel switches, Facilitics exist at the panel lo
enable an operator (o load and display selected memory locations and registers,
10 start the CPU, and to raie a control panel interrupt. In addition an optional
facility is available to enable the direct loading of an Initial Program Loader,
or similarly written program, from various devices.

PROGRAM LOADING
Program loading may be carried out in 4 separate stages:

1. LOAD BOOTSTRAP - (MACHINE CODE)

2. LOAD INITIAL PROGRAM LOADER - (MACHINE CODE)
3. LOAD SYSTEM OR USER PROGRAM - (OBJECT CODE)
4. LOAD USER PROGRAM - (OBJECT CODE)

Bootstrap

“This program is a basic program used 1o load more sophisticated loader pro-
grams, The bootstrap will only load programs which are written in machine
‘code (binary form) and will normally only carry out a checksum to determine
errors.

Initial Program Loader

The programs which are classed as initial program loaders are able to load
object code clusters into memory and may contain eror reporting and other
Tacilities required at the time of loading system or user programs. Initial
Program Loaders are written in machine code (binary form) and are loaded
using a bootstrap program.

System Prog

Certain of the system programs (monitors) have the facility to load ser pro-
grams, in these cases the routines within the system program provide the same
functions as the initial program foaders.

INITIAL PROGRAM LOADER
The initial program loader provides the system with the ability to automatically

load and run an initial program loader, or similar program, n-
nected to the programmed or an input/output processor channel.




e onsists of & G-word ROM mounted on the CPU card,and holding
d the necessary control circuits to load and run the

bootstrap. using param reviously set ono the 16 dale swiches. The

‘parameters set on the data switches are:

bit

0 IPL loaded from ASR, 4 X 4 format

IPL loaded from other devices

TPL loaded from disc
IPL loaded from other devices

1. Not used if bit 0 was 0

L= Bommed Channel
= 1/O Processor

control information for control unit
MT = 0010

TK = 0111 DK = 0011 e
1 = multiple device control unit
0= single device control unit
9 lifdisc in system is used
10~ 15device address of device from which IPL is loaded Figied); Lot theTL
Wherea ovcetasno speiicsling equirmcnt on e iy switches, for
mple c Tape, i is sufloent (0 st he swiches o define;
e
for the CIO start command.
Operation
‘The operation of the initial program loader consists of 4 main steps;

1.7t booisiap s capied rom the ROM into the first 64 words of central

mory.
2. Tho canients ofth 16 duta switches ate copied o egisier ALS.
e CPU i put into INHIBIT INTERRUPT stat
4. The P register is loaded with zero and the CPU oo fon s




LOAD MEMORY (FULL CONTROL PANEL) LOAD MEMORY (EXTENDED CONTROL PANEL)

Figure 13.2 shows the procedure for loading data into memory. Figure 13.3 shows the procedure for loading data into memory.

START

Figure 132 Loading Data into Memory Figure 133 Loading Data into Memory




READ MEMORY (EXTENDED CONTROL PANEL)

READ MEMORY (FULL CONTROL PANEL)

ocedure for displaying the contents of memory.

Figore 13:4 shows the Figure 13,5 shows the procedure for displaying the contents of memary.

SHLEET Bices

Figure 134 Displaying Memory Contents Figure 13.5 Displaying Memory Contents



LOAD REGISTER READ REGISTER

Figure 13.6 shows the procedure for loading data into one of the 16 general Figure 13.7 shows the procedure for displaying the contents of onc of the 16

purpose registers. general purpose registers. The contents of the program status word may be
displayed by pressing the RST button.

REGSTER ASOHESE o

AoORESS SuTEres

Figure 13,6 Loading Data into Register Figure 13.7 Displaying Register Contents




Additional Standard Features

|
Avan from the main faciliti covered the i i features
l PO R FAILURE - AUTOMATIC RESTART

2. INTEGRATED VHIVZE SERIAL CONTROL UNIT

3. REAL TIME CI

4. MICRDDU\GNOSTI

5. DETECTION OF PRWILEGED INSTRUCTIONS

POWER FAILURE - AUTOMATIC RESTART

‘This facility provides the processor with the ability to terminate processing in |
an orderly manner after the detection of a power failure, and to restart and |
resume processing correctly afier the restoration of pover. ‘

Apart from separate peripherals, all the system’s power supplies, whether
within the basic cabinet or equipment shelves, are considered necessary for the
correct operation of the system. The failure of any of the supplies s therefore
able to raise the power failure sig

Operation
e pover luce il cn be gonos

24 10 any one of the 8 ighest proriy

terrupt levels. When power failure is detected an interrupt is raised and
input/output processor exchanges are ‘hibited, control of i seneral poia
bus being given to the CPU. Interrupt action takes place and the associated
internupt routine 1 executed fo Save the coents of rgisers,and if necessary
specific arcas of MOS memory. Core memory is already protected and thus no
Ios of data from core occurs ven i otal powe filure oceurs before com-
pltion of the saving routine. On restoration of power the system restarts and
CPU operation continues wilh the resoraion of allreistrs and areas saved
before completing the interrupt routine and returning o the originally inter-
rupted program. The power failure interrupt s reset as necessary by

the Reset Internal Interrupt (RIT) instruction.

‘The power failure signal may also be raised at initial power on time if the
control panel key switch is set to the LOCK position. In this position the CPU
is started and provided the power failure signal is connected to an interrupt level
the restoring routine of the level i carried out (0 restart normal operation at
the point it was last suspended. ‘

‘When the power ilure signal is not connected, the CPU will start and remain
n the idle state at power on, or after restoration of power following a failure.
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its
O ailure is set at least 2 ms before the voliage drops below the acceplable
Limit.

The saving routine should not last more than 2 ms,

* power filure is mot set for detected losses of less than § ms. The contents of a
memory location involved in a memory cycle at the time of total failure is not

REAL TIME CLOCK

A real time clock is available within the system, control of the clock being
provided by the control panel key:

on - RTC siopped
i ONRTC -} RTC runming
Once running the RTC generates a signal with reference to the main povier
Supply frequency and is not able to be stopped by program. The generated
Sigaal may be connected 1o any of the 8 highest priority interrupt levels and s
thus able to raise an interrupt every 20 ms for 50 cps supplies or 16.67 ms for
s supplics, The associated interrupt must be cleared using the Reset
Tntermal Tnterrupt (RIT) mstruction and the RTC routine may be used a5
n m.

required wi

Anopt
Slot in the mounting box.

INTEGRATED V24/Y28 SERIAL CONTROL UNIT

A V24/V28 Serial Control Unit is available within the system mounted on the
CPU board. This control unit allows (o attach one of the following asyn-
chronous peripherals as /O console:

- ASR
~PER3I00 5 with V24 interface
- Display

The transmission speeds are 110, 600, 1200, 2400, 4800 or 9600 bps.
‘The speed selection is made by straps on the card. Also selected by straps may
be the parity; odd, even or no parity. Odd or even parity is generated or checked

¥ the controller. The number of stop bits, onc of two, is also selectable by
straps and are generated by the controller.

142

Organisation

Operation of the control uni is only possible via the programmed channel
though the general purpose bus. Connection from the control unit to the
peripheral must be according the V24/V28 recommendations.

Data are transferred serially 10 the control unit and is cartied
by the use of OTR/INR instructions, bits § - 15 of a specified register being

out in parallel

conTRoL

FANEL
INTERRUPT

Figure 14,1

Integrated serial control unit




Break fe
B “Break’ key on the peripheral’s keyboard is always accepted by
e it unit. The activated aterrupt 15 "ORed" with the Control

Panel interrup,

peration
The sontol sl cpertes I i oms manner -l osird units,
mencing in active stae, transfrring durin the exchange and. choauts

Tiods, Inpalfoutpu nsiructions Ao e ot o s et

ferts}
It cio
OTR

input/output

START
STOP
INR

SST

Responses to these commands are set into the condition register in the normal
‘manner.

The nterupt generated wherthe conrolunt  the ichange c wlt safes
y be f the § highest inferup lvels and such
terrupt s i 53 e g of o1 sAmEOBAIE 1O o 1o i .

Figures 14.2 and 14.3 show flowcharts of possible methods of programing the V24
controller

Figure 142 Wait mode

CONTROLLER BuSY
R ERRONEOUS ADDRESS




MICRODIAGNOSTICS

TheBE il b Bt ool romionall e feature in the form
the CPU I inning
LR e nms of the CPU function o madmg of

The microdiagnosics for the PBSGM test the first 4k of memory and for the
P857M the first 16K of memory. The prerequisite tool is the FULL CONTROL
PANEL or the EXTENDED CONTROL PANEL, as the results of the tests are
displayed on the data lamps,

words are reserved for the microdiagnostic program.
The test can only be performed when the key in the key switch is in the TEST
position.

Test Procedures
Before srting any test,except for steps A lo D included in the Test 2, the

set a control unit address on data switches 2 to 7 included to
check the dialogue through the Bus between the CPU and the control unic

conTROLLER BUSY OR
ERRONEDUS ADORESS

{
comano
AecepTen

INTERRUPT ROUTINE
Test | Automatic Test

s is 4 fust check which automatically goes through a number of operations.
Ifthe tests have been satisfactory special codes are displayed on the data lamps.

- set data switch 0 t0 0
- et & control unt addresson dats swiches 2t 7
~ press RUN but
e o B
p 12 of
a other Jamy

it code [4 not diptayed go fo Tes

- press LM uton and at for dispay o code s
e e
T4 ot e o iy ot Fekt

WAIT FOR
NEXT INTERRUPT

conrrbLLER 18
WAIT STATE

Test 2 Step-by-step testing.
Tiis sancoee oy bo used it Ton 1 showsd 4 itoseous dieley o I the
ration

of the control panel up to the memory.

A Control Panel et
Each daia key and the amp above it ae teied by seting the key in the
“up’ position after which the lamp must
Press LR button (o go (o the next step.

. L register test
This step includes the GP BUS and the L register in the test, The operator

Figure 143 Interrupt mode




may s the switches in the same way as described under control panel.
Press LR button 10 g0 to the M. sior (st

C. M regist

This step includes the M register (through the C selector and ALU) in the
thest. The operator may use the switches in the same way as described under
control panel. Press the LR button 10 go to the Q register test.

D. Q register test
This step includes the Q register in the test. The operator may use the
switches in the same way as described under control panel

From this moment on the operator may choose among three data path tests, an
| instruction simulation test or a memory test by setting on the data switches a

hexadecimal number and a control unit address, followed by pressing the LR

button,
If the relevant test is executed without errors the data lamps display a certain
code,

Itis possible to skip the visual tests A thru D, The user must then set switch 0
(0 0, set a control unit address on switches 2 thru 7, and set switch IS t0 1.

Next press the LR button 4 times. Then wait for display of code 1. Press LR
| button and wait for display of code 2. Press LR button and wait for display of
code 3. Press LR (or RUN) button for display of code 4. Press LM (or LR)
button for display of code 5.

Test 3 Chained test
In this mode the hardware is tested in a loop which may be stopped by operation
i of data switch 0.

~ set data switch 0 to 1, a control unit address on switches 2 thru 7, and switch
1.
~ press LR button 4 times. The microprogram starts looping.

To stop the loop:
~ setswitch 010 0.

e o the 5 codes s lsted above s dspayed. I it Is ot code § prss
the LR button as many times untl code 5 appear

To restart the loop set switch 0 to 1.

9 To festart at the beginning of the test turn the key in the key switch to OFF
and next to TEST. Set switch 0 to 1, set the control unit address, and st

switch 15 to 1 and continue as described above.

Hexa no on
data switches

Test functions

Disply on data
en o
o Tound

data path
test

10001
+CU address

- shift et Q reg

- bus A selection

- constant ‘“TWO’

-Q0

~ AorB, A+Band B inverted
ALU functions

code 1

all other lamps.
it

data path
test

70002
+CU address

- shift right Q reg.
- ALUZERO

A
- constant ‘TEN"
Teg, P - 2 function

F
all other lamps
lit

data path
test

10004
+CU address

- A operand sifid right
X A fun
T kit e e s
pad

code 3

lamp 13 OFF
all other lamps
it

instruction
simulation

10008
+CU address

DLA

- K is Ioaded with DLA code

- values loaded in Al and A2
- branch to DLA micro
program

- return to microdiagnostic
program
K is loaded

- RB microprogram next
address generated by PLA

code 4

lamp 12 OFF
all other lamps
it

memory
test

10010
+ CU address

—bit 15
dhgsies s deTiK block
- the block is read and

verified
~ the 1 is shifted lefl 1
position etc.

next
~ all words of a 4K/I6k block

e T TP ¢ dva\nzn:

code 5
all lamps lit




DETECTION OF PRIVILEGED INSTRUCTIONS

The central processor may operate in two modes:
- system m

AU Pt be executed and the whole m
rogrammer may use privleged insirctons which ‘modify the CPU state

e YO o, T unsfer instructions and instructions

i gt st oT e ook poinir 1S

The monitor and system programs are exccuted in this mode.

User mode

ed
attempt to cxccuc  privlged atnuction causcs the Trip aéton tb be actvated
(see page 7-5)

1F, Bomeres. systi l“wﬂlm’l 4 SO SR s SR
tonenghthe monitor, Tu

ke CEU ' operatiog n v mede bit 13 of the PSW s set 10 1

Data Communication and Digital Input/Output

Data Communication
A full range of data communication control units for synchronous and asyn-
chronous transmission makes use of the latest LSI technology for increased

performance and reliability

Al control unts may be plugaed i the mourting box or cquipment shell 0
allow systems o be buit casily. A diagnostic box permits the user to verify

s system.

The following data communication control units are available:

SLCU2S
P84T-060

SLCU4
P847.070

AMASA
P845.060

PR45.070

ALCU2
846060

ALCU4
P846-070

A synchronous double-buffered line control nit which controls
cae £l upler i o 140 bl duploe fnee I beodlen 36,7

bl mylnnl lines or 20,000 bits per ot Tor outplant Jinss. The
modem interface is V24/V28,

A symchronous double-bufered control unt which bandlss tvo
full duplex lins or four half duplex lines. It recognises 5, 6, 7 o

b chomcer 8 s o of 00000 Ve T nplant
lines or 9,600 bps for outplant lines. The modem interface is
V24V,

s serpiinsnone mGsloren o el Biplom o il duglen
lines. The following speeds are pos
50,75, 100, 110, 150, 200,300, 00, uou‘ 2400, 4800 o 9600 bps
selectable per line.
 control unit recognises 5,
interface is V24/V28.

7or8 bit characters. The modem

‘This control unit is similar (o the AMASA but designed for
inplant use. Each line has a four wire current loop interface or
a TTL compatible interface.

Aayrtonci line coneel unl for Fatling ane Tl dulex
line or two half duplex lincs, It recognises 5.6, 7 or § bit charac-
Lor The i Spend 1 seecntre 350 0, 300, 400 4800 or
9600 bps.

Asynchronous line control unit for handling two full duplex or
four half duplex lines. The other features are the same as for
ALCU2.




A multipesor fo 16 fulldulex asynchronous lines, capable of
anding th [olowing spesds:
0 bps, The same speed must be selected
s e e o
The interface is TTL compatible.

M Autocalling Unit Control Module for 32 lines in and 32 lines out
P844-110  Interfuce level according to V24/V28 recommandations

Modem par
“ npuona] ! o Whieh T s modem s signal is active. The panel
visualisation  may control up to 32 ling

Diagnostics Tlns box allows to test in an casy manner the control units in
Box stem. Also special test programs are available.

Disiil rnvuvompm st

! ioput/Output Sysiem (DIOS) is  general purpote sysem vhich
1 o e Ve computer and any extemal equipment. Its
Rineion s 1o aamtrol he exchamge of 1651 dats words 1 npet as wel
output via the programmed channel
DIOS is delivered on two Dual Input/Output Digital cards (DIOD):

FETOONone It word N 2extomalcall signls comncted i o0e
e 16:bit word OUT  interrupt level and two response (OK)
Do ignals
TIL interface

two 16-bit words N 4 external call signals connected o two
interrupt levels and four response (OK)

‘These cards may be plugged in the mounting box or equipment shelf.

Modular /0 System (MIOS)

MIOS s a separate rack mounting sysiem for connecting the system 10 the
General Purpose Bus. The control unit for this system (PC 1207/00 type MSD)
handies the basic modular input/output system of up (o 16 modules.

Mios i by contiguest s ax i be ahoost o mde U sty SEALGE)
digital application, and can be used for functions such as data acquisition,
control amalysis, monitoring, and tesing in & diversy of emvironments.

‘The following modules are available:

D-MODULES

Input: Digital Input Solidstate Module
Digital Input sty Ty Mool
Disital Input soing
Digital Inpu Countet Mogule
‘Time Interval and period Module
Ouput:  Digital Output Solid-sate Module
Pulse Output Control Module
Analog Output Fast Module
Analog Output Control Module

A-MODULES

Anslog S Conol Motule
‘Analog Iop. s e Module
ARt Tt oo Mot
‘Analog Input high-fovel Modute




PBSTA in 4. maunting box

Cabinets, Installation and Interfacing

CABINETS

The basic cabinets contain standard 19 racks which are used to hold mounting

es, equipment shelves and various peripheral equipment. The mounting boxes
and equipment shelves are able to contain and provide system d.c. power and
cooling to the printed circuit boards fitted within them. Each mounting box has
dedicated locations for the fitting of the processor cards and the fist memory
module. Figure 16, i cquipment within th d
includes:

Central Processing Unit
Paper Tape Reader

er Tape Punch
Casseite Tape Units
Moving Hea Units.

BASIC MOUNTING BOX AND EQUIPMENT SHELVES
M1 Mounting Box (for up to 16k PE56M)

Number of slots 4 sub-assembly slots for cards connected directly to the GP
Bus,

Size. Height 3U (approx. 132.5 mm), depth 585 mm,
Power Supply  +5 VISA

-5V 08A

+16V 45A

<18V unregulated, 1A




M4 Mounting Box (for up to 32k P&S6M)
Number of Slots

+ 10 sub-assembly slots for cards directly connected to the
GP Bus.

T

P—— Size + Height 6 U (approx. 265 mm), depth 550 mm.

_ Power Supply S
V, 16A
+16V 85A
1§V, unregulated, 24

e —
.

|2 e

= Figure 163 M4 Mounting Box Side View

= b

M4M Mounting Box (for up to 63k PESTM
i e same mouning box s the M4 mouning bos but contansexe wiing
T ot for the MM

U mst be plugged in the frst slot, the MMU in the
i . scond and the PP in the third So.
Figure 162 Example of Equipment Mounted in a Cabinet




MSM Mounting Box (for up to 128k P8S7M)

size

Fowecaipply +5V,86A

e s
18V, nnmguhmd,4 A

slots 11 thru

)
Namber of Sots 7 sub-assembly sots for cards diseety connected {0 the

Height 11 U (approx. 439 mm), depth 550 mm.

For pover consumption reasons it s advised not 1o plug more than 4 memory
modules in 4 of the first 10 slots. Other memory modules may be plugged into

Equipment Shelf P843-001
Number o loa” 5 st ssembly sots for control units connected direcly

0 the GP Bus,
Size. + Height 3U (approx. 132.5 mm),
Power Supply 14V I8A
+18 V24
18V 2A

Other Facilities  Where the Equipment Shelf is situated at the end of the
‘GP Bus a termination is necessary. The Bus can be termi
nated by the inclusion within the shelf, of the required
termination boards.

between units

the mounting box and the equipment shelves and by the use of signal cables
between ihe control uils and device, Interconnection between the mounling
Box and s 2 out by the GP Bus and Break Line cables

and Break Lme cabls somorlorsbeing fitled on the backplane of the

the GP Bus and Break Line cables to self contained control units,

INSTALLATION

Al the standard units of the system have been designed for straight forward
installstion, and i most cases very few or no special conseations wil be

el However,because n“h:ﬂcxnhlllly,andlhcr:fuuwldelymﬂ‘enng

passibilitics for system configuration, each site planned and installed

Tt sefenone 1ot oy eonfgliaton. The detied mformalmn required for
found in the Installation M:

tions dealing with the. v:npheml devices to be used.

Electrical Supplies

| ) m—c—
0000000000000000000000000
0

the use of the system only. The supply requirements are:
System 3 wire: single phase, neutral and earth, o two phases and carth

Voltage 100V, 115V, 220V or 240V & 10%. Standard is 220V.

Frequency 502 Hz or 60 % 3 Hz,



Power  The supply circuit should be designed to adequalely mect the
e et requirements of the system, and where expansion is envi-

Siithe time of initial installation (o avoid major power re-organiza-
tion.

Environmental Coeto
‘The requitement for Shvconmensi controlwill depend entirely on the configu.
mion hd siting of the system and may vi

for the smaller non-magnetic rcntatod systems to full air condi iog for.
sophisticated magnetic systems,

The general operating conditions normally accepted within the computer room

{he system, which is not within these tolerances, must be met.

Temper:

C to +45°C.
e omidity  — wp to 90% withou condensation.

Safety
The imdividual units which comprise a standard system have been designed to
mect necessary safely standards. Safety precautions for non-standard units and

Should be designed to adequately cover the initial installation and any future
planned expansion.

INTERFACING

As ll interfacing between the units of the system is carried out via the gencral
purposc bus,the design o eriphenl control units, whether for standard or
;lxmdam devices, is m: erucing ciraits it contol unis .
e v thesame spsificatlon, an rried out within the bus.
Gircultry on a signal and response i, then tming control o within
ontolunis may be reduced. Control units for ‘onnaction direcly to the GP
combined on one mple contolunit board, il controlunis fo (be more
sophisicated magneti perpherals re Irilihe oo senanle

Complete Seomisofoll mlmﬁcmg ents m: jund in the Interface
N ok bs wsed whenéver exact e i reqired




17 Peripheral Equipment

A comprehensive range of standard peripheral cquipment is available for use
within the sstem, and where it is required non-standard and customer built
devices may be connected either separately or in conjunction with standard
cquipment.

“The standard peripheral devices currently available includes:

Input/Output Typewriters
PUAL10L NomL SR typeyst ineiiss iy 855 reader/punch, current

loop
1105 T s o BB41.001 but with V24 intrfuc;
P842.001 PER3100 Matrix printer with keyboard, V24 interf
42002 PER3100 Matrix printer with keyboard, curent. locp iatetfce.

Punched Tape Equipment

1-001 Punched Tape Reader, 333 char per sec.
02001 Punched Tape Reader, 600 char per sec.
P803-001 Tape Punch, 75 char per sec.

Card Reader
P806:102 Punched card reader, 300 cards per minute.

Line Printers
atrix line printer, 200 lines per minute, 132 col.
PRILODI Line printer, 45 lines per minte, 132 col.
PRIZL0L, Lind piner, 1 linow st minute,
PR42:003 PER3100 Matrix printer without k:yhoard V24 interface
Patrons PER100 Mair printe without. kevboard, curent oop fterface

Cassette Tape Equipme
B Enaehetape deve uni, 75 55,800 b,

Magnetic Tape Equipmer

P31-002 Magnetic tape iive, 25 ip, 00 by, Susel.
P8I1004 Magne e drive, 45 ips. 800 bpi, 9-

831006 Magnetic tape drive, 37.5 ips, 1600 bpi, =

Magnetic disc clwipmenl
PR24-002 Moviny
PA25.007 Moving head

c drive, 2,7M byles
isc drive, 40M bytes




Dislay Easpmont
15001 Display, curent oop intefice
Pe16.002 Dispiay, V24 inter

POWER SUPPLIES

The necessary power supplies for all the standard peripheral devices are produ-
cod by cither sclf-contained power supply units or by a separate unit mounted
tog i i i hel. Power
supplies for the associated control unit are derived from the power supplies

withit
rate power supply.

CONNECTION TO THE SYSTEM

The connection of standard peripheral devices to the system s carried out using
a control unit and transfers will take place via the programmed or an input/
output p . Using either the

rates will always b

Connection details for standard contrel nits

ible and
ol it totacet whon the servisiog ot the progtamimed nr\npulloulpul

processor channel concemed is slow.

CONTROL UNITS

; (Certain conirol units which are conected directly to the gencral purpose bus
are ofa multiple 1

MCU's and. ility of

single ot
s smenit o system are:

Maltiple Coftrol Usits (MCU')
Multiple control units for use with PTR, PTP, V24 serial CU, LP and CR are
svaleble i e olloving sontgiations

FIR/PTEIV2A srial CU.

. FIR/PT
I

. CUs for all the devices mer
available as single control units.

ned above except the PTP and CR are also

Tyee  |cu Channel Connection | [/ |Remarks
Number Prog. Chan. |1/Q Proc. | Breaks
P801-040 x o 1 |separate CU
PB40-001 z 2 2 |multiple CU
x o
P840-002 x o 3 |multiple CU
V2 x o
Pi0-003 | £ = 1 2 |multiple CU
P810-040 |LP o x separate CU
P845-040 [ V24 x o separate CU
¥ - integrated on CPU
o x CU for 4 drives
Z x [CU for 2 drives
= x CU for 2 drives
x X 1 [CU for 3 drives
o o 1
o o
x x
x x
x x
x x
x x
x x )
x - 1
x - T

Note! o means that connection
by standard software.

X connection supported by

= connection not possib:

to the channel is possible but not supported

standard software.
e to the channcl.

e onnecion o nonstandard devices o the system must ko be made via.a
ontrol unit and standard boards are available on which the customer may

asertble bis own control units,

(printed circuit boarding) or with

and interrupt encoding already
v

oards e avaable without any logc cicuis
standard address and function decode logi
‘mounied and eonnected (General Purpose
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INPUT/OUTPUT TYPEWRITERS

PB41-101 Typewriter
Figure 171 shows the P841 typewriter.

Figure 17.1

The P41-101 s a normal duty typewriter (ASR33) with attached paper tape

D
of 10 charact sccond, and may be operated on or off line to the system,
switching being carricd out at the typewriter.

Connection to the Systent
Connection to the system is with current loop interface.

174

Main Controls
Mode Switch - A three position switch mounted on the front of the typewriter,
used o control the mode of operation of the typewriter.

OFF Typewriter switched OfT.

LOCAL  Typewriter and paper tape equipment are operative but are not
connected to the system.

LINE ypewriter and paps nnected

t0 the system.

Paper Tape Reader Swith - A three position swith rmounted onthe top of the.
Daper tape re

START

Paper tap i

the LINE or LOCAL position,
NEUTRAL  Paper tape reader is operative and may be started or stopped.
sTOP by the system if the Mode Switch is in the

Paper tape reader s stopped manually by pressing the switch to-

FREE  The paper feed is freed and the tape may be repositioned in the
reader without completely releasing it from the med

Baost e Vo Elti oo i s o conteil st
the top of the pun

oN ATl T s sty 66 Mo st et
LINE or LOCAL
OFF e punch 1 topped manualy

N, [Tt iy S i o g i
mode switch is in the LINE position.

REL 'nm @ ape i rledsed and may be thraded theoughthe punch a8

BS T tape ik spced o sharaer sach fime e bultonis dos
pressed. This facility should only be used when the punch is ope-
rating LOCAI and is stopped.

Basic Specifications
Operating Speed. - 10 characters per second.
size = Width 360 mm, Helght 1140 mm,

Depth 470 m
Weight LI Kllograms
Paper Widih - 216 mm.
Power - 300 VA,




Operating Temperature - 0- 45°C.
Relative Humidity - 20 - 80%.

PB41-105 Typewriter
“This typewriter s the same as the P841-101 but with V24 interface. It may be
connected (0 the integrated V24 control unit or the multiple control unit, or
asynchronous Data Communication control units,

P842-001 PER3100 Matrix Printer
Figure 17.2 shows the P842-001 matrix printer and keyboard with V24 interfuce,

‘The P842-001 matrix printer and keyboard offers the same basis facilities s the
typewriter without attached paper tape equipment. It is capable of near silent

d as peg
of various widths, multiple copics being available when peg fed paper is used.

Figure 17.2
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Line spacing of 1, 1%, or 2 normal lines and LOCAL/ON LINE/OFF operation
are selectable at the printer. Various keyboard layouts and character sets arc
available, including the possibility of up to 7 special characters on. option.

Connection to the System:
Conneitty

ghannel and is made vis the V24 seia control u

aotuatspecd of tandioconl e ek unit, interfacing, and program
being used, The available interface boards enable: transfer speeds of 100-9600

per second oceur o in the case of certain special characters the controlling pro-
ram must insert sufficient null characters to avoid the loss of data.

Main Controls
Power On/Off Switch - An external two position switch, used by the operator
to switch the mains power to the printer On or Off.

Operational Switch — An external two position switch, used by the operator in
cases to make the printer operable.

Continuous Line Feed Switch - An external spring loaded switch, which whilst
pressed causes line feeding of the paper to occur continuously.

Apart
boards within the printer, for the selection of line speed and to enable an ccho
print facility if this is required.
Basic Specifications
Operating Speed ~ Up to 50 charagters per second.
i Z Width 510 mm, height 170
Dept 310 ithout Keyboard, 465 with key-
Weight - 20 Kilograms
Paper Width
Peg Fed - 231.8 mm, 2032 mm and 314.3 mm (perforation
distance).
Friction Fed - 148 mm t0 3063 mm.
Power - 100 VA Average.
Operating Temperature - 10° - 40°C operating.
Relative Humidity - 20 - 80% operating.




PR42-002

This is the same printer as the P842-001 but with current loop interface and the
following additional switches:

Line Spacing Switch - A three position switch mounted on the KSR interface
board and used fo select the required line spacing when the KSR interface board
is fitted.

Mode Switch - A three position switch mounted on the KSR interface board
within the printer and easily accessible by the operator. The switch is used to
control the mode of operation of the printer when the KSR interface board is

OFF ‘Printer does not accept either line or keyboard inputs. The main
‘power supply to the printer s not effected by this switch and may
be ON.

LOCAL
are sent or accepted by the printer.

ON LINE

inputs. Keyboard inputs are also retransmitted 4s line outputs.

842003 As P842:001, but without keyboard.
P842.004  As P842.002, but without keyboard.

PUNCHED TAPE EQUIPMENT

P801-001 Punched Tape Reader
re 17.3 shows the PS01-001 Punched tape reader.

Figure 17.3

e FACLOO plneted tipe sty gt e s with the ability to read a
wide rang

‘The reading assembly is of the photo-clectric type and raises data and timing
signals at TTL levels, 8 data channels and | timing channel being available. The

o and sscnted pinh rollerand brakesasie, No sttt (e
pmch foller is necessary when tapes between 0.064 t0 0.124 mm (0.0025”

m, 214,

17.5
7/3” or 17) wide tape is carried out by an externally mounted control.




ction (o the System
Commecton 1o e syt y_be i the programined of an mput/ovigut
processor chann

The complete reader, including power supply, is assembled for mounting in a
dard 19" i the basic.

Main Controls
Power Switch - A three position switch mounted on the front panel of the reader,
used for switehing the power on the reader:

OFF _ No power is switched on to the reader.

LOAD  Power s supplied 1o the driveunit motor an reading unit he inch
roller:

RUN  Power is supplied to all the reader circuits and b

under the control of the system.

Tape Width Selector - An adjustable control mounted on the side of the reader.
The control i i used to adjust the i i

red.

‘ape Load Lever - Anexternal control on the front of the reader, used to disen-
gage the front tape guide and allow insertion of the

‘Basic Specifications
Operating Speed. - 333 characters per second.

= Wnihes v, Helght 13
Doptt o5
Weight - 15 Kilogs
Tape Size Z Widh 175 m mm, 214 e, 254 e (1116 708",
1) selectabls

- D oosk 0,124 mm (0.0025" 10 0.005%) 1412
Power - 150
Operating Temperature - 0 - G
Relative Humidity - 20 - 80%

P802-001 Punched Tape Reader
Inall i P802-001
the PBO1-001 Punched tape reader.

Operating Speed %600 characters per second.

P803-001 Paper Tape Punc
Figure 17.4 shows the P803-001 Paper Tape Punch.

Figure 174

‘The P§03-001 paper tape punch pmvides e sy e bl oty

i apes, No adjustment i necessty or 1pes o008 10 0,11 men (00031 »
0.0047") thickness and the punch may be set to accept tape of between 17.5 m

T1/16") and 254 mm (1) I width. Both supply and ake up bobbing aré ited

and can be used with reels of tape up to 20 cm in diameter. The punch includes
ts own power supply.

Connection to the System

Connection to the system may be via the programmed or an input//output

processor channcl

Mounting

19
standing unit.
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Main Controls and Indicators _ CARD READER

P806+102 Card Reader
Figure 17.5 shows the P806-102 card reader.

mains power to the punch On or Off.

DC.0n Switeh - A wo osiion swfteh mounted to o side o the Pover On
switch, used (o switch the internal d.c. supply to the punch,

Tape Feed Switch -
i ponon Whi e i deprees e 03 e el o
1o the take up bobbin without punchi

Feed Holes/Code Switch - A three position switch mounted externally and
spring loaded to the central, off, position. When the switch is depressed tape is
fed from the supply reel to the take up bobbin and either feed holes only or feed
holes and code holes in all tracks are punched, with respect to the depressed
position of the switct

Apatfrom

 Pover o, suppl (e ow and certan etors.ternal sitches are also
fitted to control the take up bobbin.

Basic Specifications

Operating Speed - 75 characters per second

Size - Width 330 mm, height 190 mm,
Depth 452 mm

W - 13 Kilogra

Tape. Z Widih 175 16 25.4 mm (11716 t0 1)

Thickness 008 o 0.1 mm (O0031” o 0.0043°)
Power 180 V
Operating Temperature - u 5 Spesting
Relative Humidity - 80% operating.

Figure 17.5

‘The PBO6-102 card reader provides the system with the ability 1o read data from
column cards at a transfer rate of up to 300 cards per minute. Card handling
facilities in the form of an input hopper and output stacker enable the reader to
handle up to 1000 cards without operator intervention for loading, The reader is
of ihe photo eectric type and cmploys  staigh hrough card track with a
d extremely

Tong card life.

‘The reader is free standing and include

own power supply.
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Connection to the System
Connection to the system may be via the programmed. or an input/output

channel

Main Controls ’
Power On/OIf Switch - A two position switch mounted externally on the back
of the reader, used to switch the mains power to the reader On or Off.

Mode Switch - A three position switch mounted externally on the back of the
reader, used to select the mode of operation of the reader:

The reader is inoperative.
DBRAL. " T sadet 1} meiion i 38 SO0 LG B G IR
REMOTE The reader is operative under the control of the system.

: Reset Switch - A push button switch mounted exterally on the front of the
reader, used 10 start or festart the reader in certain modes

Stop Switch - A push bution switch mounted externally on the front of the
reader, used by the operator to stop the reader as required.

Apat from the maln oritos, amps ae provided to indicte the sate o the
reader.
e e o e AL At e ‘necessary.

Basic Specifications
Operating Speed 300 cards per minute,
Width S e, hzlghl 4120m,

Weight

Card Specifications
Power 1650 VA starting, 600 VA running.
Operating Temperature ~ 15 - 25°C ‘imposed by cards.
Relative Humidity ~ ~ 50 - 70%.

LINE PRINTERS

P809-002 Matrix Line Printer
Figure 17.6 shows the P§09-002 matrix line printer.

Figure 176

“The PA09-002 marixlne el prcviac vt wxm the bilytoproduce
10200, 132 colums
724 Saiatan

d

between 100 and 440 mm. Vi

tal plane between two side plates.
‘The printer is a free standing unit and includes its own power supply.

Connection 10 the sysi

Connection to the $etom may b vi the programmed channelor input/output
processor chann

1715




Main Controls
PPOWER ON - A pushbi ted
PO ot the b power 10 he prinier on and o Pirgioni g

START/STOP-
When pressed the indicator is it and the printer is S o s
again the indicator light is extinguished and the operator can use the TOP OF
FORM and SINGLE LINE pushbuttons.

TOPOREORM A YE G Y S R R e
AR STOP

i g i o e o o o oo

E LINE - A pushbutton momentary switch mounted externally whose
actionis nbibited when the START/STOP button st This pushbution allows
to advance the paper one line.

ERROR - An indicator which is lit when an error condition occurs.

Basic Specifications

Operating Speed - 200 lines per minute.

Line Length - 132 characters.

Size - Width 700 mm, height 300 mim,
- Depth 460

Weight  approx. 80 Kilggram.

Paper Specification - Single Copy 15 Ib bond min. Multiple Copy up to
$ gant 1116 bond with inereaved carbon. Paper
width

Power Consumption = 300 VA.

Opernting Temperature. - 10 °c.

Relative Humidity - 20 - 80%.

P Line Printer
Figure 17.7 shows the P§11-001 line printer.

Figare 17.7

‘The P811-001 line printer providesthesystem withthe a
ted output at a rate of up 2 character, lines per fan
folded papér, Where necemry ‘an output can be o2 presct formal and .ld,usx-
multiple

ity o producea i

copies being available.

er is of the drum type with a character set of 64 characters, i

The pr free stan-
dmgA and includes its own power supply. e

Connection 10 the Systen
Connection to the system may be via the programmed or an input/output
processor channel,

Main Controls
Power On/Off Switch - A two position switch mounted oxtemally on the top of
the printer, used to switch tha main power (o the printer On or Of
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/O Line Switch - A w0 position swtch mounted extemaly on the
g’; ‘:f ‘the printer, used to switch the printer On or Off line from the system.

Paper Step Switch - A two position switch mounted externally on the top panel
of the printer, spring loaded to the off position, and operat n
o4 Off line. When depressed it causes the paper (o be advanced by one line.

@ when the printer

Topof’

the o,

of th
position.
Basic Specifications

Operating Speed
Line Length
Size

Weight
Paper Specification

Power
Operating Temperature
Relative Humidity

P812-001 Line Printer

s 1
off line. When depressed it causes the paper {0 be advanced to the top of form.

245 lines per minute.

132 characters.

Width 1232 mm, height 1168 mm,

Depth 622 mm. -

272 Kilogram.

Single Copy, 15 1b bond min. Multiple Copy up to 6
parts 12 Ib bond with interleaved carbon. paper
width, 102251 mm.

500 VA.

10-43°C.

30 - 80%.

P811-001 printer.

Basic Specifications
Operating Speed
Line Length

Size

Weight
Paper Specification

Power
Operating Temperature
Relative Humidity

PRI2001 printer th

670 lines per minute.
132 characters.

idth 1232 mm, height 1168 mm,
Depth 622 mm.

- 362 Kilogra

m,
Single Copy, 15 Ib bond min. Multiple Copy up t06

arts 12 Ib bond with interleaved carbon. paper
widih, 102 - 251 mm,

- 500 VA.
10- 43°C.

30 - 80%.

MAGNETIC TAPE EQUIPMENT

PA31-002 Magnetic Tape Unit
Figure 17.8 shows the P831.002 magnetic tape unit.

Figure 17.8

‘The P831-002 magnetic tape unit provides the system with the ability to transfer
data toor fror up Recor-

p

its per inch and a of recordi i track
format is used. Tape handling is via a servo controlled drive unit and two 10.5
inch reels at a tape speed of 25 inches per second. The unit incorporates its own
power suppl

Connection t0 the System
Connection

: the system viaan i . Upto4
‘magnetic tape units may be connected to, and controlled via, a single formatter
unit,

Mounting

‘unit is assembled for mounting in a standard 19” rack, fitting being by
hinges to the front of the rack frame. The unit may be fitted into either the basic:
or an extension cabinet.
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Main Contiols trols are stuated externally on the front pancl of the unit and

include indicators within the push button switches.

Power - Used to switch the main power to the unit On or Off and to indicate

power o

Load - When initialy pressed the switch causes the energising of the scrvo
d taught. When pr i

ced to the load point.

O Line - Alterate operations of the switch cause the unit 0 be swtched on
and off fine respectively, the indicator is lit when the it s o

‘etween th the Read Only
e o At o Roptroi e

Other switches are provided to operate the unit in the OfT line mode giving the
i he jind the tape as

per:
necessary.

Basic Specifications .
Operating Speed. - Tape, 25" porsecond, 80 it per in Transter, 20k
characters per secor

Size - Width 483 mm, hugm 622 mm,
Depth 318 mm.
eight - 38 Kilograms.
Tep Spocification - Width 12.7 me, Thickness 0033 m, Length 731
1,267 mm
Power -
Operating Temperature - Eiod
Relative Humidity - 15 - 9%
size - Width 483 mm, height 89 mm,
Depth 508 mm.
Weight - 11 Kilograms,
wer - 100 VA
Operating Temperature ~ 2 - S0°C.
Relative Humidity - 10 -95%.

P831-004 Magnetic Tape Unit "
“This unit provides the system e same facilities as the P831-002 Magnetic
‘Tape Unit but with increased tape drive speed and transfer rate. In all other res-
pects the respective units are the same,

1720

Operating Speed Tiselis: gt sl
Tmnsfel 36K characters per second.

P831-010 Tape Formatter

units it controls. It i fitted with a power On/Off switch and
normally be accessible when the rear of the cabinet containing the unit is open.

P831-020 Tape Formatter

‘The P831-020 tape formatter provides the necessary control and timing to

B i IIONG g T o
ipply normally be the

‘normally is accessible when the rear of the cabinet containing the unit is open.

etic Tape Unit

‘This unit provides the system with the same facilities as the P831-002 Magnetic
ut with increased tape drive speed and transfer rate, In all other

respects the respective units are the same.

Operting Speed. Tape, 37, 5" ppsocond
Trmsf:r 80k characters per second.

P831-030 Tape Formatter

The SHILL g Toemilee ploviils e scosmrycifiol it (gl
connect up to 4 P831-006 tar m. It contains its own powt
supply and will normally be mounl:d Tn he back of the same rack as one. nrmc

mu sl soessdbidhon the rear of the cabinet containing the unit is

1721




P§33-001 Cassette Drive Unit
Figure 17.9 shows the P§33-001 cassette drive unit

Figure 17.9

‘The P§33-001 cassette tape unit provides the system with the ability to transfer
data to or from transfer rate of up to

dof 7.
are recorded or read serially at a density of 800 bits per inch on two separate
tracks.

Connection to the System

be
el and up to 3 uits faay be controled by 3 sngle Control Rt

Mounting

‘The unit is assembled for mounting into a chassis which is itself designed for

‘mounting in a standard 19 rack. Up to 3 units may be mounted into one chassis
ch chassis contains a power supply and control unit to power and handle

the units fitted into it

Main Controls
Only one external control is fitted to the front of the unit, the Retrieval Knob,
this knob i depressed to release and ennbe cemovalof s Casete The knob i
ndicators on the
sl it shovw when the uniL ¢ locked snd he spproXimats smouat &F
tape used at any one point,

1722

Basic Specifications
Operating Speed - Tape 75" por second, 800 bis
fer 730 charseies per second

Size ~ a1

S - Jpn e ey

Tape Speciflcation - Wit 351 min, Eai i
- 24V, 0.85A stea

0v=mung Temperature - 0- 56°C.

Relative Humidity 5-95%

'PBI3-152 Cassette Tape Controller

‘mm, Depth 280 mm.

The P833-152 Cassette Tape Controller provides mounting facilities for up to 3
P833-001 cassette units and includes its own 24V power supply unit and control

circuits,
‘Basic Specifications.
Size - it 483 mo, elght 178 o,
Depth 617
Weight - 15 Kilognms.
80 VA,

wer 2
erating Temperature -
Relative Humidity
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MAGNETIC DISC EQUIPMENT

P824-002 Moving Head Di
B 7.0 anows the Pa2 08 i ead dis unit.

Figure 17.10

s A A OO S G il G
of up

Sestiomeopniod isghantio Wik o o paioatig dojen the e
positioning time being only 30 ms. Data are recorded on or read from the disc
Sonly, TEs Charecies, (o byte po ack bog pessve. Eoth suuce ot the
T seiinins 9 sucks wiovling & oyenil apaety of 47M diarios
second, fixed dist
combined  vithin the overll head meclanism and thus the capacity, transfer
rate and a all the same us for the exchangeable cartridge, overall
capaciy of the utt with the ixed dise beg 5.4M ehiracicrs. Apats o the
drive and head position mechanism the urit contains its own power supply and
all the necessary contol logic for correct operation.

100,

PB4
fi Tl Compatioe Wit the TaM s450 ype oF carsde wih 16 sctors.

17:24

Connection to the System
Connection to the system s via an input/output processor.

Mounting
The complete unit is assembled for mounting within & standard 19" rack by
means of mounting kit P849-039 and fitting may be in cither the basic or an ex-
tension cabinet. The drive unit is slide mounted within the rack to enable
cartridge changing and engineering maintenance,

Main Controls

All the main controls are mouted exterally on the front panl of the unitand
incorporate their own indics

Power On/Off Indicator ~ Is lit when the power is switched on.

Start/Stop Switch ~ Apush button switch used to tart and stop the drive
1o the dise.

Apart from the main controls indicator lamps are fitted on the front pancl to
indicate Cartridge Exchange and certain fault conditions.

Basic Specifications
d

Operating Spee - Disc rotation, 2400 r
Z Transter, 312K charaers pr second,
Averge Lateney - 25 met,
rage Acces time  ~ 33+ 2 ms
Sie. Brve Unit - Wmmdso rnm Height 262 mm (3U)
Depth, 752
Weight, Drive Unit 60 Kilogra
Power 2 150 VA running (600 VA saring).
Operating Temperature. ~ 10 - 35°C.
Relative Humidity - 20 - 80%
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5-007 Moving Head Disc Uni
Figure 17.11 shows the PS25 007 moving head dissunit

Figure 17.1

“This moving head disc unit provides the system with a mass memory rar
S S whion lentapbic s il (PRS00 T aridse s
driven

hroud cover on 1 of the

Thedispack conians S recordabe sufucescachone aving 41 tracks of which

7 are spare ones. Data are recorded on or read from the disc serially. Recording
posbleup1o 21k Gharactons (yte) per track. Th vcral capoeity of the s
pack is

Head pnsl(m b i ooty ors ooy proporlondipers s Th
aminge e deiven by 2 voiee cll near actuator with posion fesdback rovided
from the disc pack se
The average positioning tme fs 30 ms.

Connection to System
Connection to the system is via an input/output processor.

1726

Mato comils
All th

trols are mounted externally on the unit' front panel,

Sart Swnwh 0 start and stop the unit. It i lit when pressed.

Ready Indicator which is it when the packis up to speed,th heads are loaded

o fault condition exists.

Faul ights when a futconditn occurs. When pressed in that case the fault
flip-flop is cleared.

Apart from the main controls on the front panel twa switches are mounted on the
back panel to connect the mains and the power supply unit.

Basic Specifications
Operating Speed - Dise rotation, 3600 r.pm.
33 msec.

Operatiag tempetatrs
Relative Humidi
Data Transfer Rate

Disc Diameter

No of discs ZSGdu ‘and 2 cover plates).
Servo Service z

Recording Sufaces £ 8

Tracks per Surface - 404 plus 7 spares,

Tracks spacing. - 00052 inch nominal.

No,of Servoheads - 1
No, of Recording heads - 5
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DISPLAY mmmm-r
P818-001 Disy
Fidire 17,12 shaws the PS18-001 display.

Figure 17.12

S B Ay gl o e S Ol I
plays its information on a 12" screen size, 80 characters per line. The attact
Keyboard allows 64 ASCIL alphanumerics and symbols. The mamoer of lines
displayed on the screen is 24 lines.

Connection to the Sysiem
tion is

the AMASC.

Main Contro

Power oot swich= Aexteralto sitionsvitehused by the opratorto

wich the mains pover (0 the display on

LINE - mdlcalor Which i i red when the display is
operational.

- ighis e n case of & asty evor

PARITY ERROR

17:28

PARITY RESET
RESET

ON LINE/OFF LINE

TPWR/TTY

- spinglonded pushbuton which must b pres-

‘when a parity er ed.

— Soringloaiad piskbation, Whe s at

internal functions are resct and the screen is
leared.

el
~ rocker switch.
ON LINE - the display is connected to the
syster

OFF LINE - the L
connected to the system,
- sockerswith,
TPWR - lower case and upper case facility.
e upper case facilty,

HIGH RATE/LOW RATE - rocker s

FULL DUP/HALF DUP

Contrast

Basic Specifications

No of lines

No of char. per line.
ission rate

sion mode

Fest selection
et

Wel&hl

Dmaung Temperature
Relative Humidity

P8IS-002 Display

‘This display provides the same functions as the PS13-001 but it has a V24 i
face.

Connection to the system

Its use is determined at installation time.
- rocker switch
FULL DUP - full duplex. Used for echoplex
technique where the computer echoes back
cach character for display on the scrcen.
- HALF DUP - half duplex. Characters are di-
rectly displayed on the screen,

- thumbwheel to adjust the brightness of the cha-
cacters on the screen.

u

80,
110 0 9600 bauds.
asyncl .
by switch: od, even,none.
current loog

enth 381 mm Height 292 mm, Depth 508 mm.
- approx. 174

VA,

10 - 40°C.
10 - 90°%,

Connection 1o the system may be done via the integrated serial control unit o
the P845-040/002 Serial Control Unit or via Data Communication interfaces
such a5 ALCU2, ALCU4 or the AMASA.
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18 Software

ponlsors  pssetbiers  tosdhng a0 tave)
s Gy S Bt
s b Bt He

i HC T o e

St Lintase Eatteits Trae

Figure 18.1 ~ Standard System Software and Application Software

Software consssof two main division,us shown by figure 18,1, The ol

to camy aut bis brocesng roquitemcats, hes o cour ol aty conmmbly

from user to use, Systom software consss of ull hose programs a user may

employ to efficiently

of the control, processing, service and utlity programs shown by figure 15, o

descriptions of the available system software are covered in the appropriate
ware manuals and therefore only a brief description of the software s given

here.

Il soft be of a modular. ind in the case of the monitors,
sser may select the modules he requires at the time of generating the system.
‘The main advantages offered by modular programming are:

Modules may be witten n different source languages and by different pro-
grammers thus emhlh\g an eflcent and specdy solution (0 any L

B e b Rl Smpiied.
. Updating is simpified.

Figure 18,
s Pl o i DeoaE AR B IS B DS S Sy
those modules it requires.
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System software is available in stand alone software or monifor controlled
versions. Stand alone programs are completely self contained and thus do not
fequire (0 use any of the facilites available from the monitors, whilst monitor
controlled programs are available for paper tape, cassctte tape and disc oriented
systems. Figures 183 to 18,9 show the standard system software configurai

TNITIAL PROGRAT]
Loaver

770 WANDLING
chsw, e, pre))

I1legal Code
Hand1ine

AssensLER

Asc11 oup

Cincace
EpiToR

ConTROL
AND corn.

Toan/sTaRT
READ/URITE
HEHORY.

80RT

TI_10
HONITOR

I

Figure 182 Modular structure of monitor

TRTERRUPT
HANDLING

UpoATE
PACKAGE

Figure 183 Stand Alone Software

v 170
ROUTINES
170

DRIveRs

Svaten
Gencaition

10 oRivERS LIhcaee

TPORTE
PACKAGE

Equipm ——
Hagnetic Disc = - BERUC TG
?gwm BSC PACKAGE oaren ! PACKAGE
isp

FORTRAN

Figure 184 Software for Basic Operating System




svsten
GENERATOR
For b Drsc Basic/oise
svsten onLy | PREmaRc REAL TihE wow.| ¢+ 1LY
FEAL TIvE
FORTRAN Lio. 1AOIORINERS

css. FIlE
vANAGEMERT
1 DATEM

Figure 18.5 Software for Basic and Disc Real Time System

I Bsc packase

Svetem

ceneration

[BTsc operATING

[rontroR Ceircs AsseBLER
RIVERS DEBUGGING

1/0 oRiveR: oEsueTy

=
Iparen ! FoRTRAN

el SRR |

CAsseTTE FILE LINkace
[avacement EbiToR

Figure 8.6 Software for Dise Operating System

IS
PRENARK.
LINE eorTOR

Py
185¢ Packace

fll

_ M sssemeLen
PP

TEBUCEING
PACKAGE

Figure 18.7 Software for Multi Application System




F>—T g
CCONTROL PROGRAMS

‘The loading, preparation and supervised exccution of application and certain
y control

ware as monitors. Being of modular construction a user may select only those

‘modules which he neds when generating his system, and if necessary expand
BAER the monitor facilities as and when the hardware system is cahanced.
GENERATOR

= ChssETTE oPER |
RRENARK HoNiToR
FoRTRAN 170 bRIVERS

‘There are seven monitors currently available, one for each of the software con-

figurations that require a control program. The monitors available are:

Basic Operating Monitor.

TineacE asic Real Time Monitor.

TPoATE
PACKAGE . Small Real Time Monitor.
Multi Application Moni

g
=
EBE
.
-
g
:
g

DERUGETNG
PACKAGE
Basic Operating Monitor
The b i

Figure 188 Software for Cassette Operating System v tem wi ity ¢
trolled system software and application software on a non-real time basis. The
monitor s paper tape orientated in its standard form but may be extended to
5 dling

1 ‘ment of a specifed routine on completion of a specified input/output process,
i iently. The

normal use of the basic operating monitor is to provide the necessary control

Software in a real time environment.

EFALL REAL TINE]
[ron TR

The minimum configuration requirements for operating with the basic opera-
I e e by o

2 n type:
ted paper tape cquipment, the monitor itself occupying between 3k and Sk of
central memory. In the smallest case only the operator's ASR and associated
paper tape cquipment together with the necessary program control modules

i e

Figure 189 Software for Small Real Time System

Basic Real Time Monitor

‘The basic real time monitor provides the system with the ablity to handle con-

trolled application and certain system software on a real time basis. This facility

is based on a use of time sharing, or slicing, between different programs which

are running at the same Software level; and a system of software and hardware |
levels to efficiently handle the input/output requirements of a number of pro-

grams. Al the facilitis available to the Basic Operating Monitor, together with
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control fucilities necessary for connecting programs 10 software levels and
i ization of the use of bulf 3

are available to the Basic Real Time Monitor.

the
wonltox x| 8o of momery e o  operstory ipevriler phng i
paper ta

tape Eamibensattogeiher with the eat Somssek and e necessary program
control modules may be specified.

Disc Operating Monitor
e B i
Basic Of

Mo

within any systen. Both system and usr programs that are o be used ar held
ona disc within
required.

_u wj grams or

the files of Allusrident-
luding th i
Ibraty of Hles which 1 oaly acceseible ia the cuu.lngue and nder monior
oo, te ensriog ey of dta

temporary

hislibrary,

‘monilor are 16k words of central memory, an operator’s ypewiter and one disc.
Disc Real Time Monitor

ofthe

dition the monitor is abl
o s P e s e necessary restore rograms (o
the disc to make central memory space o avlsbte o higher priority programs.

‘The minimum configuration requirements for operating with the disc real time
i disc.

‘This Monitor may be extended with the Extended File Management Package.
Casseite Operating Monitor
The C; i

tool.

nllmc the e sl i oy sy st Bt which
the monitor is the first program, preceded by an Initial Program Loader (IPL).
e ouiasselobasd [ wh1d| " loaded by bootstrap according o the
data switches on the CPU control

‘Then the user program or a mecsmr i londed. I the operator communication

Aty
it

CIF
‘command wil be enough to seek, load and star( a program.
‘The cassette file management (CEM) package is used to handle 1/0 operations
on casseto ape cording (o cein ECMA standard
of labellng of the tape. Bl ML S e o g i i laeling
d. The system software is given in
Compact w)-e of lnhelllng, e aows the handling by the COM of single-

track, multi-
Fics s pracadod vy medos g Tolowed by Endof il rsords, rcks end
with End-OF Track records, volumes (L. one complete cassette) with End-Of-
olume records. Thi s il handied automatically by th cassett e manage.
which the

ser can write or mmh headers, run a program, etc.
‘The monitoritsel

o e o requested by the used i s program by means of moni-
tor requests, .. requesting and releasing temporary bufferspace in memory,
yaiting for events, Making exs,eic,

i of et siaal . peorty vl which et o rogr mist be
exeeut

of mt
tasking can be achieved by using scheduled label routines. s e
attached to the specification of a monitor request and enable a program to run
concurrently with, for example, an 1/0 operation.

Although the COM is cassette tape oriented, other peripherals can be handled
as well. This can all be determined by the user at system generation time.

Small Real Time Monitor
The Small Real Time Monitor s developed for dedicated computer appli
requiring a small and fast monitor. The monitor is paper tape oriented.

ations

Included in the monitor are timer functions for control of the user programs.
Fourteen soivare priorty levels allow malti programning beween user asks,
ams may be connected to the same
TThe monitor s upward sompatinle with the Basic e Toe Monitr,

tion Monitor
‘The Multi Application Monitor s particularly well suited for a number of appli-
cations:




in core, improving fes-

Tesident programs or sveral iransiont prograns 1 be
ponse time and overall peforman
lmm where program be made

concurrenly with  rea e
data communication applications Where many bulers and tables have to be
eakient due 1o fust access tme.

“The Multi Application Monitor is a dise oriented monitor and has a clear open

ended stsucture: at ¢ach nnpllcalmn cotresponds & sub-machine defined by:
several priority

- el Flocated or shared peripheral dotices (spooling).

~ several memory partitions,

sk file libraries.

- several

More than one multi-tasking or real-time sub-machine can be
connected to a real-time clock or timer, several disk esident programs an be in
‘memory at the same time (i

R pateh processing submachine Suppori other system components including
Assetsbioe Dvetiny Linkage Eor, Full Son Compiler, Line Editor ete.
s subvachine s apecilly orented tovards lopment, Each

D ethine s the ot ot s InGsicually orotected. The Monitor
b be cxtanded with the Extended Dise File Management Package which adds
to the :xvsung system data base facilities with direct and sequential access,
data records, indexed organisation, file protection and on-line

Asetof 3
toallocate or for  sub-machine i devices
or files, to start or stop tasks inside sub-machines.

DATEM

M is & datacommunication monitor extension to the Basic Operating
Mamlurs the Dise Operating Monitor and the Basic and Disc Real Time. Mont:

i plov\d:s th system ith basic data communiation faciiis The standard
itors remain available for the system. The extension takes

oot e o functions in a daa commniction onfiguration

- Connection (o the line (leased lines and switched lines).

e

 Data control (vt for data, ,polling and selecin, top the rnsmision, o
ers).

etection of special charact

1810

BSC

BSC s the Birary $ynetwonous Communicaton i procedure package which
may be used for It handles
ransmiting and recel

PROCESSING PROGRAMS
These progams consist of assemblecs compier, lnkago edilor and sty
toa

feeion of the plvgmm e b o meet i veqmr:m:nls o ditoont
systems a4 i e AL i oot vesion ars

ible

Assemblers

The assemblers convert source modules written in assembly language int
Sbject moitles eyl foe kg 1 otbn ohfac fpod Tt o reosting o
execution, Each line of a source module is written in assembly language and
Eeots s el b adog oAb i o Ol s i e,
to control the assembly process. Additional features available include error re-

to be used during processine.

Version (either Basic or Disc oriented).

FORTRAN Compilers
The FORTRAN compilers transiate FORTRAN source programs into objec
modules to be pmc:s;:d by the Linkage Editor or Overlay Editor with e

Y
table program which can run under control of the monitor. The compilers are
- 1o not require reloading between successive compilations.
‘The Full FORTRAN compile produces objet modules i interpretive code,

gl el b Uik ke () he FORTRAN program. The nghr
Speed AN Compiler accepts the same source language as the Full
FORTRAN <o
maching code bjeet diteety.

ranslseinterpeiv abject modules nto direlly otecuae michine code.

e it syt ) il st v FORTRAN
pmgmm P Nt ottt o e r. The Real Time FORTRAN
Foeae oo o' et of routngs which ¢6 e aled by he FORTRAN program
whenever their use is requir
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Link

e i Eator s avlale for the Sund Mone, Basic and Disc Operating.

Systems providing the facility to arate object modulcs cither fo direct
out

ot ogent

are casily awimle Chts vhih are (o be linked are wm\cn conhmmg
spacifed exton
T of the linkage process by the operator, o o 1 sl o ine
peripherals and  mode (o be used during processin

T addition the program provides the listing of a map reports errors during pro-
cessing.

Overlay Linkage Editor
s processor s under conirol ofthe Mult Appication Monior It appies
he Overlay Link

ge E Setofobject

In
case of one segment the processor can also be used as a simple Linkage Editor.

After processing 2 load module is produced recorded on a temporary load file,
“This load module may be esccuted and/or kept in library.

iy anabsolute loading address,
ecification which library will be
e som information requied by the Debugging Proceisor

SERVICE AND UTILITY PROGRAMS

10 set up, run, and maintain the system apart from the tasks of initial program
production.

Debugging
Debugeing progrars are available to enable rapid error detection within pro-
dules, and i

or altered as necessary.
Update
dat

BOM pro-
insertor

Initial control of i cared
ntyine ‘operator or programmer from the operator’s typewriter, anid o
options exist to enable the system’s other peripheral devices to be used e
the complete update process.

1812

¢ minimum configuration requirements for operating the update
ot ofcental memor, an perato's ypewrier, and high spum friilete
reader and pt

Line Editor

provis o v Tl of the Update ettty and an additionl facily to
ensbl the alteaion of a specfed charcler st wherever such @ siring
pears in a module.

Cassette Update
The Casstte the Cassette O

his files, and sources or object mod:
The. Updxl: Pack_\gz at fle level, modle 1m| or line level and comprises
func copy, skip, delete, insert ar
Eaiiing s done by means of control i of hishsome pedainton 1
ain level, It is possible to switch from one level to another during an edit run.

y Programs
s programs are used by the user during the setting up o the systems fls,
o whera sy dilse the normal running o the system to p

by certain s

tion mquimd by certain processes.

BASIC

in
e DS hesinners Allporposs Symboli Insiruction Code) lang

BASIC system consists of a monitor and a compiler. [t is a mnvzrsxuana\
system,

sli anism, which divides processin time in cqual pats over i ot
sl kst e apocar o cach usr asaccupied by b . The actual
‘of programs is done by incremental compilation: ach statement Is
piled sepuratel, and executed .mmmm 1o The gencrated object code s
ol Stored, b £conomize on memory s

The system is completely memory Tesidont, It needs a high speed paper tape
reader, an ASR typewriter for each user, and depending on the number of users

20k words of memory.

1813




FACT

FACT, which stands for Facility for Automation Control and Test,is a software:
system operalin as a prorammable controllr, able to perform the control

tion control,affc coniol, unctional tst of inegrated it and printed
circuit boards, and various fypes of security

v Ranetions are provded by FACT use progtams, wetten i sinle
instruction statements, The FACT system translates structions into
omiasl sigtals To the process, and transmlls signal from the process 1o the
control program.

The FACT system is memory resident, and occupies only 0.5k memory words
An Update processor of 0.5k memory words is available to produce and change
FACT user programs.
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Appendix 1

Peripheral Manufacturers

L
mum

PRIL/812
P06
P31
P833
P24

P25
P8IE

Quettnc Typevier
Matrix Pri

Deper Tape Reader
Paper Tape Punch
Matrix Line Printer
Line Printers

Card Reader

Magnetic Tape Drive.
Cassette Tape Drive
Moving Head Disc

Moving He
Visoal Display Unit

Teletype Corporation
Philips Terminal Systems
Digitronics Corporation




Index

A BUSRN 95
Accessing an Instruction 84
ACN 87 C
Additional Standard features  14-1 C Multiplexer 24
Adia de iy 2.5 Cabinets 161
Addres 14,107 Card Reader 17,1713
Addrosing Cyele Tt &5 Cassette Update
‘Addressing Cycle T2 56 Cassete Operating Moritor s, Tos
Addressing Subroutine 2 Cassette Tape Equipment  17-1, 1722
Address switches 125 Central Processing Unit 21
ALCU2 151 CHA 98
ALCU4 151 Character Handling Instructions  7-&
ALU 23 CIO 104
AMASA 151 Gas Bt 124
AMASC 154 o8
AMAIG 2] oot Bty 92,96
Application Software 182 C 101
‘Arithmetic Instructions 7% Connection t0 the System 172, 17-3
‘Arithmetic Unit 2.1 Control Buttons 123
Assemblers 1811 Control Instructions 79
Control Pancls razd
B Control Programs
BASIC Control ROM
Basic Mounting Boscs Control Units 14,104,112, 115, 171
BIEC i CR Regi
BIO lings
BOM System 7
Bootstrap -1 D Multiplexer 2.4
Branch lmmmuom Data Communications 151
BRTM Syt Data Exchang
BSC Data Flow
! BSYN Data Format
Bus Address Lincs Data Lamps
Bus Control Functions 91 Data Switches
Bus Control Signals 9.5 DATEM
Bus Data Lines 9.7 Debugging Software
Bus Interrupt Lines 9.8 DIOS
Bus Priority and Selection Diagnostic Box
em 93 Direct Memory Access
Bus Signals 95 Display Equipment
Bus System 15 Display Lamps 122,125




isplay Memory Contents 138
Display Register Contents 1311
DO Soltware 185,188
DRTM System 184, 188
Frectial Supp 165

Erwironmental Condions!
ntrol

Equipment Sholves

Execute

Extonied ool Pael

‘External Transfer Instructions

113
Fortran Compilers 1811
Full Conirol panel 121
G
General Purpose Bus 94,111t
General Specifications 14
GF Register 22
H
Hardware Structure 21
1
Initial Program Loader 131, 13:5
Input/Output Capability 14
Input/Output Instructions 79
Input/Output Processor 112
Input/Output Structure 11
Installation 164
Instruction Formats 71
n Microprogram 82
n Set 15.74,75
Instrcion Timing 75
INT 124
lnmgral:n Seral cU. 142
Interfaci

165
lnlcrconnccuon between Units  16-1
Interleating 1
Interrapt Action

103
Interrupt Handling 95, 10-1, 102

Interrupt Mode 17

Interrupt System 104
10 typewita 174,174
IPL But 124
K

K Register 25

Linkage Editor
LM Button
Load Switch
Loading

Load Address
Load Memory

ot b Teauibns

Logical Instructior 7.7
o0p Counter 2.5

LR Button 123

M

M/\D Uees 9.7

Mugneuc Tape Eqummam 17441719

Master Units 115
Matrix Printer 176
MC Button 124
Memory 12,41
Memory Addressing 43
Microdiagnostics 14,147
Microprogram Addressing
Routine 53
Minipanel 124

03 152
Miscellaneous Functions 0.5
Miscellancous Signals 98
MMU 51
Mode Buttons 123
Modem Panel 152
Modular Construction of

Monitors 187
Mounting Boxes 163

Move Table Instrutions 710
24

gister
MSN (Mister Selocted)

Multi Application Mummr 185, 1x 9
Multiple Control Unit

o
S 96
74
Operatng the CPU 121
Overlay Linkage Editor 1812
P
Page Fault Handling s:
P Register 24,104
Peripheral Equipment 174
Peripheral Manufacturers At
Register 21

Power Failure - Automatic
Restart

Power Lamp

Power Supply

Preset S

Priority Chain (Bus) 92

Priority System (Interrupts) ~ 10-1

Frocosing Prog s 181

rogram Loadin 13-4
Frogtammed Channet 17
PSW Register 21,104

Punched Tape Equipment 17-1, 17-9
PWEN (Power Failure Signal) 9.8

Q
Qualification and Response
Signals

97
Q Register 24
R

Read Memory 126
Read Register 1341
Real Time Clock i
Regi

Register Address Switches
RM Button

ROM Address Register RA
RR Button

RSLN (ReetSigna) 98
RST Buti 123
RON Baon 123
Run Lamp 122
s
S Register 24
Safety Key Switch 124,124
SCEIN
(Scan External Interrupts) 98
Scratchpad 22
ervice Buttons 124
Service program: 1812
Shift Instructions 78
Signal Excha e
Slave Units s
U2s 151
151
Small Real Time Monitor 189
181
SPYC (Scan Priority Chain) ~ 9-5
SRTM. 189
Stacking 107
Stand Alone Software 183
Standard Initial Program
Loader 133
Syster 11
System Components 12
System Mode 1410
System Programs 131
System Software 181
T
Timing Cont 95
TVEN, (toming Signal) 96
TMPN (Timing Signal) 96
TMRN (Timing Signal) 96
TPMN (Timing Signal) 96
Transportable Pancl 124
Trap Action 75
TRMN (Timineg Signal) 96
u
Update Software 1812
User Mode 1410
Utility Programs 1812, 1813




v
Visualisation Pancl
V24 Control Unit
v28CM

W
Wait Mode

‘ord Format
‘Write (Bus Signal)

Notes




