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Preface 

This Interface and Installation Manual is provided 
to aid a user wishin9 either to extend or modify an 
existing minicomputer system in the P800M family 
(P852M,P856M,or P857M),or to connect non-standard 
peripheral equipment to a system)or to integrate 
a P852M,P856M,or P857M into his own data processing 
system. 

The manual provides technical data-such as functions, 
levels,and timings-for signals at the CPU General 
Purpose Bus and other interfaces,including interrupt 
and break request connections. It also describes,in 
general terms,the operation of the CPU when using 
programmed channel, I/O processor channel ,or DMA 
controllers and gives examples of data exchanges 
which can take place. 

A general description of control unit operation 
and I/O interface logic is given and information 
is provided to aid a user wishing t~ construct 
his own control units on printed wirin9 boards. 
Full details of all standard control units can 
be found in the appropriate manuals listed in 
the Appendix. 

Section 2 of the manual provides installation 
information. The compact,yet versatile,nature of 
the P800M range creates no special difficulties 
for installation but the system possibilities are 
so diverse that it is not practical to give specific 
instructions on how to install each particular system 
configuration. Therefore infoFmation is given about 
the standard items of equipment available,to enable 
a suitable system arrangement to be determined and 
installed,and also general installation details which, 
it is considered,would be of use when installing any 
of the possible configurations. Reference should 
also be made to the documents issued by the peripheral 
equipment suppliers and to the other relevant manuals 
listed in the Appendix. 

Great care has been taken to ensure that the information 
contained in this manual is accurate and complete. 
However,should a user find any errors or omissions, 
or wish to suggest improvements,he is invited to write 
his comments on the sheet provided at the end of the 
manual and send it to: 

M~NUAL WRITING SMALL COMPUTERS 
at the address on the opposite page. 
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Summary 

This manual is divided into the sections and parts summarized 

below, followed by an Appendix containing reference information. 

SECTION 1 INTERFACING 

~~!!_2_~~E~!L2~~E~!_2E~~~~~~!~~~ 
Describes in general terms the theory of operation and the 
structure of the computers and the integration of the input and 
output channels into the central processing functions. Examples 
of data exchanges, including timing diagrams, are given. 

Part 2 Interface Circuits and Hardware 

Provides technical details regarding the locations and signal 
connections to connectors, interface circuit characteristics, 
signal levels and input/output loads and control unit design 
information. 

~~!!_~_~~E~!L2~!E~!_~E~~E~~~~~ 
Contains the necessary information for the user to produce I/O 
drivers other than those already existing for standard equipment. 

SECTION 2 INSTALLATION 

Part 1 Site Considerations 

Surveys various aspects which may require consideration when 
planning a site for a large configuration but which are not 
critical for the mini-computers themselves. Also provided in this 
part is information dealing with electrical supplies and inter­
connecting cables. 

Part 2 Central Processors and Integral Equipment ------------------------------------------------
Describes the various types of central processor and also the 
equipment which is either located within the actual processor 
main-frame or constitutes an extension of it. As well as physical 
details and environmental requiremen~s information is also given 
concerning equipment interdependent relationship, d.c. 
requirements and sources, control interconnections etc., to aid 
in the determination and installation of a suitable system 
arrangment. To allow for the possibility of future reinstallation 
at another site one chapter in this part gives details for 
adapting the various d.c. power supply units to operate from 
different main voltages. 

~~!!_~_~~E~EE~!~~~ 
Provides planning and installation data for each input and output 
device capable of being connected to the processing equipment 
described in Part 2. The data includes physical details, 
environmental and electrical power requirements and the standard 
lengths of the signal cables supplied with the equipment. 

XIV 



The method used to convert each device to operate from different 
mains voltages is described briefly; full particulars can be 
obtained from individual supplier manuals. 

~~E~_1_2~E~~~!E~ 
Gives details of the basic and extension racks, panels, mounting 
fixtures etc., which hold the equipment defined in Parts 2 and 3. 
The method of construction and the configuration rules governing 
the arrangement of the equipment in the racks are also described. 

Is a general guide which outlines the unpacking and installation 
procedures for the equipment and the steps required to prepare 
the system for commissioning. 

~EE~~~~£~~ 
Contains a list of useful reference manuals, some of which are 
referred to in the text and an example of a typical control unit 
logic circuit. Information is also given on the method used to 
translate signals from an I/O bus into GP bus signals when using, 
small format, control unit boards. 
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1 General Description 

The P852M/P856M and P857M are advanced, general purpose, 
word oriented minicomputers which employ an asynchronous, 
general purpose bus to transfer information between the 
various elements connected in the systems. A povlerful and 
flexible set of instructions are provided - including 
facilities for bit and character handling, long and short 
constant handling, stack handling, and FORTRAN facilities 
- coupled with a complete range of peripherals which 
enable the computers to be used in industrial,scientific, 
or general data handling applications; whether operating 
in real time or not. 

Uncomplicated device control unit busing, straightforward 
device addressing, and unrestricted interfacing make the 
computers easy to integrate into a user's system - a 
prime consideration for the system engineer the programmer 
and, of course, the purchaser. The design of the CPU, 
employing microprogram control using a read-only memory, 
is easy to lmderstand thus benefitting both the system and 
the service engineer, and the general purpose bus, which 
is used for both programmed data transfers and for block 
transfers is not subject to any critical timing or add­
ressing restrictions - an advantage to the system engineer 
whether using the many available standard control units 
or designing control units to meet his ow.Q. system requirements. 

The functional block diagram given in Figure 1.1 shows 
the main units which form the hardvlare of the P852M, 
P856M,or P857M CPU structure. As the data handling unit 
of the P852M and the P856M/P857M differ in certain 
respects they are described,for convenience,under 
separate headings. 
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Figure 1.1. General structure of P856M/P857M CPU's 

DATA HANDLING UNIT 

The relationship of the General Purpose Bus to the data 
handling unit components and the data paths through the 
unit are shown in Figure 1.2. 

Data which is input from the General Purpose Bus(hereafter 
referred to as the GP bus)is routed,via multiplexer D,to 
shift register E which provides an output to input 'B' of 
the arithmetic and logic unit(ALU). Input 'A' of the ALU 
is provided from anyone of four sources as follows: 
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1. The contents of any of the snatch pad regiqu\. 
2. The contents of the Initial Program Loader' (IPLl An optional extra. 
3. A pl'Ogr'am status word (PSWJ - a wor'd holding information concerning 

the current status of the running program. 
4. Any constants which may be required in the execution of the current 

instruction. 

The output from ALU may be transmitted to: 

1. Register L and from there to either the scratch pad or the GP bus. 
2. Memory address register S. 
3. The E register, via multiplexer D, and from there to the ALU for fUl'ther' 

proeessrng. 
4. The PSW register for updating the PSW. 

The instruction to be carried out is derived from the G P bus by the K register 
and is output to address generator GA. This generator produces the 
appropriate microprogram addresses and transmits them via ROM acldr'Css 
register RA to the read-only memory ROM. The ROM then generates micro­
instructions to the CPU hardware units to control the execution of the 
instruction. 

Priority level register PLR carr'ies the priority level of the running program 
and condition register CR records the current program state of the CPU. 
The block defined on the diagram as GF contains six !lip-flops and this block, 
together with the PLR and CR blocks, are all considered to be functionally 
part of the PSW whose states both inlluence and indicate the status of the 
CPU. 

The hardware components shown in Figure 1.1.are: 

MEMORY UNIT 

SCRATCH PAD 

ARITHMETIC 
UNIT ALl! 

.1\ 16-bit w(ml 1.2 ,usee eore memory expandable from 4k up 
to 32k words. Connection of a MOS memory is 
possible. The cme memory is available in modules 
of 4k, tlk, and 16k. The memory is addressed 
directly via the G P bus and receives or pl'Ovides 
data also directly to the GP bus. 

A block of 16. 16-bit program accessible registers. 
AO is the program instruction counter (p register) 
and A 15 the stack pointer for the intCl'rupt system. 
The remainder are available as accumulators. The 
registers arc addressed by the instruction word 
received in the K register or by the scratch pad 
address keys on the control panel. Data from the 
scratch pad is loaded into the ALU for processing 
and is then output to the C;P bus via the L register. 
The scratch pac! registers can accept data from 
memory via the D multiplexer' and E register, ALl!, 
and L. register. 

A 16-bit par'allel processing unit operating in true 
binary. two's complement. It performs arithmetic 
and logic operations on the data provided at input 
"A", from one of four sources and at input "13". 
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D MULTIPLEXER 

E REGISTER 

K REGISTER 

L REGISTER 

S REGISTER 

from the E register. Data from the arithmetic unit 
can be output to L S, to the E 
register via multiplexer D, or to 

A 16-bit multiplexer which can be as a 2 
x 8-bit multiplexcr. The to the multiplexer 

are either from the GP bus or from the ALU 
output and it to the E register as 
follows: 
L Data read from the GP bus. 
2, Intermediate results from the ALU to be stored 

in E. 
3. A short constant from the ALU, 
4, The values in the PLR interrupt 

procedures, 

/\ 16-bit llsed in shift operations, The 
registel' also acts as an input and Output hutler for 
the ALU and as a butfel' for signals read from the 
GP bus via the D multiplexer. 

Instruction register loaded from the GP bus lines 
with the instruction to be executed. Output from the 
register is to the ROM address generator GA and 
is also used to address the scratch 

A 16-bit register used for temporary storage for 
results from the ALU which are to be passed to the 
scratch pad or to the GP bus. 

A 16-bit register arranged as a synchronous down 
counter. It performs 3 functions - acts as the 
address register for the addresses of the memory, 
external . and control units: elicits from 
scratch pad register A 15 the current value of the 
stack pointer; acts as a loop counter for the 

PLR/CR/GF REGISTER A 16-bit program status word holding the 

ROM ADDRESS 
GENERATOR GA 
AND REGISTER RA 

READ-ONLY 
MEMORY (ROM) 

priority level of the program, the 2-bit 
condition register CR and 8 status bits. 

A gl:neratOl' which derivcs the appropriate ROM 
addresses from the instructions of the running 
program, the ClllTen! state of the CPU. and from 
the ROM output. and a register which provides the 
address of a III word to the 
ROM input. 

Holds 512. fourty eight-bit words and 
Cuntains a series of micro-instructions which 
control the CPU data processing elements in order 
to carry out the excclition of the inSlrtll:lion set. 
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INTERRUPT SYSTEM A system which compares the highest priority level 
inte'rrupt received, either externally or internally, 
with the priority level of the running program, 
contained in the PLR register, and provides an 
intPITupt output signal, if interrupts are allowed 

1/0 PROCESSOR 

ano if the received interrupt is of higher priority. 
The system also provides an output to update the PLR 

register with the priority level of the new interrupt. 

A unit containing the logic to operate peripheral 
control units on the GP bus in multiplex mode, In 
this mode of operation blocks of data are 
transferred between a control unit and memory via 
the G P bus, each character or word transfer being 
initiated by a break request BR from the control 
unit. The transfers are controlled by the I/O processor 
independantly of the CPU and simultaneously with 
the running of the program, 

DATA HANDLING UNIT P856M/P857M 

The data handling unit components for the P856M and P857M and 

the data paths through the unit are shown in Figure 1.3. Data 

which is input from the GP bus is routed to multiplexer C (via 

multiplexer D) and then to register M which provides an output 

to input B of the ALU, or to register L or S. Input A of the 

ALU is provided from the same sources previously described for 

the P852M. 

The output from the ALU is switched via the D-multiplexer as follows: 

1. As a direct or character SWQP output to the L-register, 

P-register;PSW register (GF bits) and C multiplexer. The 

L-register output is taken to the scratch pad and V24 serial 

controller and (if gated) to the GP bus. From the C-multiplexer 

the ALU output can be returned, via register MJto the B input 

of the ALU for further processing. 
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2. As an output to memory address register S the output of which 

(if gated) is taken to the address lines of the GP bus. 

Figure 1.3. Block Diagram of Data Handling Unit 
P856M/P857M 

The micro-instructions to control the CPU hardware are derived 

as previously described for the P852M data handling unit. 

The main differences for the hardware components of the P852M and 

P856M/P857M data handling units are given below. 

Note: A description is not given for a component which functions 

in a manner previously described for the P8521vJ:. 

MEMORY UNIT A 16-bit word core memory (cycle time 1.2 ?S 
or 0.7 fS for P856M and 0.7 fS for P857M)" 

expandable in 8K or 16K modules (1.2 fS) or 16K 

modules (0.7 fis) up to 32K for P856J11 and 128K 

for P857M. Connection of MOS, ROM and/or PROM 

memory is possible. 
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SCRATCH PA]) 

D MULTIPLEXER 

C MULTIPLEXER 

M REGISTER 

A block of 15, 16-bit program addressable 
registers A1 to A14 are available as 
accumulators and A15 functions as a stack 
pointer for the interrupt system; it may 
also be addressed from the instruction 
format. The registers are addressed by 
the instruction word received in the K 
register. A counter and counter buffer 
(CT and CTB) are used to address sequential 
scratch pad registers during multiple Load 
or Store instructions or to count repeat 
cycles for sequensor control. 

A 16-bit selector or 2x8-bit multiplexer 
used as a control element in the arithmetic 
loop. The inputs to the multiplexer are 
from the ALU or from the GP bus and it 
provides outputs in 4 modes as follows: 

ALU output- direct(inverted output) 
-shift right-input to S 
register(true output) 

-character swap(inverted 
output) 

GP bus input(inverted output) 

The inverted output is sent to the L register, 
PSW register, instruction counter P, and to 
the C multiplexer. The true output is sent to 
S register - this mode is used for shift right 
and multiulication operations. 

A 4 input selector in the operand IB' 
input data path of the ALU for two 16-bi± 
sourcu which can be selected as long 
or short constants(D multiplexer output, 

BIO lines output)and two 8-bit sources 
(Interrupt address,V24 serializer output). 
The selected outputs are switched to the 
Q and M registers and the six least 
significant bits of the interrupt address 
are also sent to the PLR register(part 
of PSWregister) during an interrupt routine. 

A 16-bit multiple input register. Used as 
a working register and buffer in the operand 
IB' input data path to the ALU for inputs 
provided via the C multiplexer or from the 
Q shift register. 
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locates a register in the segment table which then outputs a 
6-bit physical page number and this,together with bits 4-15 

from the logical address is used to produce the 18-bit physical 
address. 

Memory protection is provided by a special interrupt 'Page Fault' 
which is given when an attempt is made to write into a protected 
page or when a missing or wrong page is tried to be accessed. 
The interrupt has priority over other internal or external 
interrupts. 

EXTRA FACILITIES(P856M and P857M) 

Memory Interleaving 

Memory interleaving is possible,using 0.7 ~s read/write core , 
memory,which permits 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 
capability the minimum memory size is 32Kw i.e. 2 modules of 16Kw 
each(one module will contain even addresses and the other the 
odd addresses; the CPU automatically applies interleaving(if 
the links have been made on the memory boards). 

Micro-diagnostics 

To aid in fault location a 100_word microdiagnostic program 
(contained in the micro-program ROM)is available which permits 
testing of the data paths,control unit-CPU dialogue,and memory. 
Automatic or step by step of the CPU-CU dialogue and 
the first 4K words(P856M)or 16K words(P857M)of memory is possible; 
the test program is made available by simply setting a key on 
the control panel to a position marked 'TEST'. 

Extended Control Panel 

A dual display control panel is included as standard on the 
P857M(optional on the P856M)which enables the entire memory 
to be addressed and also provides facilities for a quick and 
easy inspection of the memory contents- a valuable aid for 
software/system testing. A'stop on preset' facility is 
provided,for program debugging purposes. 
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Dialog'ue in 
which is eas 

is in conversational mode 

which can 
summarized as follovlS: 

to the system elements involved. The 
e and the channels used are 

Cuntmi lJnli 
C()lltrol Unit and 
CPli nei I lernal 

Channel Used 
milled 

Ii 0 Processor 

One oj the: must important ie;ltul'es is Ihat ' 
units to m<l~c dii'ecr tramf'"rs \\'illi memury under 
which has ,1I1 intel'face idcntiCili to that 

t peripheral control 
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channel. 

The choice ()f which cil:lIll1cl (() lise on tlie type or devicc to hc 
cOllllcelL'd and the for "'chich it is to bc llsed, where 

word or character 
OIlIY lor l<l\\ c,lIch as lilC or punched 
Lqll' O!' ctrd devIccs, the I/O processor, h()\\>evel', the prOlcT<lmll1ed 
cha!lllel is ;li\o used 10 !!l!t!alh trd!1sfcr lh~' cOllients uf two cUllirol 1\ ords, which 

govern a block transfer, into the 1/0 processor and to activate li',f> control unit 
to be used the transfer. execution of a program, when the 
programmed l'hanncl. may be either the of an 
inte!'llai interrupt or rcquest from a system clement 
whieh is to the CPll on the interrupt ,'Cquest lines of the GP Bus, 

fOI' the control and ;lIItomatic oecutioll of direct 
transfers of blucb of data in either direction bc:tween control 
units and the hlock or hlocks of cefllral memory, The channels arc used 

devices hut can bc used also low devices, As many as 
on a basis, can be controlled vi;) 

the channels, iOI' data transi'crs arc made from control units using a 
S\Siern of hl'C<:k ICqllcsts lines connectcd between tile 1/0 processors 
and the cuntrol units, These slgn,d IIrws arc cMrieci on separate cables which 
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memon ;md i'C~li,tcrs control worris to govern the block transfct'. A 
data trans!,;! tliiS [,lclli!\' would thcn occur at memory speed, 

GEN 

All transfers of information betwccn elements of the sys take place 
are described via the lines of the G P Bus~ The bus lines, 

ill mOlT detail in 

Data and Control 

Master Sl'icction 
Interrupt 
Others 

2, lean h,.: subdivided into gl'Oups as follows. 

Address (18 
Data (16 

(5 lines) 
Others (i control cmi t response, 

CLEARW 
ALN 
eHA 
vIR 

I , BUSRH total 
7 lines 
2 lines (power 
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With such a bus, which is asynchronous and multiprocedural, 
peripherals have individual address and can be addressed 
directly, via the bus. In addition the dialogue over the bus 

IS more ellicient as, with each type of dialogue, a procedure is associated which 
is specifically suited to the function being carricd out. 
The system concept is illustrated in Figure 1-~ 4 which shovls how all data 
handling system components are connected. Some control units (defined as 
Type 1) are connected directly to the G P Bus and others (defined as Type 2) 
are connected to an 110 bus and, via a bus translator, to the G P Bus. 

MASTER-SLA VE RELATIONSHIP 

Communication between two devices on the G P bus employs a master-slave 
relationship and during any bus exchange opera tion one device, called the 
master, has control of the bus when communicating with another device, called 
the slave. For this relationship a system clement which can receive control of 
the bus to address memory is defined as a master and a system element which 
has not the possibility to address memory is called a slave. I/O processors and 
DMA controllers (if used) arc examples of masters. The memory. the registers. 
and the device control units are always slaves. 

The master of an exchange may address a slave or another master (which then 
functions as a slave); a priority control system determines which master 
obtains control of the bus. In any exchange involving the CPU, however. the 
CPU is always master of the bus. 

PRIORITY STRUCTURE 

A number of masters may be connected in the system and a bus controller is 
provided to regulate the access of the masters to the bus in order of priority of 
their requests. The CPU has automatically direct access to the memory (via the 
bus) at the end of the execlition of each instruction if no other device is requesting 
or using the bus. 

EXTERNAL CONNECTION 

All peripheral units and data input or output devices are 
connected to the GP bus by means of control units. These 
can be single boards located in slots in the basic mounting 
box,or in an equipment shelf,or may consist of several boards 
housed in an equipment shelf. For P852M computers the control 
unit for an ASR typewriter may be constructed on the CPU board 
or may be a separate control unit. For P856M and P857M computers 
a V24 serial control unit is provided as standard on the CPU 
board. 

Addressing facilities for up to 256 external registers are 
provided on all computers. 

Standard Control Units 
Peripheral control units arc available to suit many types of peripherals 
including 110 typewriters, punched tape readers and punches, line printers, 
punched card readers, magnetic disc and tape readers. and cassette tape units. 
The control units are either connected directly to the GP Bus or 'are cdnnected to 
the G P Bus via bus translator boards. 

For general purpose digital input and output of up to 16 bits per channel the 
digital input/output (DIOS) system of control units is available Using ])ual Input 
:O.utput boards ,(:I)10]). 
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Analog or digital acquisition is handled by a modular 
input/output control(MIOS)system,which includes output 
units for driving display equipment,and an analogue/output 
(AIOS)system can be provided as an analogue data channel 
For further details refer to the MIOS manuals listed in 
the Appendix. 

Data Communication in the systems is accomplished by the 
use of multiple line control units, both synchronoUs and 
asynchronous,at Bpeeds up to 200,000 baud, and asynchronous 
line mUltiplexers at speeds up to 9600 baud. For further 
details refer to the P852M/P856M/P857M Data Communication 
Service Manual listed in the Appendix. 

User Designed Control Units 

To aid the user wishing to build his own control units 
for special applications there are two styles of general 
purpose board;one is already equipped with I/O control 
logic while the other is completely blank but has a hole 
pattern for accepting 226(14 or 16 pins) IC's and 15 MSI 
LSI packages with 24 or 40 pins as well as components or 
wire wrap pins. 

Control Unit Operation 
Each control unit has ;1 unique address that is decoded from the lines of the 
G P bus which GIITy the address, thus any control unit can be addressed by 
software 1/0 instructions, Similarly the function lines of the GP bus are 
decoded to permit control of the associated peripheral device by software 
instructions, Recognizing its address the control unit decodes the function. and 
then provides the necessarv control signals or data synchronisation pulses to 
its peripheral. 

INTERRUPT SYSTEM 

When a control unit operating on progl'<lmmed channel has been switched into 
service by a software I/O instruction it will give an interrupt request to the 
CPU when it is ready to send 01' receive data. The CPU may then service the 
interrupt request and interrupt the program according to the priOl'ity level 
assigned to the interrupt. Eight interrupt levels, 0 to 7, are included in the 
minimum configuration all of which arise within the basic mounting box; of 
these eight, four are intelTupts gcnerated inside the CPU, The interrupts may 
be increased to a maximum of 63 with the addition of levels 8 to 62 which may 
originate inside 01' outside the basic mounting box. In this case the interrupts 
are conveyed to the CPU on 6 sep,mlte lines of thc GP Bus using a bused 
system which transmits a coded signal rcprescnting the interrupt level having 
the highest priority. which has been raised .. 
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The state of all internlpt lines is saillpled upon the cOlllpletion of each one or sometimes 
two program instructions (/'etch cycle) and comparwl with the priority level of the 

running program. If there is an interrupt request having a higher priority than 
that of the running program an interrupt routine is initiated by the interrupt, 
provided that the CPU is in the enable interrupt state. Return to the original 
program is made possible' by storing the meillory address at which it must 
restart. 
The interTupt system makes use of automatic stack handling to service both 
internal and external interrupts. This means that. for' each interrupt the 
contents of the P register (this is the address at which the program must 
restart) and a status wore! are stored in a part of the memory allocated for 
interrupt stacking. Access to the stack is made from scratch pad register 15 
which always points to the next location in the stack. The stack pointer is 
automatically decremented each time program information is loaded into the 
stack and is incremented when information is removed from the stack to run a 
program. Automatic indication of stack overllow is given to wat'll the 
programmer that (he stack is nearly full and unable to hanclle further 
interrupts. 

Internal Interrupts 
The following four interrupts are generated inside the CPU: 

Power Failure 
Program interrupt 
Real Time Clock 
Control Panel 

of these interrupts two are u';ed in all configurations and these arc: 

Program Interrupt 

Control Panel 

This occurs if the stack overflow condition arises or if a 
Link to IVlonitor instnlclion is executed. 

This is instigated by pressing the INT button. 

The other two interrupts are generated by power failure or real time clock. 

Internal interrupts within the CPU arc handled in exactly the same manner as 
external interrupts except that. to be effective. the power failure interrupt Illust 
be assigned the highest priority level (lowest number) above all other internal 
and external interr'upts. 
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TIMING CONTROL SIGNALS 

Exchanges bctween mastcrs and slavc units are controlled by timing signals 
(from master) and timing response signals (from slave). The timing signals are 
used to validate addresses and data and to control the overall timing of an 
exchange. Use of such an asynchronous timing system permits either 
standard or non-standard peripheral devices to be used without the need for 
special timing circuits. 

Further details of thc timing signals used are given in Chapters 3 and 4 of this Part where 
timing diagrams are provided for the variolls cxchanges possible. 
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2 Bus 

All transfers of information between elements of the 
:PS5 or :P system take the G:P bust 
and the lines of the bus c se the and output 
signal and address lines necessary for the data transfer 
requirements of the system. 1'he G:P bus C9~ be extended 
outside the basic moun box to further equipment 
shelves by using 125 ohm, flexible, , trans­
mission lines. The lines can be extended in convenient 
lengths between e shelves up to a total max-
imum length of 14.5 metres. Line termination facilities 
are provided in the basic box and, if required, 
in the equipment shelves • 

Termination details of the G:P bus lines are given in 
:Part 2 of this Section of the manual ther with the 
characteristics of the emitters and receivers required 
to interface with the G:P bus lines. 

Two types of' signal an: used on the bu\: eomnuncl and data 
COlllmand signals arc those which will calise an illlmediate action accmding (0 

their change of' st<lte: these signals have no unknown state hut arc ah,7ays 
either logic "I" or "0", l);lla can'v the aClwd information exchanL'~d 
amongst the svstem elel1lcllls: these' arc ted to ad~)pt 
indc(ermin,He values except whell the infol'l1);ltion is actually being used in the 
processmg. 

The signals carried the C;P bus lines are described below. \Vhen a 
Illnemonic ends in "N" it Ille,)!1S, in the case or ,I data , that the 
transmitted on the Gf> bus is the I''y v,due of the true signal. in the 
case of the control the "N" Illeans thal the its fUllction 
on being set to "0" (active low), Ivl<.)S1 of the G P bus lines are llsed both inside 
and outside the basic lllo11l1ting box, Where this does not applv it is inciic;tcci in 
the signal ciesCI'iption bel()\\, 

GP Bus 
BIO OON to BIO 15N 16 data lines which arc lIsed to carr) data 

infot'mdtioll between all system eicments concerned 
orelata 
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The bit location is as follows: 

most significant bit least significant bit 

o 15 

left hand character right hand character 

MAD128, 64 and 00 to 15 
(only MAD03, 04,08-15 
used externally also) 

most significant bit 

III 

18 address lines which carry different information 
according to the type of exchange. The bit location 
is as follows: 

least significant bit 

II 
128 64 0 15 

Note: M.A.D128,MAD64 not used on P852M or P856r1 

For a master-memory exchange the MA D lines 
carry the memory address and MAD15 is Llsed as a 
character indicator. When set to 1 it indicates the 
right (least significant) character and when set to 0 
the left (most significant) character. 

For a master-control unit exchange the lines 
MAD10-15 carry the address of the control L1nit 
and lines MAD 04, 08 and 09 the funct ion to be 
performed. MAD03 indicates whether or not the 
exchange in progress is the last. The functions arc 
as I isted below: 

MAD04 = 0 
MAD04 1 
MAD08 = 0 
MAD08 = 1 

MAD09 
MAD03 = 0 
MAD03 = 1 

exchange to control unit 
exchange to master 
data exchange (IN R, OTR) 
command or status 
exchange 
special functions 
exchange not the last 
last exchange. 

For a master-external register exchange the lines 
MAD08 to 15 carry the address of the external 
register. MAD04 is used to indicate whether it IS a 
read or write operation as follows: 
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BIEC 0 to BIEC 5 

,SCEIN 

ACN 

BUSRN 

BSYN 

MSN 

SPYC 

Internal 
use only 

MAD04 0 
MAD04 = 1 

writc opcration 
read opera lion. 

Six signal lines which represent in eneoded form 
the interrupt raised (other than internal interrupts) 
having the highest priority. The format is as 
follows: 
most significant least significant 

A signal Scan External In/errupts sent by the CPU 
to control units at the end of each instruction which 
places on the BI EC 0 to 5 lines the 6 bits 
representing thc highest priority external intcrrupt 
detected. 

A signal (unc/ion accepted which is sent by a 
control unit to the CPU to indicate that the 
requested function is accepted by the control unit. 

A signal bus request which is sent to the bus 
controller in the CPU by a master which requires 
control of the bus to elTect an exchange. 

A signal bus bmy which is shal'ed by all masters. It 
is set to "0" by the master which has been given 
control of the bus so that the exchange can 
commence without interruption. 

A signal master selec/eel which is transmitted to all 
other masters by the master which has become 
master of the bus to block all activity of the 
priority selection chain. The signal is released when 
the master IS rcady I'm the next priority 
transaction. 

A signal SCiln priority elwin sent by the bus 
controller to all masters in response to a BUSRN 
signal. The signal enables the highcst priority 
master which has transmitteci I3USRN to block the 
priority chain at its level. 
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OKO 
(internal use only) 

OKI 
(internal use only) 

CHA 
(internal use only) 

WRITE 
(internal use only) 

CLEARN 

TMRN 
(internal use only) 

TMPN 

TMEN 

TRMN 

A signal generated by the bus controller after all 
masters have been alerted by SPYC It is sent to 
the master having the highest priority (determined 
by hard wiring in the priority selection chain). 

A master which receives signal OKO regards the 
signal as OK!. It then retransmits a further OKO to 
the next master in the priority chain. The first 
master to receive OKI set to '1' and to retransmit 
OKO reset to '0' is next master of the bus. 

A signal character transmitted to the memory by 
the master which has control of the bus to indicate 
whether the exchange is to be by character or by 
word as follows: 

CHA = 1 
CHA 0 

character operation 
word operation, 

A signal write transmitted to the memory by the 
master which has control of the bus to write 
information into memory or to read information 
from memory as follows: 

WRITE = 1 write into memory 
WRITE = 0 read from memory. 

A signal clear transmitted by the CPU to all 
clements connected to the G P bus to cause a 
general reset to zero. 

A signal maSler 10 memory transmitted by a master 
to memory to validate the data on the BIO and 
MAD lines during an exchange. The signal also 
controls the timing of the exchange. 

A signal master to peripheral transmitted by a 
master to a peripheral CU to validate the address 
of the peripheral CU and to initialize the exchange. 

A signal master to external register transmitted by 
a master to a unit containing the addressed register 
to validate the address and data of the register and 
to control the timing of the exchange. 

A signal register or memo(v to master transmitted 
by a unit controlling a register or by memory in 
reply to TMEN or TMRN to indicate that the unit 
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TPMN 

RSLN 

PWFN 

4 spare lines 

transmitting the signal is in a condition to be read. 
The signal is also used to terminate the exchange. 

A signal peripheral 10 milsler transmitted by the 
peripheral control unit concerned in reply to 
TM PN. It is also used to validate the response of 
the control unit and to terminate the exchange. 

An E-:arth signal reset line transmitted by the CPU 
power supply (or external rack power supplies) and 
used to protect the peripherals during the switching 
on and switching off power sequence. The signal is 
also used to generate CLEARN when switching on. 

A signal power !;Iil transmitted by the CPU power 
supply (or external rack power supplies) to warn 
the CPU that power failure has been detected. The 
signal is also used as a facility to restart the system 
at the point where it has been stopped. 

There arc 4 spare lines provided on the G P bus 
extension cable outside the CPU cabinet. 
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3 Programmed Channel 

The programmed channel is the basic I/O transfer 
channel used to transfer data between the CPU and 
the peripherals or external registers one word or 
character at a time. The data are transferred, via 
the GP bus, under the control of a set of instruc­
tions and the channel operates at rates of up to 
20,000 16-bit words per second. Details of all 
connections to the channel are given in Part 2 of 
this Section of the manual. 

The channel can be used in Wait Mode, vlhere each 
word or character is exchanged-separately and the 
complete program is held up in a waiting loop between 
each exchange, or in Interrupt Mode vlhere each ,'lord 
or character is still-exchanged~separately but the 
necessary instructions form part of an interrupt 
routine which allows the main program to continue 
whilst an exchanged is in progress. The wait mode 
(the slowest form of transfer) is rarely used. 

Figures 3.1 and 3.2 illustrate the Instructions flow 
for the P852M and the P856M/P857M computers respect­
ively. 

For any computer the instruction to bc executed is received by the K register. on the 810 lines of 
the GP bus. and is passed. via the address generator GA and register RA. to 
the ROM, The ROM then generates micro-instructions to affect control of the 
data processing clements in order to carry out the instruction. For exchanges 
between the CPU and peripheral control units. or external registers. the 
appropriate addresses are output to the GP bus frolll register S on MAD lines 
00 to IS, The S register is loaded from the A LU output. 

The instruction format used I'm transfers between the CPU and control units is 
illustrated in Figure 3.). Included in the instruction arc three function bits n' in 
f-igure 3,2) which arc used by both the control units and the CPU. Bit 4 for 
example. is part of the operation code. and c!etel'mines whether a control unit 
and the CPU are to operate in input mode 01' output mode. Bits 5. 6 and 7 (R 
in Figure 3.2) arc used only by the CPU 10 detel'll1ine which or the scratch pael 
registers AO to A7. is to be used for the data transfer. Six adcll'ess bits are 
included in the instruction worel II hich gil'c the dClice ;lddress. An 1/0 
inst!'uction always includes operation code (OPC in Figure 3.3) 1001 or 1000 In 
signify lhal il is an I/O instruction, 

Information on the imtruction format used for transfers between the CPU and 
external registers (WER and RER instl'uctions) will be round in Chapter 4 of 
Part I of this Section of the manual. 
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I'igurc 3,,':;; IIl:,trllclioll Cormat 

i/O INSTRUCTIONS 

Five 1/0 instructions arc used to program transfers between the CPU and 
control units, Control input/output (CIO) qOPS or starts an I/O opel'ation 
depending on the state of instruction bit 9, Input to register (INR) transfers a 
data word from the addressed contl'Ol unit to the scratch pad register specified 
in the instruction, The number of data bits transferred depcncb on the type of 
peripheral dcvice involved, Output from register (OTR) transfers a data word 
from the scratch pad in the instruction (0 the addressed 
control unit. the number of bits transferred depends on the type of 
peripheral device, Send statllS (SST) transi'crs the status word from the 
addressed contml unit to the snatl'h p~ld specified in the instruction, 
The Slatus word contains information defining the status of the peripheral 
eOl1troluniL Test status (TST), which is ahmys accepted 
by a control unit, is used to find out vrhether or 
not a control unit is busyo A status ,vord is sent in 
reply from the addressed control l~nitlto the scratch 
pad register specified in the instruction) in which 
one bit indicates whether the control is busy or not. 

Two 1/0 instructions are used for transfel's between the CPU and external 
registers, Wl'ite l~xtel'll,ll Rcgis\l'r (WER) transfers a data word or character 
from the scratch pad spccified in the instruction to an addressed 
external , ami Read Extern;1i Regis\l'I' (RU{) transfers a word 01' 

character frol11 ~1Il addressed extel'llal registcr to the scratch pad registcr 
specified in the instruction, These instructions are used II hen block tran~,j'ers of 
data between conll'Ol units and mel110l'y, under the control of an I/O 
processor. ,]IT requil'eci, hll'ther dctails will be found in Chapter 4 of Part 1 of 
this manual. 

Full details of all 110 instl'lll:(i()I1S <lIT given ill Pan 3.01' this Section. The detailed 
opel'ation of the CPll during thc [;0 and other in'Struclion can be founci 
in the P852tvl /P856N/P Service Nanual. 

PROGRAMMING 

Prog:'am for ciat,] trallskr 011 pl'Ogr~lllll1led L'il,111 nel l1lust include a mutine 
to call up the rc:quil'ed contl'cd I!nit and place it in t:lC hus} sute with a ('10 
start instruction, a daL) transfer routine, and a routinc (0 shut down the control 
unit when it is no I'cquirl'd, 
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The data transfer routine, which is initiated by an interrupt request from the 
control unit includes subroutines for checking or assigning interrupt and 
program priority and stacking control words to allow the interrupted program 
to be restarted. The routine also checks the status of the control unit to ensure 
that the data transfer is completed (this action is also initiated by an interrupt 
after a CIO halt instruction), and loads the data word into the scratch pad (for 
an output transfer) or takes the word from the scratch pad (for an input 
transfer). 

The Basic Operating Monitor contains a complete 1/0 routine and its use IS 

described in the manual Programmers Guide 1, Volume 1. 

110 PROCESSOR AND DMA ROLE 

In addition to the data transfer of single words or characters, the programmed 
channel is used to start a data transfer in the 1/0 processor or direct memory 
access channels and to perform status exchanges. The control unit, wired for 
110 processor or direct memory access operation, will then operate from the 
block transfer logic. 

EXCHANGE TIMINGS 

The following timing details are given for the exchanges Writel Read memory 
or external register and master Tol From control unit which can take place 
using the programmed channel. When considering the exchanges the following 
should be borne in mind. 

1. An exchange is always requested by the master. 
2. The receiving station or the nature of the exchange may change. 
3. The CPU is the master of an exchange between the CPU and another unit. 
4. A memory block is always slave. 
5. A peripheral control unit is always slave. 

The timing diagrams included are measured at the connector of any element on 
the GP bus. All exchanges with memory or external registers are made with 
very short deskewing times to secure maximum advantage from the memory 
performance. 

The following writing convention is employed for the timing diagrams given. 
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Data 

A 

Commands 

B 

undefined signa! 

level ·1' 

that 
operatIon 8 
depends on 
operation A 

Exchanges - Write [':xternal Register and Write in Memory 

\VRITE EXTERNAL REGISTER instruction: WER 

Instruction Format. 

'--... ------y~-----
Register Address 

This produces the following signals on the iviAD line,. 

128 64 00 01 03 04 05 

MAl) 08-iS 
MAD04 

Carry the addl"Css or the addressed register 
- "0" indicates it is a Write operation. 

15 

Bits marked X indicate that they arc not ificant for the exchange. Signal 
lines WRITE and Cf l.A arc both X for this exchange. (These signals do not 
leave the basic cabinct). 

In this exchange the R3 field or the instruction addresses a register (1 to 7) of 
the CPU scratch pad and the contents of this register is sent to the cxternal 
register on the 810 OON to 15N lines of the G P bus. 

Signal TMEN is used for the dialogue with the external register and the reply 
signal from the regisler is TRMN. The exchange transfer timing is the same as 
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that for writing in memory as shown in Figure 3.3 for external registers 
connected inside the basic cabinet (e.g. I/O processor). 

Note: For external registers located in extension boxes a degradation 
equivalent to 60 ns delay must be allowed in the deskewing time due to 
the bus connection. 

WRITE IN MEMORY 

For this transfer WRITE = 1. The operations required are then controlled by 
CHA and MAD15 bits which define the nature of the exchange as follows: 

CHA = 1 
CHA = 0 

MAD15 = 1 
MAD15 =0 

Character opera tion 
Word operation 

Right hand character 
Left hand character. 

Table 3.1 illustrates the various combinations possible. 

Table 3.1 Write in Memory CHA and MAD 15 bits 

CHA MAD1,) OPERATION 

0 0 The lb-bit word present on the BIO 
1 lines is written at the given address 

1 0 The righthand character (bits 8-15) 
is written on the left 

1 1 The righthand character (bits 8-15) 
is written on the right 

P852M memories are designed to facilitate character operation and the two 
examples below illustrate the two character transfers shown in Table 3.1. 

Example 1: MADI5=0 CHA=1 

Memory Word - Before Wntmg Memory Word - After WritIng 

o B 
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Example 2: MAD15 CHA=l 
Memory Word Before Writing Memory Word - After Writing 

~ _____ A ____ -L _____ Br-__ ~L-____ A ____ ~ _____ D ____ --J 

i 
c D 

The address format for the exchange is shown below: 

Extension 
for more than 
32k memory 

,--A----, 

128 64 0 

Character pointer 

least significant bit 

14 15 

~--------------------,v~------------------~ 

Word Address 

The timing for writing in memory (or external register) is shown in Figure 3.3. 
The timing is for masters and memories (or external registers) located inside 
the basic mounting box and is defined at bus connector level. 

t;;;O 
t ;;; 25ns .... ; i"'-

BIO I ~-~ 

~~;~:~:I r wmr------r-! -----4--

1 
/--,--r-.,-tw/l-r-r-r-t71 

WRITE = 1) I i 
I I 

TMRN (TMEN) 
(from master) 

I 

I.,q( .... 1 

i

l 

! ~I~ I taccess !/ 
TRMN I I 
\from memory or ----------;1:-------;1 / r-
external register) ~ I 

I I 

Figure 3.4. Timing-Writing in Memory (or External Register) 

The master sets TMRN to 0 after a guard time of not less than 25 ns when the 
addresses and information required for the exchange are stabilized. 

A memory sends back TRMN when it no longer needs the data for the 
exchange. The master may then suppress this data. 
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Exchange-Read External Register 01' Memory 

READ EXTERNAL REGISTER Instruction: RER 

I nstruction Forma t: 

1 I R3 ERA 

00 01 04 05 07 08 15 

This produces the following MAD signals from the S register. 

@xlx x x xl11x x xl ERA 

128 64 00 03 04 05 07 08 15 

WRITE = X CHA = X 

The R3 field of this instruction addresses a scratch pad register (1 to 7) of the 
CPU. This register will be loaded with the data on BIO OON-BIO 15N. The 
master uses TMEN for the exchange and the register replies with TRMN. The 
exchange timing is the same as shown for read memory in Figure 3.4 for 
registers located inside the basic mounting box. For registers outside the basic 
box 60 ns degradation time must be allowed for. 

READ MEMORY 

For this transfer WRITE = O. The operations required are then controlled by 
CHA and MAD15 bits as previously described for the write operation. The 
various combinations are listed in Table 3.2. 

Table 3.2 Read Memory CHA and MADI5 bits 

CHA MAD15 OPERATION 

0 n.s. The 16-bit memory word is read on the 
BIO lines 

1 0 The lefthancl character (bits 0-7) is 
read on the righthand BIO lines . 

1 1 The righthand character (bits 8-15) is 
read on the righthancl BIO lines 

The examples given below illustrate the two character transfers shovin in 
Table 3.2. 
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example J: MAD15 0 CHA=l 

MemorYL A B Viord 

0 

0:::::::--. _______ 

15 

---------------~--..~-----. 
~------~ 

BIO I X x x x x x x x I A Jines 

x "" not s!gniflcanl 

Example 2: MAD15= 1 CHA=l 

Memory'= A B 
Vlord L-L-_______ ._~ __ ...L.... _____ .,......------' 

I 
I, , 

xxxxixxx B 

The following timing diagram illustrates a read memory (or read external 
register) exchange. 

MAD 
For Read 
memory 
CHA = Oil 
WRITE = 0 

TMRN(TMEN~ ____________ ~ 
(from master) 

I 
I 

From BIO ----------TV-r/T'm,-+_---,(-_-H~~'-'-''-4-'-.w 
memory or ~_ 
external 
register 

TRMN--------------~---·------, 

Figure 3.5. 

i 
I 
I 
I 
I t access I 
~---~ 
I 
I 

Timing-Read Memory (or External Register) 
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If the memory location addressed has its data ready and no longer requires the 
contents of the MAD lines it responds with TRMN which ensures that the 
exchange will terminate: 

1. By suppressing the address 
2. By suppressing TMRN (TMEN) when the master has read the data and has 

indicated in its turn that the data may be suppressed. 

The data signals must become high again within 35 ns after TRMN goes high. 

Exchange-Master to Control Unit 
This exchange is used to send a word of maximum 16 bits to a peripheral 
control unit. The instructions OTR (Output Transfer) and CIO (Control 
Input/Output) are used during an exchange of this type. 

OUTPUT TRANSFER 
Instruction format 

Instruction: OTR 

R3 o A 

00 01 04 05 07 08 09 10 15 

This produces the following MAD signals from the S register. 

128 64 00 03 04 05 07 08 09 10 15 
,~---~---

MAD03 = 0 
MAD04 = 0 
MAD08 0 

(exchange not the last) 
(exchange to control unit) 
(data exchange) 

Control Unit Address 

Note: Bit F permits the coding of two different OTR instructions, 
as required for cer~ain cuts. 

During the execution of this instruction the inverted contents of the scratch 
pad register addressed by the 1"3 field of the instruction are sent on the BIO 
lines to the addressed control unit. The control unit sends replies on line. TPMlir 

(Address recognized) ancl ACN (Accept) which are copied into the 2-bit 
condition register CR of the CPU. If time out occurs the con­
dition register is set to 11. Examples of typical 
IORic circuits used in .control units are given in Part 
2 of this Section of the manual. 

The CR register functions are as follOWS: 

00 - Address recognized. function accepted 
01 Address recognized. function refused 
11 - Address unknown. 
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CONTROL INPUT/OLJTPUT Instruction: CIO 

Instruction Forillat. 

R3 D A 

00 01 04 05 07 08 09 10 15 

This produces the following MAD signals from the S register. 

03 04 05 07 08 09 10 15 

MAD08 = 1 (colllilland status signal exchange) 

DUI'ing the e\l'ctltion of this instruction the contents of the scratch pad register 
addrssed by the R3 field of the instruction are sent on the BIO lines to the 

control unit. The information on lines TP:rvIN ahd AON is also copied in to 

the OR register of the CPU. 

The CIO instruction may be usee! to start an operation (F 
operation (F = 0). 

1) or to stop an 

The content of R3 is lIsed to specify the parameters which are necessary for 
the contl"Olunit to perform the operatioll. 

No,c:CIO II/\LT (F = 0) Illust always be accepted by the control unit. 

The tilllings for OTR and ClO exchanges are shown in Figures 3.5 and 3.6. 

Exchange-Control Unit to Master 
This exchange is used to send a word of maximum 16 bits from a peripheral 
cOlltrol unit to a master. The instructions INR. SST ane! TST are executed 
e!uring an e\change of this type. 

INPUTTO REGISTER Instruction: INR 

Instruction Forillat. 

R3 D A 

00 01 04 05 07 08 09 10 15 
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->. 

I 
\.N 
0\ 

TPMN 
(from CUi 

ACN 
(from CUi 

BIO 
(from 
master) 

I\r----l --

t < lOOns 

~ 
I t <35ns 
~ .. I 

I 
.... 
I 

W~Bm~lm~ 
t >60ns I t >60ns I 

I.,. ]11010lIl JIIo-I 

--r-r-W ;;r-r-r-// ;;-r-r-r-I/;;-r-r-r"l/;;-r-r-r"/l!;-r-r-T_ //lIj-r-r-TL~--r-r-7~~-rT7Z%"""T7""":1zd i ~1--r-7--71 --r-r-; ... IJ/J;-r-r-7.~ ~--'--'-'W---r-r-Jl//;---r-r-J:;/; 
Note: ell which recognises its address specifies accept or not accept function using 

ACN. If function accepted ell Illllst statisize data presented at least 60 ns 
before TMPN goes high again. Data must remain present at least 60 ns after 
TM PN goes high. 

Figure 3.6. Timing for an OTR Exchange 



-.\ 

! 
\.)oJ 
--J 

From master 
MAD 08-15 
MAD 03. 04 

From master 
TMPN 

From CU 
TPMN 

From CU 
ACN 

~W'"~ ,fl7ll!l!7111!l/lI11!Z!Il11 
" / 

1"'--"'-'-'111r-rrTu/l ~._.. _Y""'/~\~ , 

:\ ~ 

1 t > 100ns 1 I t < 100ns 1 

~-...... I..ar~--~ 

-,-.,-,-,....,.-,-,,..-;1 I I i-I r-r--r-r-r-r-r-,-,-.,.....,-...., 

~;~nO~s1t~~ 1llllllJ I1IIII1 /1111/ 
This timing gU<ll'<lnteecJ by the mastel' at any CU connection, The master mUSI allow 
for 60 ns degracialion due to propagation on the bus, 
Control unit which has recognised its address answers TPMN and specifics accept or 
not accept I/O command, Cll may take into account the register contents either for 
answer ACN or ror additional inrormation, 

Figure 3.7. Timing for a eIO Exchange 



This produces the following MAD signals from the S register. 

128 64 00 03 04 05 07 08 09 10 15 

Note: Bit F permits the coding of two INR instructions, as required by eertain 
CU's. 

During the execution of this instruction the content of the BIO lines are loaded 
into the scratch pad register addressed by the r3 field of the instruction. 

The information on lines .TPMN and ACN from the con tr<?l UYli t is copied by the 
CR register in the CPU as described for the master to control unit exchange. 

SEND STATUS Instruction: SST 

I nstruction Forma t. 

R3 D A 

00 01 04 05 07 08 09 10 15 

This produces the following MAD signals from the S register. 

DA~ 
128 64 00 04 05 07 08 09 10 15 

During the execution of this instruction the contents of the BIO lines are 
loaded into the scratch pad register addressed by theR J field of the 
instruction. 

The information on bus lines TPMN and ACN from the control unit are copied 
by the condition register CR uf the CPU. 

This instruction allows the programmer to read the Status Word of the control 
unit; the length of this word may vary. Some bits in the word have a fixed 
position and meaning as indicated below: 

00 11 12 13 14 15 

Incorrect Length 

Dala Fault 

Throughput Error ...-.---------' 
Peripheral Not Operable ..... 11-------------' 

In general a l-bit in the status word indicates a special condition. 
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liST STAn)S Instl'llCtion: TST 

Instruction Forillat. 

R3 

00 01 04 05 07 08 09 10 15 

This produces the following MAD signals froill the S register. 

~x x x D A 

128 64 00 04 05 07 08 09 10 15 

During this instruction the contents of the BIO lines are 

loaded into the scratch pad register addressed by the R3 

field of the instruction. 

The information on bus lines TPlilN and ACN from the control unit are copied 
by the condition register CR or the CPU. 

The control unit always accepts the TST instruction. Bit 15 has a specific 
meaning as indicated below: 

00 07 08 15 

R1!~ ______________ L-__________ -L~1 I 
Busy .------___ --1 

The timing for the INR, SST. and TST instructions is shown in Figure 3.7. 
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t>100ns t>O 
I" 11'1 ~ 

MAD 08-15 I I I 

~ ~; 0 ~ 4 lJIf!JJf------+------+-In-r-r-WI/iTT'TIW
rrrr
lll/"M'i"iOil""!"'7"T'7IWi'"T7"':I//I"TT7""TR/rT'TT'////'M'TT/ UI"l"T"!JW j"M""rTU/I"""""""'uB"""""""1R 

master) t>100ns 

H1PN 
(from 
master) 

TPJ·1N 
(from CU) 

BIO 
(from CU) 

IICN 
(from CU) 

rl------------------------~-----

I 

1 

I", t<lOOns ~ l ... t <35ns "I 
I 

VOl UUflulOluflJlffu UI~~vmuuJlOOIO III/1m 

Not e: C U Vi hie h r e cog n i s e sit sad d res san s \./ e I' S vi i t h Tr) J.1fJ and s pee i fie S il C C (. P t 
or not acceilt function usin,) lieN. CU writes data on the BIO lines vlith 
in lOOns after TPMN master may then suppress the address. 
Master accepts the data then informs CU, by making TMPN high, that CU 
must release the BID I ines within 35ns after TMPN goes high. 

Figure 3.8 Timing for INR, SST and TST Exchange 
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GUARD TIMES 

In exchanges involving memory (or external registers), very short guard times 
have been adoptcd to exploit to the full the increased memory performances 
which arise when using fast logic circuitry, In this respect the ratio 

total exchange time 
minimum possible exchange time 

is kept as small as possible. 

To permit very simple designs to be used for control units rather longer guard 
times arc used in order to give the CU more time to decode addresses or to 
load data. 

Note: Guard time is defined as the time which is allowed to elapse between the 
initiation of an exchange and the valiciation of the data: it is necessary to 
make such an allowance because of the settling or deskewing time 
required for the logic circuitry associated with the memory to reach a 
stable sta teo 
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4 Channel 

The 1/0 pl'Ocessor channel permits ailY periphel'al equipped with a suitable 
con(rol unit to take pari in the direct transfer of variable-length 
blocks or data. thc C;P bus data lines, between the control unit and the 
block or hlocks or the ccntral I11CIl10l'y, The same control unit as used on the 
programmed channel can be uscd as all contl'Ol units have a standard interface 
connection, 

The direct transfer method considerably reduces the 
I/O occupation of the CPU and permits data transfer 
rates of up to 1.1 million words per sec. to be 
achieved when the fast memories are used. Details of 
the connections required when using I/O processor 
channel are given in Part 2 of this Section of the manual. 

OPERATION 

The block diagram in 4.1 shows the control signals provided by one 1/0 
processor when controlling one control unit via a subchannel of the I/O 
processor which employs two program addressable external working registers, 
Each I/O processor may control up to 8 control units, each via a subchannel, 
(8 x 2 external working total) and a maximum of 8 r/o pro-
c€ssors may be connected to the GP Bus (this max­
imum is only Qossible when using 400 or 500 series 
mounting boxes). The control Lmi ts are given a pre­
allocated priority level? '(",hich is sampled by the 
I/O processor during an operation, and each r/o 
processor in the system is given a bus priority 
level which is decided by hard wiring. 

'During an the i/O processor is involved in three types of operation: 
initialization, and sampling. Fm thc initialization operation the CPU 
is master and the 1/0 pl'Ocessor a slave, I/O instructions are used to elTeet 
transfers between the CPU internal and the extCl'nal working 
registers of the 1/0 proccssor and 10 initialize the control unit. During data 
exchanges the 1/0 proeessOi' is the master and controls the dialogue between 
the mcmory and the control unit which alT both slaves, \Vhen c<ln'ying out 
sampling operations the I/O pl'Ocessor IS salllpi break requests from Its 
associated cOlltl'01 units: the 1/0 processor docs not occupy the bus for this 
type of operation, 
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I 
~ 
~ 

MEMORY 

INITIALIZE STATUS 
SUB-CHANNEL 

1/0 PROCESSOR 

OU f 'V---
SUB-CHANNEL I 

(GP bus lines) CPU CONTROL UNIT 

1-------, 
L _______ I 
1--------1 
L _______ I 

1--------1 
'-_______ 1 

1--------1 
L _______ I 

BREAK REOUEST BRN 
~'- ------------

TIMING SIGNALS 
AND MEMORY 
ADDRESSES 
(GP bus lines) 8 SUB,CHANNELS TIMING SIGNALS AND CU ADDRESS (GP bus lines) 

0---- 2 EXTERNAL WORKING 
REGISl ERS PER r----------,.-'-.-- ..... ,. -,.".,-------
SUB-CHANNEL 

I~ ~------~----.... ~----.. -----

DATA (GP bus I"-·os 810 OON-15N) 

l/L-,-,.---.-----.--- .---------- -~---------.-----

Iy----------------·-·---··--·-----'-------'------------

Figure 4.1 1/0 Processor Channel 



Initialization Operation 
This operation is applied before commencing data transfer and the first part is 
controlled by the use of two write external register instructions WER to 
transfer two control words to the two working registers of the I/O processor 
sllbchannel. The instruction format is as shown below: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

Write Operation 

~------y-------~ 

device address 

0: 1 st Control Word 
1: 2nd Control Word 

This instruction transfers the contents of the R3 field, previously loaded with a 
control word, (0 the external working register of the I/O processor specified 
by the device address bits 09 to 14. 

The format of the first control word loaded is shown below: 

Bit 00 = 1 
o 

Bit 01 = 1 
= 0 

Bits 04 to 15 
Bits 02, 03 

00 01 02 03 04 15 

Iw/clo/~ 128\64L BLOC/( LENGTH 

Most Significant Bit Least Significant Bit 

Exchange is in word modc. 
Exchange is in character mode. 
Exchange is from memory to control unit. 
Exchange is from control unit to memory. 
specify the number of characters/words to be transferred. 
are positioned to become the two most significant bits of the 
second control word. 

The format of the sccond control word loaded is as follows: 
00 14 15 

Bits 00 to 15 
Bit 15 = 1 

= 0 

Most Significant Bit Least Significant Bit 

specify the starting address in memory. 
Right character is addreSSed} If transfer is 
Left character is addressed in character mode. 
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This address permits memory addressing up to 32k but with the addition of the 
two bits from the first control word the memory addressing range can be 
extended up to 128k. The 18-bit memory address, which is updated at every 
transfer as the current memory address, then has the format shown below: 

128 64 00 14 15 

~---------------------y--------------------~ 

From 1st Word 2nd Word 

After this instruction the control unit is also then initialized using an I/O 
instruction of the type CIO start (described in Chapter 3). The contents of the 
device address field (bits 10 15) should be the same as bits 09 - 14 of the 
WER instructions already used for initializing the control unit subchannel of 
the I/O processor. 

Exchange Operation 
After initialization the control unit passes to the exchange state in which it 
generates break requests, at the transfer frequency of the peripheral, to the 
I/O processor to indicate that it is ready to effect a data transfer. These BR's 
are attended to by the I/O processor which is directing the exchange thus 
ensuring automatic execution simultaneously with the running of the program 
and without any program intervention. 

The flO processor detects a Break Request and then requests control of the 
bus - the bus priority and request procedure is described in Chapter 5. Having 
obtained the bus the I/O processor resamples the incoming Break Requests -
the exchange actually executed will be that corresponding to the highest 
priority even though the bus request may have been made in response to 
another, lower priority, BR. This method reduces the waiting time of the high 
speed peripherals connected to the higher priority BR lines. 

Having selected the subchannel corresponding to the Break Request with the 
highest priority the I/O processor then reads and updates the first control 
word in that subchannel and then addresses the associated control unit using 
GP bus lines MAD10-15 with the function required sent on MAD04, 08 and 09. 
After recognising its address the control unit responds with TPMN. The 
contents of MAD lines 10-15 may then be changed. 

The flO processor then reads and updates the second control word for the 
subchannel selected and sends the address to be used for the exchange to 
memory on MAD 0-15. The data exchange then takes place between the 
control unit and memory, using G P bus lines BIO 00 - 15, under the control 
of the I/O processor. 
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It should be noted that the 1/0 processor uses during the exchange the same 
address and data lines as used on the programmed channel but simulates only 
the OTR and INR instructions; CIO operations arc performed by the CPU 
only. The I/O processol' ignores signal ACN. The timing sequence 
for a memory to control unit exchange is shown in Figure 4,2 and for a control 
unit to memory exchange in Figure 4.3. 

A funiler exchange with respect to overall transfer would be carried out 
immediately if the control unit activates its Break Request line again during the 
execution of the current exchangc and provided no other higher priority break 
requests 01' bus master requesls arc outstanding. 

End of Block Transfer 
When the length of the block becomes zcro in the I/O processor a signal from 
the 1/0 processor (MAD 03 = 1) (0 (he control unit becomes active at the 
beginning or the last exchange to indicate that the control unit should not 
return to the exchange state at the end 01' the transfer. The control unit then 
behaves as if it hacl received a CIO halt instruction and passes into a condition 
in which it is awaiting an SST (Send Status instruction). The control unit does 
not then generate BR's but instead sends an Interrupt Request IRN to the 
CPU, using the 6 interrupt encoded lines of the G P Bus, which is dealt with 
according to its priority level. The CPU then executes an SST instruction to 
read the status of the CU ancl. following the execution of this instruction, the 
contl'Olul1it becomes inactive, ready to be re-initiali/ed for a new transfer. 
In the interrupt Subroutine at the end of the exchange the programiller can 
chcek the length remaining to be transferred by re-reading the field of the first 
control word which contains the fcngth-orblock parameter. An instruction of 
thc type Read Extel'rlal Register RER is used described in Chapter 2 of Part 
3 of this manual - and as a result it is either verified that the transfer has been 
completed 01'. if the exchange was terminated not by a command from the 110 
proccssor but b.y reason of special conditions arising in the pel'ipheral (not 
operable. throughput elTor etc.). the length of block remaining to be 
transfelTecl is determined. 
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EXCHANGE OF VARIABLE LENGTH BLOCKS 

When the control unit exchanges characters (e.g. for a paper tape reader) or 
words of less than 16 bits (card reader) the connection to the G P bus is such 
that the right hand bits are transferred in output mode as well as input mode 
as shown in the following example. 

00 07 08 15 

BuS Word x X X X X X X X 

00 07 08 15 

PTR Controller X X X X X X X X CHARACTER 

Not significant during the exchange 

This convention together with the ability of the memory to handle characters 
allows optimum use of the memory. 

RELATIONSHIP BETWEEN BREAK SIGNAL AND CONTROL UNIT 
ADDRESS 

An I/O processor is coded with a 3-bit number which may range from 0 to 7 
(coded by straps on the I/O processor) and each of the 8 subchannels 
associated with an I/O processor is also coded with a 3-bit number from 0 to 7. 
The combined 6-bit number gives the address of the peripheral control unit as 
shown below: 

Controi Ur.lt Address 

~ __ ~A~ __ -, 

110 processor Sub-channel 
number number 

This address is used by the WER instruction to load the 2 control words into 
the working register of the I/O processor. 

The 8 incoming break request signals BROO to BR07 to each I/O processor 
correspond to each subchannel in the I/O processor as follows: 

BROON 
BR07N 

corresponds to subchannel 0 
corresponds ~o subchannel 7 

BROON has the highest priority and BR07N the lowest. 
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SYSTEM ORGANIZATION RULES 

The i/O processors are always located in thc basic mounting box and the user 
may conneet a maximum of 8 control units to each I/O processor which can be 
located either in the basic mounting box or in an .equipment shelf. 
Control lli~its belonging to separate equipment shelves 
may also be connected to the same I/O processor in 
the basic mounting box. 

PROGRAMMING 

Programming for I/O l)I"ocessol' data transfer must include the programmed 
channel routine for calling up the required control unit with CIO instructions 
and for shutting down after a data block has been transferred. Routines must 
also be included for loading the control words with WER instructions and for 
reading the I/O processor registers with RER instructions. The Basic 
Operating Monitor for I/O processor contains complete routines for I/O 
processor operation. 

PERFORMANCE 

The examples given show how simple the interfaces can be. In the more 
complex cases the interfaces are still kept simple by a suitable choice of guard 
times. 

High performance is obtained by minimiZing bus occupation time. This is 
relatively easy to realise in the design of the control unit. 

On thc I/O processor channel with a memory having an access time and cycle 
time of 300 ns and 0.7ps respectively the transfer 
rate can approach the memory speed provided that the 
control unit is situated close to the basic cabinet. 
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5 Priority Structure 

Only mastel'S (defined in Chapter 1) Illay obtain control or the G P bus anc! 
where several masters try to obtain control. a system or priority is usee!. The 
order or primity is decided b:, hard wiring (chaining system) and priority is 
given first to input/output ullits and then to the CPl!. The following order of 
priority would be typicul for a system in which a DMA controller and three 
I/O processors were fitleci: 

PRIORI]'!' 
1 

lINIT 
D!VI;\ controller 

2 
3 
4 
'5 

CPU PRIORITY 

1/0 processor No. 
1/0 pl"Ocessor No.2 
I/O processor No.3 
CPU 

Although the CPU has the jowest priority in the system, as determined by the 
hard wiring, it must be control of the bus at the earliest opportunity in 
order to process the instruction. The CPU is therefore given control of the bus 
autoillatically at the end of an instruction to access to the new one and is also 
given control when it makes a rcqueq provided: 

There is no other request for bus cOl1tml prl'sellt. 
2 There is IlO master already selected for the coming exchange. 
3 There is no exchange taking place on the bus. 

The CPU IS 

failure. 
the highe,t priority for bus allocation in the case of power 

BUS ALLOCATION SYSTEM 

The organization of the bus allocation system is shown in the block diagram in 
Figure ),1. The six Is which L'ontrol the system alT carried un the (jp bus, 
but in the basic cabinet ollh, and arc as follo,"s: 

I3USRN 
BSYN 
\1SN 
SPYC 

._- Bus request (acti\'e '0') 
-- Bus bl!s\ (active 'cn 
- MastCl' selected (active '0') 
- Scan priority chain (active 'lJ') 
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01<0 
OI<l 

.. - 01< output (active '1' - for selecting master) 
- 01< input (aclive '0' to block lower priority masters) 

The 01<0 signal from the bus controller is connected as the OI<l signal to the 
master having the highest priority and is then passed on as 01<0 from this 
master to become OI<l for the next master in order of priority. This wiring 
arrangement is continued down the chain, as shown in the block diagram, and 
is used to ensurc that only the highest priority master which is making a bus 
request is given acccss to the GP bus, as explained in the system operation 
description. 

SYSTEM OPERATION 

The following description should be read with reference to the timing diagram 
shown in Figure 5.2 and to the typical logic assembly which is contained in 
each master. shown in Figure 5.3. Note that all bus request operations are 
asynchonous and that timings are mcasured at the masters connector level. 

In operation a master requiring access to the bus raises BUSRN (logic '0'). This 
is only possible if MSN is '1'. In response to BUSRN the bus controller raises 
SPYCN (logic '0') and this signal clocks a flip-flop in all the masters causing the 
signal RAN to be produced in the master or masters which have raised a 
request. 

SUSRN 

SPYC 

OKI 

MSN 

: L 
It> 20ns I -------r------J, 
14--~ t > 50ns 

* IIIi-i I 

\ 
~~-----------------~~ 

Figure 5,2 Bus request timing 
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SPYC 

BUSRN 

MSN 

+5V 

OKI 

REC 74S11 

7438 Q 

MASTER REQUESTS BUS 

~+I--------------~ 

Figure 5.3 Typical logic assembly 

The bus controller raises OKO (logic '1 ') aftel' signal SPYCN, thus allowing 
time for the RAN signal to be raised by the master or masters. This signal is 
passed down the priority chain (OKl to each master) as logic 1 until it is 
blocked at the highest priority master in which signal RAN has been produced. 
The OKO signal is then passed on as logic 0 to the remaining masters of lower 
priority in the chain to prevent them from acquiring access to the bus. 

Note: Should there be a power failure the bus controller suppresses OKO 
which allows the CPU to take control of the bus as soon as the current 
exchange has finished. 
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At the master which has requested access to the bus signal OKI clocks a 
further ilip-ilop which raises MSL and causes bus line MSN to be raised to '0'. 
This signal now blocks all activity of tile priority chain (BUSRN can not be set 
to 0 at other masters) and the master which sets MSN to 0 110W will become 
the new l11aster of t he bus when the bus is free. 

When MSN is raised BUSRN is reset to the non-active state, (logic 1), and this 
causes the bus controller to suppress signal SPYCN and then OKO. If the bus 
busy line BSYN is at logic 1 the selected master concludes that the bus is 
available for it to access and MSN therefore raises BSYN (logic 0). This signal 
indicates to the CPU, and to all other mastcrs, that an exchange is now in 
progress. MSN also sets the masters request signal to '0' if another exchange 
has not been requested. After BSYN has been raised MSN is reset to logic 1 to 
release the priority chain and allow the selection of the l1ext master. The 
master maintains control of the bus, however, until it releases the bus by rc­
setting BSYN (logic 'J'). 

Timing of the Priority Chain 
The timing diagram in Figure 5.4 shows the relationship between the OKO 
signals generated by the bus controller and the logic signals generated by a 

PRIORITY DETERMINATION RESTARTS 

BUSRN (from master 2) 

OKO (1) = OKI (2) 

MSN 

OKO (2) = 0 

BSYN 

bus taken by master 2 

Figure 5.4 "riol-ity chain timing 
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master to control the priority chain. The diagram is drawn for a master which 
is not the CPU and illustrates the timing for two situations as follows: 

1. Master not controlling the bus. 
2. Master having requested the bus. 

Overall Performance 
Figure 5.5 illustrates the overall performance of the priority chain. In the 
example given the time between BUSRN being set to 0, to make a request for 
access to the bus, and the transition of signal MSN is typically 150 ns. The 
example illustrates the worst case situation which is for a master connected in 
position 8 (least priority) of the priority chain. Note from the diagram that a 
new priority determination may occur after every 250 ns - when MSN is 
returned to logic 1. 

BUSRN 

L 
I 
I I t ;;.100ns 
I ~ ~ 

MSN I 

~~~:----------------l~--------~Y---------
I 150ns (typical) 
... ..,j 

Figure 5.5 Priority chain performance 

CHAINING OF THE EXCHANGE 

In addition to the signals which control the allocation of the GP bus to a 
master there are other signals, also carried on the G P bus, which control the 
timing of an exchange. These signals are: 

TMPN 
TMRN 
TMEN 
TPMN 
TRMN 

Timing, master to peripheral 
Timing, master to memory 
Timing, master to external register 
Timing, peripheral to maste.f 
Timing, external register or memory to master 

All these signals are active [ow. 

Signals TMPN, TMRN or TMEN are used depending on whether the master is 
exchanging with a peripheral unit or with a memory or an external register. 
The only restrictions for setting the signals are: 
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1. The G P bus must be free 
2. The G P bus must be allocated to the mastcr which sends the signals 
3. The timing for the exchange must be respected. 

Signals TPMN or TRMN are reply signals to TMPN, TMRN or TMEN and 
are used in conjunction with BSYN to indicate that the new master may start 
an exchange. The signals also terminate the exchange. Signal BSYN ll1ust 
continue to remain low after the transition of TRMN or TPMN to logic O. The 
time relationships are illustrated in Figure 5.6. 

8SYN 

TMPN or TMRN or TMEN 

TPMN or TRMN 

Figure 5.6 

I 
1 
1 

I I 
I 1 
1 1 

1 I 1 1 
It>onsl I t<35ns I 

Il10>1 I.... !"ill III>l 
I 1 

810 lines 7111/11111111 
Exchange timing 

The last of the signals. TMPN, TMRN or BSYN to arrive ensures that the bus 
lines are set to 1 by the master within 35 ns after this signal went to logic 1. 

If TPMN is the last signal to go up, the next master before asserting its BIO 
lines must take care of a 60 ns degradation time due to the transmission on the 
bus lines. This means that the BIO lines will be freed at the master level 60 + 
35 = 95 ns after TPMN goes high. 

If reply signals TPMN or TRMN are not received at the bus controller in 
response to TMPN or TfYlRN thus causing either of these signals to last for 
longer than 6.4 ,).s then the bus controller generates a time-oul signal by setting 
TRMN or TPMN bus lines to O. The signal generated then clears the priority 
logic system. 

An example of an exchange between a master and a control L ',it followed by 
an exchange between another master and a RAM is given in Figure 5.7. The 
time relationship given illustrates the situation where one master requests 
access to the bus shortly after another master has requested access. 
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4 

Figure 5.7 Exchange chaining - Master 1 - CU, Master 2 - RAM 
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6 interrupt System 

The interrupt system is used genel'ally 1"01" all peripheral operations and 1'01' 

handling internally generated interrupts. It can deal with up to 63 interrupt 
request levels. Interrupts arc handied according to their priol·ity. and the 
highest priority (lowest number) interrupt request is accepted and compared 
with the priority level of the running pwgram. If the priority level of the 
interrupt is higher than that of the running program and provided that the 
CPU is in the enable interrupt state then the progT<lm is interrupted. The 
contents of Te ster P (program counter) which contains the 
address of the next instruction in the running program. and the pmgl'am status 
word (containing the priority level and other information) arc then stored in a 
memory stack. The CPU goes into the inhibit iJ71clTujJl state and the priority 
level of the new progl'<l111 is stored ill the PLR I'egister. ;\n indirect branch is 
made to the memory location pointed to in the PLR and the new interrupt 
routine is then executed. During (he execution of the interrupt routine (he CPU 
may be returned. by means or an ENIl instruction. to the enable interrupt state 
and in this case (h~ mutine Illay in its turn be interrupted by another pr'ogralll 
or still higher priority. 

instructions for pmgrall1lllin!::, the interrupt and stack system arc given in Pari 
3 or this Section of the manual and details of the interrupt 
request line connections are given in Part 2 (also of this 
Section). 

INTERRUP'r SYSTEM 

The system can handle a total of' 63 intelTupts. or these interrupts eight. 
numbered 0 to 7. arc encoded by an encoder mounted in the CPU: le\ei 0 has 
the highest pl'iority. The remaining in(ernlpts. which ~1I'e used control units 
mounted either inside the basic mounting box 01' in external equipment shelves are encoded 
onto the BI ECO-5 lines or the C; P bus. The systell1 arrangement IS shown in the 
block ciiagram in Fi!::'ure b.l. 

The eight interrupts encoded by the CPU encoder include four internal 
intelTupt, pre-wired from CPU logic functions which are as follows: 

Level 0 PFFN 
Level 1 - CPFN 
Level 2 
Level 3 

PIFN 
RTCFJlT 

Power Failure/Automatic Restart. 
Control Panel (Operators interrupt) 
Program Interrupt (Stack overflow, Link to Monitor) 
Real Time Clock 

The remaining four interrupts may be connected to 
other units in the basic mounting box but are not 
used for C.U. I/O channel operations, 

A 6-bit binary number is output from the CPU encoder 
representing the 
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Figure 6.1 I nterrupt system 



highest priority interrupt which exists on the eight levels and a Select Interrupt 
signal is also output fl'Oll1 the encoder which is set to active only if an interrupt 
is presellt on olle 01' the kvels. 

The remaining interrupts which are encoded onto the 81 ECO-5 lines of the GP 
bus arc scanned SCTIN scan external interrupts - which is sent by the 
CPU at the beginning 01' each two instructions (f"ctch cycle) and a 6-bit binary 
IlUmbel· rcpl·esellting the interrupt having the higheest priority is then placed on 
lines 13IITO-I)1 rcs and conveyed via the G P bus (0 the CPi). 

Both the CPU encocier output and the BIEeO-'5 lines arc input to a multiplexer 
in the CPl.i. logethel" with the S·clcct Interrupt signal. If an interrupt exists on 
the CPU encoder outplll thell the Select Interrupt signal is active anci is used in 
the muitiplexer to gate the 6 lines containing till' cncocied interrupt signal from 
the CPU encoder to the llluitipkxer output. If no intelTupts exists on the CPU 
encoder output then the S·c/ect Interrupt signal is inactive and the coded signal 
on the BIECO-S lines then appears at the multiplexer output. This arrangement 
ensures that the 8 interrupts connected to the CPU encoder always have 
priority over the interrupts conllected via the HI ECO-5 lines. 

The coded signal at the multiplexer output, whether from the CPU encoder 
output 01· 1'1"0111 the signal on the BI ECO-5 lines is input to a comparator where, 
if an EN/\I3LE signal is true. it is compared with the contents of the PLR 
register which holds a 6-bit l'oeil' representing the priority level of the current 
running pl"Ogram. The comparator gives a pl·ogram interrupt signal IRN only if 
the priority level of the interrupt is higher (Iowel- number) than the priority 
level of the running program. The encodeci signal from the multiplexer output 
is also takcll via six gales to the input of the PLR register. The signal is gated 
intu the register if the Ilew interrupt is accepted as explained in the Interrupt 
I landling description. 

INTERRUPT HANDLING 

The operation of the interrupt ancl stacking system is shown in schematic form 
in Figure 6.2. /\ harclwal"C routine is started by the program interrupt signal 
IRN from the comparator. after (he CUITent program instruction is completed, 
which COllllllences by inhibiting further interrupts thus allowing the present 
interrupt to be serviced. ·Thc contents of P regis ter and PSvl 
register are storcd in a Illcmol·y stack acldl"Cssed from the stack pointer 
(scratch pad I-ctfister A 15) and the stack pointer register is decremented by 2 to 
point to the nl'\t location in thl' stack. 

On compll'tion of the st,ll'king operatiol1 the 6-bit number red into the 
comparator, repl'csl'llting the pi-iority level or the new program, is loaded into 
register PU~ (Pal"! of PSW register). An indirect branch is then made to the 

1-63 



PROTECT A1. A2 IN STACK 

PRQG B.. 

PROG A 

USER PROGRAM A HARDWARE INTERRUPT PROGRAM B 
(LEVEL 54) OPERATION (LEVEL 12) 

, 
INTERRUPT 

-RELEASE A1. A2 

RTN 

PROG A 

EXECUTION PROGRAM A 
OF RTN CONTINUES 
(RETURN 
INSTRUCTION) 

* REGISTERS A1. A2 PROTECTED BY INSTRUCTION USING POINTER A15. 

Figure 6.2 Interrupt and staeking system 

memory location, pointed to by PLR. This location is the hardware interrupt 
location which is determined by the level of the interrupt and contains the 
starting address of the interrupt routine. Thc start address contained in the 
address location is then loaded into the P register. 

The P and PSW register now contain information which is relative to the new 
level of program. The address at which the interrupted level is to restart, and 
the PSW for this level, are held in a memory stack. Instructions are now 
carried out from the new program level and it is these instructions which 
action the interrupt and define the software interrupt action to be taken. The 
new program started by the interrupt will normally contain routines to save 
the contents of registers for the old program. The program may also include 
an EN B instruction, to enable the interrupt system to accept new interrupt 
requests. If there is no EN B instruction in the interrupt routine any interrupt 
occurring, even with a higher priority, will not interrupt the first interrupt 
routine. An RTN instruction will then act as the EN B instruction to authorize 
again the interrupt system to accept a new interrupt request. These routinps 
are included in the Basic Operating Monitors provided with the P852M/P856M/P857M 
systems. 
Return to the interrupted program is initiated by a return instruction RTN 
which specifies register A 15 as the stack pointer within this instruction. The 
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program status word and program address for the interrupted program which 
arc contained in the address in the memory stack pointed to by the stack 
pointer arc loaded back into the PSW and P registers. The stack pointer 
re,"ister A 15 is incrcmcnted to point to the previous location in the stack. 
Before program action resumes on the interrupted program any outstanding 
interrupts arc checked for priority against the 6-bit value in the PLR part of 
the PSW register. If a higher level interrupt exists then it is serviced in the 
manner previously described. If no level interrupt exists then the original 
program level continues. 

INTERRUPT SIGNAL ENCODING FOR A SYSTEM 

The block diagram ill Figure 6.3 shows a t)'pied system installation using Type 
1 control units (G P Bus connected). The 63 interrupt priority levels arc 
encoded into a a-bit number from 0 to 62 with 0 representing the highest level 
priority and 62 the lowest. the format is as shown below: 

most Significant] r...l....;r--r-,-,.--,-5...., least significant 

G I 0 0 I _ 

INTERRUPT 
ENCODER 

INTERRUPT 
ENCODER 

CU's MOUNTED INSIDE 
OR OUTSIDE BASIC 
MOUNTING BOX 

SCEIN 

BIECO-5 TO COMPARATOR 
VIA 
MUL TIPLEXER 

{ 

0 CPU 6 lines 

INTERRUPTS t...-...:.I.:.;NT;.:E:...R_R_U_P_T---JTO COMPARATOR ENCODER VIA 
(000) MULTIPLEXER 

BASIC CABINET 

Figure tl.3 Interrupt system installa tion 
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Each Typc 1 control unit mounted inside or outside the basic cabinet contains 
its own encoding logic and is prewired to give a 6-bit number on the BIEC 
lines corresponding to its priority level in the system. 

Note: Details of the encoding facilities provided when using Type 2 control 
units (I/O Bus connected) in equipment shelves are given in 
Appendix 1 of this manual. 

Interrupt Selection on BIECO-5 lines 

A t the beginning of each instruction the scan external interrupt signal SCEI N 
is sent from the CPU to the encoder on each control unit. This signal permits 
any interrupts currently present to be actioned, and samples the condition of 
the lines BIECO-5 to determine, in accordance with a priority algorithm, 
whether or not to maintain on these lines the information corresponding to the 
highest level of priority that it has detected. 

Algorithm 
Every interrupt level is coded with a 6-bit number ABCDEF with A the most 
significant bit. 
If at least one interrupt is present at the moment of appearance of SCEIN then 
ABCDEF is written on the GIEC lines. Figure 6.4 shows the arrangement in 
simplified form for the three most significant bits ABC for two cncoders 
connected to the common 81 EC lines 0, 1 and 2 

INTERRUPT PRESENT 

A 

c --=0>----------------, 
'"'~----------+----+----<t 

I : =8=---------. 
Figure 6.4 Simplified interrupt encoding 
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If, the state of the bus line 'a' is already 0 but number A is strapped 
to output I then 'a' remains at 0 (higher pl'iority) and the output for B on line 
'b' is replaced by a '1' (via feedback frolll the output lines on the board 
encoding logic). Otherwise the output for which B is strapped is maintained. 

Similarly if the bus line 'b' is already 0 but the number B is strapped to output 
then 'b' remains at 0 (higher priority) and the output C on line 'c' is replaced by 
a '1' as before. Otherwise the output for which C is strapped is maintained. 

The sequence is continued in this manner for each BIEC line at each encoder 
until the BIEC lines contain. in encoded form, the number representing the 
highest priority interrupt present. 

Timing of SCEIN Signal 
The diagram in Figure 6.5 shows the BIEC line signals in relationship to 
SCEIN. The BIEC lines are required to be stabilized within 1800 ns from the 
appearance of SCEIN. 

SCEIN 

BIEC 

ilZllZllllll II II IlJ----
I 
10111 

t < 1800 ns 1 
111>1 

Figure 6.5 Signal SeliN timing 
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7 Digital Input/Output System COIOS) 

The DIOS system provides the interface and control logic required 

to transfer digital information between user equipment and the 

P852~t7P856M or P857M computers. The system connects directly to the GP 

bus and operates on programmed channel under software control at 

a maximum transfer rate of 10k vlords/sec inclusive of the I/O 

routine of the CPU with interrupt handling(calling mode)and at 

50k word s/secvJi thout interrupt handling( sampling mode) • 

The programming rules for DIOS are given in Part 3 of this Section 

and full details of the hardware and connections in Part 2. 

Configurations 

There are two basic elements used in the DIOS system: 

DIOD board 1 

DIOD board 2 

Dual Input/Output Digital with one 

input and one output channel for one 

16-bit word. 

Dual Input/Output Digital as for 

board 1 but with an additional input 

and output channel for a second 16-bit 

word. 

A diagram showing the interfacing signals to a DIOD board 2 is 

given in Figure 7.1(for a DIOD board 1 Digital I/O word J3 would 

not be used). The interface signals are as follows: 

...§ignals_ ~~tween_DIOD ~oard ~nd ..£PU 

GP bus signals which function as described in Chapter 2 

of this part(Gener81 purpose GP bus) 
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->. 

I 
--J 
o 

CPU 

MADI0-15 DOUT 'A' (16) 
OKOA (or OKOA/) 

MAD04, 08, 09 ... JALOA (or CALOA/) 

BrOOON to 15N ~~CLEAR/ 

- Dr N 'A' ( 16 ) 
-B1ECOO to 05 - OKIA (or OK1A/) 

TMPN 
CALIA (or CALIA/) 

MCLEAR/ 

0100 ----------- -

ACN DOUT 'B' (16) 

- OKOB (or OKOBj) 
TPMN CALOB (or CALOB/) .......- -
SCEIN MCLEAR/ 

DIN 'B' ( 16 ) 
-C L EA RN OKIB (or OKIB/) --p 

+5V CALIB (or CALIB/) 

MCLEAR/ -"" 

OV 

Figure 7.1. DIOD Interfacing Signals 

Digital I/O 
A 

Digital I/O 
B 



Signals betvleen device and DIOD board 
----~--~--~--~ -----
Note: The signals are described for word A but similar signals 

are used for channel E. 

DOUT A 

DIN A 

16 lines which carry the data words from the 

DIOD board to the device. 

16 lines which carry the data words from the 

device to the DIOD board. 

OKOA(or OKOA/)Response from DIOD which indicates that a word(A) 

has been output from the DIOD board to the device. 

OKIA(or OKIA/)Response from DIOD board which indicates that a 

word (A) has been input to the DIOD board from 

the device. 

CALOA 

(or CALOA/) 

CALIA 

(or CALIA/) 

N CLEAR/ 

CALL signal from the device requesting a data 

word (A) from the DIOD board. 

CALL signal from the device requesting to input 

a data word (A) into the DIOD board. 

A general reset signal for the devices. 

Details of the link connections used when selecting CALL and 

OK signals can be found in Part 2 Chapterb of this Section. 

Operation 

A block diagram of the DIOD board is shown in Figure 7.2 and bus 

timing diagrams are given in Figure 7.3. The unit is connected to 

the bus and is controlled via the programmed channel using the 

follovring instructions shown in Table 7.1. 
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BIOOON to 81015N 

BIOOON to BI015N 

SCLIf'i 

~ 

~ 
I ilTERRUPT 

ENCODER I--
BlECO 
BIEe5 

EXCHANGE 

r---ACOTR 
(CLOCK), 

~ 

OUTPUT 
BUFFER 

TRANSFER 
OF THE 

INPUT 
SIGNALS 

iGROUP 

CA. l L 
FLIP-FLOPS 

DELAY 

DOUTAOO to DOUTA15 

DOUTBOO to DOUrB15 

DINP.OO 

DIN800 

SELECT I 

to DINA15 

to DINB15 

ON 

CP.LOA 
CAL If\ 

CHOU 
CAL I il 

REQUEST ACCEPTED 

~---t ... OKOA 
I-----t.. 0 K f!. 
~---t ... OKOB 

OKIB 

H;'l,D10-15 DECODE OF I 0 

ADDRESS C OS 
ACN 

HAD04, 08, 09 AND I/O 
FUCTIOliS T PI·Pi 

TlftPN I 
I"ClM; 

CLEARN IItC l B ~ 

EXCHANGE OF 
DATA v!OROS 

EXTERNAL 

CONTROL 

I/O 
C 0 1·11·1 AN D S 

Figure 7.2. DIOD Board Logic-Block Diagram 
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Table 7.1 Command Instructions 

MAl) 04 MAl) 08 MAl) 09 Command 

0 0 0 OTR Data 

1 0 0 INR Data 

1 0 1 INR Address 

0 1 1 CIO start 

0 1 0 CIO Stop 

Except for CIO start and CIO stop commands,which are always 

accepted,the other commands are gated before being stored in the 

command accept register, 

Initiation by a Call Signal 
--- - -~- - -------= 

Where data transfer is initiated by the user device a CALL signal 

is sent to the DIOD board to request each 16-bit transfer. The 

call signal is stored in a flip flop and an interrupt request is then 

sent to the CPU.The interrupt encoder on the DIOD board sends an 

interrupt request for either word A or word B on the BIEC 0 to 5 

lines of the GP bus,if the request is of a higher priority than 

the existing request on the line as described previously in Chapter 

6 Interrupt System of this Part. Information on the interrupt 

level selection links on the DIOD board can be found in Part 2 
! 

Chapter Ie> of this Section. 

The computer responds to the interrupt with an INR Address instruction 

addressed to the DIOD board which is decoded in the Address Decode 

and I/O functions logic to gate the contents of the CALL flip flop 

onto the BIO lines. A one bit in BIO 14N or BIO 15N indicates that 

the corresponding CALL flip flop is set as follows: 

BIO 14N 

BIO 15N 

CALI (Aor B) input word 

CAI,O (A or B) output vlord 

The state of the calling lines are loaded into the R3 register 

of the CPU specified in the Address instruction. Note that the 
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Source S i 9 na 1 
epu t~AO 

CPU TI~P N 

CPU BIO 

0100 TI~PN 

0100 ACN 

Source Signal 

CPU t~AO 

CPU H1PN 

OIOD T Pt~N 

OIOD ACN 

DIDO INTN 

CPU BIO 

Source Signal 

CPU j·1AD 

CPU H1PN 

0100 TPr~N 

0100 ACN 

DIDO BIOX1N 

0100 INTN 

eIO Inst)'uction 

~ V!!IJ/I!i!i!//ij/Zl!/!i§!lJI(j(J)7i 
I 17// I 

I ~ t>60ns I 

l!/JJJ8.F 1 0 0 n$. ~" > r[[[JJJlII nTfJlfIJ 
1 

I i"'t<35ns>; 
IffRIllJWVlJMJIIlIIM@ij@JI!,- VJ/!@lWmUl!1L1D1lA 

:~< lOOns I 
I ')1 

OTR Instruction 

T!llJl1JJJJ<t> 100 nj; IJlJIRmmllllmmllWOOOllll!!l!IllllmU 

I,: L '---1 ---

______________ ~7 :~~-----
! : JJ 35ns"" 

UI!/OWofifff!!!tln S '1O!Il!~l!/l!1!§d 
:t<60ns 

I 
I 
I 
I 

r[hVJJJJJ1~!7Jj!!l71l!!TE!llTEI/ITJ1m711U71!ll711/ / /TIL!VmW7l1/!7Jj!071mTJ1n<~tL':>.§J6 O~n2...s -;;.>~!< -.!.t~> 6~0 ~n s,--~ 

IiiR Instruction 

7IlIIlJJ t>lOOns 
< >, 

I 

, 
I :< t<100ns 

I >: 
I , 

WlllllIOlUOlllIW 
I I 

: t<60ns : ,< >! 

l< t < 35 n s >: 
I I 
I I 

Wlll/mlll/m@ 

INTN Must be high if another 

exchange is not wanted 

Figure 7.3. GP Bus-Timing Diagrams 
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interrupt from the DIO] board is not reset by this instruction. 

The call information is then examined by the computer to determine 

whether an output or an input transfer is required and to program 

the data handling within the CPU. A second instruction is then sent 

to the DIOD board- INR Data, for an input,or OTR Data,for an output. 

This instruction is decoded in the Address Decode and I/O functions 

logic to either gate a 16-bit input word from the device onto the 

BIO lines or to strobe a 16-bit word on the BIO lines into an output 

buffer connected to the device input. The instruction. also cancels 

the interrupt request from the DIOD board. 

At the end of the data transfer an OK signal is sent to the device 

according to the selected channel. 

Initiation by Software 

Data may also be transferred under software control without a call 

signal from the device and a consequent interrupt from the DIOD 

board. In this mode of operation INR Data instructions are used 

to sample the input lines at intervals controlled by the software 

program and an OK signal is sent to the device each time that the 

lines are sampled. Output data is loaded into the DIOD output 

buffers by OTR Data instructions and an OK signal again sent to 

the device. 

Timing for Control Lines 

The timings for the control lines in calling mode and sampling 

mode are given in Figure 7.4 
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CALL 

INT 

200 ns min 
,... ~I 

, , 
r-' I dsl __ ..J L __ ~ __ ---- __ _ 

I 

INR data (or_O_T_,R __ d_a_t_a~) ________________ ~r--l~ __________ __ 

OK 

Output: When external equipment requests an exchange 
(via CALO 1 ines-first positive transition) 

1. INT sent to CPU 
2. On next OTR data from CPU loaded into 

0100 output buffer. 
3. When next OKO signal occurs data(DOUT)are 

pr'esent and val id for external equipment. 
Input: When external equipment requests an exchange 

(via CALI lines-first positive transition): 

1. INT sent to CPU 
2. On next INR data on 16 DIN lines from 

device are transferred to CPU. 
3. An OKI signal is generated,at end of 

INR command. 

INR data (or OTR data) r--l~ ________________ _ 

OK 

I 

I 
I 

~i",~-W---~~I from 2~s to 1 ms 

On sampling mode(software program)data sent or 
received under software control. Each time that a 
command is performed data are exchanged and an OK 
signal then generated on the trailing edge of the 
command. 

Figure 7.4. Timings for Control Lines 
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Sequenc€E' 

start Mode or stop Mode. 

In the Start Mode the DIOD Controller accepts all data exchanges 

(INR Address, INR Data, OTR Data)for one(or two)words. 

The Controller can accept all CALL signals(in calling Mode) or 

direct exchanges required by software(in sampling Mode). The Start 

Mode is entered by the Controller after a CIO Start command. 

In Stop Mode the DIOD Controller refuses all exchange requests. 

This Mode occurs after CIO stop or after: CLEAR. 
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SECTION 1- INTERFACING 

PART 2 INTERFACE CIRCUITS AND HARDWARE 
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1 Introduction 

The P852M )P856M, and P8571v\are of modular con­
struction and are designed to be accommodated in 
standard 19 inch racks. I n the basic system the functional modules are 
constructed on pluggable printed circuit boards, referred to hereafter as sub­
assemblies, each provided with mechanical strengthening and with extractor 
handles. The sub-assemblies are inserted horizontally into slots in a basic 
mounting box, containing its own d.c. power supply and blower, which is slide 
mountable in a rack. Four types of basic mounting box are available: 

Type M 1 - Contains slots for 4 sub-assemblies 
Type M2 Contains slots for 6 sub-assemblies (p852H only) 
Type M4/M4M - Contains slots for 10 sub-assemblies 
Type M5 - Contains slots for 17 sub-assemblies 

To further extend the facilities of the system~equipme~t 
shelves are also available which contain 
additional sub-assembly slots. Each shelf, which is 
slide mountable in a 19 inch rack, contains its own 
d.c. power supply and blower. 
The equipment shelves are as follows: 

Type E1 Contains slots for 8 sub-assemblies (Type 2 control 
units) 

Type E2 Contains slots for 6 sub-assemblies (Type control 
units) 

An example of the possible types of interface connection is given in Figure 1.1. 

BASIC MOUNTING BOXES Ml, M2J14,M5 EQUIPMENT SHELVES E1 AND E2 

The basic mounting boxes are so constructed that the sub-assemblies are 
inserted into their slots from the right-hand side of the box to plug into sockets 
mounted on a printed wiring board (motherboard) which forms the left-hand 
side of the box. Full construction details of the mounting boxes and e quipmen t 
shel vesO>l4givcn in Sec tion 2 of this manual 

PRINTED WIRING BOARDS 
The P852M)P856M~and P857M printed wiring boards which 
are connected direc:J-ly 10 the GP bus are 420 mm wide, 
372 mm long (plus connectors) and 1.66 mm thick and 
are provided with connector plugs having gold plated 
pins. Four types of board are available: 
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Figure 1.1. Interface Connections 
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Memory Board 
CPU Board (also used for Double Control Unit) 
Quadruple Control Unit Board 
1/0 Processor Board (or MMU board) 

Connector Details 
The boards are indentified by the connector layout as shown in Figure 1.2. 

74 v1ay 
5 

I-

86 v1ay 86 Hay 

3 I- 3 

74 \~ay 

CPU or 
MEMORY DOUBLE 
BOARD CU GOARD 

5 
26 \·Iay 

5 o 26 Hay 

4 
26 \·Iay 4 ] 26 Hay 

86 Hay 86 Hay 

3 3 r-

26 VJay 
2 

26 vlay 
I/O 

QUAD PROCESSOR 
CU BOARD or MMU BOARD 

Figure 1.2. Printed Wiring Board-Connector Layout 
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Thc connectors on each board arc numbered as shown in the diagram; 
connector 3 is always the bus and power supply connector and connectors 2 
and 4 always 26-way connectors. 

There are two rows of pins on each connector, the top row is identified as B 
(component side of board) and the bottom row as A (wiring side of board). 
The pins in cach row are numbered from left to right when viewing the 
connector end of the board as shown below: 

01 

: I : 
01 

43 

: I 
43 

86 Way (Connector 3) 

01 

01 

01 

: I : 
01 

13 

: I 
13 

26 Way (Connector 1. 2, 4 Or 5) 

MOUNTING BOX CONFIGURATIONS 

37 

: I 
37 

74 Way (Connector 1. 5) 

The physical layout for each mounting box sub-assembly slots 
is shown in Figure 1.3 to 1.6, when viewing the printed 
wiring board side of the box. The signal connections are 
given in Chapter 2 of this Part. 

Note: When using a type M1, M2, M4 or M5 basic mounting box 
the bus cables, peripheral cables, and break request 
cables (if used) all leave the cabinet at the left 
rear area. 

Connectors 10M and lOB 
These connectors are each 50-pin connectors which are used to extend the G P 
bus outside the basic mounting box. The signal connections are given in 
chapter 2; the pin layout and numbering is as shown below. 

1 3 5 454749 

... 
I . . . 

2 4 6 464850 
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riVS Extension 

SLOT S 

f 1 

1 
1 
1 

1 

C::=====-:::::::J- -- ---: 
74 ~iay 

1 __ - __ 

3 U 

74 \-;a y I 
1 
1 

_ ______ I 

CPU S 10: 

lL----__ ", _I _so~'"cr 
Figure 1.3. 

6 SL OTS 

Layout of Type M1 Mounting Box Slots 
(P852M/P856M-100 Series) 

f -------------- ------ ------1 

74 i,.jay C:====::::J IO:·~, 74 \·!ay j 

I
" I 

1_ _ _ __ 1 _____ , 1_1 ______ 5 ____ ' __ 1 
CPU Slot 

I 1 

1'~ _______________ i-_-:_=-_=_=_~3_=_=_=_-:-_-_! __ } ___________ or __ ~ 
Figure 1.4. Layout of Type M2 Mounting Box Slots 

(P852M-200 Series) 

.-- 10 SLOTS 

6U 

r-------------- ----------------~ 

1 CI =======:::::1 1 

i 74 :"Y lOB c::::::86=w::a'::1 ==::J 101"\ c:=::7:::4 :::w::a:::y=::::J : _f--cpu Slot 

I 1 
Slot reserved for f.l1~U I _r-II,emory (P856M/P852M) 
on P8571~ (1-141-1 box used) 3 
Or for /·lemory if 1~1'1U I 
no t used. 

FPP C:====::J 
3 

3 

. -~ 1·lemory on P857H Or FPP 
1 

I 
I 

lOBI I ION 

~;~~ ___________________________________________ L-~ 

Figure 1.5. Layout of Type M4 (and M4M) Mounting Box 
Slots (P852M/P856M/P857M-400 Series) 
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17 

f ___ _ 

llU 

Figure 1.6. 

... CPu S 10 l 

--' or 
no t 

F PP or 
FPP not 

SO r 0 r 

_____ 2.... ____ _ 

Layout of Type H5 Hounting Box Slots 
(P857H-500 Series) 

METHOD OF CONNECTION 

FOI' sub-asscmblics mountcd in thc basic mountin)! box connection to the e,P 
bus is madc directly 1)\ plu)!)!in)! into thc comillon conncctor 3 mounted on the 
printed \\irin)! h()~lrd backpalll'l. Th~' C P bus is taken outside the Illountin)! 
box on a plug-in transmission line II hich c'tends thc bus to funher equipmel1 t 

shelves as required. 

Connection to control units Illoullted in thc basic mountin)! box is made via 
mating relll~ilc connectors on thc connection leads from thc peripheral devices 
IIhich terminate on the ~lppmpri~ltl' contn)1 unit board conncctor (connector 1. 
2, 4, or )). The i'emak conllcctul' is then \ccurcd to thc basic mounting box 
cha\\is: this alIO\\ s the bO,ll'cI to hc c\tracted and re-in,erted as requircd. 
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With an I/O processor board in the basic mounting box 
external break request connections enter the box on an 
8-way cable which is terminated, using a female con-
nector~Yon connector 5 of the I/O processor j)oard. The A pins of 
connector 5 are connected, via printed wiring on the 
I/O processor board, to corresponding A pins on con-
nector 4 and the required break request circuit is 
then completed to the I/O processor logic by wire 
wrapping connections between corresponding pins on 
row A and row B on connector 4. Break request lines 
from control units mounted in the basic mounting box 
are wired directly to the appropriate pin on row B 
of connector 4. A simplified break request connection 
diagram is shown in Figure 1.7 and further signal 
connection details are given in Chapter 2 of this 
Part. 

More information on break request connections when 
using external equipment shelves can be found in 
Section II Part 5 Cha£ter ~ (Installing) of this 
manual. Details of the connections when using Bus 
Translator boards can be found in Appendix 1. 

Internal CU ilr('ak 
request (viired directly) I/O PIWCLSS()!( 1\(li\liiJ 

BR's 

Connector 4 

/ 
Wire Wrap Connection if 
external break request required 

00000000 
00000000 

Connector 5 

" 

OV (All pins) 

:: Pin s 1 ink e din t ern all y 
:: to cor res po n din 9 pin s 
:: on rOyl A Connector 4 

8 Break requests on 
external cabl e 

Figure 1.7 Break requests on I/O Processor Board 
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2 GP bus - Programmed and I/O Processor Channel 

The concept of the P852M;P856M)or P857M Interface 
is based on the high speed transmission of data 
between units such as CPU, memory)and control units, 
which have different interface characteristics. ~h€ 
transmission takes place using the GP bus and 
the units arc each connected to the bus using specific interface circuits. 
To ensure proper functioning of the complete system certain basic rules 
given in this chapter should be obeyed. The information is useful for a user 
who wishes either to extend the system. to improve the transmission 
conditions of an existing system, or to make a specific interface for a particular 
application. 

The G P bus connections inside the basic mounting box are carried on 
connector 3 whose connections arc cOll1l1loned between each slot via the 
printed wiring board backpanel. This method allows any unit to be plugged 
into any slot to obtain access to the GP bus. 

TRANSMISSION MEDIUM 

The transmission medium used to extend the GP bus outside the basic 
mounting box consists of transmission lines made of two flat cables each of 50 
conductors. Each active signal in the cable is surrounded by either 1 or 2 
earthed wires according to the degree of protection required for the signal. 
The transmission line characteristics are as follows: 

Line impedance 
Intrinsic propagation time 
Linear rcsistance 

Termination Resistors 

1250hm ± 10% 
4.6 ns ± 10% 
< 0.33 ohm per metre. 

The transmission lines arc required to be terminated correctly and for this 
purpose a resistor bridge adaption network is provided which either consists of 
a unit using discrete components or is in the form of integrated ciual in line 
modules which termina Ie 14 signal I ines each. The two possible adaptors are 
shown in Figure 2.1. 

The transmission lines arc always terminated at the basic mounting box end 
using: the acbptor resistances, but only at the other end of the line (in an equip­

men t shelf) if the end of the line is at a distance greater than 1 metre from 
the basic mounting box. 
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TERNET ADA nOR 

1 
1 ---; R2 Rl 16 (+5V) 

---l. \---< 1 2 

r---i 1 \---< 

15 

+5V 

·--t I-----< 
I 3 

1 
~ I--

14 

r---i I--
r 4 
1 r--t I--

Rl 
13 

~ j----.. 

I 
5 

1 -----i \----< 

R2 
12 

...-; f----< 
I 6 

r----l 1 !--

Rl= 2200+5 l/svl 

R2= 3900+5 1/ s vi 
11 

f---1 I--I 7 1 .---\ t-----" 
10 

8 

1 
I--

9 

Figure 2.1. Terminator Bridge Adaption Networks 

CONNECTION DETAILS 

Backpanel Addresses 
Thc standard GP bus conncctions. which apply to all units connected 

to conncctor 3 in any slot in thc basil' mOllnting I)ox. arc listcd in Tablc 2.1. 

Notc.·Thc cal'lh lincs [viA, MB. Me shown in thc tablc ,lI'C associatcd with 
gl'oups of signals as folloll's: 

Eal'lh [viA 

Earth ivi B 
Eal'lh Me 

,1sS(lci,ltl'd II ilh 18 lincs fvl/\DOO·15. MAD64. 
[VI;\ I) I 28. 
awwialcd \Iith I b lincs 1310 OON 15N. 

- associated with all other signals 
comprising the control group. 
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Table 2.1 Backpanel Addresses Connector 3 

Signal Pin No. Signal Pin No. 

+18V 3AOI 18V 3801 
BIECO 3A02 EARTH 31302 
BIEC2 3A03 BIECl 31303 
BIEC4 3A04 BIEC3 31304 

SCEIN 3A05 BIEC5 31305 
+16VM 3A06 +16VM 31306 
OVM 3A07 OVM 31307 

BIOOON 3A08 BI001N 31308 
1310 om 3A09 BI003N 31309 
BI004N 3Al0 BI005N 31310 
BI006N 3A11 1310 om 31311 
BI008N 3A12 BI009N 31312 
BI010N 3A13 1310 lIN 31313 
BI012N 3A14 BI013N 31314 
BI014N 3A15 13IOI5N 31315 

OKO 3A16 OKl 31316 
PWFN 3A17 RSLN 31317 

EARTH MB 3A18 -5VM 31318 
+5VL 3A19 +5VL 31319 
+5VL 3A20 +5VL 31320 

OVL 3A21 OVL 31321 
OVL 3A22 OVL 31322 

BR( CU .4) 3A23 +5VM 3823 
EARTH MA 3A24 31324 
EARTH MC 3A25 +16VM 31325 

WRITE 3A26 MAD15 31326 
CHA 3A27 MAD14 31327 
TRMN 3M8 MAD13 31328 
TMRN 3A29 MAD12 31329 
TMEN 3A30 MADll 31330 
TMPN 3A31 MAD10 31331 
TPMN 3A32 MAD09 31332 
OV 3A33 MAD08 31333 
ACN 3A34 MAD07 31334 
SPYC 3A35 MAD06 31335 
BUSRN 3A36 MAD05 31336 
MSN 3A37 MAD04 31337 
13SYN 3A38 MAD03 31338 
CLEARN 3A39 MAD02 31339 
OV 3A40 MADOl 31340 
BR(CU.2) 3Ml MADOO 31341 
13R(CU.3) 3A42 MAD64 31342 
BR(CLJ.1) 3A43 MAD128 31343 

1\·1 -- /vIemor) Voltage L - Logic Voltage 
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GP Bus Extension Connections 
The G P bus signals are extended outside the basic mounting box on connectors 
10M and lOB. The pin connections for these connectors are listed in Tables 2.2 
and 2,3, When the bus is extended to a Bus li'anslator board ~sed in a Type E1 

equipment shelf) it is terminated on connector 6 and 5 on the board whose signal 
pin connections are identical t,o those on connectors 10M ~nc1 lOB 
respectively (See also Sectlon II Part 5 Chapter 2.). 

Table 2.2 Connector 10M Connections 

Signal Pin No. Signal Pin No. 

Earth MA 1 Earth MC 26 
MAD04 2 CLEARN 27 
Earth MA 3 Earth MC 28 
MAD03 4 Earth MC 29 
Earth MA 5 TPMN 30 
MAD08 6 Earth MC 31 
Earth MA 7 Earth MC 32 
MAD09 8 TMPN 33 
Earth MA 9 Earth MC 34 
MAD10 10 Earth MC 35 
Earth MA 11 TMEN 36 
MADll 12 Earth MC 37 
Earth MA 13 Earth MC 38 
MAD12 14 TRMN 39 
Earth MA 15 Earth MC 40 
MAD13 16 Earth MC 41 
Earth MA 17 Spare 42 
MAD14 18 Earth MC 43 
Earth MA 19 Spare 44 
MAD15 20 Earth MC 45 
Earth MA 21 Spare 46 

ACN 22 Earth MC 47 
Earth MC 23 Spare 48 

24 Earth MD 49 
Earth MC 25 5V 50 
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Note: Each active signal is bordered by an associated earth line (MA, M B, or 
Me) which is connected to the appropriate earth listed in Table 2.1. 
Earth MD is associated with + 5V for remote control purposes. 

Table 2.3 Connector lOB Connections 

Signal Pin No. Signal Pin No. 

Earth Me 1 BI005N 26 
RSLN 2 Earth MB 27 
Earth Me 3 BI004N 28 
PWFN 4 Earth MB 29 
Earth MB 5 BI003N 30 
BIOl5N 6 Earth MB 31 
Earth MB 7 BI002N 32 
BIOl4N 8 Earth MB 33 
Earth MB 9 BIOOIN 34 
BI013N 10 Earth MB 35 
Earth MB 11 BIOOON 36 
BlOl2N 12 Earth MB 37 
Earth MB 13 BIEC5 38 
BI011N 14 Earth Me 39 
Earth MB 15 SCEIN 40 
BIOlON 16 Earth MC 41 
Earth MB 17 BIEC3 42 
BI009N 18 Earth MC 43 
Earth MB 19 BIEC4 44 
BI008N 20 Earth Me 45 
Earth MB 21 BIECI 46 
BIOOlN 22 Earth MC 47 
Earth MB 23 BIEC2 48 
BI006N 24 Earth Me 49 
Earth MB 25 BIEeO 50 
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Bus Translator Board Connectil:;ms$ee Section II Part 5 Chapter 2 and Appendix I 
for details of Bus Translator) 

Table 2.4 1/0 Bus Connections to Connector 1 

Pin No. Signal Pin No. Signal 

lAOl +5V lBOl OV 
lA02 lB02 BINOON 
lA03 BlNOON lB03 BINOIN 
lA04 BIN01N lB04 BIN02N 
lA05 BIN02N lB05 BIN03N 
lA06 B1N03N lB06 BIN04N 
IA07 BIN04N 1 B07 BIN05N 
lA08 BIN05N lB08 BIN06N 
lA09 BIN06N lB09 BINOlN 
lAl0 BJNOlN lBl0 
lAll B~07N lB11 ACCN 
lA12 3f~ C>bl~ lB12 ACCN 
lA13 ACCN 1 B13 AREN 
lA14 AREN lB14 AREN 
lA15 lB15 SP4 
lA16 lB16 SP3 
lA17 i3Ro5I'J 1 B17 SP2 
lA18 3R041'l 1B18 SPl 
lA19 r!.P, OJN lB19 
1A20 8RC~J'l 1B20 
1A21 BIN08N 1B21 BIN08N 
1A22 BIN14N lB22 BIN14N 
lA23 e.fiOIN 1 B23 
lA24 '3 R oc:J 1B24 S 
1A25 lB25 
1A26 B1N13N lB26 BIN13N 
1A27 BIN15N 1B27 BIN15N 
1A28 BIN09N lB28 BIN09N 
1A29 BINION 1 B29 BINION 
1A30 BIN11N lB30 BINllN 
lA31 BIN12N 1B31 BIN12N 
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Table .2.5 110 Bus Connections to Connector 2 

Pin No. Signal Pin No. Signal 

2AOl 80F02N 2801 IR04N 
2A02 EOR 2802 IR02N 
2A03 80F01N 2803 IR06N 
2A04 80FOON 2804 IR07N 
2A05 80U14 2805 IROON 
2A06 80U13 2806 IR01N 
2A07 80U12 2807 IR03N 
2A08 80U09 2808 IR05N 
2A09 80U10 2809 
2A10 80Ull 2810 
2All 80U15 2811 
2A12 MeN 2812 
2A13 BAD03N 2B13 
2A14 DAVN 2814 
2A15 8AD04N 2815 
2A16 BAD05N 2816 
2A17 80U08 2B17 
2A18 BOU07 2B18 
2A19 BOU06 2819 
2A20 80U05 2820 
2A21 BOU04 2821 
2A22 BADOON 2B22 
2A23 BOU03 2823 
2A24 BADOl N 2824 
2A25 BAD02N 2825 
2A26 BOU02 21326 
2A27 BOU01 21327 
2A28 BOUOO 2B28 
2A29 +5 2B29 PWFE 
2A30 2830 PWFE 
2A31 +5V 2B31 OV 
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Table 2.6 Break Request Connections to Connector 7 

Pin No. Signal 

1 BROON(ln) 
2 BROON(Out) 
3 M 
4 M 
5 BR01 N(ln) 
6 BR01N(Out) 
7 M 
8 M 
9 BR02N(ln) 

10 BR02N(Out) 
11 M 
12 M 
13 BR03N(ln) 
14 BR03N(Out) 
15 M 
16 M 
17 BR04N(ln) 
18 BR04N(Out) 
19 M 
20 M 
21 BR05N(ln) 
22 BR05N(Out) 
23 M 
24 M 
25 BR06N(ln) 
26 BR06N(Out) 
27 M 
28 M 
29 BR07N(ln) 
30 BR07N(Out) 
31 M 
32 M 
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Break Request Connections on 110 Processor Board 

Table 2.7 Break Request Connections to Connector 4 and 5 

Signal Pin No. Signal Pin No. 

5AOI 5801 
5A02 5802 
5A03 5803 
5A04 5804 
5A05 5805 

8REX07N 5A06 Ov 5806 
8REX06N 5A07 OV 5807 
8REX05N 5A08 OV 5808 
8REX04N 5A09 OV 5809 
8REX03N 5Al0 OV 5810 
8REX02N 5Al1 OV 5811 
8REXOIN 5A12 OV 5812 
8REXOON 5A13 OV 5813 

Signal Pin No. Signal Pin No. 

BREX07N 4A06 8R07N 4806 
BREX06N 4A07 BR06N 4B07 
BREX05N 4A08 8R05N 4808 
BREX04N 4A09 8R04N 4809 
BREX03N 4Al0 8R03N 4810 
BREX02N 4All 8R02N 4811 
BREXOIN 4A12 BROIN 4812 
BREXOON 4A13 8ROON 4813 
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GP BUS INTEIU'ACE CIRCUITS 

All data and control signals (apart from signal RSLN) 
are sent or received on the bus lines using either 
an 1801 Emitter or a Receiver 0612 or REG 0613. Signal 
RSLN is generated differently to provide protection 
for the peripherals in case of a system break down. 
Each board has one emitter and/or one receiver per 
bus line. The characteristics of emitter 1801 and 
receiver 0612 or REG 0613 are given below. 

Receiver 0612 
Input high threshold 
Input low threshold 
Input current 
Input current 
Output high voltage 
Output high current 
Output low voltage 
Output low current 
Propagation delay to high state 
Propagation delay to low state 

Vih 
Vii 
lih 
Iii 
Voh 
loh 
Vol 
101 
Tpdh} 
Tpdl 

>2.1 V min 
< 1.4 V max 
+50 ,LA max at 2.4V 
-100 ,J.A max at O.4V 
2.4V 
-lmA for REG 0612,- 4. 0 mA for REG 
0.5V 061 
-16 mA 
4 ns min to 12 ns max 
8 ns typical 

No{c:propagation delays measured at 400 ohm 15 pF 

Emitter 1801 
Input high voltage 
Input low voltage 
Input high current 
Input low current 
Output low voltage 
Output high leakage current 
Propagation delay to high state 

Propagation delay to low state 

Vih 
Vii 
lih 
Iii 
Vol 
loh 
Tpdh 

Tpdl 

2V 
0.8V 
40 :LA 
-1.6 mA 
O.4V at 55 mA 
250 :J.A Illax at 5.5V 
8 ns min, 22 ns max, 
14 ns typical 
5 ns min, 18 ns max, 
11 ns typical 

NOll': propagation delays measured at 1.33 ohm 45 pro 

The pin layout details for the emitters and receivers arc shown in Figure 2.2. 
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Emitter Receiver 
(4 circuits) (6 circuits) 
1801 0612 

2 D 3 [)o 2 

4 D [)o 6 3 4 
5 

9 D 5 [)o 6 
10 8 

12 D--ll 9 [)o 8 
13 

11 [>0 10 
Vcc: 14 
Earth: 7 13 [>0 12 

Figure 2.2 Emitter 1801 and receiver 0612/0613 pin layout 

Note: Full wiring board rules for the emitter and receiver 
I.C's (and for all other I.C's) can be found in 
Chapter 4 of this Part. 

EQ,UIPMENT SHELF DIVISION RULES 

A P852M .l856MJ or P857M system is comp~eed of: 

1. A basic lllounting box. including power supply. (contained in a basic 
cabinet) which lllay hold: 
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/\ ccntral proccssing unit 
mcmorv modules 
onc (o/morc) 110 proccssors 
control units 
control paneL 

2. One, or more,equipment shelves placed independantly of 
the basic cabinet and containing one or more control 
units whose interface may be made directly to the GP bus 
(or to the GP bus via a bus ~ranslator board). 

It is possible to connect a total of 64 control units in 
the system. 

Division Rules 
The maximum permissable length of the GP bus is 14.50 metres 
and the following rules apply to a system in which the basic 
mounting box is situated at one end of thoa line, with the GP 
bus lines terminated using an adaption bridge, and an equipment 
shelf is situated at the other end of the line with the 
GP bus lines also terminated wE h an adaption bridge. Two 
possibilities may occur: 

1. The ~q.\·;"Pi"'iv,F ::\ may contain Type 2 control units. In \, , 

this ciase each equipment shelf will be fitted with a Eus 
Translator board and one emitter and one receiver will be 
connected to each GP bus line via this board. 

A maximum number of 7 equipment shelves ;nay be connected 
to the GP bus, and it is recommended, though not 
obligatory, that the shelves are connected at regular 
distances along the GP bus lines. 

For shelves connected at regular intervals the distance 
between consecutive shelves should be)/ 2 metre and in 
this case the propagation tim·3 of the signals will be 
between 5 to 8 ns per metre. 
The distance between shelves should never be less than 
1.5 metre except in the case where the basic mounting 
box and the shelf . are placed in 
the same cabinet. In this case the GP bus will only re­
quire to be terminated at the basic mounting box end. 

2. The equipment shelves contain Type 1 control units. In 
this case each shelf contains 6 Type 1 control units and 
a maximum of 6 emitters and 6 receivers per line are 
connected to the GP bus. Each shelf receives the GP bus 
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signals and the signals are terminated in the last 
shelf connected to the bus. 
The division rules are the same as those stated for 
the Type 2 control uni t Sh<1-ivl(.~. Where a division of ~ 
2 metres between consecutive shelves is used the 
propagation time is between 6 to 10 ns per metre. 

BREAK REQUEST CONNECTIONS 

An r/o processor is always located in the basic mounting 
box and the user may connect 8 control units to each 
I/O processor; the control units may be located either 
in the basic mounting box or in an equipment shelf. ~he 
break request line of the CU is connected either via 
the back printed wiring panel of the basic mounting box 
or via an external cable. All break request lines are 
terminated at the I/O processor end and also at the 
equipment shelf end (in the equipment shelf which contains 
a control unit associated with a break line). 
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3 Control Units 

Control units form the interface between the GP bus lines (or r/o bus lines) 
whieh carryall clata ,llld cOlllrol information, and the various peripheral 
clevices. The function or a control unit therefore is to translate 110 instructions 
into peripheral actions and to provide the necessary sequencing and control 
signals to efrect data transfer, 

General details arc in this chapter for assisting a user who wishes to 
design contl'Ol units periphel'als other than those available in the standard 

P852M/P856111jP857M range of equipments. Also described, 
are two general purpose boards (for Type 1 Control 
Units), one partially built and one blank, for the 
construction of user designed control units. Full 
wiring rules for this purpose are given in Chapter 4 
of this Part. 

As a further guide to lhe liSeI', in the Appenciix is given the logic circuit for a 
specific control unit. 1'01' full inCol'lllation regarding all the standard control 
units refel'ence should be l11ade to the rollowing manuals, 

P800M MCU2 Service Manual -
Documation M300 PER 1415 

P800M MCU3 Service Manual -
Digitronics 2540 and V24 

P833-152 Cassette tape CU 
Service Manual - ELA 

P824-002 Disc eu Service Manual -
PER 1215 

P825-040 Disc CU Service Manual -
CDC 9760 

P800M DIOD Service Manual -
Digital r/o 

5122 991 1173X 

5122 991 1176X 

5122 991 1246X 

5122 991 1249X 

5122 99'1 

5122 991 1177X 

The following explan,ltiof) describes the operation of a control unit connected 
to the GP bus (Type 1 control unit), A control unit connected to the 1/0 bus 
(Type :2 contl'Ol unit) iunctions in a similar mannel'; the names or the signals 
used call be found in Appendix 1 in vlhich the facilities 
provided by the Bus ~:ransla tor are given. 

CPU COMMANDS 

The following comillallcl~ ol'iginale in 1/0 program instructions and alT sent 
on the rvl;\f) lines (M/\f) 04, 08, (9) or the CP bus (0 the control unit 
,Iddres',eci by f'v1;\ I) lines 1 () (0 1') of the C P bus, 

CIO 'ro start 01' stop a d,lta tl'<lnsfer 
INR To ef1'ect a transfer from a device to the CPU 
OTR To effect a transfer fl'Olll the CPlJ to a device 

2-25 



TST - To test whether the status or a device or the eu is busy or 
J)O/ busy . 

SST - To send the status or a device after the transfer has been 
co m pie t cd. 

Address 
The control unit address is taken from the 6-bit address field of the flO 
instruction and placed on the MAD lines. Each control unit has decoding logic 
to I'ecognise its own addl'es', and when this has been validated 
by the TMPN signal from the CPU the control unit 
then responds with timing signal TPMN which informs 
the CPU that the address has been recognised. The 
function decoding logic in the control unit is also 
primed when the address is recognised. 

Address selection in the dccoding logic is made by links 011 the control unit 
boards. Where more than one device or channel is controlled by a single 
control unit. the address logic is arranged to I'ecognise all required addresses. 

Function Codes 
The commands on the MAD lines are decoded by the function code logic of 
the control unit as follows. provided that the control unit has recognised its 
address and the control unit sequencing logic is in the correct mode. 

Instructioll 8its 4 8 9 

MAD Lines 04 08 09 

CIO Stan 0 1 1 
CIO Stop 0 1 0 
INR (Input TI'ansfer) 1 0 001' h 
OTR (Output Transfer) 0 0 001' h 
TST (Test Status) 1 1 0 
SST (Send St,1tus) 1 1 1 

* This bit can be used for specifying variations in the type of transfer. 

CONTROL UNIT SEQUENCING MODES 

The acceptance of a function code depends upon which mode the control unit 
sequencing logic is in when the cOll1mand is received. As shown in Figure 3.1 
the control units arc sequenced through four operational states. 
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LoriO DP,T!~ 
FRor·l DEVICE 
I'1TO BUFFER 

BIECO-5 
OR PRN 
ACTIVATED 

OUT TO 
BID LIliES 

BIEe 0-5 
ACTIVATED 

STATUS 
G.~TED OUT 
TO BIG LiliES 

no 

TRPNSFER DATA 
FRor~ BUFFER 
INTO DEVICE 

DAH ON BIO 
LINES GATED 
INTO BUFFER 

yes 

Figure 3.1. Control Unit Mode Sequence 
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r~ODE 
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i~OD E 

EXCHMGE 
r~OD E 
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Inactive 
The only comm;mds accepted by a control unit in this mock arc CIO start and 
TST. The control unit responds to a TST command by placing 
one's on all 1310N lines to indicate a 1701 OllS,/ condition. A CIO start cOlllmand 
switches the control unit fmlll the Illilctilc to the Excelllc or exchangc mode 
depending upon whcthCl' the control unit is designed for input or output. 

Execute 
In this mode tile control unit causes the peripheral device to make a single 
operation - rcad one character. for example in the case of a tape or carel 
I'eader - after which it switches to the !::\ch;!17!l"c mode. An Error 
switches the unit to the \Vail S'tatus mode and a TST command places a OUS) 
signal on the HIO lilH's without ,witching the mode. No other commands are 
,lccepted in the EXCClllC mode. 

Exchange 
In this Illode the control unit activates either the I3RN break request line - if 
the control unit is connected for 1/0 processor or DMA - or the interrupt 
request lines BILC 0-5 -- if the contl'Ol unit is connected for programmed 
channel opel"ation - 10 indicate to the CPU that it is ready to send or receive 
data. The INf<.. OTR and TST comm,lIlds are acceJ)table in this mode and will 
elTect a data transfer. CIO "stop is also accepted but causes the controi unit 

to go to the wait status ')late. After the l!'ansfer the control unit ITverts to the 
Execute Illode. 

Wait Status 
The control unit ')wilches to Ihis Illode artel' receiving a CIO stop cOPlmand 
whilst in the Exchange mode. Only TST and SST commands are then accepted. 
The TST nlllllll~lIld tests whether or not the control unit is busy and the SST 
command puts the contl'Ol unit status word on the 1310 lines. The SST 
commanci also switches the control unit into the Inactive mode in readiness ror 
the next CIO stan cOlllmand. 
Indication 01" device status in response to an SST command will vary with the 
kind or device cOllnected to the control unit. The most cOlllmon status bits arc: 

BIO line 15: Not operable/manual intervention required 
BIO line 14: Thl'Oughput error 
BIO line 13: Data fault 
1310 line 12: Incorrect length. 

TlTICAL CONTROL m~IT LOGIC CIRCUITS 
Interfacing with the GP bus is standard and is fully desCl'ibed in Chapter 2, of this Part 
whereas, the device interconnectiolls depend upon the complexity or the 
peripheral. Figul'e 3.2 is a block diagralll of a typical control unit and examples 
of the decociing. sequencing and control logic used in standard control units 
arc given belo\v; these aspects or the 1/0 interface logic can be seen in the 
complete control unit logic contained in the Appendix. 
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I ~ [·lAD 
1 
I ... H1PN 
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1 
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1 
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I 
I 
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I. CLEARN 
I 

1------------- ---I 
I , 
I 
! 
I 
1 
I 
1 
1 
1 
I 
I 
I 
I 
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I 
1 
1 

ADDRESS 

DECODER 

FUNCT ION 

DECODER 

I 4 

1 
I 
1 
I , 
1 
1 

I 
I 
I 
I 
I 
I 

CONTROL I 
SIGNALS I 

• I 1 
I 
I COr·1MANDS 

I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
1 
1 
I 
1 
I 

liN T ( B I E C 0 - 51 
I~ I 

SEQUENCE AND 1 

I 
1 
1 __ BRN 
I 
1 
1 
I 
1 
I _ B 10 

I 

1 1 
1 G P 1 
I~U~I 

I CONTROL 

I FLIP FLOPS 
I 
I 
1 STATUS BUFFER GATING 
1 SIGNALS SIGNALS 
I I I 
I 1 DATA BUFFER 
1 
I 
1 
I 
I CONTROL UN IT 

1 STATUS 
I 
I STROBE 

DATA 

----------------

....-

"'"" 

,.. 

--------

PER I PHERP.L 

DEVICE 

I 
I 
I 
I 
1 
I 
I 
I 
1 
1 
1 

____ - ___ I 

Figure 3.2. Block Diagram of Typical Control Unit 
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Address Decoding 
Figure 3.3 shows a suitable decoding arrangement for the MAD address lines. 
The link connectors ADO to AD5 allow the address of the control unit to be 
determined merely by positioning the links. For example device address 5 is set 
up in binary form by connecting the links as follows: 

ADO AD1 
1 to 2 1 to 2 

TMPN MAD10 
o <I 

ADO 

I-~ I' 
1.0 
1,1 
1 0 , 
I 1 

I', I .01 
U 

AD2 
I to 2 

MAD11 
0 

AD3 AD4 AD5 
2 to 3 1 to 2 2 to 3 

MAD12 MA013 MAD14 MAD15 
0 0 0 0 

Jol 
I I 

·t~J· ARE (INTERNAL SIGNAL) 

Figurc 3.3 Addrcss decode logic 

Function D~coding 

Once the address has been recognised the consequent ARE signal allows the 
function on the MAD lines to be decoded by the circuit shown in Figure 3.4. 

This circuit decodes the function on the MAD lines and decides if the 
command can be accepted. CIO Stop and Test Status are always accepted but 
for all other commands the control unit must be in the appropriate state. as 
determined by the sequencing logic. 

Sequencing 
The sequencing logic controls data transfer·s by s\vitching the control unit into 
one of four operational states to adapt the G P bus timing to the mechanical 
actions of the device. 

2-30 



ARE MAD04 MADoa MADOg 

A3 AO 

ONE OF TEN DECODE MODULE 

41 0/ 2/ 31 6! 7/ 

INCT!: WST/. 

" •• i cJ 
Q Q Q P" 

?? 
.4. 6 · ... I 

t • , V 
SENSE STOP TEST 

... n ~~~:~: ~JI 
YINROROTR D ACCORDING TO '6 CONNECTION STATUS START STATUS 

Q 
y 

o 
ACCN 

Figure 3.4 Function decode logic 

In the circuit shown in Figure 3.5 the sequencing of the four states IS as 
follows: 

INCT This is the inactive state where the control unit is waiting for a 
CIO Start command to enable it to start a data exchange. It is 
switched into this state when both flip-flops A and B are reset by 
either a CLEARN or Send Status signal. Output from this gate 
allows the function decode logic to accept the CIO Start 
command. 
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EXT 

ECH 

WST 

CLEARN 

This is the execute state where a single mechanical action is 
performed by the peripheral device (i.e. a read or write operation). 
It is switcheci into this state when flip-nop A has been reset and 
nip-flop B has been set by the CU accepting either an INR (input) 
or OTR (output) command from the CPU. 

This state is the exchange state \vhen the ciata transfer between the 
CPU and the control unit is actually executed. It is switched into 
this state when both ;\ and B flip-flops have been set by either a 
CIO Start command (from the CPU) or a strobe pulse (from the 
device) depending on the type of exchange. 

This is the wait status state which then enables the function 
decoding logic to accept a Send status command. It is switched 
into this state when flip-flop A is set and tlip-flop B is reset by 
signal F HALT. F HALT will be produced by either a CIO Stop 
commanci (from the CPU) or when an error has been detected. 
The control until will remain in this state until it receives a send 
status commanci or CLEARN signal from the CPU. When either 
of these are received the CLJ will switch back to the INCT state to 
await the next CIO Start command. 

R 

INR! 
OR OTR; 

SST. 

+5V 

K 

A 

INC, 

STROBE ARE! 
B FHAL T CLEARN CIO START 

so 

EXT ECH WST 

Figure 3.5 Sequencing logic 
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Control Flip-Flops 
These flip-ilops are very simple and are used to remember that certain events 
have occurred, sllch as commands from the CPU, device states or errors. The 
number of flip-flops needed dcpends upon the type of peripheral device; two 
examples are shown in Figure 3.6 

OTR 

INR i 

,Y 
I I 

DEVICE n ECH READ~ CLEAR I 

Q V 
W 

~ 
READ/WRITE 
INSTRUCTiON 
TO DEViCE 

INCTI 
CIO I CLEAR 
STOP SENSE I 

Q' i STATUS I 

."'<0' V 
W , , 
FHALT 

Figul'C 3.6 COJlll'01 ilip-ilops 

LOADING THE CU REGISTER 

The diagram in Figure 3.7 shows, as an example only, 
basic logic arrangement with the control 

the 

unit in the exchange mocie and carrying out an OTR instruction to loacl data 
sent from lhe CPU on the BIO lines into the CU register. The diagram 
illustrates that when TMPN is received, flip-flop ARE records that the control 
unit has recognized its address and that the function to be performed is 
memorized in flip-flop OUT. These actions are necessary as the contents or the 
MAD lines will change. The response signal TPMN from the CU occurs very 
rapidly and the data on the 810 lines is loaded into the register when signal 
ARE goes high. All rcspons(~ timcs havc been made as rapid as possible to 
permit the lise of very short guard times. 
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Address D S 7474 
'1"D10-15 

e cod i ng C Q 
ARE 

0 

r~p 

C 

CLU,R', 

"~ 

0 

OUT 
C Q 

READY OUT 7474 

B I 0 OO;i - 1 5 N 

READING FROM CU REGISTER 

7408 

Q 

7474 

74174 

T P~1N 

ACN 

Edge-triggered 
)-egister 

The diagram in Figllre 3.8 shows as an example only, the basic logic arrangement 
wi th the eu in the exchange mode and carrying'out an INR instruction to send data on the 

1310 lines to the CPU. When the acldl"Css is recognised (ARE = 1) instruction 
IN is used to write the contents of the registel' on to the BIO lines. When 
TMPN becomes 1 again prompt clearing of the TPfvlN and 1310 lines is 
obtained by the lise of a 741111 which ensures that the BIO lines arc freed 
within 35 IlS of the resetting of TPfVlN. 
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MADIO-15 

H1PN 

CLEARN 

~lAD04 

r~AD08 

Address 
De co ding 

D S 

C 

READ ACCEPTED 

74S74 

Q ARE TPMN 

ACN 

D 

C 

7474 

C 

o IN 

7475 

BID 

Edge-triggered 
register 

00N-15N 
1801 

74174 

Figure 3.8 Reading the CU data register 

PROGRAMMED CHANNEL OR I/O PROCESSOR SELECTION 

For programmed channel operation the control unit requires only an interrupt 
request line (lRN) and the break request line (BRN) is not connected. 
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Interrupt for transfer 

Interrupt for control 
----~ ..... --__r_\., 
~LJ.r-

1 0- ~~~-1I!O PROCESSOR I 

~ I~I BIEC ENCODER I 

On the control unit a link is connected between 2 and 3 for programmed 
channel operation ane! between 2 and 1 for 110 processor operation. 

CIRCUIT BOARDS 

Physical Details 
The standard dimensions applicable to control unit boards are given in Figure 
3.9 (Type 1 double control unit board). The dimensions 
for a Type 2 control Uyti t board can be found in 
Appendix ~. The spacing between the boards, whether 
they are mounted in the basic mounting box or in an 
equipment shel~normally limits the height of the 
component bulk unless the neighbouring board slot is 
left vacant. 

General Purpose Wiring Boards 
The general purpose wiring board for Type 1 control 
shown in Figure 3.10., has hole patterns for accepting 
226 dual-in-line packages with 14 or 16 pins 15 MSI, 
LSI packages with 24 or 40 pins and for discrete 
components. It is provided with printed circuit track­
ing for the d.c. supplies to the components and from 
the logic connections of each component to jumper wire 
connection points. A GF bus connector for mating wi th the 
prinred wiring board and header connectors for peripheral 
connections are mOQnted on the board. 

Wiring Board Rules 
A control unit built on the general purpose ,,!iring bea rd 
should follow the wiring rules for TTL-Circuits. A 
complete set of wiring rules is given in Chapter 4 of 
this Part. 
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421 ...J 

_~~I~------------------------------------------~~--

COMPONENT SIDE OF BOARD 

350 359 

DEVICE CONNECTOR BUS CONNECTOR DEVICE CONNECTOR 

12. 5 

5 

'---J I 74 \oJ A Y I r' 1!-..1..-1 _-."...,:--,...,..,-_...J1
......I

1 L-
1801 1837 3801 86 WAY 3843 

2 2 . 6 7 -Bl1Of--.... ::-
5801 

74 WAY I '-'-!_12.5 
5 B3 71 

96.26 I 
I 

147.13 111 .3 

294.47 -
Dimensions in mm 

Figure 3.9. Control Unit Board Dimensions (Double CU 
Board) 
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~:~~~~~ __ ~~~~~~~~~~~~~~~~i , H~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 

Figure 3.10 General Purpose Wiring Board 
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GENERAL PURPOSE INTERFACE BOARD FOR TYPE 1 CONTROL 
UNITS 

Figure 3.11 shows the partially built general purpose interface board which is 
basically similar to the blank board defined earlier for Type 1 control units but 
contains the logic clements for handling the signal exchange across the GP bus 
via the programmed or I/O processor channel. Space with wiring patterns fQr 125 
dual-in-line packages with 14 or 16 pins 
and 2 MSI,LSI packages with 24 or 40 pins is provided, 
and two hole patterns forme~ by eyelets at 0.1 inch 
distance on which discrete components or additional 
dual-in-line packages can be placed. 

General Purpose Interface Board - Circuit Details 
The functions of the basic logic provided on the intPl'face board. shown in 
Figure 3.12 are: address decoding and setting of the TPM:N' signal, 
decoding of the command signals and setting of the ACN signal. To allow for 
maximum flexibility for the design of the control unit no sequencing logic has 
been incorporated in the basic logic. An example of sequencing logic is given 
earlier in this chapter. 
The board also provides adaption of all GP bus signals, gating of the output 
data on the BIO lines with signals ARE, TM PN, and encoding of the interrupt 
request signal onto the BIEC lines. 
The hardware selection of the device address is made using' 6 links and links 
are also used to make a selection between a common 

IR/BR-line (for programmed ehanncl) or separate IR and BR lines (for I/O 
processor channel). 
In the free area of the board, which is available for the customer to build hi, 
own control unit, the logic unit must be implemented accordirH! to the rules for 
TTL-circuits given in Chapter 4 of this Part. 
For all 14-pins packages, and for 16 or 24-pins packages placeej on locations 
for 36-pins packages, the appropriate connections to the power supply eyelets 
must be made. 
The connections for the d.c. supply of + 5 volts (± 5%). with a maximum 
current of 3.0 A have been wired on the carel. The maximum current needed 
for the basic logic is 1.01\. 
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Wiring 

A control unit built on ether of the General ose 

should follow the wiring rules for TTL circuits. To app the 

wi rules the TTL circuits are divided into the foIl 

groups: 

es for S 

7 and 93 circuits 

7 circuj.ts. 

s s whose emitter (or emitters for circuits with open 

collectors or 3 ~tage outputs) and receivers are on the same 

all c ions are allowed provided that the st 1 

emitter is not greater than the value indicated ( 

the table below: 

ble 4.1 lVIaximurll Emi tter L 

es 

74 and 93 

7 

7 

open col ector 

7, 8+a+e."'\ / ".V.V u) 

100 

60 

"" '--.---0" 
< lOem. '---- .... 
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7400 
.... -------------11-----________ • 

""'C" -------- ---1 2---~ §:= 
" ' ....... _------. 

"-
"-
" " " " "-

"----13---_-110> 

max, 1 ength for 11, 12 0 r 13 -::: lOOem . . 

rrwo connections !3hould Hot }'cUl in lei for more than 20 em 

(for 74 and 93 circu.its),more than 15 Cll (for '(,i.E circuib;),or 

for more than 10 cm (for 748 Circuits). 

A +5V load resistor is required (1 re"'l"'1-()l' 1'" "ufi'l'C'l'ent')· _~ • ..' .~ V ,_ ",) • ..I.~ _ -' ~ ~ , .L ts 

location is not important \>fben the ;]UI!1 of the output lengths is 

not greater than 50 CEl (for ,{,1 

or 20 cm (1'01' C( 4~) cj.cc 1.1 ... ,). 

Example. 

(., i rc' '(' i "(' ") () ',' _' ~. _ -' .".-.~ k_ , .1 

11 .,. 12·,13.,. 14 50(111. 
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Clock Circuits 

In general clock sub-assemblies are constructed from a specific 

circuit diagram. All the components of this circuit,including 

supply decoupling capacitors,should be located as close as possible 

to each other. 

The external resistors and ca,pacitors(which determine pulse width) 

and the 10 nF supply decoupling capacitor should be located as 

close as possible to the integrated circuit (connecting length not 

greater than 3 c~). 

When the memory element is made from two gates,as shown in the 

example,the interconnection lengths shall be not greater than 10 cm. 

For the element output the rule given for the flip flop maximum 

output length earlier in this chapter shall be used. 

Example 

74 HOO 

11 0 r 1 2 ~ 10 em. 
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Unused Inputs 

Unused inputs should be at a well defined level to avoid unpredict­

able switching of the associated output. When the fan-out of a 

driving circuit is sufficient all unused inputs of a gate shall 

be linked to a used input. 

When the above is not possible,i.e. in the case of a NOR gate, 

the unused inputs should be set to level 'O'by directly earthing 

the input. In the case of NAND gates (active low inputs) the 

unused inputs should be set to level' l' as follows: 

Example 

7474 

The input shall be connected to +5V via a 1k ±W 5% 

res is-tor and the +5V supply decoupled by a 10 n.F ceramic 

capacitor located at less than 3 cm from the end of the 

resistor. Up to 10 unused inputs may be connected to 

one resistor provided that the inputs belong to 4 chips 

around the resistor and the greatest distance between 

the resistor end and the unused input is not greater 

than 15 cm. 

1 1 
<tIi8--------~ lK 

• , 
112 

R I , 
s t 
c~ I 

~ 
74HOO 

1 1 
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or 1 2 ~ 15cm. 

13 < 3cm. -.. 



Bus Interface S Rules 

As described in Chapter 2 of this Part the bus signals are grouped 

in to three clas ses A, 13, and C (shown in Table 2.2 and 2.3 Chapter 2) . 

Note that the signals are either: 

- Emitted by an 1801 

- Eleceived by a REC 0612 or by a Ternet adaptor 

bridge(or adaptor of 220£Land 390JLconnected 

between +5V and OV). 

Layout Rules - Double face board (interface packages and tracks) 
- - -- ----- - - - ---------- --- - - - -- ----, 

Logic unit interface packages should be geographically distributed 

by groups on the board (signals of different groups should not be 

mixed in the same logic unit) and should be located independently 

of the grid usually utilized for the layout of the packages. 

The printed tracks linking interface packages to board connector 3 

should be arranged in groups (A,B,or C) and the tracks of signals 

belonging to different groups should not run in parallel. Where the 

tracks of different groups cross the intersection should be ideally 

at 90° but always not less than 60°. 

Note: vlhere it is found impossible to prevent signals 

of different groups running in parallel an earth 

track linked to the earth grid should be arranged 

to pass Letween the two signals. 

The lengths of the tracks from elements to connector 3 should be 

kept to a minimum and should not exceed 7 cm for all control 

signals (grollp C) or 15 cm for all other signals (groups A and B). 
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Note: Where it is found impossible to reduce the length 

of the track for a control signal to not greater 

than 7 cm a maximum of 10 cm may be accepted 

provided that an earth track,linked to the earth 

grid,is run along the whole length of the cignal 

track and in close proximity to the track. 

The central OV (on pins 3A21,3A22,3B21,and 3B22) and the earth 

pins of the interface packages should be linked using tracks that 

are as short and as "'lide as possible (minimum width 2 rnm). 

Other earth paths should be linked together to form as small a 

grid as possible' (max mesh area 9 cm2 -if necessary add further 

earth tracks to achieve a tight mesh). 

The additional earth pins on connector 3 should be linked, through 

the grid,to the earth pins of packages containing control signals 

and shall be distributed as follows: 

BR No. 

4 } THRN 
TRM1-J 3A 24, 
T.M:EN 25 

BUSILW 
HSN 
CLEARN 3A 40 
BR 1-3 
BSYN 

BIEC 0-5 } 3A 07 
SCEIN 

TPlvlN 

} TlVIPN 
ACN 
SPYC 

3A 33 

OKO } OKI 
RSLN 
PWFN 

3A 18 

Note: Unused connector earth pins shall be linked to 

the earth grid with a connection as short as 

possible. 
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The earth plane shall be internal and shall cover the whole board 

area; all earth points of components on the board and all the OV 

pins of connector 3 shall be connected to the earth plane. 

The layout of the interface packages shall be as described 

previously for the double face board. 

The layout of tracks linking the interface packages with connector 

3 shall be grouped as described for double face boards. The tracks 

of two signals of different groups may be parallel provided that 

they are separated by the earth plane. The length of the tracks 

should be kept to a minimum and be not greater than 7 cm for all 

control signals (Group C) and not greater than 15 cm for all others 

(Groups A, Band remaining,signals). 

Other Signals - Wiring Board Layout Rules 

For signals one receiver of which is not on the same board as the 

emitter, the length of the signal path on each board and also the 

length of the linking path between the boards shall be taken into 

account. The total length should be not greater than the value 

indicated in Table 4.1. 

If the length obtained is greater than the value given in the 

table then the wiring should be done as indicated below. 

+ 
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If length 1 if) -<:: 1. 5m then Ule ac tive r; 

by a printed earth track. 

should be accompanied 

If length 1 is between 1. [Sm to 4m then the active [3igna1 linc? 

should be made using twisted wire. 

11 + 12 + 13 should be < 30 cm if using series 74 emi tter 

11 + 12 + 13 should be ~ 20 cm if using series 74H emitter 

11 + 12 + 13 should be < 10 cm if us series 748 emitter 

This relationship is valid at each end. 

Integrated Circuits Power Supply and Power Supply Decoupling 

The interface packages +5V power supply shall be used as the +5V 

supply for all other packages on the board. 

Each emitter, receivel', and Ternct pac shall be decoupled by 

a 10 nF ceramic capacitor. 

Taking the connector e of the board as a reference a 3 per-

pendicular bar grid shall be irlplemented (2 edges and the middle 

of the board) and as many leI bars as there exist rows of 

packages. Each parallel bar shall be decoup1ed at both ends by a 

10 pF, 25V Fitco Capacitor (2222 015 16109). The width of the 

perpendicular bars shall be not less than 6 mm and of the parallel 

bars not lese: than 3 mrn. 

Four 47 _pF, 10V Fitco Capacitors (2222 015 14479) at most (and 

one at least) shall be distributed among the OV and 5V central 

strips. 

Note: The total sum of board Capacitors must not exceed 300 pF, 

therefore, if necessary, the 47 pF capacitor may be re­

placed by 22yF 25V Fitco (2222 015 16229) 

Ternet networks shall be dccouplcd with Ie yF, ciecoup1inC ceramic 

capacitor (connecting Jell not grca tC-l- than 3 em). 



For all other packages on a board one 10 nP ceramic decoupling 

capacitor shall be provided for each group of 3 packages 

maximum. 

Power Supply Distribution on Logic Boards 
On logic boards the + 5V input power supply must be applied via a circuit as 
shown in Figure 4. t so that the supply to the emitters, receivers and 
terminating networks is filtered fl'OIll the supply to the other circuits on the 
board. 

5V a_~------------------~-----I--------------------~~ +5V Connector 3 
47~F Power supply for other 

ci rcui ts on board 

o V --------------------<t--.... ---$-----------------_ 0 V 

Power supply for 
emitter/receiver and 
terminating networks 

L-----------IO> OV U·1AD) 
.------_ OV (BIO) 

L-_____________ --j~ 0 V (co n t ro 1 

Note: It is recommended to have three separate earth 
1 ines (width ~2mm) for the BIO, MAD and Control 
bus signals as shown in the circuit above. 
Each rOI'l of III Lis fi I tered by lOIJr at. each end. 
lhe sum of capaci tors IIlust be ::300Id:. 

Figure 4.1 Power Supply Fillter Circuit 

Integrated Circuit Equivalence Table 

signals) 

Using Table 4.2. it is possible to substitute one type of package 

for another provided that length of connection and fan-out 

constraints are adhered to. 

Example: A 7400 gate may be replaced by a 74S00 if the maximum 

length ~n output is less than 30 cm. 

Back Panel (Motherboard) 

A back panel circuit shall include an earth plane which shall 

provide the function of separating the control, BIO, and MAD 

signals and of connecting all connector earth points together. 
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Table 4.2. Integrated Circuit 8ubstitutions 

7400 with 7410,13,20,30,37,40,132,74HOO,10,20,30,40,74800, 

10,20,40 

7401 with 7403 

7402 with 7425,27,50 

7403 wi th 7401, 4738 
7404 with 7400,02,10,13,14,20,25,27,37,40,86,132,74HOO,04, 

10,20,30,40,74800,04,10,11,20,40, REC 

7405 with 7401,03,06, 38 

7406 with 

7408 

7410 

7413 

7414 

7416 

wi th 74H11 

with 7420,40, 7 4H1 ° ,20,40, 74810, 20, 40 

with 

with 't'417,132 

with 7406 

7417 with 

7420 

7425 

7427 

7430 

7432 

7437 

7438 

7440 

7450 

7453 

7460 

7473 

7474 

7476 

7486 

74132 

74175 

74HOO 

74H04 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

with 

'<lith 

with 

with 

7440,74H20,40,7420 ,40 

7425 

74H30 

744°,74H4°,74840 
1801 

7 4H40, 74840 

74H53 

74H60 

74H73 

74B74,74874 

74H76 

74886 

7413 

748175 

74H10,20,30,4°,74800,11,40 ,74 

'* 74HOO,11,20,30,40,74S00,04,10,20,40, REC 
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74H10 with 74H20,30,4°,74810,20,4° 

74H11 with 74820 

74H20 wi th 74H30,4°,7484°,74 

74H30 with 

74H4° with 74840 

74H50 with 

74H53 vii th 

74H55 with 

74H60 with 

74H73 with 

74H74 with 74886 

74H76 with 

74800 with 74811 , 40 , 74 

74804 with 74S00,74810,20,4° 

74810 with 74820,40 

74811 with 

74820 with 

74840 with 

74S74 with 

74886 with 

*8ubstitution possible if you admit tpd max 12 ns (REC) instead 

of tpd max = 10 ns (74H04). 
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5 CPU Power Supply Interface 

As well as the d.c. voltage levels needed for tl1(' memory modules and the 
processing and control unit logic circuits, the CPU power supply unit pro­
vides power fail (PWFN), reset (RSLN) and real time clock (RTC) logic 
signals. The power supply is included in the mechanical construction of the 
basic mounting box and all Olltputs from the supply arc wired directly to 
terminations in the basic box. The mains supply to the unit is wired directly to 
the power supply. The block diagram in Figure 5·1 shows the interface signals 
and Tables 5.1 and 5.2 detail the supply characteristics. 

MAINS 
SUPPLY 

ON. OfF 

{ 

N 

~RTH 

C1 

C2 

SA HER\, ----

CONNECTIONS ------I 

POWER SUPPL Y 
(BasIc Mountmg Box) 

+5V 

MEMORY 
SUPPLY 

-~-"l LOGIC 

~V_.~_) SUPPLY 

-5V 
-----·1 LOGIC 
OV r SUPPLY ._--- ) 

-18V 

ov I _____ ~ UNREGULATED 
I SUPPLY 

~~----- J 
RSLN 
--.. --, RESET 

OV '~ SIGNAL ____ J 

PWFN 
, POWER 

OV -- t FAIL 
1---------) SIGNAL 

RTC 
REAL 

---} TIME 
!..~~_._ CLOCK 

SIGNAL 

Figure 5. J CPU pOliceI' supply 

2-55 



Level 

+5V 

sv 

+ lbV 

± 18V 

Overall 

Mains Input Voltage: 

Mains Frequenoy: 

100V, 115V, 220 or 240V + 
10% single phase with -
neutral and earth or two 
phases with earth. 
50 Hz + 2 Hz or 60 Hz + 
3 Hz. 

Table 5.1. Output Supply Characteristics 

i\lax. ('L1tTCIl! Avai 1 ah-] t'O* Pl'Otcctioll to be Initiated Betwcen 
1--"'7'. 

I Stability 100/200 400 Series 500 Series 

± 5% 

± 5% 

± 3'Yo 

"~- 1 Oi~.{) 
+70% 

Series OVCI'ClIl'l'Cllt Ovcl'vol tage 

1 SA 43A + 2'i°;1, bV to 7V 

0.8 2.6A Protected 
6Vto75(1 . by fuse 

4.S/\ 9.0A 18A + 25(}h 
-

1/\ 2.0A 4·0A Pl'Olcc\ccl by 
Fuse 

Note * The maximum current available varies 
wi th the basic mounting box,· more 
details of which can be found in 
Section 2 Part 2 Chapter 1. 

Table 5.2. Logic Signals Characteristics 

+5% to +27% 

U npl'otectecl 

Sif'ld Conncction el'll ,""Old [,ogi(' "0" I.('\c[ IJlf'ic "I" LeH'1 

[,WIN f\\jqcd I'<lil' 30 TTl. o to 0.4 Volts :24 to ') Volts 
(and uv Line') N;llllh [Sink 41\ 111,\ I load I 1111\ 

OpCIl colkc\<)r 

It'-)LN Iwi.Sled 1';) i I' Open (olkctor o to 0.4 Volts 
(,,!)d ()V line) Output Isin~ 150 ill;\ 

I~ 1(' 1\\ iSlCd Pair lUI II. o to 0,4 Volts :2,4 to ) Volb 
i;)nd ()V line) N;)nds Isinf; 1 b 111/\ 11";ld 400 .Ji\ 
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LOGIC SIGNAL AND D.C. SUPPLY SEQUENCING 

The sequential timing for the d.c. levels and 
logic signals lS shown in Figure 5.2 and 
illustrates how automatic protection is provided 
for switching on and off and for power or mains 
failur~of greater than 10ms duration. The 
sequencing is necessary to prevent loss of in­
formation in the memory, dis~, tapes etc., and 
for implementing the power failure/automatic 
restart circuits in the CPU. 

RSLN 

POv!ER Oil 

i>lO~s 
I#~ 
1 I 

>2~s 1 >lO~s 
111>1 I"'~ I'" 

I 
1 

I ~I __________ ~ __ ~ 
I 
I 
I 

>lOms 

PO vi E R 0 F FOR 
!·iA I NS Fld LURE 

:RSLN AND PWFN RISE 
,A~D FALL TIMES MUST 
BE LESS THAN O.8~s 

Figurc5.2 CPU power supply interface timing 

Logic Signals 
The two signals RSLN and PWFN are used by the CPU to control the power 
supply switching and are also extended via the' G P bus to control external rack 
power supplies. 

RSLN: This signal is used to indicate the functioning or all power 
supply units. If it is set to "0" the system is not operating and 
if it is set to ''1'' the ± 5 V and + 16 V supplies are supplied 
correctly. 
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I 
)01 

I 

PWFN: Transition of this signal from "0" to "1" Illeans that, if the 
power is supplied correctly, the systelll Illay be set to 
operate. The transition of this signal frolll "1" to "0" Illeans 
that. provided the power is supplied correctly, after a fixecl 
delay the system will not be able to operate any longer. 

Real Time Clock 

The timing for the real time clock signal RTC 
is shewn in Figure 5.3. 

11--------1 L 
I MAINS PERIOD T. 
1< 

T= 20ms for 50Hz mains supplies 
and 16.67ms for 60Hz mains supplies 

Figure 5.3. Real time clock signal 
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POWER CONTROL WHEN USING EQUIPlVlENT SHELVES 

The block diagram in Figure ~ fl' shows the logic signal arrangement when 
using a system in which further power supplies ,)I'e used,in . equipmen t shelves 

PWFN 

RSLi'J 

j 

BASIC 
CABINET 

EXT. 1 EXT. 2 

~ -
POWER POWER POWER 

r--
SUPPLY SUPPLY SUPPLY - -

Fig:ure 5. it Systcm using: cxternal powel' supplies 

With this arrangement P\VFN and RSLN arc connected to each equipment shell 
via the GP bus and can be activated by anyone of the power supplies of the 
system connected on the bus, If one power supply fails the whole system 
becomes inopcl'able due to perturbation on the bus given by the failed supply, 
The system functions as follows: 

Switching otT When a mains failure is detected (> 10 I11S) a PWFN 
signal is generated by one of the power units, This signal 

Swilching on 

informs ali the equipment shelves of the failure but only 
the CPU em take the signal into account by a pl'iority 

interrupt handling. The CPU knows that the system wili 
be not operable within 2 ms and initiates a safe guarding 
routine for the program running, 

Signal RSLN is generated 2 IllS after PWFN and provides 
an earth signal to protect the peripherals or memories 
during the decrease of the voltages. If RSLN appears 
during a memory cycle (due to an overtime of the power 
failure routine) the lllelllory content is not guaranteed, 

Signal RSLN is used to generate a master clear signal to 
protect the peripherals during the increase of the voltage, 
Signal PWFN is used to restart the system at the point 
where it has been stopped. 
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6 0108 

The DIOS system is a general purpose digital input/output system vlhich 

allows any external digital equipment to interface with the 

P852H/P856M/or P857M CPU. The system is connected to the GP bus 

in the same manner as a peripheral device control unit and operates 

on the programmed channel. Two basic DIOS units are available: 

P837 -001 

P837 -002 

DIOD 1 word input/1 word output. 

DIOD 2 words input/2 words output. 

In these units only the output channels are buffered and TTL levels 

to .±: 24V inplJ.t and.±: 30V output are provided for at the input and 

output. 

Basic DIOS Connections 

Both DIOD units are constructed on standard printed wiring boards 

(see Quad CU board Chapter 1 of this Part) and employ one 86_way 

connector(3) for connection to the GP bus and either 2x 26_way 

connectors(Nos. 1 and 2) for P837-001 or 4 x 26-way connectors 

(Nos. 1~2~4,and 5) for P837-002 to make user device connections. 

The boards can be located either in a basic mounting box or in 

an external equipment shelf P843-001; only a +5V supply is 

needed to drive the units. 

One transmitter/receiver is employed per interface signal and 

for P837 -002 DIOD each channel is fully independant vii th a separate 

device address and interrupt level. 

As an option cables 3 metres in length with terminations can be 

provided but device connection between the DIOD boards and external 

equipment is the customers responsibility(see later information on 

input and output interface circuits in this chapter). 
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CALL Signals 

For all call signals from external equipment link connections are 

provided which enable the user (who may be using either active high 

or active low signals) to select whether the call flip flop in the 

])10]) is clocked on the leading edge of the CALL signal or on the 

trailing edge. The input circuit and waveforms are shown in 

Figure 0 I 

Example of Input Circuit: 

Receiver 

CALOA----1 ~~)--~~~ To clock CALL A flip-flop (7474) ~
SCALOA '0' 

SCALOAA ) 
'-----' '1' 

FOr' CALL signal 'active high' on the line 

CALOA--...... ~I SCALOA ___ ...:1+ '------, D' Sel ected 

SCALDAN ---, .'-----'1' Selected 

F 0, CAL Lsi 9 n a 1 'a c t i vel 0 \'/' 0 nth eli n e 

CAL 0 A ----,1---, SCALOA ~~'------'O' Selected 

SCALDAN ----.... + '------, l' Sel ecteo 

Figure 6.1 CALL Signal Input Circuit 

The respective CALL flip flop is clocked only on a transition from 

'Low to High'(indicated by an arrow in the diagrams) and the 

possible choices can be clearly seen. The links are marked on the 

board as follows: 
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~ ACALO' for CALL in output mode ('word A) 
, ACALI" for CALL in input mode (word A) 

, BCALO' for CALL in output mode (word B) 

, BCALI' for CALL in input mode ( 1>lord B) 

The'D'and 'i'positions are also marked. 

Note: The minimum duration of a CALL signal must be 200 ns 

and,for good noise immunity,it is recommended to use 

CALL signals which are 'active low: • 

OK Signals 

For the OK signals which are sent to the user device after the 

transfer of data (OKOA, OKIA, OKOB, or OKIB) a circuit is provided 

which enables the user to preselect the duration of the pulse 

for each OK signal. The basic circuit for each signal is shown 

in Figure 6.2, 
C45 - C48 option 

,---- i~ ---- ---- -- ----, 
: C49 : R49 

AACOTRN-----------j 1(15) 
4 ( 12 

5 (11 ) 

Q 

1x 9602 

+5V 

I--__ ----'-C O_K_O_Ao, '0' 
6 ( 10) I 

Ole-' -_.. SOKOA , 
CO KOAN ' '1' 

Q 7(9) b-__ ~ ____________ ~ 

R34 
+ 5 V t----I'v'V'NVv-----4>-----' 

1 K 

3 ( 13 ) 

COKOA-----'-,-;: W ' 
t 1.... I4Ill .... 

adjustable 

t1= 27ns typical 

Figure 6.2. Circuit for Generation of OK Signal 

The pulse width (w) is adjustable over the range 2 ps to 1 ms using 

capaci tors C45 to C49. For the standard version C49 is ahmys moun ted 

which makes W= 2 ps ± 10% but if other pulse widths are required a 

capacitor can be mounted in parallel with C49 to change the width 

as follows: 
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C45= 1.8 nF ± 10% w 20 ps ± 10% 

C46= 10 nF + 10% 1t! 100 ;Us ± 10% 

C47= 47 nF ± 10% w 500 ps :!: 10% 

C48= 100 nF ± 10% w 1 + 10% ms -

Links provided on the board allow the user to select an OK 

or OK/ signal. The links are identified on the board as follows: 

.. SOKOA , for OK signal in output mode ( word A ) 

... SOKIA' for OK signal in input mode ( word A) 

.. SOKOB" for OK signal in output mode ( word B) 

... SOKIB" for OK signal in input mode ( "lOrd B) 

Each link is also identified ~O' or ... 1'. For "'O'selection the 

OK signal is 'active low'on the line and for '1'selection the 

OK signal is 'active high'on the line. 

Interrupt Level Selection. 

Interrupt level selection is made using links on the board. When 

a DIOD 2 board is used each separate channel interrupt level can 

be preset using two sep~rate sets of links. The layout for one 

channel is as follows: 

Address Recognition 

o ITA 1 
~ 0 00 
o ~ 01 
~ 0 02 
o ~ 03 
G-€l 0 04 
o ~ 05 

Example shows interrupt set to /15 

Each I/O channel has its own address (when DIOD 2 board is used) 

and the Address is selected by means of two separate sets of links 

on the board. The layout for Address A is as follows: 
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o ADA 1 
G--E> 0 00 
~ 001 
~ 0 02 
o cP€l 03 
o cP€l 04 
o ~ 05 

Example shows Address set to /07 

Data Words Interface 

The DIOD board has a 2 x 16-bit output buffer (DIOD 1 board has 

1x16_bit buffer)connected to the BIO lines on the GP bus and the 

words from the CPU are buffered on the trailing edge of the respective 

accepted data exchange for the word A (or B). The data is available 

on the output lines until a new exchange is performed. The buffer 

details are as follows: 

FOUT A(or B) 00 to 15 

Data 

Clock 

Reset 

Type D edge triggered flip 

flop (74174) 

BIO 00 to BIO 15 

A (or B) ACOTR, TMPA 

CLIRN 

Special Output Circuit 

A total of 40 driver circuits (2x 16 data + 2x2 OK lines + 2x2 

MCLN lines) are used between the DIOD 2 board and the devices. 

An example of one driver is given in Figure C3. 

+5V 

R 

r-----------------i 
I SN 75451BP I 

From D lOD -----~.--I ~---+--_--+---x 

boa rd buffe r 

(74174) 

lO-------t--lG. 

L ____________ _ 

I 

7 I cy : 
_ __ J : 

In I 

Figure 6.3. Output Driver Circuit 
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The output circuit is an open collector transistor: 

- Output Voltage Vout ~ 30 volts. 

- Vol ~ 0.4 for 101 ~ 100 mA (TTL level) 

- Vol ~ 0.7V for 101 <- 300 mA 

- 101 max 300 mA 

Ioh max 100 p.A 

The speed and transition times on the lines are determined by 

the load and length of the line (determined by customer). 

Resistor R is a matching resistor which is used if the user 

circuitry is not adapted for the cable. The resistor is mounted 

on the circuit board UTlder the clJ.stomers responsibility vlith 

respect to current limitation of the output driver. 

For a TTL connection it is not recommended to use the resistor R 

but to employ a resistor bridge at the user end. The arrangement 

is shovm blC\O'vJ, 

+51.1 

200 .. 
r--- --, 

I 

-7~~~~---+---+- ~. ! Fro mOl 0 0 ---vv~-<Iol>-I -----

board by 

twisted pair 

cab 1 e Z 0 = 1 20;! 

Input Data Circuit 

I 
400 .. 

I 
I 

\If TTL ga te 

(Schmitt trigger 7414 for example) 

On the DIOD 2 board there are 32 receiver circuits for the BIO 800 

to BIO 815 input signals from external equipment(word A and word B) 

plus 2x2 CALL lines. The signals are received on the circuit shown 

in Figure (, . if, • 
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+5V 

r-----' 
I I 
I I 

0--.----'\ 

I 
390pF 1489A (SN 75189A) 

Figure 6.4. Input Receiver Circuit 

Circuit performance: 

- Input Voltage Vin'- :!: 25V (Zin!::::!. 3k) 

- Input threshold 1.75V (Vih ~ 2.25V 

0.7 5V ~ ViI ~ 1 .25V 

The interface complies with V28 requirements for voltage level 

and input impedance. Modification of the input·filter is possible 

by the addition of capacitor Ox under customers responsibility. 

The speed is given for 50k words/sec. 

Resistor R (120~:!: 5% O.125W) is mounted on the DIOD board under 

customers responsibility; it is necessary to mom1t it to allow 

for the possibility that lines from a switch or from an open 

collector may be received which have no reference voltage as 

shown be-low. 

To 0100 

receiver 

circuit 

Resistor R can be used also for 

matched lines. 

Pin Connections To 0100 Boards 

The pin connections,for the connection of user devices 

to the 0100 boards,are listed in Tables 6.1 and 6.2. 

2-67 



TableL I Pin Connections for DIOD 1 and DIOD 2 Boards 

Signal Pin No f;ignal Pin No 
Mech Earth 1A01 :Glech Earth 2A01 
DINA 08 1A02 DOUTA OS 2A02 
DINA 09 D3 1A03 DOUTA 09 D3 2A03 
DINA 10 1A04 DOUTA 10 2A04 
DINA 11 1A05 DOUTA 11 2A05 
Ground D3 1A06 Ground D3 2A06 
DINA 12 1A07 DOUTA 12 2A07 
DINA 13 D4 1AOS DOUTA 13 D4 2AOS 
DINA 14 1A09 I DOUTA 14 2A09 
DINA 15 1A10 DOUTA 15 2A10 
Ground D4 1A11 Ground D4 2A11 
OKIA 1A12 OKOA 2A12 
Ground CALIA 1A13 Ground CALOA j2A13 
DINA 00 1B01 DOUTA 00 2B01 
DINA 01 D1 1B02 DOUTA 01 D1 

1

2B02 I 

DINA 02 1B03 DOUTA 02 2B03 I 
DINA 03 1B04 DOUTA 03 2B04 
Ground D1 1B05 Ground D1 2B05 
DINA 04 1B06 DOUTA 04 2B06 
DINA 05 D2 1B07 DOUTA 05 D2 2B07 
DINA 06 1BOS DOUfJ..'A 06 2BOS 
DINA 07 1B09 DOUTA 07 2B09 
Ground D2 1B10 Gr01md D2 2B10 
MCLAiN 1B11 MCLA2N 2B11 
Ground(MCL, OK) 1B12 Ground(MCL, OK) 2B12 
CALIA iBn CALOA 2B13 

Connector PS43-022 (26 Pins) 

Cable 20 hlisted pairs cable minimum (Zo 120 ohm) 
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Table C2 Additional Pin Connections for DIOD 2 Board (P837-002) 

Signal Pin No. Signal Pin No. 
Mech Earth 5A01 Mech Earth 4A01 
DTNB 08 5A02 DOUTB 08 4A02 
DINB 09 D3 5A03 DOUTB 09 D3 4A03 
DINB 10 5A04 DOUTB 10 4A04 
DINB 11 5A05 DOUTB 11 4A05 
Ground D3 5A06 GroUl1d D3 4A06 
DINB 12 5A07 DOUTB 12 4A07 
DINB 13 D4 5A08 DOUTB 13 D4 4A08 
DINB 14 5A09 DOUTB 14 4A09 
DINB 15 5A10 DOUTB 15 4A10 
Ground D4 5A11 Ground D4 4A11 
OKIB 5A12 OKOB 4A12 
Ground CALIB 5A"13 Ground CALOB 4A13 
DINB 00 

I 
5]301 DOUTB 00 4B01 

DINB 01 D1 5]302 DOUTB 01 D1 4B02 
DINB 02 5B03 DOUTB 02 4B03 
])INB 03 5B04 DOUTB 03 4B04 
Ground D1 5B05 Ground D1 4B05 
DINB 04 5B06 DOUTB 04 4B06 
DINB 05 D2 5B07 DOUTB 05 D2 4B07 
DINB 06 5B08 DOUTB 06 4B08 
DINB 07 5B09 DOUTB 07 4B09 
Ground D2 5B10 Ground D2 4B10 
MCLB1N 5B11 MCLB2N 4B11 
Ground(MCL, OK) 5B12 Ground(MCL, OK) 4B12 
CALIB 5B13 CALOB 4B13 
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SECTION 1 - INTERFACING 

PART 3 INPUT/OUTPUT PROGRAMMING 
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1 Introduction 

Data transfer be(ween input/output devices and the central processor is 
contmllcd by device control units each of which may have one or several 
devices attached to it, depending on the type of device, 

Table 1.1 shows the number of devices which can be attached to a control unit; 
the last two columns indicate with <1n X the channels to which the control units 
can be connectecL 

Theoreticallv, any devicc, apart from vcry fast devices such as discs and 
magnetic tapes, can be connected to any channel, The standard system 
software is the limiting factor. 

Control LJni( for: devices Prog. I/O 
per C.Li. channel Processor 

channel 

opera tor's typewri tcr I X 
punched tape readel' 1 X 
l<1pe punch 1 X 
line printer 1 X 
magnetic tape 4 X 
cassette tape 3 X 
moving heac! elise :2 X 

card reader 1 X 
---

Table 1.1 Connection of Peripheral Devices 

Each control unit is attached to the central processor by an interrupt line, 
address lii1es~ and other signal lines which are used by the computer to 
determine \\hethel' a data transfer can be performed. 

Data al'e transferred between the devices and the central processor via 
Progl'amilled Channel - where each word or character must be pmgrammed 
or 110 Processol' Channel - where only blocks of ciata to be transferred arc 
progl'a Illilled. 
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PERIPHERAL DEVICES 

The standard sofrware of the P852M, P856JVI, and P857JVI handles the following 
devices: 

1/0 typewriter 
Punched (ape equipment 
Punched card reader 
Magnetic tape equipment (including cassette tape) 
Disc equipment 
Line printing equipment 
Display equipment 

BASiC INSTRUCTION SEQUENCE 

The various commands arc used as follows: 

'lST (Test S'liIlus): can be used befolT starting a data transfer (i.e. before 
ClO) to check vvhether the device contl"Ol unit is in the busy state; 

c/o (Control I/O): used to start or stop a device and to perform control 
operations on peripherals. 

INR (INput to Register): used to transfer a character or word fl"Om a device 
control unit connected to the programmed channel to a specified register of 
the central processor: 

OTR (OuTpul from RcgislcrJ: used to transfer a character or word from a 
specified re",ister to the buller of a device control unit, connected to the 
programmed channel. 

- SST (Send Status): used to get a status word from the device control unit. 

A branch instruction shmIid be lIsed after each 1/0 command to check whether 
it has been accepteci. The following conditions arc indicated by the condition 
register: 

CR = 0: command accepted (control unit ready); 
1: command refused (control unit busy or command not compatible 

with state or control unit); 
3: device address unknown. 
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2 Input/Output Instructions 

Control Input/Output 

o o dev 

Syntax 
r < ident > l,-,(JO,-, < 1'3 > ,fOil J, < dev > 

The 110 instruction has the following functions: 

Star! an 110 operation on a peripheral device (F 1). 
- Stop a data transfer or reset the state of a peripheral device control unit (F 0) • 

During execution < dev > field is sent, via the G P bus, to the peripheral device 
cOl1trolunit. The contents of the 16-bit register specified by 1'3 are also sent on 
the G P bus to provide further information for some sophisticated control units 
(see chapter 3, under "Special dcvice handling"). A start 110 command is not 
accepted if the device address is unknown or if the corresponding device is 
busy. Halt 1/0 is always acccpted. The control unit will switch to the wait state 
after termination of data transfer with the peripheral device. 

Execution Time = tvl + 1.4 :1.S + 1/0 

Condition Register 

where tvl 
and 1/0 
of the 

CR = 0 command accepted 

= tvlemory cycle time 
= 0.6 to 6:4 :~.s (Asynchronous 
device control unit). 

1 command not accepted 
3 device address unknown 

Remark 
r3f 0 - from A 1 to A7 
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Test STatus 

r3 dev 

Syntax 
r < ident > l-" TST '-' < r3 >, < dev > 

This instruction may be used before starting any 1/0 operation to test if the 
device control unit is in the inactive state. It is always accepted by the control 
unit. 

During the execution of the TST instruction a status word is sent from the 
control unit to the register specified by r3. 
/\ one in position 15 of r3 indicates that the control unit is busy. Other bits arc 
not significant. 

Execution Time = M + 1,3 :LS + I/O 

Condition Register 
CR = 0 command accepted 

3 device address unknown 

Remark 
r3F 0 fl·om /\ 1 to /\ 7 

Note: In the inactive state the device control unit can be used by other 
programs for 1/0 exchange (CIO start will be accepted). 
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OuTput from Register 

Syntax 
r < ident > l--,OTR......, < 1'3> ,[011], < dev > 

If OTR is accepted a data character or word from the register specified by 1'3 is 
transferred to the device, connected to the programmed channel. According to 
the type of device the lower bits (right place) of 1'3 or the whole 16 bits of 1'3 
are taken into account by the control unit. 

During execution, "F" and < dev > field are sent to the device via the G P bus. 
''F'' may be used to specify a particular output function (e.g. binary or ASCII). 

OTR is not accepted if the device control unit is not in the exchange state. 

Execution Time = M + l,4p.s + IfO 

Condition Register 
CR = 0 command accepted 

1 command not accepted 
3 device address unknown 

Remark 
r3 * 0 - from 1\1 to 1\7 
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INput to Register 

o dev 

5 7 9 10 , 

Syntax 
r < ident > l--, I N RL.J < 1'3 > ,rOlll, < dev > 

If the lIO instruction is accepted a data word or character is transferred from 
the device connected to the programmed channel to the register specified by 
1'3. Acoording (0 the type of the device the lower bits (right placed) or the 16 
bits arc significant. In the first case the higher bits of r3 are reset to zero. 
During execution "F" and < dev > fields arc sent to the device via the G P bus. 
F bit may be used to specify a particular input function. This I/O instruction is 
not accepted if the device control unit is not in exchange state. After a not 
accepted IN R instruction the contents of the r3-register arc not significant. 

Execution Time = M + 1,3 ').s + I/O 

Condition Register 
CR = 0 command accepted 

1 command not accepted 
3 device address unknown 

Remark 
1'3 '* 0 - from A 1 to A 7 
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Send Status 

o r3 dev 

Syntax 
r < ident > l,-,SST<--; < 1'3 > . < dev > 

If SST is accepted a status word is transferred from the device to the regi~,ter 
specified by d. The following bits. if significant for the device concerned, have 
fixed positions: 

15: not operable 
14: throughput error 
13: data fault 
12: incorrect length 
11 : program error 

;\ device does not accept an SST instruction if it is not in exchange status state. 

Lchange status state occurs when: 

an error is detected by the device (not operable. throughput error, data 
fault. incorrect length etc.). 

li'<lnsfers arc terminated (when the device IS connected to the I/O 
processol'). 

;\ CIO halt is executed (when the device is connected to the programmeci 
channel). 

Execution Time = M + 1.3 Vs + I/O 

Condition Register 
CR = 0 command accepted 

1 cOll1llland not accepted 
3 device address unknown 

Remarks 
r3 ·fc 0 - from ;\ 1 to ;\7. 
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Write External Register 

liL 0 I r3 I Ext. reg. address I 
jol1---+-4 5-7+--8 ------115 

Syntax 
r < ident > 1,-, WER ....... < 1'3 >, < address> 

This 110 instruction is used to transfer control words to any external working 
register. In this application it is used to transfer the control words to the 
working registers of an I/O processor subchannel. 

During execution the contents of the 16-bit register specified by 1'3, previously 
loaded with a control word are sent on the G P bus to the external working 
register of the I/O processor specified by the 8 right bits of the instruction. 

Execution Time = 1\1 + 0,9 :).s + 110 

Condition Register 
Unchanged 

Remark 
< 1'3 > ll1ust be oF 0. 
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Read External Register 

Ext. reg, add ress 

Syntax 
r < ident > 1,---, R ERe.....; < 1'3 >, < address> 

This I/O instruction is used to transfer the contents of an external register 
whose address is specified by the 8 right bits of the instruction to the 16-bit 
register specified by 1'3. The contents of the external register remain 
unchanged. 

Execution Time = M + 0,9,1.s + I/O 

Condition Register 
Contents of data bus 6 and 7 copied into CR. 

Remark 
< 1'3 > must be of 0. 
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3 Modes of Data Transfer 

Input/output routines can be written either as a part of the main program. in 
which case processing sp,eecl is limited by the speed of the device (wait mocle) 
01" in separate I/O routines which will. on request. interrupt the main program. 

In the latter case the main pl'()gram. having activated the device by CIO stan. 
can continue with other proccssing while mechanical actions arc being 
performcd by the device, and only when a character or word IS ready for 
transfer will there be an interrupt from the device control unit. 

INITIATION OF A DATA EXCHANGE 

The Test Status instruction (TST) may be used E~f~E~ ~~~:~~~ 
an r/o operation, to test whether the device control unit is 
in the inactive state. The TST instruction causes a status 
word to-be-transferred to a specified register; if bit 15 of 
this status word is 0 the control unit is in the inactive 
state; if 1, it is busy. The sequence is shown in Figure 3.1. 

It is alsu possible \\hen using the pJ"Ogrammed channel to make a direct 
attempt to start. \1 ithout using TST. In this case the readiness of the device 
control unit is tested b\ using a conditional branch after the CIO instruction: 
the foll()\\ing statc\ of the' condition I'cgistel' arc relevant: 

- CR = 0: control unit I'ead\': cOlllmand 'lcceptecl. 
-- CR = 1: L'olltrol unit buw: command not acccpted. 
- CR ,= 3: device addlTss lInknown. 

The sequellcc is shown in I:igllre 3,2. 

DATA TRANSFER IN WAIT MODE (PROGRAMMED CHANNEL) 

Once it has been ascertained that till' device is readv. the clata tl'ansfer can be 
staneel. ;\ test mllst be pel'i'ormed after each charactCJ' or \\ord tr<1n5I"el', to sec 
whether the command is accepted. If the device is still in the rcady state. the 
nllmber or charactel's 01' words transferred is coullted and. depending on the 
result of the count. either thc tl'ansfer is continued or a CIO instruction in halt 
mode is is"ueci, If the command is not accepted the transfer may be complete 
(after CIO-llalt) or the devicc m,l\ still be transi'crring a character or word, In 
eithel' clse. an SST instruction is given the result of \\hich is followed by an 
c\i( routine or a loop thl'ollgh thc e\Ch,lllge procedure, depending whether 
SST is ClcceplCd or not. The sequence is shown in Figure 3.3. 
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EXAMPLE OF USE: 

(BUSY) 

YES 

TST 
(STATUS IN R3) 

CR ~ 3? 

NO 

RC (BIT 15) 
.BITO 

R3<O 

(READY) , 
CIO 

YES DEVICE ADDRESS 
>---------~~ UNKNOWN 

ERROR ROUTINE 

Figure 3.1 Data exchange initiation - with TST 
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BUSY OR 
COMMAND 
REFUSED 

YES 

CIO-START 

CR ~ 17 

NO 

DATA 
EXCHANGE 

YES DEVICE ADDRESS 
'.>---------1... UNKNOWN 

ERROR ROUTINE 

Figure 3.2 Data exchange initiation - without TST 
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DEVICE 
BUSY 

NO 

ENTRY 

NO 

SST 

CR = O? 

YES 

EXIT 
PROCEDURE 

YES 

UPDATE 
COUNTER 

LAST NO 

UPDATE 
EXCHANGE 

CHARACHTER/WORD ~--~ 

YES 

Figure 3.3 Data transfer in wait mode (programmed channel) 
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DATA TRANSFER IN INTERRUPT MODE (PROGRAMMED 
CHANNEL) 

If the 110 mutine is written as an interrupt routine, it can be initialized in 
either of the two ways described earlicr in this chapter - i.e. with or without 
the TST instruction. The sequence is shown in Figure 3.4. 

After tillS procedure the interrupted program can be processed: it will be 
interrupted. each time a data item has to be transferred. by the I/O exchange 
procedure. which is of higher priority. 

DATA TRANSFER WAIT AND INTERRUPT MODES (I/O 
PROCESSOR CHANNEL) 

Wait Mode 
Data transfers in this mode. when using the I/O Processor. follow the 
sequence shown in Figure 3.5. 

Interrupt Mode 
In this Illode the interrupt occurs only when the devices arc in the exchange 
status state i.e. when the transfel' is completed or when an error occurs. The 
sequence is shown in Figure 3.6. 

SPECIAL DEVICE HANDLING 

The instruction sequence outlined in the foregoing. varies slightly according to 
the sliInclard cleviee. 

I/O Typewriter 
The 1/0 typewriter must be enabled in input or output Illode. For this purpose 
the CIO-start instruction Illust specify one of the registers 1 to 7. bit J 5 of 
which Illust contain: 

0: for output Illode: 
- I: for input Illode. 

For the punched tape reader of the I/O typewriter the data strealll must finish 
with X-oiL 

For the tape punch of the I/O typewriter. the data strealll Illust start with tape­
Of) and end with lilpc-olJ: 
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[ 

INTERRUPT 

YES 
CR" O? 

SST 
(end of operation) 

RTN 

I 

8 

LAST 
CHA"ACTER "WORD 

iYES 

I 

NO 

~ 
I 

UPDATING 

Resuming the lnterrupted program 

Figure 3.4 Data transfer in interrupt Illode (programIlled channel) 
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INITIALIZE 1/0 
PROCESSOR 

, r ----c'~''"' 
REJECTED 

I 
I 

I 
L __ 3 

CR 0 O? 

'YES 

~----l 

I I' SST . 

NO 
CR 00 ? 

[YES 

EXIT PROCEDURE 

DEVICE ADDRESS UNKNOWN 
ERROR ROUTINE 

Figul"(c 3.5 Data transfcr in wait modc (1/0 proccssor) 

START 

EXIT PROCEDURE 

Figure 3.6 Data transfer in intclTupt mode (1/0 proeessol·) 
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High-Speed Punched Tape Reader 
If it is desired to process each character as it is input, the high-speed tape 
reader must be stopped between characters: i.e. a CIO-Start-INR-CiO Stop­
SST loop may be performed for each character when the processing takes such 
an amount of time that throughput errors might occur. 

Magnetic Cassette Tape 
The TST command indicates not only whethcr the control unit is ready, but 
also if the casse1(e is rewinding. 

bit 15 of t"3 register = 1: rewinding or CU busy 
- bit 15 of t"3 register = 0: CU and cassette inactive. 

The contents of the I'egis(er specified in the CIO command indicate the type of 
operation: 

Set ting or d-register bits 12-15 Operation required 

DOOO Lock/unlock 
0001 Erase forward 
0010 Backwards space block 

0101 Write a block forward 
0111 Read a block forward 
1000 Rewind at fast speed 
1001 Write tape mark 
1010 Search tape mark 

backward 
1011 Search tape mark 

forward 
-

Table 3.1 Cassette Tape Operation 

The CIO extensions arc used to read and write records when the cassette unit 
is connected via the 110 lJr"ocessor (as will be the case when standard system 
software is used). If the Programmed Channel is used (with special system 
soft \vare) characters arc transferred singly by IN Rand OTR commands. 

Moving Head Disc Unit 
The contents of the register in the ClO command indicate the type of 
operation. 
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Selling of rJ register bits 

bit:;,4-12 Define cylinde:r 
number 

bit 13: Dont care 

bit 14 = L bit 15 = 0 

bits 14-15: 11 

bits 9-13: sector adcli'ess 
from 0-31. 
bits 14-15: 01 

bits 9-13: sector address 
from 0-31. 
bits 14 = O. bit 15 = O. 

Opera t ion required 

seek 

seek to zero 

write a sector 

read a sector 

Table 3.2 f'vloving Head Di\c OpCI'ation 

CONTROL UNIT/DEVICE ADDRESSING 

All peripheral units and other external devices for the input or output of data 
are connectcd to thc GP bus. thl'ough a control unit. 
Each control unit must ha\'e a unique address decoded from the address lines 
of the CP bus and corresponding to the 1/0 command. 

If more than onc device can be connected to a control unit. which is the case 
for magnetic tape and disc separate bits are used to address the device. As an 
example. the following table shows addresses for control units and devices. 
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Table 3.3 E,amp/c of C.U.!Dl'vicl' Addresses 

c:r:; 
r-

I/O command device address ..,.. '-' - U) 

-- U U) 
device ;..,w 

9 10 15 X U 
'-' ,-.0 
c:c: \../'c:r::; 
Cc. :::C-

0 1 0 0 0 0 x I/O typewriter 
1 0 0 0 0 0 x punched tape reader 
1 1 0 0 0 0 x tape punch 

0 0 0 0 0 1 x N.H. disc no. 1 
0 1 0 0 0 1 x M .H. elisc no. 2 
1 0 0 0 0 1 x 1'1 .H. disc no. 3 
1 1 0 0 0 1 x N.H. elisc no. 4 

0 0 0 0 1 0 x M.H. disc no. 1 
0 1 0 0 1 0 x M.H. disc no. 2 
1 0 0 0 1 0 x r1. Ii. disc no. 3 
1 1 0 0 1 0 x lVI.E. disc no. 4 

0 0 0 0 1 1 x H.E. disc no. 1 
0 1 0 0 1 1 x lVl ~ H G disc no. 2 
1 0 0 0 1 1 x ILIi. disc no. 3 
1 1 0 0 1 1 x IvI. Ii. disc no. 4 

0 0 0 1 0 0 x lYlag tape no. 1 
0 1 0 1 0 0 x Nag tape no. 2 
1 0 0 1 0 0 x Hag tape no. 3 
1 1 0 1 0 0 x tape no. 4 

0 0 0 1 0 1 x x Cass tape no. 1 
0 1 0 1 0 1 x x Cass taue no. 2 
1 0 0 1 0 1 x x Cass taDe no. 3 
1 1 0 1 0 1 x any control unit 

0 0 0 1 1 0 x Card reader 
0 1 0 1 1 0 x 
1 0 0 I 1 0 x .AlVIA 
1 1 0 1 1 0 x jJJIIJ:A 



Table 3.3 cOlltilllled 

C!:: 

I/O CO III III and device address ....: 0 - (f) 
U (f) 

device WJ 

9 10 15 v U 
0 /,"\0 
C!:: '-'C!:: 
0.. :::::0-

0 0 0 1 1 1 x Line printer 
0 1 0 1 1 1 
1 0 0 1 1 1 
1 1 0 1 1 1 

0 0 1 0 0 0 SLCU 2/4 
0 1 1 0 0 0 
1 0 1 0 0 0 
1 1 1 0 0 0 

0 0 1 0 0 1 SLCU 2/4 
0 1 1 0 0 1 
1 0 1 0 0 1 
1 1 1 0 0 1 

0 0 1 0 1 0 SLCU 2/4 
0 1 1 0 1 0 
1 0 1 0 1 0 
1 1 1 0 1 0 

0 0 1 o 1 1 SLCU 2/4 
0 1 1 0 1 1 
1 0 1 0 1 1 
1 1 1 0 1 1 

0 0 1 1 0 0 SLCU 2/4 
0 1 1 1 0 0 
1 0 1 1 0 0 
1 1 1 1 0 0 

0 0 1 1 0 1 
0 1 1 1 0 1 
1 0 1 1 0 I 
1 1 1 1 0 1 

0 0 1 1 1 0 adaptor 
0 1 1 1 1 0 
1 0 1 1 1 0 
1 1 1 1 1 0 

0 0 1 1 1 1 adaptor 
0 1 1 1 1 1 
1 0 1 1 1 1 
1 1 1 1 1 1 
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4 Coding of Input/Output Drivers 

Input/output operations involve a nUlllber of Illonitor Illodules, aside from the 
Device Work Table (J)WT) and File Code Table (FCT) explained in Vol J of 
i'rograllllllel''s Guides 1 ,lncl 2 (publication numbers 5122 991 2732X and 
51229912737X 

The most important of these are the I/O drivers, one for eadi type of 
peripheral. 
Every I/O monitor request is handled by <l driver. The user can, if he wishes, 
write his own drivers and insert them into the system, Such user-written drivers 
IllUSt interface with certain tables and modules which make up the 110 system 
of the 1ll0nitOl'. The necessary information which must be taken into account is 
described in the following paragTaphs. 

Three tables are used by the 110 system to know the necessary details about 
the peripheral devices used: 

File Code Table: which enables the user to assign a file code (a logical 
nUlllber) to a device and use this file code in programming. 

DClicc IVork Table: contains all pal'<lmeters about the periphCl'als which 
are necessal'\ for the 1/0 system to know. 

Controi Unit Stntlls Table: one for each device control unit. This is a free 
forillat table of unspecified length in which the user can put inforillation for 
use b~! his I/O driver. T'he 1/0 system knows one word of this table 
(reklTed to by word DWT + 32) which contains the status of the control 
unit. The first bit of this status word is reset to 0 (= busy) as soon as an 
1/0 operation for a de\'ice is started and set to 1 when it is terminated (= 

free), 

INPUTIOUTPUTSVSTEM 

The I/O system can be divided into four main parts: 

- The 110 request module (M : 10Riv!) 
Driver 
End of 1/0 module (ENDIO) 
Service I'outines (COMIO and M:RETR). 
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M:IORM 
When the LIseI' has given an I/O monitor request (LKM 1), this module will 
receive control, via the I:LKM module and T:LKM table, First this module 

- checks the validity of the request 
- increments the event count (PCT) 
- computes the Device Work Table address 
- checks whether the device control unit is busy or free (via DWT + 32), If 

the unit is busy, the user is put in wait. 
- checks whether the device is busy or not. If it is busy, the user is put in wait. 

The M:IORM sets some parameters in the DWT and in the control unit status 
table: 

- control unit is set to busy (bit 0 = 1) 
any scheduled label paramcters are sct in DWT + 28, DWT + 30. DWT + 
24 and DWT + 26 are sct to zero 
the user Event Control Block is initialized, i.e. the left character of ECB 0 
and ECB + 8 (status) are set to zero 
the I/O order (A7) is analyzed which may result in initialization of some 
DWT location. 

At the cnd of this process a branch is made to the I/O driver concerned, the 
address of which is found in DWT + 6. 

Driver 
On entry into a driver, these registers must contain the following parameters: 

A7: USCI' I/O order 
A8: User ECB address 
A6: DWT address. 

The DWT must contain: 

Words 0 to 8: not modified 
Word 10: User ECB address 
Word 12: User buffer address 
Word 14: Requested length (may be non-significant) 
Word 16: Zcro 
Word 18: I/O ordcr (without wait or entry bit; may be non-significant, e.g. 

skip orders) 
Word 20: Retry bit 
Word 22: Not significant. 

3-28 



The first part of the I/O driver performs the I/O initialization. An Exit to the 
C:WAIT module is made with the Llser order (with wait bit!) in A7 and the user 
EeB address in AS. 

The second part of the driver is made up by the interrupt routine: 

interrupt sequence generated by SYSG EN: 
for single-card control units: STR A 1. 

for multi-card control units: e.g. 
cassette and magnetic tape 

STR A2. 

I I 
I I 

STR AS, 
LOKL A6, 

STR A1. 
STR A2. 

I I 
I I 

STR AS, 
LOKL A6. 

A15 
A15 

I 
I 

A15 
OWT address 

A15 
A15 

I 
I 

A15 
controller status 
address 

the exit from the interrupt routine is made to R:TURN (in ENOIO module) 
if the I/O is not yet finished or to R:TUR4 (in ENOIO) if it is finished. The 
exit to R:TlJR4 must be made with A2 containing the I/O status and A6 
containing the DWT address. 

for Retry procedures a branch must be made: 
ABL M:RETR 
In this case. the calling sequence is: 
A6: D WT address 
A2: Status to be printed 
AI: Retry flag (0 if retry)l) 
A3: Hardware order (register contents with which CIO start will be given.) 

No/c:The I/O processor control words must have been reinitialized. 

ENOIO 
The calling sequence to be used by user I/O drivers for this module is: 

A6: DWT address 
A2: 1/0 software status 

ABL R:TUR4 

I) 1-"<)1' l-lRTM. the RETRY facility is not available. it is only used to obtain the status. 
i.e. ;\ 1 alld ;\3 do not applv. 
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Moreover, ENDIO must find the following parameters set in the DWT: 

- effective length (word 16) 
- ECB address (word 10) 
- scheduled label parameters (words 28, 30). 

Then the following functions are performed by the EN DIO module: 

- control unit status is updated (bit 0 is set to 0: free) 
- the event count is decremented 
- the event character in the user ECB is updated (0 = 0) 
- the effective length is set in the user ECB (word 3) 
- the software status is set in the user ECB (word 4) 
- a branch is made to the dispatcher (M :DISP). 

COMIO 
This routine has two functions: executing 110 hardware instructions and 
building the 1/0 processor control words and putting a requesting program in 
wait state. Below the calling sequences for the functions are listed. (Note, that 
in these sequences the instructions INH-STR-ABL must be given in the order 
specified). 

- CIO Start: 

- CIO Stop: 

A6: DWT address 
A2: hardware address 
A3: return address 
INH 
STR A1, A15 
STR A2, A 15 

I I I 
I I I 

STR AS, A 15 
ABL S:TIO 
Return: - condition register set 

- inhibit mode. 

A6: DWT address 
A3: rcturn address 
INH 
STR At. A15 
STR A2, A 15 

I 1 '1 
I 1 1 

STR AS. A 15 
ABL H:LTIO 
Return: - condition register set 

- inhibit mode. 
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- OTR: 

INR: 

- SST: 

A6: DWT address 
A3: return address 
AI: word to be output 
INH 
STR A 1, A 15 
STR A2, A 15 

I I 
I I 

STR A8, A 15 
ABL OTRIO 
Return: 

A6: DWT address 
A3: return address 
INH 

condition register set 
inhibit mode. 

STR AI, A 15 
STR A2, A15 

I I 
I I 

S"rR A8, A15 
ABL I:NRIO 
Return: - condition register set 

- inhibit mode 
- word or character to be input: in AI. 

A6: DWT address 
A3: return address 
INH 
STR A I, A 15 
STR A2, A 15 

I I I 
I I I 

STR A8, A15 
ABL S:SST 
Return: -- condition register set 

- inhibit mode 
- status in A2. 
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- the control words loaded into the I/O processor are built as follows: 
A I, A2: two-word I/O processor contents 
A6: DWT address 
A3: return address 
INH 
STR AI, AI5 
STR A2, A 15 

I I I 
I ! I 

STR A8, AI5 
ABL MTEX 

The requesting program is put in wait state, if this is necessary, as follows: 

A7: User 1/0 order 
A8: User ECB address 
ABL C:WAIT 

Note: Any system programs, which usc an I/O monitor request must do so 
without using the wait bit in the I/O order. 

M:RETR 
This module is involved when a retry has to be made for an I/O operation. The 
calling sequence is: 

A6: DWT address 
A2: status to be printed 
AI: retry flag (= 0, if the operation Illust be retried) 
A3: I/O request (hardware order for ClO start), only for BOM and DOM 
ABL M:RETR 
(The following applies to the BOM and DOM only, except that for 
BRTM/DRTM, status is set to /8000 and a branch is made to ENDIO). 

Notc:The control words must already have been initialized by the calling I/O 
driver. 

The M:R ETR module now puts the request in the DWT and sends the message 
PU. DNXX, STAT r,RYlto the typewriter. 
DN is the device name 
XX is the device address 
STAT is the status 
R Y, if specified, means that the opera tor may give a retry message on the 
typewriter. 
The operator may then type in RY or RD (release device): 

If he types RD, the status is set to /8000 and a branch is made to ENDIO. 
If he types RY, the following actions must be taken: 
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Compute and execute CIO instruction. 
Reset bufTer address in DWT + 12. 
Reset effective length to zero in DWT + 16. 
Reset DWT + 24 and DWT + 26 to zero. 
Reset effective length and status in user ECB to zero. 
Branch to return address of control panel routine. 
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00000 
00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 

00013 
00014 

00015 

5 Program Examples 

EXAMPLE OF AN 110 PROGRAM IN iNTEP.RUPT MODE 

First, words are reserved to store parameters, 
The "PllILIPS-ELECTROLOGICA" "f\PELDOORN" is written into an area 
labeled BUFFEl<, 36 characters long, (CR-LF arc given after "PHIL-EL." and 
after "APELDOORN'l 
Then, the main program: 

Stack pointer is set in A 15, 
The address (lNTY) of the interrupt routine is loaded into A 1 and stored 
in interrupt location 10C 
The bufTer length is loaded into Al (36). 
The buffer address is loaded into A2 (BUFFER). 
Zeroes are loaded into A3 and A4. 
These 4 pa!'<lmetcrs are stored l'l:s[Jectively in the reserved word 
BULEN, BUAD. ACT and READY. 
The ASR is started for output. 

Now. the interrupt routine: 
Con tents of A 1 to A4 are stored in stack (A 15), 
The parameters 36, BUFFER 0, arc loaded into AI. ;\2 and A3. One character 
of the bufrer is loaded and output on the Teletype, If it is not accepted: SST to 
lest the status of the typeIVI'iter. If <lCcepted the ACTual length (A3) is 
incremented by 1 and compared with AI, until it is 36. Then all characters have 
been output. If not. return is made to main program. If output is re'ady: 
stop ASR, 

0000 
0200 
0202 
0204 
0206 
0208 50Y8 
020A 494C 
020C 4950 
020E 5320 
0210 454C 
0212 4543 
0214 5452 
0216 4F 4C 
0218 4F 47 
021A 4943 
021C 4120 
021E ODOA 
0220 4150 
0222 454C 
0224 44ljF 
0226 4F 52 
0228 4E20 
022A ODOA 

IDENT OUTINT 

• OUTPUT PROGRAM IN INTERRUPT MODE 
* INTERRUPT ADDRESS IS IDe 

TY 

BULEN 
BUAD 
~~ C T 
READY 
BUFFER 

EQU 
RES 
RES 
RES 
RES 
RES 
DATA 

DATA 
DATA 

DllTA 

110 
1100 
1 BUFFER LENGTH 
1 BUFFER ADDRESS 
1 ACTUAL LENGTH 
1 READY AND ERROR BIT 
'PHILIPS-ELECTROLOGICA' 

10DOA 
'APELD00RN' 

1000A 
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00016 
00017 " M,; I N PROGR0M 
00018 
00019 022C 8 (-A~ STOUT LDKL 015,BULEN-2 SfACKPOINTER 

022E 01FE R 
00020 0230 8120 LDKL A1,INTY 

0232 0000 
00021 0234 8141 ST A1,/OC FILL IN INTERRUPT ADDRESS 

0236 OOOC 
00022 0238 0124 LDK Al,36 
00023 0231'1 8220 LDKL A2,BUFFER 

023C 0208 R 
00024 023E 0300 LDK A3,0 
00025 0240 0400 LDK A4,0 
00026 0242 8141 5T A1,BIJLEN 

0244 0200 R 
00027 0246 8241 ST A2,BUAD 

0248 0202 R 
00028 024A 8341 ST A3,ACT FILL IN PARAMETERS 

024C 0204 R 
00029 8~~b a~d~ R 

5T A4,READY 

00030 0252 0500 LDK A5,0 
00031 0254 45DO C10 A5, 1, TY START ASR 
00032 0256 8140 WAlT LD Al,READY TEST READY BIT 

0258 0206 R 
00033 025A 5806 RB(O) WAlT 
00034 025C 207F HLT 
00035 .. 
00036 .. TYPEWRITER INTERRUPT ROUTINE 
00037 
00038 025E 813F INTY STR A1,A15 
00039 0260 823F STR A2,A15 
00040 0262 833F STR A3,A15 
00041 0264 843F STR A4,A15 Al,A2,A3,A4 TO STACK 
00042 0266 8140 LD Al,BULEN 

0268 0200 R 
00043 026A 8240 LD A2,BUAD 3 PARAMETERS 

026C 0202 R 
00044 026E 8340 LD A3, ACT 

0270 0204 R 
00045 0272 920C ADR A2,A] 
00046 0274 E428 LCR A4,A2 LOAD CHAR, 
00047 0276 4410 OTR A4,0,TY 
00048 0278 5100 F RF (1) SST NOT ACCEPTED 
00049 027A 9041 1M ACT UPDATE ACTLEN 

027C 0204 R' 
00050 027E E90C CWR A1,A3 TEST IF READY 
00051 0280 5100 F RF(l) RETURN NOT READY 
00052 0282 5700 F RF RETURN 
00053 0284 4ADO SST SST A2, TY 
00054 0286 5100 F RF (1) ERROR 
00055 0288 8120 LDKL A1,/8000 

028A 8000 
00056 .. 
00057 " SET CONTROL BITS 
00058 " BIT 0 IS READY BIT 
00059 .. BIT 1 IS ERROR BIT 
00060 028C 8141 SETBIT ST ALREADY STORE CONfROL BITS 

028E 0206 R 
00061 0290 811E RETURN LDR Al,A15 
00062 0292 821E LDR A2,A15 
00063 0294 831E LDR A3,A15 
00064 0296 841E LDR A4,A15 
00065 0298 F03E RTN A15 
00066 029A 8120 ERROR LDKL A1,/COOO 

029C COOO 
00067 029E 5F14 RB SETBIT 
00068 END STOUT 

SYMBOL TABLE 

TY OQ),O A BULEN 0200 R BUAD 0202 R ACT 0204 R 
READY 0206 R BUFFER 0208 R STOUT 022C R INTY o25E R 
WAIT 0256 R SST 0284 R RETURN 0290 R ERROR 029A R 
SETBIT 028C R 

ASS,ERR, 00000 
:EOF 
PROG ELAPSED TIME: OOH-OOM-OOS-DODMS-
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EXAMPLE OF A PROGRAM TO READ 20 CHARACTERS VIA 110 
PROCESSOR 

88882 I '·FNT IOPROC 

00002 * PROGRAM , READ 20 CHAR 
00003 " VIA 110 PROCESSOR 
00004 '" DEVICE tiDDR. .- I,! 
00005 " INTERR LOC. = 1008 

00006 .- MEMORY .- 16K 
00007 .. 110 PROC.NUM 001 
00008 .. SUBCHAN. NUM -- 001 
00009 0000 RES 3 
00010 EOS EGU *-2 
00011 0006 READY RES 1 
00(1P '11]08 BUF RES 10 
OO[ri . " 
ODCL' ;,- MAHl PR0G R'iM 
nnn 1,:~ .. 

" DOLe 8 ·~1 t~i [~! START LDkL. A15.EOS 
DOLE 000-; , 

On017 0020 8120 I_DkL Al. I NT 
0022 0000 F 

00018 0024 8141 'iT Al,/OP 
0026 0008 

00019 0028 0114 LDK '11-
00020 002A 8220 LDKL A2,b 

002C 0008 R 
00021 002E 7112 WER '1.1. 
00022 0030 7213 l~ER P? 
00023 0032 0300 LDK 
00024 0034 8341 ,T 'flY 

0036 0006 R 
00025 0038 4-4.<:"'1 CI0 A~ ~ 
00026 003A 8140 WAIT LD \'\"READY 

003C 0006 
00027 003E 5806 RB(O) WhIT 

00028 0040 20" HLT 
00029 ., 
00030 .. INTERRUPT "ROGRAM 
00031 " 00032 1042 ;; --. 1".: 7 STR Al.A15 
00033 'J044 4-qc..q SST Al,l{ 
0003'· oo,·/: -, "4 , 1M READ 

Cl04f :00" R 
0003" :~ ;, ?:3E LDR* Al,AL5 
0003~ ; 03E RTN 15 
0003 .. END START 

SYMBOL TABLE 

EOS 
INT 

:EOF 

0004 R 
0042 R 

ASS,ERR. 

PROG ELAPSED TIME: 
LSD 
LABEL = OEI'1SEGR 
vEL IOPROC,/S 
LABEL = OEMSEGR 
DEL 10PRO(,/L 
LA8EL OEMSEG;; 
BYE 
DATE I / 

READY 
WAIT 

0006 R 
003'1 R 

BUF 

00000 

OOH-OOM-OOS-OOOMS-

D'iTE 28-05-75 

,)ATE 28-05-75 

[JATt: 28-05-7.': 

TIME 24H-60M-60S-
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0008 R START 

PACI{ NBR 

PACK NBR 

PACI{ NI:lR 

SiACk POINTEr< 

LOCATION lOb 

CHAR .INP. 20 
BEGIN OF BUFFER 

CLEAR READY 

Al TO STACk 

SET READY 

oOLC R 

000 SAG 

000 SAG 

000 Sf\G 



The following tlowcharts and brief descriptions of each stage explain the 
example shown. 

2 

3 

6 

NO 

MAIN PROGRAM 

SET INTERRUPT 
ROUTINE START 

ADDRESS 

WRITE 
EXTERNAL 

REGISTERS 

CHECK READY 

YES 

HALT 
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The initial assembly directives define the end or interrupt stack address as EOS 
and reserve a single location to indicate a ready condition. designated READY. 
and a 10 word bUller area. the start address of which is BliFF. 

1. Register A 15 is loaded with tile end of stack address EOS. 

2. The hardware interrupt location for levclLJ, location 10003 ,is loaded with 
the start address or the interrupt routine. designated INT. 

3. The 2 1/0 pmeessor control words. arc loaded with the required 
parameters: 

word 0 bit 0 
1 
2 
3 

o character transfer 
o input 
o not used 
o not used 

bits 4-15 Transfer Len!:-,th. 
The hexadecimal value to be IOdded is thel'cfore 10014. 

Word 1 = First Chal'acter Address. 
That is BUF. 

4. The location RFADY is cleared to indicate a bus\' condition. 

5. The device is started using a CIO stan command. 

At this point the transfer is commenced and each character transfer is initiated 
by a break signdl from the device control unit concerned. The main pmgram 
continues. 

6. The state or the bus~1 indication is checked by loading the contents or 
READY into register AI. 

7. A conditional branch is then carried out with respect to the value in 
register A 1. if tile: \'alue is lero the program branches back in a loop to 
wait for a non-busy indication. The non-busy indication will occur when 
thc value loaded into I'C!:-,ister A 1. from location READY. is no longer 
lero, and in this ca,e no branch occurs and the pl'Ogram continues 
sequentially with a HALT instl'llction. 

The interrupt l'Outine is responsible for setting the busy indication to nOll 
Icro. this should OCeLli' when the u'ansfer is complete and the device 
control unit concel'lled raises an intcrrupt. 

8. The intelTupt routine cOlllmenccs by storing register A 1 in the stack. 

9. The devicc status is requestcd and placed into register AI. 
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10. The indication of busy is cleared by setting location READY equal to non 
zero. carried out in the main program by an Increment Memory 
instruction. 

11. Register A 1 is then restored and a return made to the main program. 

Note: An I/O Processor transfer may also terminate on an error which will 
cause the device control unit to raise an interrupt. It is the program 
responsibility to decide whether or not any transfer has terminated 
correctly and continue accordingly. In the program example shown no 
errors are assumed to occLlr and thus no routines are shown to cope with 
them. 

r 
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