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ABSTRACT

This thesis describes the development of a data communication
system for small computers to enable them to link fo large computers.,
The particular advantages and additional facilities made available
to computer users through the use of such a link are described. A
detailed description is given of the hardware and software components
needed to achieve this link, together with the reasons for choosing
the particular techniques employed. The discussions given

highlight the problems involved in this type of operation. Some
| of thesé probiems, such as lack of stgndardization, are short-term
and will be overcome with the natural evolution of computer systemé,
while others are of a more fundamental nature related to the use

of data transmission over long distances.

The system was designed’to be applicable to a number of different
small computers, This has resulted in a system which is easily
transferable between machines, through the careful choice of interfeces
to other components. This is seen as a step towards a more flexible
and more modular method of system construction whereby complete
software syséems for arbitrary configurations can be put together
using 'off-the~-shelf' components already well-developed and tested.
This contrasts with the present situation in which whole new systems
are develoﬁed for a new computér, frequently duplicating systems

Aélready developed on other hardware. A detailed description of the
factors involved in producing machine-independéht, easily-transferable
system components is given as a gﬁide to other developments in this
direction. It is felt that there is need for a better—engineeged

approach to the construction of software systems and it is hoped that

the work described makes some contribution towards this end.
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Chapter 1
TELECOMMUNICATIONS BETWEEN SMALL AND LARGE COMPUTERS
1.1 Introduction

The development of computing to support research and teaching
work in Edinburgh University has involved the use of both a large,
central computer run as a general university service and a number
of small computers local to one éepartment or research unit.. A
similar pattern of development has taken place in other universities,
as well as many other large institﬁtions using computers in diverse
applications.. The central computer provided the capability for
handling large-scale jobs in respect of core store, processing
requirements and backing storage.. The small computers were applied
to local small-scale computing problems, such as on-line control of
experiments, data collection and reduction, interactive graphics,
etc.. There was a wide variety of such computers in use in Edinburgh
and a small list is given in Table 1.1 to illustrate some of the

applications..

1.2 Small computer capabilities

These small computers were performing tasks which would be
difficult to implement in an efficient way on large general - purpose
computers, because of the requirement for fast response to real -
time events, 'hands-on' access, attachment of special peripherals,
etc, For these reasons, it was not feasible to use the central .

computer directly for these applications.



Computer | Location o Applications

PDP-8 Physics Experiment control; data collection
PDP-8 Social Medicine " | Analysis of survey data

PDP-T Computer Science CAD work

PDP-8 Computer Science Teaching and research

IBMI130 Dept. of Statistics | Statistical analysis problems
IBM1130 ABRO Analysis of experimental data
ICL4130 (School of Mach. Twk. | Machine Intelligence Research
ICLS03 Royal Infirmary Path. Lab. work; medicﬁi data

analysis

Table 1.1

However, while the small computer was best suited to the special
- purpose system, it did not generally have the computing power, store
size or backing store capacity to handle the larger non = real - time
problems that followed, such as the processing of experimental déta
by applications programs, or even the compilation of programs written

in a comprehensive high~level language.

Thesé difficulties could be overcome by providing the small
computer with easy access to a powerful backup computing facility by
means of a direct communications link. In other words, the small
computer could have the sanme degree of access to large - scale
computing power as the on-line teletype user. However, a much
higher data rate would be necessary for the link to be useful to the
small computer since.the volume of data involved would be much

greater than could be sensibly handled at a teletype speeds.
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Furthermore, the smell computer would not be limited in its speed
of operation by human operator action times, and therefore the data

rate would be limited only by technical and economic considerations,

1;3 Central computers

There were two relevant central compuxeré in Edinburgh in 1969,
The first was the ICL L-T5 which was installed in early 1969 #nd for
which a sophisticated multi-access system was being developed jointly
by ICL and the Edinburgh University Computer Science Departﬁéntg
The second was the IBM 360/50 which was installed in mid 1969 to take
oier the batch processing workload from the ICL KDF9 which was the
first central computer installed in the University. The central
facility was run in all cases by the Edinburgh Regional Computing
Centre (ERCC). The use of other large computérs was also considered
as the source of backup computing power in order to allow for any
possible future developments. All large computers currently available
seemed to provide the capability for communication at speeds

significantly higher than teletype speeds.

1.4 Cormmunications requirement

The general requirement, then, was to provide a facility for aii
the small computers currently in use or likely to be used by individual
departments which would enable them to communicate at high speed with
any possible large mainframe computer, the initial target machines

being the ICL 4-T75 and the IBM 360/5S0.
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This requirement can be showvn diagrammatically as follows:

&

COMMUNICATIONS
SMALL  FSOFTWARE — /| BLACK BOX SOFTWARE/ | TCMOTE
COMPUTER | INTERFACE | comprTsING HARDWARE .| COMPUTER
PROGRAM. INTERFACE . o
— SOPTWARE_AND -
HARDWARE =~ ~- =%
A B c

A suitable implementation of item B had to be devised which would

match the requirements of item A against the constraints imposed by

accessing item C via & communications link. This implementation of

item B should provide facilities whereby the user program could send

and receive any type of data that he might wish to process on the

remote computer., Furthermore, item B should be constructed in such

e way that it wvould require a minimm of effort to tramnsfer it to

any other small computer once the first implementation had been

completed successfully,

1.5

Summary of developments

In order to achieve this objective, detailed studies were made

of a number of areas as follows:-

a)

b)

user applications implemented by item A in order
to determine the facilities to be provided.

the communications facilities supported by the
possible large remfe computers, particularly

the ICL 4-75 and the IBM 360/50.
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c) the cormunications facilities provided by the
GPO.

d) the communications facilities provided by the
various small computers,

e) the development of communications hardware
suitable for attaching to any small computer
in the event that there was no suitable
communications peripheral available,

f) ways of incorporating new peripheral = handling
software into the small computer software
system, involving direct physical'contfol of
the peripheral.

g) the use of a high-level language for the small
computer software to faéilitate the transfer
to other small computers.

h) the development of software construction
techniques to aid the debugging of the real-
time, interrupt - driven software needed to
handle the communications link,

i) communications techniques for achieving maximum
utilization of the communications link while

guaranteeing error - free transmission.
These studies are described in leter sections of this report.

As a result of these studies, a communications system has been
developed which has been successfully implemented on a number of

small computers. This system comprises both software and hardware,
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although in some cases where the computer had suitable communications
hardware, only the software component was needed. The software is
constructed in such a way that it will work with any suitable
communications hardware, irrespective of the way the hardware is
programmned, Because of the ease with which the system has been
mounted on different computers, even one which did not exist when
the original studies were made, there is now a high degree of

confidence that the system can be applied to any small computer.

A detailed deseription of the implementation of this system,
together with a description of the routine procedures for applying
it to a new computer, is given in subsequent sections of this

report,

Two other sectioné of this report give a general discussion of
computer—to~computer communications protocols and a general
discussion on the usecéfhigh-level languages on small computers.

The last section attempts to summarize the particular aspects of
the work described which are considered to be of importance, both
in the specialized area of communications and in the more general area

of system construction and development.

1.6 The GCeneral System Approach

Although other work has been described in the literature on the
subject of communication links for small computers, notably (1) and
(2) , no attempt has been made to produce a system generally applicable
in a wide range of environments. This report describes an attempt

to produce a properly engineered communication system which can be
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easily 'plugged-in®’ to an existing system to provide communication

facilities,

As such, the ideas developed apply to the comparatively new
érea of computer system development in transportable software
techniques; Other relevant work has been described in ( 3) and
(4) . Hopefully, we are moving away from the situation where
identical systems are programmed anew for each new computer and
there is no possibility of transferring well-developed systems from
existing computers. In the future, it should be possible to
transfer complete systems onto new hardware with the minimum amount
of new progremming and it is hoped that the system described in
this report makes some contribution to the techniques rquired to

achieve this end.
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Chapter 2
USER APPLICATIONS FOR SMALL COMPUTER COMMUNICATIONS LINKS

2.1 Introduction

Whenithe development of suitable communécations facilities
for small computers was first being investigated during 1969, there
existed & small number of specific applications which had well-defined
objectives for the use of a communications link. There also
existed a much larger number of potential applications becsuse of
the rapidly-growing number of small computers being used for dedicated
purposes within individusl departments. The intention was that
es a result of studying carefully the requirements of the well~-
defined applications, a general communications support:system could
be developed which would also be suitable for the potential future

users with their as yet undefined applications.

"The The specific applications which existed at the time are described

below,

2.2 ERCC PDP-8/L

The proposed use for this computer was to support the Calcomp
graph plotter, which was at the time directly attached to the KDF9.
The graph plotter service had to be transferred initially to the
360/50 and eventually to the 4-75. Although it was possible to
connect the Calcomp plotter directly to the 360/50 and also to the
4~T75, this method of connection was expensive, and the controller

involved could obviously only be used to support the graph plotter.
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Furthermore, the standard software availeble for the 360/50 did

not support the use of a graph plotter as a standard output
peripheral, so that special software would have been needed, the
expertise for which did not exist within ERCC at that time. It
was decided therefore to use a small computer to control the
plotter difectly, énd connect the small computer via a communication
link. This solution had several adventages. firatly, the

- hardware needed on the 360/50 to control the communications link
could also be used for other remote computer liﬁks, since the
plotter would not be in use all the time. Secondly, since the ’
support for remote computer links was also plgnned for the L-75,
there would 5e no special problems invélved with the planned
transfer of the graph plotter to the 4-75. Thirdly, the standard
software for the 360/50 supported the ﬁse of remote computer links,
so there would be no requirement for special software on the 360/50.,
The requirement for the PDP-8/L communications.system was to
support the transmission of the.graph plotter files from the 360/50.
These files were effectively binary data files specifying XY

vectors and pen control commands,

A second service planned for the PD?—B/L was the support of
peper-tape input to the 360/50. There was no paper-tape equipment
on the 360/50 as there had been on the KDFQ, yet there were still |
many users ﬁhq produced paper-tape from experiments using data-
loggers or small computers. These users were initially catered for
by transferring the paper—-tape to magnetic tape on the 3-75 and then

reading this magnetic tape on the 360/50, where the user could
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process the data. ' Since it was a comparatively simple job to
interface & paper-tape reader to the PDP~8/L, the paper-tapes
could be read directly into the 360/50 if the communication systenm
provided the appropriate facilities, There was no standard format
for peper-tape data -~ some of it was in Edinburgh ISO code, some
was in other les. common character codes, some was genuine binary
data'and there was also some 5-channel paper-tape. In ordexr to
cater for all these diverse requirements, two facilities would be
sufficient, Firstly, support for the locally recognised IS0 code,
which would be hendled as character data, and converted to a form
which would be recognised as charactefs by the 360/50. Secondly,
ell other data formats would be treated as 8-bit Sinary data,
vhether it be binary or not, and the user could then interpret the

data according to his own conventions.

The requirements for communications support for the PDP-8/L
were therefore character and binary data outwards, and binary data

inwvards.

2.2 Physics PDP=8

AThe Physics department had been using a sophisticated PDP-8
installation for some time for the direct control of on-line
experiments, and the gathering of data from a variety of analogue
equipment. A small time-sharing system had been developed for the
computer which supported the use of programs written in a subset
of IMP for the control of the experiments(S). The compiler for this

IMP subset was itself written in IMP, but was far too big a program

to be run on the 8K PDP-8 system. Compilations were therefore
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carried out on the 360/50 or L-75, and the resulting binary object
programs punched out on paper-tape at ERCC. This process therefore
involved long delays for the PDP-8 users at Physics, since their

turnaround wes limited by the wan schedules.

If a communication link could provide & fast and convenient
wvay of accessing this remote compiler, and getting the progrem
listing and object program back quickly into the PDP-8 filing system,

progran development for the PDP-8 user would be much more convenient.

A second application for the communication link at Physics
concerned the data that was being gathered from the experiments and
the analogue equipment. The IMP programs in the PDP-8 could perform
a certain amount of first level data anelysis in order to vet the raw
data. Any major computational work on the data, however, had to be
performed on the 4~T5 or.360/50 because of the very limited size
and speed of the PDP-8, The data, which was stored on DEC-tape
during the experiment, had to be punched out on paper-tape and sent
to ERCC for transfer to a magnetic tape before any major analysis
could take place. This obviously entailed considerable delays.

If the data could be sent directly from the DEC-tape to the 360/50,
and the analysis program called up at the same time, these delays
would practically disappear since the only holdups then would be the
actual transmission time for the data and the natural turnaround

delay for executing the program on the 360/50,

Experimental data consisted either of numbers in character format,

or numbers in 12-bit PDP-8 binary format, so the communication lihnk
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should be able to handle both types.

The communication link requirements for this system were therefore

character data and binary data inwards and outwards.

A further requirement became apparent in this application on
consideriﬂg the quantities of data accumuleted by. the experiments.
The data transmission speed provided by the communication link would
have to be considerably in excess of the speed available for, say,
teletype communications. Otherwise, it would take several hours
to transmit the dﬁta from an average experiment, and the advantage
gained from the direct communication link‘would be nullified. There
were several cases where a time in excess of 24 hours would have
been required to transmit the data at teletype speed. The chanées
that all elements of the communiéations link, including both computers,
would coﬁtinue operating for that length of time were quite low, so

it is unlikely that such cases would be hendled at all.

It was an essential requirement for this application, therefore,
that the data transmission speed should be at least an order of

magnitude faster than teletype speed.

It might be argued in connection with this application that it
would be even more satisfactor& if the data could be transmitted
directly as it was being gathered, rather than going through an
intermediat; stage of-storing it on DEC-tape. The feasibility of
doing this depends very much on the rate at which data is being
gathered, and the reliebility of the main cémputer. A dedicated
small computer usually has a much higher probability of staying up

through the whole of an experiment tha® & general-purpose computer
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which is performing a -number of other un-related functions at the
same time, Also, there may be urpredictable delays involved in
servicing the communication link on the main computer because of .
pesk load situations caused by the other activities.on the systen.
Buch delays would be unacceptable in a real-time experiment and
valueble data might be lost. Because the small computer is
working in a dedicated environment, and the data -is being output
to the relatively fast medium of DEC~tape, an adequate response
time can be guaranteed, even if it means running only the one
experiment. Altﬁough there may be some. situations where the data
gathering is not time-critical, and the experiment can be repeated
if the communication link or remote computer fails in any way,

in general it is more convenient to gather the data locally,
thereby minimizing the number of different components involved in

the real-time situtation.

2.3 Social Medicine PDP-8

The Department of Social Medicine had been using a small PDP-8
system for statistical analysis of survey data. The insteldation
comprised a PDP-8 with bk of core and teletype, paper~tape reader
and punch and a card reader which could read column binary cards.

The paper—tape equipment was just used for ease of program development,
the main ﬁeripheral being the card reader., All the survey data

to be analysed was punched onto cards and extensive use was made of
so-called column binary cards, in which any combination of the

12 holes in a particular column may be punched, rather thah the

restricted combinations allowed by certain standard card codes, such
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as EBCDIC or BCD. The use of column binery can produce a
considerable increase in the packing density of data on cards

vhen purely numeric data is being recorded., This feature is
obviously useful therefore where a large volume of data is being
processed. The use of column binary was also attractive to the
PDP-8 users at Social Medicine since the PDP-8 is a 12-bit

machine, and it is very easy to store and menipulate ecach individual

card column,

Although the procéssing of the column binary cards was easily
handled on the 12-bit PDP-8, problems arose when larger and more
complicated survey programs necessitated the use of the main ERCC
machine, Both the 4=T5 and the 360/50 are organized around the
8~bit byte unit of storage, and the peripheral equipment is intended
to handle 8~bit data characters, implying the use of the restricted
EBCDIC card codes for card data. It is possible to have special
hardware options fitted to the 4-T5 and 360/50 card readers which
enable column binary cards to be read by splitting each card column
into two 8-bit bytes. The mode of reading, EBCDIC or binary, is
selected by software command., Hoﬁever, it is'operatinnally very
inconvenient to read jobs in which program and control cards are
punched in normal EBCDIC code, and the data is punched in column
binary format. In fact, the standard spooling software on both
the L4-T75 and the 360/50 did not cater for this situstion, and the
only way to handle column binary was to run a special utility which
bypassed the normal spooling software and read the cards directly
into core from where they were stored on magnetic tape. The user
program could then access the data in a subsequent run. Such

special procedures obviously produced considerable delays for any
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user with columnebinary card data.

In dne sense, the problem of handling column binary cards was
a historical one, since, if users could be'discouraged from
producing any new binary cards, then all the binary cards:currenﬁiy
in use coﬁld be copiéd onto magnetic tape witﬁ the special utility
and. that would be the end 6f the problem. However, a strong
requirement was developing within the Univefsity for the use of mark
sense cards‘and documents. The use of these facilities could
‘ eliminate the laborioug data preparation work involved in tranécribing
the infbrmhtion from manuélly prepared forms and documents into a
machine-readable form, There was a demand for such'facilifies in
the areas of gathering data for surveys and for examinations involving

the use of multiﬁle—choice questions.

Mark sense cards and documents produce éafa of a very similar
form to binary cards, the diffefence being that there may be less
than 80 columns per card. The demaud for the use of such facilities,
therefbre, reinforced the requireﬁent for a convenient way of

reading column binary cards as normal program data.

Since there is no sophisticated spooling software being used on
a dedicated small machine, the program is reading the cards directly,
one at a time,; and it is a simple matter to change reading modes
by a suitable operator command, The normal program and control
cards can be read and translated according to the card code being
used and transmitted as character data. The 12-bit column cards
can be converted to a suitable 2-byte representation such that each

binary card is sent as 160 binary data characters, This format can
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be easily reconstituted by the program to the original binary card
representation £#f required, using the 16~bit half-word data type
in IMP or FORTRAN to store each card column., This facility then
means that binary card data can be processed as easily as normal

card data on the 360/50 or L-T5,

The requirement for the communication system was simply to
be able to transmit character data and binary data and be able to

switch between them in the same transmission.

2.4 Comput2r Science CAD Project PDP-T.

The CAD group in the Department of Computer Science were using
& PDP-T computer to support a number of projects in interactive
. graphics. They had long recognised the difficulty of writing
large, complicated graphics applications programs to run in the
PDP-T itself and were wedded to the philosophy of using a larger,
general purpose computer as a backup machine, The PDP-T would be
responsible for managing the low-level control of the display, and
handliné those things that required a fast real~time response to
maintain the interaction, such as pen-tracking., The graphics
application program, which actually generated the display file,
would run in the powerful backup machine. This program, which
frequently involved & considerable amount of numerical work and
manipulation of complex data structures could be written almost
entirely in a high-level language. This meant that it was much easier
to write and test than if it were written in the PDP:7 assembler
language, and also that the size of application that could be handled
vas not limited by the small amount of core storage available on the

PDP" 7 °
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This type of two-computer system obviously requires the use of
some sort of communication link between the two machines. The
speed of this link must be sufficient to avoid long delays in
making changes to the picture displayed which require the

re-generation and re-transmission of the display file.

The CAD group were already using a two-computer system of.this
nature, the back-up computer being the Elliott 4130 in the Department
of Machine Intelligence. Since the PDP-T was situated in the next
room to the 4130, a high-spesed local connection had been established
wﬁich gave a data rate equivalent to a serial data transmission
speed of sbout 4O kilobauds. This speed was sufficiently high
that there were never any delays involved in changing the picture

being displayed.

Although this arrangement gave a very satisfactory performance
for the display system, there was considerable inconvenience
involved in using it. This waé caused by the fact that the other
main activity for the 4130 was running the multi-access POP-2
system for the Machine Intelligence Department. This was a special-
purpose system and was not suitable for running the large graphics
application programs, for which the favoured language was FORTRAN
which was not compatible with tﬁe Multi-POP system. Therefore,
pressure for time on the 4130 meant that the dedicated sessions for

graphics work were only available during the evening and night.

Because of this, the CAD group were anxious to establish a
‘commmication link to a remote large computer which would allow

their graphics programs to be time-shared with other programs,
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thereby avoiding the requirement for the dedicated and inefficient
use of an expensive general~purpose computer. This was obviously
the sort of application that could eventually be supported by

the multi-access operating system being developed for the 4-75, but
as this project was still in its early stages, other alternatives
had to be considered, The 360/50 was not particularly suitable
since the software was oriented to high througpput of batch work,
and although time-sharing was supported, the dynamic swapping in
and out of programs perf@rming intéractive work was not, so the
graphics program would have been permanently resident for long

periods and making inefficient use of that portion -of core store.

The other possibility was to use the 360/67 at Newcastle
University which was running the interactive Michigan Terminal
System (MTS) for most of the day. This system was certainly
suitable for running interactive graphics programs, since it had

(6). Furthermore,

been used in this way at the University of Michigan
a comnunication link already existed between Newcastle and Edinburgh
to support a Remote Job Entry service to ERCC, If appropriate

communications support could be>provided for both ends, the existing

link could be made available to the PDP-T for part of the day.

Although the existing link between the PDP-T and the 4130 was
equivalent to a data rate of 4O kilobaud, this was generally far in
excess of requirements. It wag'fbund‘that e number of the graphics
applications would still work satisfactorily with the link speed
artificially slowed down to about 2 kilobauds, particularly if

certain minor changes were made to the graphics software to minimise
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the traffic across the link. It would have been prohibitively
expensive to provide a link speed of 4O kilobaud between Edinburgh
and Newcastle, but 2 kilobaud was éerfectly feasible economically,
and wes thg speed that had been used for remote interactive graphics

at the University of Michigan.

The communication system requirements for this application were
again quite clearly defined. The transmission of hext messageé
was required in both directions to enable the operator of the graphics
satellite to send commands to the graphics applicetions program and
receive teletype messages back. Also, ii vas necessary to transmit

the display file generated by the applications program to-the-smell — — — ———

machine, This required the transmission of binary data between the
two machines. Information about operator interaction with the
display, such as the position of the light-pen at particular times,

vas also most conveniently transmitted ¢s binary data.

2,5 IBM 1130 in ABRO and Department of Statistics

Both these departments were using the standard iBM 1130
configuration comprising pfocessor, store, ecard reader, line printer
and certridge disk. The computers were used for small-scele
statistical and numericgl analysis applicetions, using the extensive
subroutine library and FORTRAN II compiler available for the 1130,
They were restricted in the size of probléms they could handle
because of the small file store (1 megabyte), the slow speed of
the 1130 as a computer (6us core store), and the very slow- (100 lpm)
line printer. In order to handle larger problems, they needed
access to a larger éomputer and this could be.conveniently provided

by means of a communications link. By writing the FORTRAN programs
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carefully, they could be run on both the 1130 and the 360/50 without
changes, so that program development could be carried out most
conveniently on the 1130 before submitting the program for large—

scale processing to the remote machine.

This application was obviously a standard Remote Job Entry
system where the communication link merely provided a faster
turnaround of jobs., The data transmission requirements were for

character data in both directions for job input and output,

A more sophisticated application was planned, however, which

involved performing successive phases of a calculation on alternate

“machines. In other Q&rds, aﬁpréliminary phase would be conducted
on the 1130, possibly being steered by interactive work on the 1130
operators console, at the end of which intermediate results would be
stored on the disk, These intermediate results would then be
transmitted as data for a program to be run on the 360/50, where the
extra power of the larger machine was required. The output from
this program might then contain information to be stored back on

the 1130 disk for further local processing, and so on,.

Although this procedure could be carried out by punching out
intermediate results on punched cards for submission in a normal
job to the other computer, this would be a very tedious business
and would detract considerably from the convenience of carrying out
certain phases of the calculation in the controlled, hands-on
environment of the 1130. This was really an application which

needed a communications link between the two mschines.



Since the most convenient way of storing data on the 1130 disk
was in the internal number representation format of the 1130, rather
than in character format, the transmission of this information
between the machines required a binary data transmission capability
in addition to the character data transmission required for the

normal job input and output.

2,6 Conclusions.

The conclusions that can be drawn from the above descriptions

of specific applications about the requirements of a communication

system are as follows i~

a) thé applications involve a number of completely different
small computers, so the communication system should not
use the special features of any one small computer, but
rather should use only a minimum subset of features which
are common to all small computers, and this applies to

hardware and software,

b) all the applications involve a completely different
environment in respect of usage, supporting peripherals
and executive, even when the same computer is used, so
the communication system should use the executive to the
absolute minimﬁm, if at all, and should provide an
interface to the rest of the software which makes no
assumptions about the local source or destination of

transmitted data.
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¢) the transmission speed required is at least an order
of magnitude greater than teletype speed, and since
in some applications, speed is critical, it should
be possible to buy mofe speed without affecting the
communication system; it is also desirable to
maximize effective throughput, since in some cases

large volumes of data are involved,

d) suitsble communications hardware is available for some
of the computers but not for others, so that although
hardware will need to be developed as part of the

_Eggpggéggyigg_gyg@gp,ﬂjheﬂsoftware_component~of4the~—
system should not be orientea to that particular
haerdware implementation, but should be capable of
using any implementation available for the type of

communication chosen.

e) the system should be capable of being used to communicate
with different main computers in order to accommodate

future changes in the central computer system available,

£) the system should be capable of handling two basic data
types - text data, where the bit patterns are interpreted
according to some universally agreed code such as ISO or
EBCDIC and where conversion between different
representations may be necessary in order to preserve the
textual meaning of the data; binary data, where the bit
patterns have no universal interpretation and have meaning
only to the user program processing the data. In this

latter case, the data must be transmitted by the system
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Chapter 3

GENERAL COMMUNICATIONS HARDWARE CONSIDERATIONS

3.1 Main features of data communication hardware

Before going on to discuss the various communications facilities
supported by the large computers, a brief description of the main
features of serial data communication links is given here in order

to support some of the technical arguments used later.

Attachment of local peripherals

Information transfer between a computer and its local peripheral
devices normally makes use of high-speed parallel data interfaces.
These parallel interfaces provide lines for at least one character
together with lines for error checking and control of the data
transfer. A simple example is the British Standard Interface (BSI)
for parallel data transfer. Electrical signals are propagated along
these interfaces by fairly low DC voltages, e.g. 5 or 6 volts, that
correspond with the low voltages used in the computer electronics.
Also, signal duration is very short in order not to slow down the

execution of input/output instructions in the computer.

The iﬁfluenee of electrical interference, resistance losses and
propagation delays on these low-magnitude, short-duration signals
means that expensive high—quality cables have to be used in order
to guarantee reliable data transfer. These factors mean that this
type of interface - high—-speed parallel - is only feasible for
reripherals which are close to the computer. In fact, a maximum

cable length of up to 100 feet is common.
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Attachment of Remote Peripherals

Remote peripherals may be situated several miles from the computer,
80 that even if the electrical transmission problems were solved by
using special hardware, the cost of multi-wey parallel cables would
be very high. In fact, becaﬁse of the costs involved, the simplest
possible electrical interface is used for the connection of remote
peripherals. This consists of one circuit for data into the computer
and one circuit for data out of the computer. One circuit is sometimes
used for béth functions. The signals which are transmitted
simultaneously in a parallel interface to a local peripheral are sent
in seriai form, one after the other at a fixed raté, along a single

transmission line to a remote peripheral.

The electrical connection between the computer and the remote

peripheral thus consists of the following components:-

a) hardware to convert the parallel information from the computer

into serial form for output and vice versa for input.

b) hardware to convert the serial information at the low DC
voltage levels into a form suitable for reliable transmission

over several miles of cable.

c) single or double circuit:electrical cable for one way at a
time (half-duplex) or both directions simultaneously

(full-duplex) data transmission.
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PARALLEL DATA SERIAL DATA TRANSMISSION
PLUS CONTROL PLUS CONTROL SIGNALS
v« ¥ + +
COMPUTER OR PARALLEL/ SIGNAL
REMOTE = SERIAL TRANSMITTER/ -———-—————aj//
PERIPHERAL [= CONVERTER RECEIVER
a. ‘ b. c.

It is the variations in the methods of implementing these three
components that provide the different systems of serial data

communications in use today.

There are basically two different implemenﬁations of item a.
which are referred to as synchronous and asynchronous communications
adapters. There are a number of implementations of items b. and c.
which differ in the speed of relisble data transmission which they
give, and these implementations are closely related to the choice
of a synchronous or asynchronous transmission adapter. Economic
considerations play a large part in deciding which type of system
to use. The requirement for higher speed and/or higher reliability

usually increases the cost of the syétem.

3.2 Asynchronous communications adapter

In asynchronous communications (Fig 3.1), each character of a
message is identified by one start bit and one or more stop bits
framing the character. Each character is therefore self-identifying
and there is no fixed time relation between successive characters in
a message. The start bit is always of opposite polarity to the
quiescent state of the data link since its purpose is to signal the’

arrival of a new character. On recognising the start bit the
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receiving hardware has to start its bit clock, which runs at a fixed
rate, and count in the requisite number of bits following to form the
character, which can then be transferred in parallel form to the
computer. The purpose of the stop bits, which are always of opposite
polarity to the start bit, is to return the line to the quiescent
state so that the start bit of the next character can be correctly
recognised. Asynchronous communication is therefore essentially
one-character-at—a- time message transmission, and is usually used to
support the simplest kinds of data transmission system, such as type-

writer terminals.

3.3 Synchronous communications adapter

In synchronous communications (Fig 3.2), a message is sent as
a continuous stream of characters with no interval between the last
bit of one character and the first bit of the following character.
A message is therefore a contiguous series of bits, and in order to
correctly identify the indiiidual characters within this bit stream,
the message is preceded by a number of characters of a particular |
non-repeating bit pattern. The receiving hardware has to recognise
this bit pattern in order to lock in to the correct character frame.
Once this character phase has been established, the receiving
hardware has to count off the required number of bits to form each
character using an appropriate clock. Because of the requirement
to maintain accurate bit timing over a long message and the inherent
difficulty of maintaining two independent clocks in synchronism with
each othe?, the clocks used to provide bit timing in synchronous
systems are more sophisticated than those used in asynchronous systems,

where the bit clock only needs to be accurate enough to maintain bit
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timing for one character. The synchronous receive clock has to be
self-regulating in order to follow any variations in the transmit
clock at the other end of the transmission link. Allowance also has
to be made for apparent timing shifts caused by distortion of the bit
stream by the dynamic electrical characteristics of the transmission

link.

Synchronous communications is therefore essentially a block-
oriented transmission system and all the characters in a message have
to be present before message transmission can be started. Consequently,
complete message buffering has to be provided in a terminal using
synchronous communications, and, generally, sufficient levels of
character buffering have to be provided to ensure that the input
and output shift registers can be emptied or refreshed within the

crisis time, which is always one bit time.

Comgarison between asynchronous -and synchronous communications adapters

The hardware necessary to implement synchronous communications is
more complicated than that for asynchronous communications in the

following ways:

a) recognition of character synchronization pattern
b) provision of self-regulating receive bit clock

¢) extra character and message buffering

Synchronous tcormmunications has the advantage that a given
message can usually be transmitted more efficiently than with
asynchronous communications. This is & consequence of the high

redundancy involved in asynchronous communications with a minimum
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of 2 bits extra per character compared with the fixed overhead of the
leading synchronization characters. All but the shortest messages

will be transmitted more efficiently in synchronous mode.

3.4 Telegraphic signalling

A major factor affecting the economics i8 the equipment used for
item b. This is the equipment which accepts the low voltage (about
6 volts) DC serial data and turns it into a form suitable for trans-

mission over long distances.

The simplest implementation of this merely converts the low
voltage into a much higher DC voltage (about 80 volts) which is then
capable of being recognised correctly after a few miles of cable.
This works on the simple principle of telegraphy and is only capable
of supporting fairly low speeds (up to about 200 bauds) over a few
miles of cable. Tﬁe effect of tﬁe capacitance and resistance of a
long length of cable is to convert the original well-shaped square

waves into something like a saw—tooth shape as follows:-—

If the original DC voltage is not maintained for a long enough

period, the signal level at the receiving end does not reach a large
enough value because of the long rise time of the pulse. Therefore,
in order to ensure that the serial data can be properly reconstructed

at the receiving end, the rate of change of the data being fed into
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the transmitted end is limited accordingly. This is the factor
which limits the speed of operation with this type of signal
transmission. The maximum aspeed is governed by the rise time of
the circuit, which is dependent on its length. For circuits up to
a few miles, this limits the speed to about 200.Bauds. For longer
circuits, signal repeaters have to be included in the circuit which
re—shape the waveform before transmitting it further. To achieve
higher speeds, the signai repeaters would have to be placed at
shorter distances along the circuit, vwhich would nullifj’ the economic
advantages of the very simple equipment (basically just electrical
relays) needed to transmit data in this way. This type of equipment

then is suitable only for the lowest data rates.

3.5 Modems

All other equipments in use for signal transmission use some kind
-of AC transmission which uses the DC voltage levels to modulate a
carrier signal of a particular frequency. AC signals are more easily
transmitted over long distances because of the electrical impedance
characteristics of long circuits. The increasing sophistication of
the modulation technigues used is giving higher data rates from the
same circuits. The equipment at the receiving end has to remove
the basic carrier signal (demodulation) inm order to.reconstruct the
original serial data streams. The equipment used at both ends to
transmit Gnd receive is therefore known as a modulator-demodulator or

modem.

One of the techniques used to obtain higher speeds is to combine

two or more data dbits into a new multiple-value signal with which to
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to modulate the carrier(T) . Thus, in a typical system (GPO Modem T),

one of four phase shifts is applied to the carrier in order to
transmit two bits of data. The increased sophisticatioq of the
electronics required to accurately encode and decode these multiple
value signals, allowing for tﬁe unavoidable distortion caused by the

transmission line, means that higher data rates will cost more.

Distinction between synchronous and asynchronous modems

There is an important relation between modem technology and the

use of synchronous.'or asynchronous transmission adapters.

As mentioned previously, asynchronous transmission adapters
usually provide their own bit timing and can use a simple fixed rate
oscillator which only needs to be accurate enough for a single
character. The modem used for asynchronous transmission does not
need to know the rate at which data is being transmitted or received.
It is transparent fo the actual bit stream and its function is merely
to transmit or receiie a two—w¥alued DC signal which can change value
at an unspecified rate, up to some maximum which is the limit for
religble transmission. The terminal equipment must be aware of the
maximum reliable rate, but otherwise the sp;ed can be varied by setting
clocks in the customersequipment inboard of the modem at both ends.

No timing information is exchanged between the equipment and the modem.

- The bit timing used in synchronous transmission is more
sophisticated since it must maintain correct bit synchronism over
a whole message, which'may be many thousand bits long. Although the
bit timing circuitry may be in either the terminal equipment or the

modem, it is normally included in the modem since the modem designer(>



is better able to assess the effects of particular types of line
distortion on the bit stream and therefore compensate for them in the
bit timing circuitry. When the bit timing is incorporated in the
modem, timing information is passed from the modem to the
communications adapter to tell it at what rate to transmit or

receive data.

The distinction between asynchronous and synchronous communications,
which is normally made at the character level, cén then also be made
at the bit level and modem level. Modems can be divided into
asynchronous and synchronous classes, the latter class providing bit
timing information to the user equipment and the former class'not,
in which case the user equipment provides its own timing. Because

of this, asynchronous modems should be cheaper than synchronous ones.

The consequence of this distinction is that asynchronous modems
are restricted to two—-level modulation techniques and cannot take
advantage of the multi-level modulation techniques which are being
used to give increased transmission speeds. The multi-level coding
can only be used where the modem controls the bit timing. Therefore,
only synchronous modems can be.used where higher transmission speeds
are required. The maximum availablé speed for asynchronous modems
in this country is 12C0O baud (up to 1800 baud in the Statégs, whereas"

speeds of 9600 baud can be obtained over equivalent circuits using

synchronous modems.

It is, of course, possible to use asynchronous start/stop character
framing with a synchronous modem since the modem is not aware of the

character structure. This, however, would require modified or
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completely new asynchronous communications adapters, able to accept
an external timing signal from the modem, which is a feature not

normally available with present asynchronous equipment.

Modems available

Currently, modems offered by the GPO (who have a monopoly over
. modems using the dial-up transmission facilities) will support dial-
up operation at up to 1200 bauds (Modems 1 and 2) with bit timing
provided by the customer equipment and private line operations at
2400 bauds (Modem T7) with bit timing provided by the modem. They
have also recently announced & facility for dial-up operations at
2400 bauds (Moden 7C) provided the circuit conditions are favoursble,
i.e. they do not guarantee that the speed can be obtained from all
exchanges and lines currently in service. Using the same private
line that the GPO uses at 2400 bauds, it is possible to use more
expensive proprietary modems which will operate at up to 9600
bauds, but this becomes very expensive. These speeds are adequate

for all the applications considered in this report.

The cost of these modems are such that'there is a steady
increase in price from the Modem 1 to the Modem 7C, with the high-

speed proprietary modems disproportionately more expensive.

3.6 Electrical éircuit facilities

All variations of item c¢. in the diagram are provided by the
GPO since they have a monopoly of public telecommunications facilities
in this country. The situation of in-house communications which can

make use of non-GPO facilities will not be considered in this report
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since this can take advantage of specially-laid high-qualitycirciits,
such as co—-axiel cables, which are not generally applicable to

the telecommunications problems considered in this report.

The line facilities provided by the GPO fall into two categories -
dial-up facilities available through the normal voice network and
private lines which use telephone circuits but which are permanently
allocated and are effectively hard-wired ﬁetween the two ends of the
link. The former facility provides a date link of variable quality,
since the circuit is routed through mechanical switching equipment
and is likely to use different pairs of wires each time a call is
made. The variability of the voice telephone network in terms of
reliability and 'quality of connection, especially over long distances,
is well known. A private line, because it always uses the same wires.
and is not routed through switching equipment will give a constant
quality and the reliability is obviously very high, leaving aside
accidental interference by GPO maintenance personnel. Because the
. circuit used for a private line is always the same, ‘the GPO can
guarantee the quality of the line in terms of its electrical trans-
mission characteristics. The GPO offer a number of Tariffs, giving
different guaranteed electrical characteristics to cover a range of
possible transmission speeds. The simplest is Tariff J which is
intended for use with slow-speed Telex-type terminals. The best is
Tariff T which will support speeds from 2400 up to 9600 bauds using
special transmission techniques. The GPO will provide special '
facilities for operation at 48k bauds but this is not a service
normally available and will not be considered further since the

speed range covered by the normal Tariffs is sufficient for all the

applications considered in this report.
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The economic considerations are as follows.

For dial-up connections, the normsl STD charges apply which
means that the cost depends on the distance, the time of the uur
connection and the period of connection. For private lines, a fixed
rental appiies vhich is determined by the Tariff and the point-to-
point ‘distance and is independent of the amount of use made of the

circuit.

The choice between the two facilities is determined by the speed
required and the amount of connection time required. The latest GPO

facilities provide for up to 2400 bauds using dial-up connections.

3.7 Conclusions

The basic elements of data communications hardware have been

described in this chapter and some general observations can be made.

The cheapest and simplest communication system for lower speed
applications (up to 1200 baud) would use an asynchronous communications
adapter and an asynchronous modem with a dial-up or private line of
a suitable Tagiff depending on the speed and the amount of connection

time required.

This system, however, could not be used in an application
requiring speeds higher than 1200 baud unless the asynchronous adapter
was equipped with an external timing éption, enabling use of the
higher-speed synchronous modems. Note that this also requires that
the other end of the link has the same capability, since compatible

modems must be used at both ends of the link.
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For these higher speed applications, the use of a synchronous
communications adapter should be considered. This involves more
complicated hardware (although the extra cost becomes less significant
when compared with the increased cost of the higher-speed modems)
but gives a higher useful data rate than asynéhronous over the same

speed line.
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Chapter &

SYNCHRONOUS V., ASYNCHRONOUS FOR COMPUTER-COMPUTER

COMMUNICATTIC:S

4,1 Introduction

All the major large computers support the use of serial data
communication links for the attachment of remote peripherals. All
of them support the use of both aesynchronous and synchronous
transmission so the first choicz Lo ce made in deciding how to

communicate with them involves which of these two systems to use,

As mentioned in the previous chapter, asynchronous communications
is suitable for applicationa involving the transmission of messages
where there is no time relation between successive characters in the
message. This makes it.suitable for the connection of typewriter
terminals, where the rate of data input by the human operator can

be extremely variable,

Synchronous communications is inherently & block-oriented
transmission system, where the successive characters in a message
must be transmitted in a fixed time sequence. This necessitates

the use of terminals with suitably-sized message buffers.

When the overall system implications of handling terminals are
considered, the requirement for reliable and error-free transmission
means that communication between computers must operate in a block-
by-block mode. This distinguishes it from applications where human

operators are the source and receptor of all transmitted messages.
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This distinction is demonstrated by the argument below.

L.2 Handling of transmission errors

In computer-to—computer communications, the responsibility for the
correctness of the data transmission no longer lies with a human
operator. If a human operator is anlinherent part of the data
transmission system, as is'the case with typewriter terminals and
élphanumeric video display terminéls,»this operator can monitor
the correctness of the data being transmitted and can initiate
‘intelligent aétion to recover from any trensmission errors. The
computer end of the link need perform very little recoﬁery from
_ any errors it detects, other than ignoring the last message and
sending a message to the operator to inform him of the error, It
is then up to‘the operator to send the message.again if necessary.
This aspect of human-operated terminals makes theﬁ particulérly
easy to handle from the point.of view of the cmmpﬁter at the other

end of the link,

When the data transmiasion is from one computer to another,
then it is essential for the computers to monitor the correctness
of the data transfer for themselves, Otherwise it would be
necessary for the data to be dispiayed for Qetting and approval .
by an operator, which would seriousiy reduce the effective data
transmission rate., Furthermore, since some of the data transferred
may be binary data rather than character data, it is not always
possible to display it in a form which can be intelligently checked

by an operator.
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It is also desirable if the computers can themselves initiate
recovery action after detecting an error, since this gives much
faster recovery response from transient error conditions, which

are the usual source of errors on data transmission lines.

This again points out a difference between peripherals
connectéd locally ana those connected remotely. Any errors which
occur during data transfer over a local high-speed parallel interfgqe
are considered to be fairly serious, and recovery usually requires ::
manual intervention. Errors during data traﬁéfer to & remote
peripheral are to be expected and oniy nerit investigatioﬂ if their

frequency noticiably degrades the link performance.

Automatic recovery fmom transmission errors-is theréfore an
important part of computer-to~computer communications, If automatic
recovery is to be effective, then it is important to have very
effective error detection, Errors are detected by adding redundant
information, such as a parity bit, to a character or to a whole

message, which is then checked on reception.

4.3 Error detection

The exact nature of data transmission link reliability in terms
of susceptibility to corruption of the data is obviously highly
‘dependent'on the particular facilities used, e.g. dial-up or private
line, transmission speed, the precise locality of the wires used and
its routing, ete. However, a great déal of investigation has been
done on this subject by a num§er of common carriers in different

countries and it is possible to draw certain general conclusions.
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The most important conclusion is that while constant factors
such as thermal noise cause signal distortion, suitable modem
design can help to compensate for this and most datae errors are
caused by 'impulse noise' which results from the nature of the
switching equipment used in most exchanges., Even if a private
line is used, which does not involve ang switching equipment,
such lines are normally ordinary telephone ciréuits.which have
been specially wired point-to-point. As such they shere the same
cable runs as dialled circuits, and are liable to pick up impulse

noise generated in adjacent circuits by dialling, etc.

Impulse noise produces & short burst of electrical interference
sufficiently large to completely swamp thé transmitted date signal
end replace the effected bits by a random pattern. The duration
of a noise pulse can be anything up to 1/100th of a sécond, so it is
clear that several bits in a message at 2000 bauds would be
affected. Experiments cérried out on a long private line in Europe
at.:2000 bauds (9) showed that over 60% of messages in error hed -

2 adjacent bits corrupted and 30% had up to 8 adjacent bits in error.

The simple conclusion to be drawn from this is that simple
character parity does not give very good protection against burst
errors, since two or more adjacent bits in error have an even chance
of producing a bit pattern with the same parity as the corrupted
bits. Therefore, message: transmission which relies on simple
character parity is not well protected against localized errors,
since the redundancy is also localized and the effect of an error

is not propageted throughout the messeage.
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k.4 Block—-oriented error detection

To deal with burst errors effectively, a form of non-localized
redundancy is reiﬁired vhich is accumulated over a whole message
and which will propagate the.effect of a local error through to the
end of the message. This type of redundency is then a redundia;cy
check on the message as a whole rather than on individual characters,
and examples of this are lougitudinal parity and cyclic redundancy

check(10).

This consideration forces computer—-tp*computer communication to
become message-oriented or block-oriented rather than character—-
oriented. Long messages have to be broken‘down into smaller blocks
for transmission purposes, and the optimum block length is determined
by the mean error rate and practical considerations of buffer size
within the computers., Because of this requirement for block-oriented
transmission between computers, with error detection and recovery
being done on a block basis, computer-to-computer communications
cannot take advantage of the inherent simplicity of using asynchronous

mode as in character-oriented transmission.

For reliasble and error-free treansmission between ccmputers, a
rigorous scheme must be implemented to achieve automatic control of
the transmission link, and the system complexity of an asynchronous

link handler becomes equivalent to that for a synchronous link,

The choice between the two systems is then based on the economic
and hardware complexity considerations described in the previous

chapter.
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4.5 Corparisons

The previous chapter indicated that the cheapest communication
link was provided by & totally asynchronous system, i.e. asynchronous
transmission adapter and asynchronous modem. This however had
limitations if it was required to operate the link at speeds greater

than 1200 baud,

This gives a maximum character rate of only 120 characters per
second, This would not be adequate for a number of the applications
considered in this report. To take some concrete examples, peripherals

commonly used on the small computers have the following speeds:-

card reader - 300 cards per minute
line printer - 300 lines per minute

peper-tape reader - 300 characters per second.

Assuming that trailing blanks ere not transmitted and that only about
40 leading characters per card or line are actually used for
information, these peripherals generate a data rate of 200-300
charaqtera per second. Other peripherals, such as DEC~tape or a

disk, could generate an even higher rate,

Such applications are therefore not well matched to the cheapest
facilities and it becomes necessary to use the higher speed
synchronous modems. Assuming that the problem of interfacing an
asynchronous transmission adapter to a synchronous modem at both ends
of the link is amenable to a solution, which is not always so, the
use ofvasynchronous transmission would produce a lower line

utilisation than synchronous transmission by at least 25% with the
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minimum of 2 framing bits per character.

In these circumstances, it seems more appropriate to opt for
a synchronous transmission scheme, which will make more efficient use

of the higher speed modems,

Once the required data rates justify the extra cost of the
higher speed mbdems, which can be considerable, it is important to
take full advantage of the higher speeds provided, Thé extra
cost and complexity of the synchronous communications hardware becomes
less significant as the mpdem becomes the most expensive component

in the system,

4,6 Conclusions

From the above arguments, the advantages of aéynchronous
conmunications are its low cost and relative simplicity when used
with human-operated terminals. Since such terminals are used in
large numbers, it is important to use the cheapest possible facilities,
provided these are adequate., For higher-speed communications
however, suiteble for inter-computer working, the synchronous system
has the advantage of meking best use of the more expensive facilities

needed,
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Chapter 5

LARGE COMPUTER COMMUNICATIONS HARDWARE

Sel Introduction

As has been stated previously, all the large computers considered
supported the use of synchronous cormmunications. Those considered
were IBM 360, ICL System 4, Univac 1108, CDC 6600 and Burroughs
B5500. The way in which these computers supported synchronous
operation was then investigated in more detail to see if there was
a compatible way of communicating with them all. The list above
is in order of the amount of information available on detailed

operation of synchronous hardware,

The first thing to become apparent was that the communications
c§des and protocols were implemented in very inflexible ways on most
' of the computers, The communications facilities were controlled
very largely by hardware with very little software control. Details
of control characters and their interpretation, message formats,
error checking, etc., were implemented in such a way that they could

not be changed by a user program.

5.2 Communications controllers

The implementations of the commumications controllers varied
from pure hardware on the IBM 360, through hard micro-program on
the System 4 to small, special-purpose programmable processors on
the CDC 6600 and Burroughs B5500., However, even on those systems
which were genuinely programmsble, it was not intended that the

control programs should be accessible to the user for him to
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implement his own communications protocols., This meant that all
conmmunications controllers were effectively hard-wired to the

manufacturer's defined codes and protocols,

The only large computer to control the communication line
directly b& software in the main processor was the Univac 1108,
This had a very simple communications controller which generated
an interrupt on a per character basis, Howeve?, for reasons
of efficiency and crisis time limitations, in order to reduce the
overhéad associated with handling these interrupts, they were
hendled at a very intimate level within®the Executive rather than
being routed through to a user program for analysis. Thus, it
was ggain very difficult for the user to implement other codes

and protocols.

This inflexibility in the large computer communications facilities
would have to be accommodated for in the facilities provided for

the small computers which will be deseribed in later chapters.

It is perhaps worth making the general point that the peripherals
on a large computer -heve a much higher degree >f Lardware control
than on a small corputer. This is evidenced by the fact that, on
small computers, -many peripherals operate by transferring one character
et a time under interrupt control. Because of the simpler software
in use on a small computer, the overheads involved with handling
interrupts, such as register-saving and status-switching, are much
less than on a large computer, where a considerable amount of CPU
time would be consumed by handling peripherals in this way. Peripheral

transfer speeds for equivalent peripherals are also usually much
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higher on a large computer, so the interrupt rate would dbe
considerable. Peripherals on & large computer are normally
handled on an autonomous block basis, with just one interrupt at the
end of the block., . It is therefore in line with the general
philosophy of peripherel control on large computers to handle
communication lines on a block-transfer basis, which requires fhat

most of the protocol be defined by the communications controller.

The sensible solution to this problem of inflexibility is to
use & programmsble communications controller and meke it easy for
the user to program it himself. Both IBM, with the 3705 (11),
and ICL, with the 7905 (12), are now adopting this appreach and
are providing a proper user programming system for the communications
processor, This will), in the future, give the user the freedom

to implement different protocols if he wishes,

Hdowever, foi* the present, these inflexibilities exist which
result in certain.incompatibilities between the different large
computers in the synchronous communications environment. The
particulars of the IBM 360 2701 Synchronous Data Adapters and the

ICL 4-T5 MCCCU synchronous buffers will be given here by way of

example,

5.3 IBM synchronous controllers

IBM 2701 SDA I supports a commmications protocol known as STR
(Synchronous Transmit/Receive). This is based on e speciaX-purpose
code known as h~out-of-8 code, in which only those cheracters which

have 4 bits set out of 8 are wvalid, This gives a code set of T2
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characters of which 8 are used as control characters, leaving a usable
character set of 64, This is a completely non~standard code used
only for data transmissdon purposes and, as such, bears no similarity'
to any of the character codes in common use on other peripherals,

or on other computers,

IBM 2701 SDA II supports a protocol known as BSC (Binary
Synchronous Communications) which can use one of three transmission
codes, These are EBCDIC (8 bits per character), ISO (8 bits per
character) and Six-Bit-Transcode, or SBT, (6 bits per character).

In EBCDIC, all 8 bits are available for data, giving 256 code
values of which a small number are reserved for transmission control
characters vhich are recognized by the hardware. The EBCDIC code
also provides a specisl mode of operation known as.transparent mode,
in which, by usihg a particular ‘escape' sequence, it is possible
to transmit any 8-~bit code including the transmission control codes.
The ISO code uses T bits plus a pariéy bit, and SBT uses all 6 bits
as data, Again in these two cod;s, a small number of codes are
reserved for transmission control purposes. It is not possible to
switch between these codes by software control. The options have
to be wired in to the 2701. There is a special additional 2701
feature which allows any two of the codes to be wirédiin with a
software-controlled selection between the two. Theie is otherwise

very little software control over the transmission facilities,

5.4 ICL synchronous controller

ICL MCCCU is a general-purppse communications multiplexor for

both synchronous and asynchronous communications. The synchronous
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buffer facility allows a software—controlled choice between

EBCDIC (8 bits plus parity) and ISO (7 bits plus parity). The
EBCDIC code, requiring 9 bits per character, is obviously incompatible
with the IBM EBCDIC code, and also does not support the transparency
feature, The ISO cdde is also not compatible with the IBM code as
different values are used for the transmission control characters,

such as SYN.

5.5 _ Problem of compatibility

Thus, there would appear to be no compatible communications
facility between the IBM 360/50 and the ICL L=75, which were the
computers of most relevance in Edinburgh. However, there was a
certain amount of compatibility between the two systems at one
level in that they both supported the same general type of point-

to-point communications protocol.

This type of protocol, which will be explained in more detail
later, allows communication in one’direction at a time, Once one
end has acquired control of the line, it can continue to transmit
data blocks until it relinguishes control of the line by sending
an end-of-transmission control seguence. The receiving end
has to transmit acknowledgement sojuences to the data blocks it

receives.,

At this functional level of the IBM and ICL transmission
systems, there was competibility, However, the two systems were
different at the detailed level of message format, acknowledgement

format, etc. This general type of protocol was also acceptable
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to the UNIVAC 1108; but information on the CDC and Burroughs

protocols was not available,

5.6 Conclusions

Therefore, any éttempt to cormunicate with the two computers
in a compatible way must be based on this general type of
protocol. The differences in detéils of implementation must be
apcommodated by the small computér software, and the small computer
hardwére must be sufficiently flexible to allow the software the
necessary_level of detailed control. Both these aspects will be

described in more detail in later chapters,
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Chepter 6

INTERFACING TO THE SMALL COMPUTER

6vl Introduction

Previous chapters have considered the general aspects of
communications hardware and particular imolementations on present-
day large computers. It is now necessary to consider the provision
of suitable communications hardware for the small computer end of

the link,

In some cases, the small computer already has suitable
communications hardware end this will not be dealt with until the
chapters on communications software, where it will be shown how any
suitable hardware can be used with the standard software. In other
cases, nof&bly the PDP-8 which Qas the most common small computer in
use at the time, there was no suitable hardware and it was necessary

to develop it.

The deseription of this development is conveniently split
between two chapters, The present chapter is eoncerned with the
way the communications hardware should be interfaced to the mmall

computer, The next chapter describes the development of a

Pe

functional specification which is considered to give an optimun
division of responsibility between communication hardwere and

software.

6.2 The 'uniform interface! requirement

The functional specification merely defines the programming
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characteristics of the communications interface. In order to
achieve the desired objective of developing communications

hardware that would be suitable for use on any of the small computers
considered in this report, it is necessary to study the
characteristics of the small computer input/output interfaces to

see if the functional specification envisaged can be supported in a

compatible way on the different computers.

The specifization can obviously be supported on each small
computer by implementing it in the way most suited to the particular
input /output interface, but this would necessitate a significant
amount of re—design effort for each different computer as there are
considerable differences in the way input/output devices are supported,

for example, in the way peripherals are addressed.

The following discussion compares the different input/output
interfaces and arrives at a minimum subset of the facilities provided
which have equivalents on all the computers, The precise electrical
characteristics of the interface are obviously going fo be different
between the various small computers in terms of signal levels, pulse
lengths, voltage or current driven signals, ete. Such differences
can be accommodated by a first level of signal buffering between the
conmunications interface and the computer in which the signal levels
from the computer are converted into the signal levels acceptable
to the communications interface logic. Such a signal buffering in
a simpler form is & standard feature of some input/output devices
where logic signal levels are not normally suitable for directly
driving long lengths of interface cable because of the current drain

involved.
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6.3 Small computer inoubt/output interfaces

The facilities provided by small computers for handling

input /output devices can be grouped under the following headings:-

Cl. ©program selection of a particular device, i.e,
addressing capability

C2. progrem commands issued to the device so addressed

C3. capability for device to input and output the data

Ch. @Eapability for device to demand ser?icing by program,

i.e. interrupts.

All ﬁhe small computers considered in this report support these
capabilities, but the ways in which they are implemented differ
considerably. The input/output interfaces of the different small
computers were investigated in some detail énd a sumary of the
interfaces of four of the computers is given below, in terms of
the capabilities listed above. These four computers are described
because they represent four com@léfely different methods of input/
output control, but they are all capable of supporting in a common
way s minimum subset of input /output facilities which is sufficient
to support the communications interface envisagéd. These
facilities are sufficient to support any simple input/output device
which has a data fate that can conveniently be handled one
character at a time under program control, Faster data rate devices
vhich require some means of autonomous data transfer are not
considered, since the requirement for flexibility in the protocol
used means that the software must control data transfers one

character at a time,
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The four computers considered are the DEC PDP-8, the CTL

Modular Onc, the Elliott 4100 and the IBM 1130,
6.4 PDP-8

Cl, C2. An input/output instruction on a PDP-8 has the

following format:

6|1 Device Address ;l Command

The number '6° is the PDP-8 instruction code for an input/output
instructiono_ The device address field is 6 bits and the command
field is 3 bits. Vhen this instruction is executed, the device
address field is gated in parallel onto an I/0 bus and the 3 bits
of the command field are gated out on separate lines one after
another at fixed intervals while the device address is held steady.
All devices on the system are connected to the I/0 bus and it is the
responsibility of a narticular device to recognize its own address
and interpret the signals on the cormand iines appropriatelyo This
sequence lasts for a fixed time and there are no : return signals to
indicate whether or not any peripheral device responded ¢to the

cormend.

Because there are no strobe signals accorpanying the pulses
on the command lines, it is difficult to detect the absence of a
pul#e on a particular line. It is only scnsible ¢o usc the ‘on'
condition of a command pulse to initiate any action, and since the
pulses are not gated in parallel, it is also not sensible to try to

 interpret combinations of ‘on’ nulses to initiate distinct actions.
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It is only sensible to use multiple command bit settings to
initiate the same actions in one instruction that would be initiated
separately if the command bits were issued singly in separate

instructions. This means that only three distinet commands can

be associated with any particular device address.

If a device needs more than three commands, and most of them do,
then the technique used is to allocate multiple addresses to the
device. Since all device addresses broadcast on the I/0 bus are
available to all devices on the bus, it is perfectly feasible for
one device to recognize more than one address and interpret the
command lines differently depending on the address recognized. Since
there are 64 possible device addresses, the allocation of multiple
addresses to one device does not normally restfict the number of

separate devices that can be attached to the I/0 bus,

C3. The method of achieving single character input/output on the

PDP-8 is a standard part of the basic input/output cycle.

When the input/output instruction is being executed, the contents
of the main accumulator (AC) are gated onto 12 parallel lines of the
I/0 bus and are held there for the duration of the cycle. Then, if
the particula: device addressed wishes to interpret orc of the
commands as an output command, it can gate the AC lines intc an
internal register. Similarly for input purposes, there are 12 AC
IN lines in the I/O bus, which can be set by the device, and suitable
control sign-l)s to tell the PDP-8 CPU to gate these lines into the

AC.
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All these functions are controlled by the device, and the
CPU does not place a particular significance on any of the commands.
The device can use any of the command pulses with any address to

signal input or output of a 12-bit wide data word.

Ch, A further siénal line present on the I/0 bus for use by the
devices is the INTERRUPT line. Any device can request an interrupt
by holding this line to the appropriate 'ON' condition. Since there
is only one interrupt signal for all devices, the program has to
interrogate each device on the bus to determine which device requested

the interrupt.

The I/0 bus provides a SKIP line for this purpose. If a
particular device has. requested an INTERRUPT then it should set the
SKIP line to the 'ON' condition when it recognizes a particular
cormand on its address., The SKIP line being sét causes the CPU
to step the program counter b& one, thereby providing the facility

for a conditional branch following the input/output instruction.

Again if a device wishes to use more than one distinct interrupt,
it can use different combinations of address and command to select
the correct interrupt. There is obviously no practical limitation

on the number of distinct interrupts that can be used.

The proposed funciional specification could clearly be implemented
on a PDP-8 by using multiple device addresses to accommodate all the

commands and error flags,
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6.5 Modular One

c1,c2, The Modular One uses an Unusual method of addressing
peripherals, in that there is no actual input/output instruction in
the CPU, The addressing range of the Modular Oﬁe is from O to 6Lk,
and the convention adopted is that any attempt to reference a store
address above 5€K is routed to the peripheral interface, and the

address so generated is then interpreted as follows:~-

16-bits address

i o-7 0-31 0-31
/ A \ \
selects selects sub—address command field
peripheral one out of field to be to be interpreted.
interface 8 peripheral interpreted ~ by peripheral
ports by peripheral

Therefore the CPU uses 6 of the 16-bits to select a particular
peripheral channel and the remaining 10 bits can be interpreted by

the peripheral device on the channel. It is common practice to

use 5 of these bits for further addressing if necessary and 5 bits

to specify the command, although there is no requirement to do so.
Since these fields are strobed out to the peripheral in parallel,

eny combination of the 5 bits can be used to give a total of 32
possible commands, of which the first 5 are used for standard functions
common to all peripherals, such as testing operability. This command
Aand addressing structure obvicusly gives plenty of scope for a

peripheral to handle a wide range of different commands.
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C3. All references to a peripheral are conducted using a
standardized 3-word handshaeking exchange format. The three
words involved are referred to as Control Word, Slave Word

and Master Word respectively.

When the CPU executes an instruction which generates a store
réference in the peripheral address range, the address so generated
constitutes the Control Word, and this is sent out to the selected
peripheral channel., The peripheral must exanine the least
significant 10 bits of the Control Word and interpret them according
to its particular command repertoire, In response to the Control
Word, the peripheral must return a signal, saying whether it accepts
or rejects the command, together with a 16~bit Slave Word, which hes
no pre-defined format. If the peripheral indicates acceptance of
the command, then the CPU will send out a 16~bit Master Word, again
of no pre-defined fbrﬁat, for interpretation by the peripheral., This

completes the 3~word handshaeke sequence.

Depending on the actual instruction executed by the program,
the Slave Word can be loaded into any one of the programmable CPU
registers and the Master Word can be taken from any one of these
registers. This is then the method of performing single word

data input and output to the peripheral under program control,

Chi. A general-purpose INTERRUPT capability is a standard feature
of the Modular One peripheral interface, An interrupt is accomplished
by the peripheral initiating a three-word exchange sequence similar

to that described above,
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In this case, the Control Word specifies the store address
of a 4-word area used to exchange the current working register
context of the processor, This has the effect of simultaneously
calling up & specific interrupt routine and daving the working
registers of the interrupted program, The Slave Word of the
exchange is extracted from the A reéister position in the L-word
area and the Master Word is loaded into fhe A register of the
interrupt routine. ' The Master Word can therefore be used to give
further information to the program about the interrupt, e.g.
the peripheral status. The Slave Wurd can also be used if

necessary to send program information to the peripheral.

Since the store address used for the register exchange is
specified completely by the peripherél (within the limits of
the firﬁt 8k of store), it is obviously possible for one peripheral
to call up more than one interrupt routine for different functions
by specifying different store addresses, which must be pre-loaded

with the relevant interrupt routine register context.

This peripheral interface architecture allows implementation
of the proposed functional specification in a wariety of different
ways. All the commands could be accommodated on & single address,
and all the error flags could be combined into a single interrupt
by indicating the flag bit settings in the interrupt Master Word,

Separate interrupts could be used to request data input and output.

6.6 Elliott 4100

C1,C2, The 4100 processor has a small number of instructions
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specifically allocated for input/output purposes vhich confine the
peripheral device to quite a restricted set of facilities in terms

of program interaction,

The 4100 makes use of & peripheral port-system rather than I/0
bus and the selection of a particular port is done by the CPU on the
basis of the address specified by the input/output instruction.

Only the peripheral thus selected receives the I/0 signals generated
by the instruction, There are four instructions used by the
processor vhich are communicated to the peripheral by means of two

control lines in the I/O interface,

There are 8 Data In lines and 8 Data Out lines which are
routed to the 4100 main accumulator, M. Two of the four

instructions cause the Data Out lines to be set and the other two

expect the Data In lines to be set, Of the two output instructions,.

one is intended for actual data output and the other for the
output of & control command which can be interpreted in any way by
the peripheral., Of the two input instrucfions,.one‘is intended
for actual date input and the other for inputting the peripheral

status.

This type of input/output interface requires that the full
command repertoire of the peripheral device be acéommodated within
the 8~bit control command, which. allows 256 different commands, since
the Data Out lines are strobed out in parallel. The output control
commend is abbreviated as OCUM, meaning 'output control unpacked

from M',

&
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C3. The input and output of data one character at a time under
program control is achieved as explained ebove by the two instructions
IDUIM and ODUM, whose meaning is obvious. Both instructions handle

a single 8-bit wide cheracter between the peripheral and the main

4100 eccumulator.

Ch. The interrupt facilities are also limited, since each peripheral
can only request two distinct interrupts, known as INTERRUPT and
ATTENTION, for which two separate lines are provided in the I/0
interface, The processor is able to determine which peripheral
channel originated the request by examining the bit settings in
INTERRUPT and ATTENTION registers, which have one bit allocated

for each channel on the system,

It is assumed that an INTERRUPT is used to signal a request
for more data input or output, and the INTERRUPT condition will
be cleared in the device when the corresponding IDUM or ODUM
instruetion is‘executed. The ATTENTION is assumed to signal
some error condition which must be handled by the program. In
order to discover the particular nature of the crror conditionm,
the program should execute an ISUM (input status) instruction
which should give the setting of the various error flags associated
with the peripheral, The execution of the ISUM instruction also

clears the ATTENTION condition in the peripheral.

The 4100 I/0 interface then tends to put the peripheral in a
straight-jacket and expects it to conform to a well-defined command
structure, The formalization of the procedures connecting program
and peripheral means that all peripherals will be programed in a

standard way. There is no freedom for the programmer to define
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e wide range of special input/output instructions to be executed

by the peripheral.

However, although the peripheral interfece is restricted and -
formalized, it does have sufficient capabilities to suppcrt:
the communications interface specification. The commands speé¢ified
for the device can be implemented by means of different control
words for the OCUM instruction. The input and output of single
8-bit charecters using interrupts and under program control is
supported, and the error flags specified can be accommodaﬁed

through the ATTENTION feature and the ISUM instruction.

6.7 _IBM 1130

Cl1,C2. The 1130 processor includes jﬁst one instruction for
controlling peripheral operations. This is the Execute Input/
Output, or XIO instruction., When this instruction is executed,
its address field points to a 2-word store area containing an
Input/Output Control Commend (IOCC).  The format of the I0OCC

is as follows:-~

. DEVICE FUNCTION MODIFIER
ADDRESS (16 bits) (5 bits) (3 bits) (8 bits)
The first cycle of the execution of an I/0 instruction results

in the second half of the IOCC being gated onto the Data Out lines
of the I/0 interface, and a control line is pulsed to indicate that
an XIO is being executed, The 1130 works on an I/0 bus system and

so this information is available to all the devices'on the bus.
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The devices must exanine the DEVICE field in order to recognize
their particular address., I? the device code is recognized then
the TUNCTION end possibly the MODIFIER field must be examined by
the device. The different FUNCTION codes are interpreted by the
CPU to produce different variants of the I/O instruction cycles,

8o the device must conform to the particular FUNCTION code settings
ﬁsed by the CPU, The interpretation of the MODIFIER field is

entirely device-dependent.

The first cycle of the XIO execution is the same for all FUNCTION
codes, but the rest of the execution is dependent on the particular
FUNCTION code and maey involve one or two extra cycles. The device

must respond accordingly.

The seven valid FUNCTION code settings are defined as

follows:=

001 - Write
The contents of the store location pointed to by
the ADDRESS field of the IOCC is gated onto the
Data Out lines

010 - Read
The device is expected to set the Data In lines,
whose value is written into the storage location

pointed to by ADDRESS

011 - Sense Interrupt
This code is used to sense the state of the
INTERRUPT lines for all devices on the system

and is explained'in more detail below,
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100 ~ Control
With this code, the device should interpret the
MODIFIER field as device-specific control
information. The ADDRESS field is also made
available on the DATA OUT Lines and may be

used to specify further information to the device.

101 & -~ Initiate Read and Initiate Write
110 These codes are used to control autonomous transfer

operations only.

111 -~ Sense Device
This code requests the device to place‘the contents
of its device Status Register on the Data In lines

from which the CPU loads the ACC.

C3, The capability for single character input and output is available
as illustrated by the Read and Write functions described above.

In this case, actual storage locations are used directly as the source
and destination of the data rather than the programmﬁble registers,
but the device itself is not aware of this, The CPU organizes the
necessary store accesses by interpreting the ADDRESS field of the

I0CC.

Ch, The 1130 provides a comprehensive interrupt facility, which
gllows a device to request up to four distinct interrupts. There
are four interrupt priority levels available, and one device can
request an interrupt on each level if required. When an interrupt
at a particular priority is being serviced, the program issues an

XIO instruction with a SENSE INTERRUPT function code, and a device
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must set a unique bit on the Data In lines if it is requesting
an interrupt at that priority level, which is indicated on four

interface lines.

It is normal for a device to request an interrupt at only
one priority level, since many conditions requiring interrupt
service can be accommodated with one interrupt by setting specifiec
indicators in the Device Status Register before requesting the
interrupt. Then, once the interrupt has been identified, the
program can issue a SENSEVDEVICE command to read the Device

Status Register and further identify the cause of the interrupt.

Thus, the 1130 I/0 interface has sqfficient capability on a
single device address to support the proposed functional
specification, The basic date input and outpu£ commands are
implemented directly. The mode setting commands can be implemented
using the MODIFIER field with the CONTROL fUnétion. Interrupts are
aveilable for both data and error flags. If required, data
interrupts can be combined with ﬁhe error flags into a common
interrupt, or they could be given separate priority levels. In
either case, the Device Status Register can be used to give:further

detailed information about the cause of the interrupt.

6.8 Common facilities of the input/output interfaces

The important conclusion that can be drawn from the foregoing
discussion of small computer input/output interfaces is that it is
possible to formalizedall aspects of the program control of simple

peripherals., As shown in the discussion of the 4100 peripheral
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interface all the requirements for program control of a character

peripheral can be met by the following short list of facilities:-

1. Output control command A

2. Input status flags

> issued by progranm
3. Output data character
4, Input data character
5. Interrupt program to service data request issued by
6. Interrupt program to handle error condition peripheral

This list is actually formalized into the hardware of the
4100 peripheral interface, but the facilities can be easily mapped
onto any computer interface that allows single characfer input/output

by program and that allows interrupts.

If the small computer allows two separate 'output character'
instructiohs, two separate 'input characier' instructions and two
separate interrupts for the one actual peripheral, e.g. on the
.PDP-8 by using two separate device addrésses, then the formal

scheme of the 4100 can be reproduced on that computer.

If our cormmnications controller is designed to interface in
this way to the small computer, then it can be interfaced in a
compatible way to any small corputer that can support the 'dual-
device' facility described above, The controller will also be
programmed in a compatible way on the different computers since it
obeys the same four basic instructions and generates the same two

interrupts.
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6.9 Generalized interface descrintion

The appearance of such a peripheral interface to the program
is of four registers, each up to 8 bits wide with associated
interrupt characteristics. Two of these registers are for input
only and two for output only. The two input registers contain the
last input character and the device status respectively. The tﬁo
output registers contain the next output character and the last
control command respectively. The interrupt characteristics are
that two separate interrupt requests are made for the following

three cases:=

a. when a transfer is made from the input shift register
to the inpu£ character register - Interrupt 1

b. when a transfer is made from the output character
register to tﬁe output shift register — Interrupt 1

¢. when any status bit is set in the device status

register - Interrupt 2

The interrupt requests are cleared when the particular
register that caused the interrupt is serviceg by the progream, or

vhen a Reset control command is given.

From the actual peripheral device logic side of the interface,
the same four registers are seen, but with different characteristics.
Tyo of the registers are set by the device logic, these being the
input character register and the device status register, and two
of the registers are read out by the device logic, these being the
output character register and the control command register, Control

pulses are associated with the loading and unloading of certain of
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the registers. The device logic sends a separate control pulse

at cach of the following three tiness=

a. vwhen it sets the input character register
b. vhen it sets any bit in the device status register
from O to 1

c. vhen it unloads the output character register

The device logic expects a separate control pulse at each

of the following three times:-

a. vwhen the program reads the input character register
b. when the program loads the output character register

¢c. vhen the program loads the control command register

Providing that this b-register structure with the associated
control lines can be implemented on the input/output interface
of a particular small computer, then it is possible %o use that

computer to control the communications interface envisaged.

6,10 General applicebility

All four small computer input/output systems considered in
detail in the previous discussion can be used in this way., A
number of other smell computers have also been studied, such as
the PDP-T and PDP-9, SPC12, Interdata TO and Honeywell DDP516.

Thgy are all found to be capaeble of handling the LU-register structure
specified above, In particular, the Ferranti Argus 600, vwhich s

is one of the simplest digital computers ever produced, with a very
simple input/output interface, also has the necessary input/output

capabilities,
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It is also worth noting that a nev small computer which was
introduced after this study was first made has an input/output
system ideally suited to the type of interface proposed., This is
the DEé PDP-11, whose UNIBUS system enables a number of registers
to be ﬁssociated with a peripheral device, These registers are
programmed as if they were normal storage locations for holding
dafa. . This obviously maps very easily onto the b-register structure
proposed for the communicsticns controller, A comprehensive

miltiple interrupt facility is also available via the UNIBUS.

The use of this generalized interface in implementing the
detailed functional specification of the communications interface

is deseribed in the following chapter.
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Chapter T

SMALL COMPUTER COMMUNICATIONS HARDWARE

T.1 Introduction

A previous chapter compared the use of asynchronous and
' synchronous transmission for computer-computer communication and
concluded that synchronous mode was more suitable. This chapter
describes the development of a functional specification for a
synchronous communications interface for a small computer. The
object of the exercise is to achieve an optimum balance between the
work done by hardware and the work done by software, while retaining
the degree of flexibility necéssary to communicate - with different

large computers.

7.2 Flexibility requirement

It was observed in & previous chapter that although all the
mainframe computers supported synchronous communication, they diad
not all implement it in the same way. Transmission codes, character
sets, transmission control characters, methods of error checking,
message formats and communications protocol were not generally
compatible between the different mainframes. In many cases, the
fact that most of the communications control was implemented by
hardware meant that it was physically impossible to communicate from
one large mainframe to another and that remote terminalg intended to
be used on one mainframe could not generally be used on a different

one.

An important consideration then was that the communications

hardware for the small computer should not incorporate the same
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inflexibility since it should be capable of communicating with all the
different main computers. All aspects of communications which differed
between the various main computers should be implemented by software

br by program—selected hardware options.

As a general rule, there is a far higher degree of software
control over peripherals on small computers than on large computers.
It is quite common for peripherals to generate an interrupt for each
character on a small computer. The peripheral speeds are such that
this dbes not generate an excessive interrupt rate, and because of the
simpler software structure on a small machine the CPU time involved in

handling an interrupt can be quite small.

It is quite acceptable then for the communications hardware to
operate by generating an interrupt per character and giving the
software the responsibility for checking control characters, analysing
message format and handling error checks. This approach gives the

flexibility necessary for communicating with different main computers.

T.3 Basic Functional Requirements

The very minimym requirement for the communications hardware is
thzt it shculd clock in the input data from the modem and convert it
into N parallel bits for presentation to the computer, where N is some
convenient number, preferably equal to the character size, and do the
converse for output. This presents the software with the raw bit
stream from the.line, which has to be scanned for the synchronising
pattern in order to establish thé correct character frame. It is
easier for the software if the hardware itself performs this first

level and establishes the correct character frame so that it then
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presents the software with complete characters at each interrupt.

The incompatibility between different main computers usually
extends to the bit pattern used to establish synchronization, i.e.
the SYN character. However, one feature that is common between
them is that they all support an 8-bit character size as one option,

so this would seem a sensible standard to adopt.

A minimum sensible hardware requirement then is that the
communications hardware should scan the incoming data stream for a
program-selected SYN character and then generate an interrupt for all
following characters so that the software can build up the messag;.
On output, the requirement is simply to accept 8-bit parallel
characters from the program and generate an interrupt when the next

character is required.
A minimum set of commands for this controller would then be:-

1. Set SYN.character, either by loading a hardware register, or by

selecting one of a set of pre-wired alternatives.
2. Enter receive mode, scan for SYN character.
3. Input a character (after an interrupt).
4. Cancel receive mode.
5. Enter trdfmit mode.
6. Output a character (after an interrupt)-.

T. Cancel transmit mode.



T.4 Extra Functions

This set of commands would enable software to be written to
communicate with any of the large computers. However, there are
some other functions which are easily handled by hardware and which

make the software simpler.

The most important of these is the timer function. The use of
timeouts to recover from error situations such as failure to achieve
synchronization is an essential part of the communications procedures.
A hardware timer is not usuall& a standard feature on small computers
and the use of software loop counts is cumbersome and also prone to
inaccuracy in an interruptible environment. Therefore, since the timer
is needed to handle the communications effectively, it seems reasonable
to incorporate a hardware timer as part of the communications interface.
The timer would be started by software command and would generate an
interrupt when a pre~determined fixed time interval had elapsed. A
command to stop the timer should also be included so that the time
interval could be cancelled if it was no longer needed. Since different
timeout periods are used by different large computers and also for
different functions within a particular protocol, the timer interval
should be small enough so that all timeout periods actually needed
could be constructed by counting a suiteble number of hardware timef
intervals. Obviously, the timer interval should not be so short that
it generated a substantial interrupt load compared with the actual
communications data transfers. A timer interval of 100 ms would be

suitable for all systems currently in use on the various large computers.



Another function which is more easily implemented in hardware
than software is the checking and generation of character parity, where
this 1s used. Two commands should be included to enable and disable
the parity feature, since some transmission codes use all 8 bits for
data and use only a block check for error checking. If the feature
is enabled, the parity of input characters should be checked and an
error flag set or an ipterrupt generated if the check fails. On output,
if the feature is enabled, the parity bit position should be set to

the correct wvalue.

The use of & block check sum can impose a considerable software
overhead, particularly if a ecyelic redundancy check is used. For
example, an implementation of a cyeclic check on the PDP-8 takes an
average of about L450us per character, although for other computers with
16 or more bits per word and an 'Exclusive OR' instruction, the time
can be much 1ess(l3). It would be useful if the hardwarebcould generate
the block check sum itself, especially since the PDP-8 was one of the
target machines. However, the determination of which characters have
to be included in the check sum is a non-trivial problem, particularly
when transparent mode is being used. The hardware would have to be

considerably more complicated to do this automatically and so this

requirement is not included in the functional specification.

However, a separate piece of hardware, independent of the interface
proper, can be used to accumulate the check sum once the software has
determined which_characters to include. Such a unit was developed by
the ERCC Engineering Support Group and is described in (1L4). This
unit will not be described further here since it operates independently

of the basic communications interface.
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A functional hardware specification for a small computer communi-

cations interface was then drawn up which incorporated the basic

facilities described above. A number of other features were also

specified which it was thought might relieve the software of certain

tasks without restricting the flexibility of the device. These features

vere:-—

automatic stripping of all leading SYN characters from an input
message so that the first interrupt presented to the software

was for the first significant data character of the message.

automatic removal of embedded SYN characters from a message
since, in a text message, SYN characters are not significant

and are used only for timing purposes.

selection of & binary, or non—-text mode, in which rmbedded SYN
characters were not removed since they may have been part of

the message data.

autometic generation of the requisite number of SYN characters
at the start of an output message so that the first output
interrupt was a request for the first significant data character

of the message.

additions to the hardware timer feature to re-initialise the
timer interval whenever a SYN character was detected in the

input data.

additions to the hardware timer feature to insert a SYN - timing
sequence automatically into the transmitted data stream at a
fixed interval (this capability was required by the IEM

transmission adaptors).
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g. autometic detection of failure to service an interrupt within
the crisis time, which is one character time at any speed;
on input, this condition caused an error flag to be set, on

output a SYN-idle sequence was automatically inserted.

h. an error flag was incorporated to detect the loss of the data

carrier signal while inputting data.

1. an error flag was incorporated to indicate that the modem had

become inoperable.

J. extra commands to disable and enable interrupts from the device

to protect certain critical sections of the control software.

7.5 Preliminary Functional Specification

The full functional specification proposed for hardware implement-

ation then incorporated the following list of software commands:-—

1. select SYN character from a pre-wired list of alternatives

2. enter receive mode; scan input data for two consecutive SYN
characters; remove all leading SYN charﬁcters; generate interrupt
on all following characters except SYN characters in text mode,

which should be removed.

3. 1input a character from the receive Buffer (should only be executed

after an input interrupt).
4. cancel receive mode; cancel synchronization flag.

5. enter transmit mode; generate leading SYN characters; request

‘interrupt for all other output characters.
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6. output a character into the transmit buffer (should only be

executed after an output interrupt).
T. cancel transmit mode.
8. start timer interval; enable special timer features.
9. stop timer interval; disable special timer features.
10. enable character parity checking.
1l. disable character parity checking.

12. select binary input mode; do not delete SYN characters from

+input data.

13. cancel binary input mode; delete SYN characters from input data

and do not generate an interrupt for these characters.
1k. read condition of error flags.
15. enable interrupts.
16. disable interrupts.

In addition, the communications interface should generate interrupts

for the following conditions:-

17. next input character available.

18. next output character required.

19. hardware timer interval has elapsed.

20. one or more of the error flags has been set.
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7.6 Hon-interrupt Mode of Operation

An additional consideration from the point of view of testing the
communications interface and the communications link in general is
the capability to write very simple test programs that operate the
communications interface without using interrupts. These programs
are coded as simple sequential programs. The state of the peripheral
that would normally initiate an interrupt must be sensed by the program
in a way not involving interrupts. This is usually accomplished by
the program executing a tight loop waiting for a hardware flag to be

set, or a particular bit in a status register to be set.

If possible, the communications interface should be capable of
being operated in this way on all the small computers, so that the
same simple test programs can be applied in all cases. One consequence
of this mode of operation is that it must be possible to clear an
interrupt condition without actually accepting the interrupt. This
can be achieved by clearing the data interrupt flags (17 and 18 above)
as part of the Read Input Buffer (command 3 above) and Load Output
Buffer (command 6) instructions, and the error status flags as part

of the Read Status Register (command 14) instruction.

T.T Program Interface

The above section (7.5) describes the functional requirements
of the communications interface. This functional specification must
now be related to the actual program input/output instructions that
are used on a particular computer. The previous chapter demonstrated

that a single set of program instructions could be used on all small
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computers if the device was implemented in a particular way (see

section 6.8).

The facilities described in section 7.5 can be associated with

the six basic program interface facilities described in section 6.8

as follows:-

6.8(1) - commands 1,2,4,5,7,8,9,10,11,12,13,15,16

6.8(2)

command 1h

6.8(3) - command 6

6.8(4) - command 3

6.8(5)
6.8(6)

interrupts 17,18

interrupts 19,20

Details of the actual input/output instructions that would be

used in practice are given below for the four computers considered

in the previous chapter. The letters a-f correspond to the facilities

6.8(1) - 6.8(6).

Similar instruction lists can easily be devised for

any other small computer.

PDP-8 - assuming addresses AA and BB are assigned to the .communications

.interface.
a. 6AAL4 -~ Load control register from ACC
b. 6AA2 - Read contents of status register into ACC
c. 6BB4 - Load output buffer register from ACC
d. 6BB2 - Read input buffer register into ACC
e. 6BBlL - Skip if input/output data interrupt (after interrupt)
f. 6AAl - skip if status register interrupt (after interrupt).
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These instructions can be used equally easily to program the
PDP-8 in both interrupt and non-interrupt mode. The state of the
hardware in non-interrupt mode can be sensed directly by the 'skip
if flag set' instructions. This then satisfies the requirement
stated previously that it should be possible to write very simple

sequential programs to test the hardware without using interrupts.

Modular One - assuming channel address A, and store address B the
start address of 8 store locations assigned to the communications

interface.
Commends from program -

a. Load Control Register
Control word -~ TA,05
Slave word - NULL

Master word - control command value

b. Read Status Register (rejected if status flag not set)
Control word - TA,06
Slave word ~- ¢ontents of status register

Master word - NULL

c. Load output buffer register (rejected if output flag not set)
Control word - TA,07
Slave word - NULL

Master word - next output character

d. Read input buffer register (rejected if input flag not set)
Control word - TA,1l0
Slave word -~ last input character

Master word - NULL
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Commands from communications interface:-

e. Input/output data interrupt
Control word - TO,B
Slave word -~ next output character

Master word - last input character

f. Status Flag interrupt
Control word — TO,B+k
Slave word - NULL

Master word - contents of status register

If programmed using interrupts, only the instruction Load Control
Register needs to be used, since the other instructions are
automatically included as part of the Interrupt cycle. However, the
full set of instructions is necessary to program the device without

using interrupts.

Elliott 4100 - assuming address A assigned to communicetions inter-

face.

a. Load control register

OCUM, A -~ control command value in ACC

b. Read status register; rejected if status flag not set

ISUM, A - contents of status register input to ACC

c. Load output data buffer; rejected if data output flag not set

ODUM, A - next output character in ACC

d. Read input data buffer; rgjected if data input flag not set

IDUM, A - 1last input character loaded into ACC
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e. IITERRUPT set if input or output flag set
f. ATTENTION set if any bit set in status register

This version of the interface can be programmed in non-interrupt
mode by using a facility of the 4100 peripheral interface whereby a
command issued to a peripheral can be rejected by the peripheral by
setting a particular control line. The effect of this rejection is
to cause the 4100 processor to execute the next imstruction in sequence.
If the command is not rejected, the 4100 program counter is incremented
by one in order to skip the next'instruction in sequence. Thus the
program can effect a conditional branch which reflects the state of the
peripheral. The peripheral shouid reject a command to read from the
input buffer register or the device status register if their respective
flags are not set. Similarly, any attempt to load the output buffer

register should be rejected if the output buffer flag is not set.

IBM 1130 - assuming peripheral address A and ILSW bits N and N+1

assigned to communications interface.

a. Load control register

IOCC - WULL ADDRESS,A,100,MODIFIER set to control command value

b. Read status register
IOCC - NULL ADDRESS,A,111,NULL MODIFIER

contents of status register loaded into ACC

¢. Load output buffer register

IOCC ~-- STORE ADDRESS OF NEXT OUTPUT CHARACTER,A,001,NULL MODIFIER
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d. Read input buffer register

IOCC - STORE ADDRESS FOR NEXT INPUT CHARACTER,A,010,NULL MODIFIER
e. Interrupt Level 2 bit N set if any status bit set
f. Interrupt Level 2 bit N+1 set if input or output data flag set.

The communications interface can be run without using interrupts
by running the CPU on priority level 2 when all interrupts from the
interface will not be serviced by the CPU. The ILSW instruction can
be used to sense the condition of the interrupt lines under these

circumstances.

7.8 Communications interface specification

The functional requirements of the communications interface
discussed previously can be combined with the program interface
described above to produce the following list of instructions for

implementation.

The communications interface should obey the four basic

instructions:-

1. Output control function from accumulator
2. Input device status to accumulator
3. Output 8-bit character from accumuletor

4. Input 8-bit character to accumulator

The interface should generate the interrupts:-

l. next input.or output character required

2. device status flag set
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.

The control functions to be interpreted are:-

1. General reset to quiescent state
2. Inter receive mode
3. Enter transmit mode
4. Select SYN character
5. Enable parity checking
6. Disable parity checking
T. Set binary mode
8. Set text mode
9. Start timer interval
10. Stop timer interval
;1. Enable interrupts

12. Disable interrupts
The error conditions indicated by device status are:=

1. Timer interval elapsed

2. Data carrier lost while inputting data

3. Data overrun - input character buffer not serviced in time
4. Modem incperable condition

5. Parity error detected on input

A more detailed explanation of these functions has been given

earlier in this chapter and will not be repeated here.

A block schematic for the proposed communications interface is

given in Figure T.1l.

The detailed implementation of the specification given above was

undertaken by the Engineering Support Group of ERCC during 1969(15).
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This hardware shecilication was then used as the basis for the

communications software which is described later in this report.

7.9 Experience of Tirst implementation

Software/Hardwsre Problems

The experience gained once the software had been written and the
whole system, hardware and software, had been operational led to the
conclusion that some of the extra functions gpecified for the hard-
ware in the diecussion on functional requirements could safely be
dispensed with without imposing siénificant extra burden on the

software.

In fact, one of the extra functions specified imposed an extra
burden as onerous as the one it was intended to remove. This feature
was the capability for distinguishing between binary and text mode.
When text mode was set, all SYN characters found in the data strean
wvere automatically deleted, and the program was not informed. This
was intended to prevent generating interrupts for characters which
would be discarded by the software, since embedded SYN characters
were used only for hardware timing purposes. In binary mode, all
characters were passed through to the program since the SYN pattern

could occur as binary data.

However, although text messages could be guaranteed not to
contain & SYN charac@er as real data, no sucﬁ assurance could be given
about the block check characters, which were transmitted after
the message ending character. Since the hardware did not recognise

the message ending character, if one of the block check characters
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happen to coincide vith the SYI! character, then this would be deleted
from the data and the block check sum as seen by the program would
be incorrect. This would lead to an unrecoverable error situation,
since every attempt to re-transmit the same message would produce the

same effect.

Although this would seem to be an unlikely occurrence, the effect
was observed in normal operating conditions. The problem was worse
for IBM communications, which specified the use of an intermediate block
check sum after every record in a transmission block in addition to

the one at the end of the block.

The problem could be overcome by the program selecting binary mode
whenever a block check was expected, and re-selecting text mode,
if the whole block was in text mode, after the block check had been
received. A simpler solution would be to read the whole block in
binary)mode and delete SYN characters in a text block by program. The

binary/text mode feature of the hardware could then be removed.

Hardware Test Problems

A further problem encountered with this first implementation
coneerned the difficulties of testing the communications hardware.
Since all the main computer communications hardware being considered
operated in half-duplex mode i.e. only allowing data to be transmitted
in one direction at a time, the small computer communications hardware
wvas designed to operate in the same way and the operations of trans-
mitting data and receiving data were mutually exclusive at the hardware

level.



-67_

Tc test the cotmuniesiions hirdvare, dtherefore, requirel that
there be commatible, working communications eguiprment at the other
end of the link. This was difficult to arranze during prototype
develooment vhen the only such equipment was the 360/50 with its
communications adaptor. Available testing time was limited and it
was exceedingly cumbersome to write the simple kind of test program
for the 360 necessary for elementary engineering tests while still

running in a genceral user multi-programming environment.

This level of cenginecering checkout would have been ruch simplified
if the communications hardware could operate in full duplex mode,
i.e. transmit and receive data simultaneously. The communications
hardware could then be used in a looped back-to-back fashion, and data
from the serial data output stage would be fed back into the serial
data input stage. A simple test box used in place of the modem could

provide the necessary timing and control signals.

Additiona) FMunctions Specified

Other extra fucilities defined in the functional specifications,
namely - stripping of leading SYN characters on input, generation of
leading SYN characters on output, additional timing features associated
with input and output of data, were found to produce only marginal
simplification of the software. Although the extra hardware involved
was not very complicated, the extra cost, size and viring necessary

vas not justified by the software savings.

Additional Frror Flags

Similarly, the extrae error indicators used to signal loss of data
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carrier and modem inoperability were reckoned to be superfluous.

The data carrier lost signal was intended as a fall;back method of
detecting end of input data if a proper message-ending character was
not recognised by the‘software because of data corruption. In faect,
it was a common practice of main computer communications equipment

to maintain data carrier on a L-wire circuit after all data had been
transmitted. This enabled faster line turnaround between receive and
transmit since it was not necessary to establish and stabilise the
carrier signel before transmitting data. This could save up to 1L0 ms
.on each handshake exchange over the link, which represents about 40
extra characters of data at 2400 bauds. Since the software could no
longer rely on a lost carrier signal to indicate end of dats, this
aspect of error recovery had to be implemented using timeout
controls and buffer overflow conditions. The lost carrier signal was

then no longer needed.

Since there was no way in which the software could recover
automatically from a modem inoperable condition, it was decided to
display the state of the modem on operator lights and rely on operator
action to investigate the condition of permanent failure to establish
communication which would result from a faulty modem. The use of the
modem inoperable error flag therefore was of marginal benefit, since
it only enabled the software to inform the operator of a condition he
would discover for himself. If however there were no facility for
providing operator lights, then obviously the modem status must be made

available to the software.
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T.10 Improved Functional Specification

On the basis of the considerations outlined above, a new functional
specification was drawn up vhich is considered to represent an optimal
division of function between communications hardware and communications
software on a small computer. The details of this functional

specification are given below.

This functional specification was implemented by Data Dynamics Ltd.
in 1971(16). Because of a commercial decision to produce a communications
interface for a PDP-8 only, the interface was not implemented in
accordance with the generalised U4~ instruction format indicated
previously. Rather, the multiple-address capability of the PDP-8 was

used and several separate instructions were defined which are shown in

the list below.

The communications interface should be able to operate in full-
duplex mode, so the transmit and receive channels should function
independently. The functions of each channel, and the commands used
are described below. The interface should also incorporate a hardware

timer facility, the details of which are given below.

Receive Channel

Command 1. Load SYN recognition register from AC

Comﬁand 2. Enter receive mode, scan incoming deta for SYN
character; when found transfer all subsequent
8 bit sequences to input buffer register and set

input buffer flag to request an interrupt.
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Command 3. Reset receive mode; cancel character synchronisation;
reset any interrupt requests; ignore incoming data;

reset all flags.

Commend 4. Read input buffer register into AC; reset. ‘interrupt

request.
Command 5. Skip if input buffer flag set.

Command 6. Skip if input buffer overrun flag set; this flag is
set if the input buffer flag is still set when a
second character is transferred to the input buffer;

this flag does not interrupt.

Command 7. Skip if parity flag set; this flag is set if the
parity of the input character is odd; this flag

does not interrupt.

Transmit Channel

Command 1. Enter transmit mode; set all - 1's pattern in output
shift register and shift out in accordance with transmit
clock from modem; set output buffer flag to request

interrupt when modem sets 'Ready For Sending' signal.

Command 2. Reset transmit mode; stop shifting bits from shift
register; reset 'Request To Send' modem signel if in
two-wire mode; set 'Transmitted Data' modem signal to 1
condition; reset output buffer flap, outnut buffer overrun

flag and parity flag.

Command 3. Load output buffer register from AC, reset output buffer

flag.
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Command L. Set parity generation flag; when set, this flag causes
the most significant bit of the character to produce
odd parity when the character is transferred from the

output buffer register to the output shift register.
Command 5. Skip if output buffer flag is set.

Command 6. Skip if output buffer overrun flag is set; this flag is
set 1f the output buffer flag is still set when the next
output character is requested; +this flag does not

interrupt.

Hardwvare Timer

The communications. interface incorporates a clock which generates
8 pulse every 100 ms. This pulse sets a flag to request an interrupt

if a programmable gate is open.

Command 1. Enable timeout flag; this command allows the clock

pulse to set the flag.

Command 2. Disable timeout flag and clear flag; this command prevents

the clock pulse from setting the flag.

Command 3. Skip if timeout flagz set and clear flag.

T.11 Interface Test Facility

To ease the problem of testing the comaunicaticns hardware, a
'test—-box' was specified which fitted in pluce of the modem and provided
facilities for testing both transmit and receive hardware. This test-
box is capable of testing any full-duplex 8-bit synchronous

communications interface Titted with & modem interface.
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It consisted basically of an 8-bit register and a timing generator,
capable of running at various speeds. The contents of this 8-bit f
register could be set either from 8 hand switches or from the transmitted
serial data from the communications interface. The contents of the
register were shifted out to produce the serial data input for the
communications interface. The shifting was controlled either from the
timing generator or from a single-step switch, which produced a one-

bit shift each time.

Therefore, the receive and transmit hardware could be tested
alone, or in conjunction with each other at manually controlled speed
or at normal operating speed. This test facility proved indispensable
sunce the prototype.communications interface =13 developed in an
environment where no compatible communications equipment was available

to attach to the other end of a data link.

T.22 Conglusions on small computer communications hardware

The arguments and conclusions presented in this chapter can be
summarised by saying that the ideal implementation for a communications
interface suitable for attaching to any small computer would support
the functional specification defined for the Data Dynamics interface
implemented with the generalised 4-instruction sysiem used in the

ERCC interface.

One important simplification of this generalised interface can
be made in relation to interrupts. The ERCC specification defined two
interrupts, one indicating that input or output of a characier was
complete, the other indicatihg a status report. Since an important

part of the Data Uynamics specification was that it should be capable
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of running in full-duplex mode, the same interrupt could not be used
for both input and output, since it would be impossible to tell

whether the input or output register needed servicing, as they could
both operate simultaneously. If an extra interrupt were defined, to
enable separate interrupts for input and output, this would mean that
three interrupts were needed, which could not be supported on certain

of the small computers.

It is proposed then that only one interrupt would be used for
all conditions, and the particular condition causing the interrupt
would be indicated iﬁvthe status register. Therefore:two extra bits
are assigned to the status register to indicate input character and
output character respectively. It would be the responsibility of the
.software to handle all conditiqns indicated in the status register
whenever it was read, since more than one condition could occur
simultaneously. This reduction to one interrupt for all conditions
also has important implications for the software which will be

described in a later chapter.

A formal specification for this idealized communications interface
is given in the following chapter as a self-contained summary of the
foregoing deliberations on small computer synchronous communications

hardware.
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Chapter 8
SPECIFICATION FOR SYNCHRONOUS COMMUNICATIONS

INTERFACE FOR SMALL COMPUTERS

8.1 Basic Requirement

The synchronous communications interface (SCI) should be capable
of operating in an 8-bit character synchronous communications
environment with & clocked modem (Modem 7 or proprietary equivalent)
at speeds of 600, 1200, 2400, 4800 _or 9600 bauds. Operation at the
higher speeds will be over a private L-wire circuit; so that it will
be possible t§ maintain continuous carrier in both directions at all
times thus saving iine-turnaround time. In case continuous carrier
operation is not compatible with other computers' communications
equipment then a switch should be provided that enables/disables
continuous carrier. Operation at 600 or 1200 bauds will be over the
switched public netvork using a two-wire line and the appropriate
facility of Modem 7. This is known as standby mode and should be
selectable by means of a hardware switch on an operafor control panel.
Continuous carrier operation is not compatible with standby mode and
selection of standby should override any other method of selecting

continuous. carrier operation.

8.2 Moden Interface Considerations

The modem interface should conform to the CCITT Vai specification(l7).

This is adequately described in the appropriate reference document,
and frequent references will be made in this specification to the

signals defined there.



8.3 Program control

The interface should contain four programmasble 8-bit registers,
two read-only and two write-only. The read-only registers comprise
one for holding the latest input character and one for holding the
device status. Vhenever a bit is set in the status register, an
interrupt request is generated. The write-only registers comprise
one for holding the next output character and one for holding the
latest program control command. All commands to the interface are

effected by setting the command into the control command register.

8.4 General

The SCI consists logically of two independent parts - the
Receive (Rx) channel and the Transmit (Tx) channel. In order that
the'SCI can operate in full-duplex mode, these two parts should be
able to operate simultaneously and independently and should not
interact in any way. A detailed description of the function of the

two channels is given below.

8.5 Receive (Rx) Channel

The Rx channel performs the function of obtaining and maintaining
character synchronization with the incoming serial data. The
characters are then transferred in parallel form to an input buffer
register vhich is accessible to the program. The Rx channel should
achieve character synchronizetion as e result of recognising two
consecutive SYI characters. The SYN character used for the comparison
is loaded into an 8-bit register by the controlling software at the

start of the session. This register will only be loaded once by the
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software, so the register contents must not be altered in any way by
hardware effects, excluding those that also cause the software to

be corrupted, e.g. power failure.

The Rx channel contains 3 registers:-

a) SYN comparison register (8-bits). This register is loaded by
software with the appropriate SYN-character for the main-frame
machine. The register is loaded once at the start of a session
and it should remain unaltered throughout the session as no
attempt will be made to reload it by the software.during a

session.

b) Input shift register (16 bits). This accents the serial data
from the modem and it is in this register that SYN recognition
is performed when the Rx channel is attempting to achieve
synchronization. A double comparison should be mgae with the
8-bit SYN register every time a new bit is shifted in from the
modem. If thé 16-bit register contains a double-SYN pattern,

the character clock is started and any further SYN recognition

is inhibited. The character clock is a division by 8 of the

bit clock. Characters are transferred from the shift register
to the Rx buffer register at every character clock time. The
character clock is stopped by the 'Reset Rx channel' instruction.
SYN recognition is re-enabled by the 'Enter receive mode'’

command.

¢) Rx buffer register. This register holds a character ready to be
transferred to the computer. There is a flaog associated with this

register which is set when a character is loaded into it from the



_97_

shift register. This flag is contained in the device status
register and is cleared when the Rx buffer register is read into
the computer, or when the 'Reset [x channel' command is issued.
If the flag is still set when the following character is ready
to be loaded into the Rx buffer, then an error flag indicating
’x buffer overrun should be set in the status register. The
flag should be cleared by the 'Read Rx buffer’ instruction and
the 'Reset Rx channel' command. There is a further flaz in the
status register associated with the Rx bulffer which indicates
the parity of the character. If the parity of the 8-bit
character is odd, then this flag is set to a 1, otharwise it

is zero. The Tlag is set at the same time ns the cheracter is
loaded into the Rx buffer. The flag should be cleared oy the
'Read Rx buffer' instruction, and by the 'Reset Rx Channel'

instruction.

The following instructions are used to control the receive

channel:-
1. Read input buffer register and clear fTlags
2. Read and clear status register; the folloving status bits are
defined for the Rx channel:-
a. input character ready
b. input buffer overrun
c. ©parity of input character is odd
3. Load control register; the following cormmands are defined

for the Rx channel



2. Inter Rx mode
b. Reset Rx rode end clear flags
¢. Loed upper helf of SYIl register from top 4 bits of command

d. Load lover half of SYI register frcm top I bits of cormend.

8.6 Yodem interface comnsiderctions for Rx channel

The modenm interfece circuits affecting the Ry chennel are Date
Carrier Detected (DCD), Recciver Zlerment Tining (RET) and Seriel Data
In (8DI). TFor continuous carrier operation, IDCD will always be present,
as will RET, although the SDI will only have reoriugful information on
it vhen the far end is transmitting real dato. Thus, no action should

be taken by the Rx chonnel unless DCD is present.

8.7 Transmit (TX) Chennel

The transmit channel organises the output of data charascters in
serial form to the modem. The transmit chennel is activated Dy means
of the 'Enter transmit mode’ cormand. This command causes the Tx
channel to set an all-ones pattern in the output shift register, to
' set Request-to-send (if it is not permanently sat) and “hen -r2it for
the response Ready-for-sending (RFS), at which tine the transmit
timing signal will be available from the modem. Vhen RFS is received,
the Tx channel should begin shifting the data from its outwvut shift
register into the modem, and should also set a flars in the status
register for the computer to £ill the Tx buffer register. The two

registers in the Tx channel are as follows:-—

8) Tx buffer register (8-bvits). This register is loaded with characters

from the comnuter when the Tx channel generases an output interrupt
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request. This is done by setting the Tx buffer flag, which is
used to set a bit in the status register. The flag is cleared by
the 'Load Tx buffer' instruction., and by the 'Reset Tx channel'
cormand. The Tx channel makes the first output interrupt recuest
vhen RFS is received from the nodem. Subsequent interrupt
requests are made at every character clock time, i.e. at 8-bit
intervals. If, on attempting to meke an interrupt request, the
Tx channel discovers thet the Tx buffer flag has not heen cleared,
then the 'Tx buffer overrun' bit should be set in the status
register. This flag is cleared by the 'Load Tx buffer'
instruction, and by the 'Reset Tx channel' cormand. There is

one further flag associated with the Tx channel which determines
whether or not character parity'is generated for the output
character. This flag is set by software and is reset by the
'Reset Tx channel' instruction. The parity bit is the high-
order bit of the character and odd parity should be generated.

If the parity fleg is set, then the actual setting of the high—

order bit from the computer should be ignored.

Tx shift register (8-bits). This register accepts an 8-bit
parallel transfer from the T™x buffer register for shifting out
to the modem. The Tx shift register is initially set to an
all-1l's pattern vhen the cormand 'Enter Tx mode' is given.

The shifting begins when RIFE is received from the modem, and
the shift pulses are derived from the 'Tx element timing'
signal from the modem. When 8 bits have been shifted out, the
next character is loaded from the Tx buffer register and the

Tx buffer flag is set to request the software to load another
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character info the Tx buffer register. Shifting is stopped by the
'Reset Tx channel' command. If appropriate, this command also resets
the 'Request to-send' signal to the modem. After..the command

'Reset Tx channel' is issued, the signal Serial Data Out should be

set to a binary 1 state, as this is the desired quiescent line state.

The following instructions are used to control the transmit
channel:-
1. Load output buffer register and clear flags

2. Read and clear status register; the>fbllowing status bits

are defined for the Tx channel:-

a. next output character requested

b. output buffer overrun

3. Load control register; the following control commands are defined

for the Tx channel

a. enter Tx mode
b. reset Tx mode and clear flags

c. set parity generation flag

8.8 Modem interface considerations for the Tx channel

The modem interface circuits relevant to the Tx channel are
Request-to-send (RTS), Ready-for-sending (RFS), Transmit-Element-Timing
(TET) and Serial-Data-Out (SDO). In continuous carrier operation, RTS,
RFS and TET are always present and SDO should be in binary 'l' state.
Real data is put on SDO whenever the SCI is in transmit mode. In
other than continuous carrier operation RTS is only set when the command

'Enter transmit mode' is given to the SCI. After a short interval,
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the modem responds with RFS at which time TET is valid and the Tx
shift register can be started. In this mode, RTS is reset when the

command 'Reset Tx channel' is given to the SCI.

8.9 Time-out control

The SCI should include a clock which sets a flag in the status
register every 100 ms if enabled by program. It is the responsibility

of the software to time longer intervals by counting timer interrupts.

The following instructions are used to control the hardware

timer:-

1. Read and clear status register; the following flag is defined:-

a. 100 ms clock pulse has occurred

2. Load control register; the following commands are defined

&. enable timer flag

b. disable timer flag and clear flag

8.10 Interrupt Control

Two extra control commands are defined for the interface as a

whoie to enable the program to control interrupts properly.

a. enable interrupts from interface

b. disable interrupts from interface.



- 102 -

Chapter 9

COMMUNICATIONS SOFTWARE FOR THE SMALL COMPUTER

9.1 Overview

Previous chapters have discussed the hardware aspects of the
communications link between the small and large computers. The
net result of these considerations has been the specification of a
synchronous communications interface suitable for interfacing to
any small computer. This hardware operated to a well-defined
program interface and generated an interrupt for each character to

control the data transfer.

The other important aspect of the overall communications system
is the software for the small computer. This software matches the
interface provided by the hardware to éontrol the communications
procedures necessary for effective communication..with the large
computer. These communications procedures are usually referred to
as 'communications protocol' since they define a set of rules which
must be adhered to if effective and reliable data communication is
to be achieved. These rules pertain to such things as use of
control characters, message format, type of error-checking,
acknowledgement fb¥mat and action to be taken in the event of

temporary transmission failures,

It is appropriate if all such procedures are handled completely
by a communications software package, which presents a well-defined
software interface to a user wishing to transmit data over the link.

This combination of hardware and software package then implements
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the 'communications black-box' envisaged in the introductory

chapter.

The software interface mentioned above will be referred to as
the 'user interface' to the communications system. The user side
of the interface should not be aware of any details of the
communicationé protocol. Rather, he should be concerned only with
the types of data he wishes to transmit, and these were described in

the chapter on 'User Applications for Cormunication Links',

The communications package has the responsibility for issuing
the necessary contfol commands to the hardware and responding to the
interrupts generated by the hardware, A general block diagram is
given in Figure 9.l showing the position of the communications
package in the overall software structure for a communications-

based application on a small computer.

9.2 General requirements

In line with the proposed development of a communications system
that could be applied to any small computer, this communications
package should be designed so as to be easily incorporated into the
software system of any small computer, and should present the same
user interface independent of the particular user application.
Following the conciusion reached in section 5.5, the package should
be designed to implement the general point-to-point contention =
type protocol in a way that permits easy adaption to different versions
of this basic protocol on different large computers, The user

interface should remain as near as possible the same across these
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di fferent large computers. Finally, although oriented towards

working with the small computer communications hardware specified
in the previous chapter, the package should be capable of working
with any suitable hardware if this already exists on a particular

small computer.

The remainder of this chaptef describes how a package .was
developed meeting the general requirements discussed above, The
next chapter describes how it has been successfully used in a
number of applications involving different small computers. A
further chapter describes standardized procedures to be followed
when applying the package in a hew environment. This includes
the case of generating a completely ﬁew version for a new small
computer, where tﬁe basic interrupt-handling software can be tested
in a controlled way without the real communications hardware, thereby
avoiding the hazards of debugging new software in a real-time

environment,

9.3 Package Implementation - General Details

S8ince one of the stated general objectives was to develdp a
package applicable to a number of different small computers, theA
package should be machine~independent. One way of achieving this
is to program the package in a high-level language. Any funetions
vhich must necessarily be coded in the particular machine assembly
language, such as issuing the basic hardware input/output commands,
can be confined to a small number of well-defined hand-coded
routines, These routines should only neéd a fery few machine
instructions so that they can be easily re-coded for a different small

computer.
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The general problem of using high-level languages for software
implementation on a small computer and desirsble features for such

e lenguage will be discussed in a later chapter.

However, considering the Edinburgh environment, the obvious
choice of language was IMP, Although IMP was used mainly &as a
powerful programming language on the main Edinburgh computers, a
number of smaller versions had been developed for small computers
vhich implemented a sub-set of the full specification. In particular
an IMP compiler had been developed for the PDP-8, which was the
first target machine for the implementation of the communications

package.

The use of & high-level languagé for implementing the package
seemed desirable, even if an IMP compiler were not availeble on-a
particular small computer, since it would be much easier to produce
e hand-coded version from én original source in IMP than from a
hand-coded version for a different small computer. Any hand-coded
program will teke advantage of particular machine features which
will make it difficult to transcribe the code to another machine
without these features, e.g. hardware stack, auto~indexing. The
originael IMP source would then serve as a system definition language
as well as the actual implementation lenguage on a machine with a

suitable compiler.

Another basic design objective is that the package should handle
the data transfer on an autonomous basis using interrupts. Then, a
user call on the packege would merely initiate a data transfer which

would be completed under interrupt control, leaving the user free to
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continue with other processing. This would enable double-buffering
to be effected which is highly desirable since the data link speed,
being only comparable with normal peripheral operating speeds, needs

to be used as efficiently as possible,
The package thus has to conform to four general interfaces:-

a, the user interface, as described briefly above

b. the communications hardware interface, which will
not necessarily conform to the ideal specifiéation
defined in the previous chapter

c. the executive interface, for routing through the
interrupts from the communications hardware

d. the remote host computer interface, which will

be based on the standard point-to-point one-way-

at~a~time protocol

On the inside of these four interfaces, the package should
remain essentially constant, even though everythihg on the outside

is liable to change.

A more detailed description of these interfaces and the
consequences of trying to match them in a uniform way follows

below,

9.4  The User Interface

The user interface can be defined at two levels, one directly
related to the initiation of activity on the communications link

and the other one level removed from this. These two levels can



be referred to as block and record interfaces respectively, and if
the record interface is used, then this will itself make use of
the block interface, Probably the most natural interface for the
user in most applications is the record interface. This enables
the user to perform READ end WRITE operations for single logical
records, and would be equi?alent to similar operations on local

peripherals such as card reader, line printer and teletype.

For some operations, such as the transmission of .graphical
information in coded form or the transmission of binary information,
the concept of single logiecsl records is not always applicable and
it is Qore appropriate to use the direct block interface. The
bloék interface corresponds closely to the actual data transmission
procedﬁres used on the communications link. As was mentioned
previously as part of the discussion on communications hardware,
‘computer communications is necessarily block-oriented, and the size
of block used is related to expected error'ratés and availability
of store for buffers., Typically, a transmission'block can contain
séveral logical records if the data is record-oriented, or may just
be a suitably-sized part of a binary daté sequence; For
transmission purposes, the block of data is enclosed in message-
fraﬁing characters and msy contain intermediate block=-check

characters as well as the block check at the end of the block,

The data exchanged over the user interface at the block
interface level consists of the data blocks as they are transmitted
but excluding any characters used solely for the purposes of

communications protocol. The user therefore is only concerned
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with the data content of the bluck. In the case of record-oriented
data, the block will contein the data characters with end-of-record
characters at appropriate points. For vinary data, the block will

contain only the data characters,

It is clear from the above that the record-level interface uses
the block-level interface, since records are merely combined into
| blocks before any actual data transmission takes place. .The block
‘interface is therefore more fundamental as far as the communications
package is copcerned, and it is this interface which will be

deseribed.

Block-oriented user interface to communications package

The user controls the package by calls on four routines, some

of which require input and return output parameters.

Initialization

The first routine to be called at the start of a session is
INIT. This routine has no parameters and performs the function of
‘initiélizing the communications hardware end setting variables to the
initial working state. Although it need only be called once, this
routiné may be used after e permanent failure condition to return the

package tc an initial state.

Receiving Data

The user calls the routine READBLOCK to initiate the reading of
a block from the remote end, but the routine is not directly involved

in the transfer of the data. The data is transferred under interrupt
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control and the user can detect termination of the transfer by
calling routine WAIT (described below). Input parameters for
READBLOCK are the buffer address and size. Output parameters
available to the user after the transfer has terminated are:
a. & flag indicating whether the transfer was
completed successfuliy, or wvhether the transfer
was abandoned afterla number of retries.
b. a flag indicating whether end~of-file (EOF) was
received, | |
c. a flag indicating whether the block received
was in binary mode or character mode.
d. a count indicating the number of characters

actually received,

Uhiess flag a. is set, the other output parameters should not
be examined. If flag b. is set, the other output paremeters
should not be examined. If flag c. is set (indicating binary
mode), all characters in the block are data characters, otherwise

the block may contain end-of-record characters,

Successive calls on READBLOCK may be made to receive a whole
file providing that routine WAIT is called to achieve proper

synchronization with transfer termination.

Trensmitting data

The user calls routine WRITEBLOCK to initiate transmission of
the next data block. Again, this routine does not handle any actual

data transfer, which is effected under interrupt control. Routine
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WAIT must be called to check for transfer termination. Input

paremeters to WRITEBLOCK are:

a. the address of the output buffer

b. the number of characters to be transmitted

c. a flag indicating whether the data is binary
data (flag set) or character data

d. a flag indicating whether this is the last

block in the file

If flag d. is set, ‘thenn EOF will be transmitted with the block

to terminate the current file.

Tﬁe one output parameter available after routine WAIT is called
indicates whether the tranéfer was completed successfully or whether

the transfer was abandoned after a number of retries.

Synchronizaﬁion

Since routines READBLOCK and WRITEBLOCK initiate data transfers
which are coﬁpleted asynchronously with the user program, the routine
WAIT must be called in order to synchronize correctly with the
termination of the data transfer. This routine returns a
perameter of value one if the transfer is still in progress and
value zero if the transfer has terminated. When the transfer has
terminated, the user program can examine the output parameters

relevent to the original call on READBLOCK or WRITEBLOCK.
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Compatibility with different mainframes

This general type of block-oriented interface is compatible
with &ll main computers supporting the point-to—-point type of
communications protocol. Differences between the main computers

will occur in respect of:-

a. meximum buffer size allowed

b; character set used

¢. end-of-record character used in record-oriented )
transmissions

d. other non-transmission control characters used,
such as '"newpage' specification

e. whether transmission of binary data is supported

Therefore, if the user program uses the block interface directly,
it must be aware of the conventions applicable to the particular
main computer., At the record-level interface, it is possible to
conceal some of the differences, such as buffer size, but it woﬁld
be difficult to conceal differences in the character set used,
since there are no universa; one-to—one mappings from one
character set to another unless a restricted character set is used.
The user program, thepn, still needs to be aware of the particular
main computer it is communicating with, since this determines the
type of data that can be sent. However, given this limitationm,
the record-level and block-level interface is generally applicable

to all the large computers considered.
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Commatibility with different smell computers

Regarding compatibility with different small computers, the
user interface defined above can obviously be implementéd on any
smail computer, Since. it is likely that different languages and
different executive.systems will be in use on the different
computers, the precise method of inveoking the various functions of
the coﬁmnnications package is likely to be different in each case,
g méchanism for routine calls and parameter pessing. Any such
différénces can be accommodated by the provision of speciel minimal
interfacing routines which convert the routine call and parameters
to the.fbrm expected by the packsage. Such routines would normally
be written anew for each system and could even allow for different
languaées to be used for the user program and the communications
package. If this method of a double routine call was inefficient
in a particular epplication, then the necessary code could be
incorporated directly into the four routines in the package comprising
the user interface, although this is obviously a less clean way of

handling such differences,

9.5 The communications hardwere interface

This interface is the means by which the communications package
exercises control over the communications hardware end has two
distinet parts. The first is concerned with the actual commands
vhich the software issues to the hardware and the second concerns
the interrupts vhich the hardware can request from the software.
Both these aspects have been irmplemented in the communications

package in a generalized way, vhich may or may not correspond to an



- 113 -

actual hardvere implementation. However, because the interface

has been implemented in terms of basic primitive functions for a
character-at-a-time two-way cormunications channel operating in
half-dunlex mode, it should be. posaible to map this software

interfécé onto.any type‘of hardware implementation. In fact,

this has already been done for five different hardware implementations,

the details of which will be given later.

Software commands to hardware

The first aspect mentioned above is defined completely by four
basic routines vhich are called READDATA,WRITEDATA,READSTATUS and

WRITECONTROL. The definitions of these routines are as follows:-

READDATA is called as a function to get the latest input cheracter
assembled by the communications hardware; the character
is returned as the function value.

WRITEDATA(CHAR) is called to set CHAR as the next character to be
output by the cormunications hardware; character parity
should be included if necessary.

READSTATUS is called as a function to fetch the latest crror status

. report generated by the communications hardware; the
valid error reports are PARITY ERROR ON INPUT, TIMEOUT,
DATA CARRIER LOST, CHARACTER OVERRUN ON INPUT, MODEM
FAULT3; the error report is returned as the function value.

WRITECONTROL(CONTROL) is called to instruct the cormunications
hardvare to perform the function defined by CONTROL;
valid control functions are SET SYN CHARACTER,SET/RESET

PARITY CHECKING, ENTER RECEIVE MODE, ENTER TRANSMIT MODE,
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RESET COMMUNICATIONS CHANNEL, ENABLE/DISABLE COMMUNICATIONS

INTERRUPTS.

A further function used by the communications package may also
result in e hardware command being issued. This is the-timer
function, which is invoked by WRITECONTROL(STARTTIMER) to start a
pre-defined time interval, If the timer is implemented by a reai=>
time clock or in the communications hardware, then the WRITECONTROL
routine will issue the necessary hardware command, and set a counter
if necessary vhen the hardware timer interval is significantly less
than that required. The implementation of the timer is a function
which is machine-dependent, and generally has to be written anew for
each machine. It is also a function of the WRITECONTROL command
YRESET COMMUNICATIONS CHANNEL' to caﬁcel any outstanding time

interval.

The routines listed above constitute a set of primitive operations
for a half-duplex communications channel of the type considered in
this report. The code for these routines will normelly need to be
written in assembler to perform whatever low-level hardware functions
are necessary to carry out the defined functions correctly. The
routines will be different for each different communications hardware
implementation, but it_should be possidble to implement them in all .

casesg,

The result of calling routine WRITECONTROL with parameter ENTER
RECEIVE MODE or ENTER TRANSMIT MODE is that communications channel
interrupts will occur at some undefined time later. Similarly,

calling the routine with parameter STARTTIMER will result in an
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interrupt after the specified time interval, unless the timer has
been cancelled or another call for STARTTIMER has been made to
set a new interval, This leads on to the second aspect of the
communications hardware interface, which is that of the interrupts

which the hardware can request from the software,

Communications hardvare interrupts

As far as the communications package is doncerned, there are

three interrupt conditions defined:-

8. inpux data interrupt, generated when the next input
character has been assembled

b. output data interrupt, generated when the next
output character is required

c. error status interrupt, generated when an error
condition is detected by the cormuaications

hardware, such as timeout, lost carrier, etc.

Interrupt a, occurs only when the communications channel is in
receive mode, as defined by the ENTER RECEIVE MODE function of
WRITECONTROL, The first such interrupt signals the first character
of real data, i.e. it is assumed thatvall leading SYN characters

are removed by hardware or software.

Interrupt b. occurs only when the communications channel is in
transmit mode, as set up by the ENTER TRANSMIT MODE function of
WRITECONTROL. It is assumed that the first such interrupt is
generated only after the requisite number of leading SYN characters
have been transmitted, and so this interrupt requests the first real

data character.,
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Interrupt a., or b. will continue at a rate determined by the
line speed until the WRITECONTROL function of RESET COMMUNICATION
CHANNEL is issued, which prevents any further interrupts until
a8 new mode is selected. For each occurrence:of interrupt a. or b.,
routine READDATh or WRITEDATA as appropriate must be called as a
software response to the hdrdware that the interrupt has been

serviced,

Interrupt c. may occur at any time if interrupts are enabled.
Routine READSTATUS must be called to fetch the status word defining
the particular type of error and to acknowledge to the hardware
that the interrupt has been serviced, The error reports that may

occur have been defined above,

To corfespond to these three interrupts, there are three interrupt
routinés defined in the communications package. These are called
RECEIVE, TRANSMIT énd ANALYZESTATUS respectively. These three
routines constitute the hardware interrupt interface to the

communications package.

Now this interface is an idealized one conceived in terms of an
ideal communications hardware interrupt structure corresponding to
the three condiﬁions defined above, The actual communications
hardware used in practicé might not provide these three basic interrupts,
but may have a completely different interrupt structure. However,
it is possible to map any type of hardware interrupt structure onto
the interface described above since that interface defines the
basic primitives of any single-~character-transfer two-way communications

channel,
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A set of minimal routines called first-level routines is
needed to convert the actual interrupt structure into that defined
above., There will obviously be one first-level interrupt routine
for each:actual interrupt generated by the hardware and there may .
be more or less actual interrupts than the three defined above.
For example, both input data interrupt and output data interrupt
may be the same actual interrupt and it is then the responsibility
of the first-level interrupt routine to inspect relevant software
flags to determdﬁe vhether the hardware is receiving or transmitting,
and hence call ihe RECEIVE or TRANSMIT routine appropriately. (1t
is assﬁmed that oniy half-duplex communication is being used so
that it is always possible to determine unambiguously which is the
current mode.) Similarly, all the different error conditions may
be signalled by separéte actuel interrupts or by one actual interrupt.
In the former case a code indicating the particular type of error
must be set into a state variable by the first-level interrupt

routine before invoking the ANALYZESTATUS routine.

In whatever form the interrupt structure is actually implemented,
there is one basic hérdware:function associated with each routine.
The RECEIVE routine must call READDATA, once and only once, TRANSMIT
must call WRITEDATA once,.and ANALYZESTATUS must call READSTATUS
once. This may involve actual ihteractions with the hardware or
just the manipulation of variables shared with the first-level

interrupt routines.

Although these three interrupt conditions are defined separately

it is assumed that the servicing of any one interrupt is an
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indivisible operation with respect to the other interrupts. This
is necessary so that the manipulation of state variables common to

all three interrupts can be done in a-self-consistent manner.

As described above, in the event that the actual hardware
interrupt structure does not correspond to the idealized interfupt
structure defined, it is necessary to write a set of mapping
routines.to convert from one to the other. These roﬁxines will
obviously need to be written anew for each different hardware
implementation and also for different executives with the same
hardware, It will almost certainly be necessary to code théae
first-level routines in assembly language since, by their very
nature, they are low-level and strictly machine-dependent. However,
their function is strictly defined and the code involved should be
minimal, In no case, howe;ér. is it necessary to change any
of the software defined within the RECEIVE, TRANSMIT, ANALYZESTATUS
interface. This software is machine~-indgpendent and can safely
be coded in a high-level language. Any interactions with the
hardware from within this interface are accomplished by the four

hardware control routines defined above.

All the software necessary to control the communications
protocol is defined in the high-level language coding of the RECEIVE,
TRANSMIT and ANALYZESTATUS routines together with any subsidiary
routines which they may use. The particular protocol implemented
is then easily transferable to different machines without any coding

changes at this level,
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9.6 The executive interface

The purpose of the executive interface to the communications
package is to ensure that the package can have full physical éontrol
over the cormunications hardware., All communications hardware
interrupts must be routed through to the appropriate first-level
interruét servicing routines and permission must be granted for the
package t6 issue commands directly to the hardware. - The extent
to which this involves the executive will vary considerably from
one system to another., This interface is therefore not precisely

defined and has to be planned anew for each new system.

In almost all systems, the executive is involved to a greater
or leséer extent in interrupt - handling to perform the functions
which are common to all interrupts. These include such things as
saving the status of the interrupted program, checking for spurious
interrupts where possible, invoking the appropriate interrupt-
serviecing ioutine and providing a common exit path by which all
interrupt-servicing routines can réturn to the interrupted programn,
In general, it is necessary for a non-executive program such as the
communica&iona package to perforn an initialization function telling
the executive about the interrupts it wishes to handle so that the
correct links can be set up within the executive, In the
communications package, this is teken to be one of the functions of
the INIT routine, which is one of the user interface routines
defined previously. The function will be different for different
executives and will involve assembly coding. Inclusion in the

INIT routine ensures that the interrupt links will be set up correctly
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before any communication is attempted.

From the sbove, it is obvious that, on a machine with any kind
of permanent executive, it is essential that there be an approved
method of setting-up interrupt links for peripherals controlled
out-with the resident executive, Most executives provide some
facility of this sort, and it is an essential pre-requisite for
running any softvare using the communications package. VWhere there
is no permanent executive in use, a stand-alone software system
would be used incorporating its own basic executive. In this case,
the appropriate interrupt links would normally be compiled directly‘
into the executivé code, 80 no initialization would be necessary.

- This area is the only one vwhere the executive is involved with the

communications packege.

9.7 _Remote Host Computer Interface

This interface is concerned with the particular physical protocol
used to effect the block transfers over the link, It was decided té
implement & simple type of protocol in the hope of achieving a level
of compatibility with different mainframes. The protocol chosen was
thé point-to-point system for one-way-at-a-time data transfer, vwith
line control being obtained by a 'bidding' arrangement, This type
of protocol.was supported by the three mainframe computers for which
detailed profocol information was available. It was also the bottom
level of proposed new standard protocols under consideration by ISO
and ASA. As such, it seemed the only type of protocol with a

reasonably wide measure of acceptability.
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The User Interface to the package was intendéd to be suitable
for use with different mainframes by handling all details of the
protocol within the communications package. All communication
control characters were inserted or removed as appropriate within
the package, and only the date meaningful to the user was

exchanged at the User Interface.'

The general form of the protocol described above is summarized

as follows,

Either end can bid for control of the line when the line is
idle in ofder to initiate a data transmission. There”is usually'
a standard method for resolving contention by assigning one end
to be master or by using slightly different timeout periods when

bidding for the line.

Either end bids for the line by transmitting the ENQ (enquiry)
character. If the other end wishes to receive, it responds with
a positive ackﬁowlédgement, (ACK), and the data is then traétmitted
in blocks, each of which must be acknowledged before the next is sent.
Alternating odd and even positive acknowledgements are used to avoid
the possidility of lost or duplicate blocks.after error conditions.
'The negative acknowledgement (NAK), is used to requést retransmission
of the previous dblock, The ENQ character is also used during
transmission to request a retransmission of a lost or garbled
ecknowledgement., The end of a data transmission is signalled by
e final block-ending character of ETX (end-of-text) instead of the
normal ETB (end-of-transmission block), or by the single character

FEOT (end~of-transmission). The line then returns to the idle state
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end bidding must be used to initiate the next data transmission.

While all the protocols coaform to this general pattern,
different implementations may use @&ifferent character codes,
different record structure within the block, different methods of

block check and different forms of positive acknowledgement.

The communications package in its present form is able to
accommodate such differences without any internal changes except
for the usé of different forms of positive acknowledgement. The
character values used for transmission control characters are
defined symbolically and can be easily changed. The package does
not however try to provide a common character code at the user
interface. The user program needs to be aware of the particular
code in use for each mainfra@e. The communications package can be
made insensitive to the internal structure of the block, providing
it does not affect the error checking and this only occurs with the
IBM protocol, for which code is included., Different block checking
can be used by providing new versions of four very short routines
that perform all menipulations of the block check. These are CLEAR,
ADDTO, FETCH (used for output block) and CHECK (used for input block).
If character parity is also used, this can be checked in the
READDATA routine and generated in the WRITEDATA routine, both of

vhich have to be re~written for each new system anyway.

Howvever, positive acknovledgements are currently assumcd to be
of a particular form in the package, wvhich has been acceptable to
both IBM and ICL systems, This form is DLE-{add/even cwitch)

and acknowledgements are checked and generated in this form., Other
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protocols use a positive acknowledgement of the form <status>-ACK,
where ;status> contains other flags in addition to the odd/even
switch, Because of this, interpretation of the odd/even switch

is protocol dependent and cannot be done by simple character
comparison. In order to make this aspect generaslized, the functions
of checking and generating positive acknowledgements would‘have to
be split off into separate routines instead of using in-line code

as a present, The CHECKACK routine would return‘a value indicating
the type éf acknowledgement received and the action taken -is the
same for all protocols. The SETUPACK routine would set up the
appropriéte acknowledgement as indicated by an input parameter and
these are also generated in a unifbrﬁ way for all protocols. These
two routines could then be easily changed for a new system if

required.

9.8 Conclusions

This chapter has described how the main body of the communications
software can be made independent of the particular hardware
environment in which it operates. A minimal set of interfacing
routines is used between the main software body and the actual
hardware and only these need to be changed for each new system, The
next chapter giies details of how this has been done on the systems

implemented so far.
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Chapter 10

IMPLEMENTATION DETAILS IN ACTUAL SYSTEMS

10.1 Sumary

The communications package described in the last chapter,
comnunicating in IBM BSC point-to-point protocoi, has so far been

implemented in five different versions as follows:-

a) PDP-8 with ERCC communications controller

b') PDP-8 with Data Dynamics 6310 controller

¢) ICL k100 with ERCC communications controller

d) Modular One with 1.61 communications multiplexor

e) PDP=-11 with DP1l communications controller

These five versions are significantly different in:terms of the
outside environment as defined by three of the four interfaces
described in the last chapter. A large number of variants of these
five major versions have also been produced which differ in minor
ways from each other, such as different user environment, There are
so far about twenty distinct configurations (see Table 10.1) which

have used the communications package.

Two of these five versions have used the IMP code directly,
these being a) and d) above. The other three versions used
assembler hand-translated from the IMP. In addition to the standard
assembler version a direct IMP version of the communications package
is currently being developed for the PDP-11, This experience confirms

the feasibility and also the desirability of writing this type of



Peripherals supported by

coMMS . .
Computer Location . Non-communications use |HARDWARE| EXEC communication system
TTY | PR|PP [CR LPIMT |GP |DISK OTHER
PDP-8/L ERCC RJE use only to support [ERCC Stand-|{ X | X | X X IBM
special peripherals for |Synch. alone Selectric
IBM 360 Comms . (sa) Typevwriter
Interfa- :
ce (8CI)|,
PDP-8/E ERCC None; used only for ERCC SL X 1 X | X
: communications testing |[SCI
and development
PDP-8 Physics Dept. Experiment control and |ERCC SA X | X | X X
data logging SCI
PDP-8 Social Medicine 'Survey analysis ERCC SA X | X | X | X Mark Sense
SCI Reader
PDP-8/1 |Physiology Dept.) Physiology experiments |ERCC . SA X | X X
' Glasgow Univ. SCI '
PDP-8/E |Rutherford Neutron beam results Data SA X | X X
Laboratory analysis Dynamics
SCI
PDP-8/F |Animal Diseases | Processing of experiment|Data SA X | X | X X
Research Assr. | data Dynamics '
SCI

TABLE 10.1 SMALL COMPUTERS USING THE COMMUNICATION SYSTEM




Peripherals supported by
’ COMIS communicatio t
Computer Location . Non-communications use |HARDWARE | EXEC caron systed
TTY | PR| PPy CR| LP| MT|GP |DISK OTHER
_PDP-11/20| Medical Faculty] Medical computing; DP11 DOS or| X | X [X |X | X | X X |Mark sense
survey analysis I0X reader

PDP-11/20{ NIAE Processing of DP11 DOS .or | X X X X X X

Bush Estate experiment data 10X
PDP-11/10| Strathclyde Non; service RJE use DP1l I0X | X X | X

University only .

Pl

PDP-11/20 | College of Processing of DP11 I0X | X 11X X X

Agriculture experiment data
PDP-11/20 | Social Science | Survey analysis; DP11 -I0X [ X X

' Faculty general applications

PDP-11/20 | Chemistry Experiment control and DP11 POS or | X |X |X X X

Department data collection I0X
PDP-11/40 Scignce Faculty| Non; service RJE oﬁly DP11 ‘ IOX' X X X
PDP-11/45 | Physics Dept. Experiment control DP11 S. X (X X X X

and data collection : Hayes
EXEC

TABLE 10.1 SMALL COMPUTERS USING THE COMMUNICATION SYSTEM (continued)

N




Peripherals supported by

COMMS . .
Computer Location Non-communications use |HARDWARE| EXEC communication system
TTY| PR|PP |CR |[LP {MT |GP |DISK OTHER
Modular ERCC Non; communications 1.61 E2or | X | X | X
One testing and development MISER
Modular Glasgow None; service RJE and 1,61 2 or | X | X X | X X1 X
One University communications MISER
development .
Modular: MRC Unit Automatic chromosome 1.61 E2 XX X | X Shared
One W.Gen.Hospital |recognition system core
Modular Culham General laboratory 1.61 MISER | X | X X | X
One Laboratory applications
ICL L4120 |Napier College |Teaching and research ERCC NICE | X | X | X
SCI b
ICL 4130 [Heriot-Watt Teaching and research ERCC . |DESI X[ X1 X1 XX
University ' SCI

TABLE 10.1 SMALL COMPUTERS USING<THE:COMMUNICATIONS:SYSTEM (continued)
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softwvare in a high-level language.

A version of the package was also prepared for the FPDP-T,
PDP-9 and PDP-15, which have a compatible instruction set. This
version was never put into use however, as the original epplicetion

for it was not carried through.

The five versions listed above all communicate in the IBM
version of the point-to-point protocol. A sixth version has also
been produced which provides communication with the ICL L4=-75. Tais
version is coded in IMP and runs on the Modular One in the same

local environment as the IBM version.

The protocol interface:has been changed in the ways indicated
in the previous chapter (section 9.7) in order to conform to the ICL
requirements, which were oriented to IS0 transmission codes. The
symbolic values of the transmission control characters (STX,ETX,etc)
were changed to ISO values. The use of error checking based on
intermediate records was suppressed using & control flag. The method
of bloek checking was changed from cyeclic checking to simple
Longitudinal checking by re~coding the appropriate routines and
character parity was checked and génerated in READDATA and WRITEDATA
respectively. The IBM method of alternating acknowledgements (by
DLE - ﬁﬁdd/even switch>) was acceptable to the 4-T5 and so it was not

necessary to change this apart from re-defining the symbolic values.,

This alternative protocol version demonstrates the capability
of the communication system to operate with different mainframes,

provided they support the general type of protocol implemented. A
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later chapter on communications protocols in general indicates the
difficulty of achieving compatibility if higher-level, more sophisticated

protocols are used.

The experience gained from applying this communi cations package
to a wide range of applications and environments confirms the validity
of the original approach. By designing the software around a set
of carefully-defined interfaces which were not particular to any one
machine or any one application, it has ﬂeen possible to transfer the
package around very easily, considering that it works at a vefy

intimate level with the hardware.

In view of the considerable differences in the environments in
which the communications package has been successfully applied, it
can be claimed with a certain degreé'of confidence that it could also
be easily applied to any other sm§11 computer or different eﬁvironment
and provide the same facilities. A systematic method for applying

the package to a new small computer is deseribed in a later chapter.

Particular details about how it was aepplied in the five versions

listed above are given in this chapter.

10,2 PDP-8 with ERCC communications controller

Hardware Interface

This communications hardware, which was described in a previous
chapter, most closely resembles the conceptual hardvare interface for
the communications package defined previously. This hardware

generates two interrupts, one for next input or output data character
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and the other to signal that an error status report has been generated.
The second interrupt maps directly onto the ANALYZESTATUS routine,
after the contents of the error status register have been converted

to the form acceptable to the rouxine. The first interrupt, however,
must be handled first by a small section of code which checks the
state of a software indicator to decide whether to call the RECEIVE

or TRANSMIT routine., Since the package is only intended to work in

a halfbdup;ex environment, there is never any danger of ambiguity,
providing the hardware control routines which set anireset receive

and transmit modes also set the software indicator correctly.

Three of the four routines for software control of the hardware
map directly onto the basic instructions of the communications
controllér. The machine code bodies of these routines contain a
minimal amount of code to execute the iasic i/o inatruction and pass

the parameter via the accumulator,

Most of the WRITECONTROL functions also map directly onto the
hardware, but some require some extra code to set the input/output

interrupt marker.

The actual coding required to implement the hardware interface

is given on subsequent pages.

Executive Interface

The executive interface in this implementation did not require
any coding in the INIT routine since the system ran as a stand—aloné
program incorporating a minimal executive and the necessary interrupt

links were compiled direstly into the executive.



/
/
/
/
/

NEXT

TX,
RESET.
ASLINK,
RXLINK,
TXLINK.

/

INTERRUPT CODE

6301
JMP  NEXT
JMS T ASLINK
JMP  RETURN
6311 _
JMP  OTHER
TAD  INQUTSTAT
SNA
~JMP  RESET’
SPA CLA
JMP  TX
JMS 1 RXLINK
JMP  RETURN
JMS 1 TXLINK
JMP  RETURN
- 6304
JMP  RETURN
ANALYZESTATUS
RECEIVE

TRANSMIT

INQUTSTAT.O

HARDWARE INTERFACING SOFTWARE FOR PDP-8 WITH ERCC CONTROLLER
ASSEMBLER CODE VERSION,

\

/JTEST FOR ERROR INYERRUPT

/ NO

/OTHERWISE CALL ERROR RQUTINE
/GO BACK TO INTERRUPTED PROGRAM
/JTEST FOR DATA INTERRUPT

/NO =~ TEST OTHER FLAGS

/TEST FOR INPUT OR QUTPUT MODE
/1F ZERO, THEN NEITHER

/ SO IGNORF AND RESET CHANNEL,
/1F NEGATIVE .

/ THEN OUTPUT

/OTHERWISE CALL RECEIVE ROUTINE
/RETURN TO INTERRUPTED PROGRAM
/CALL TRANSMIT ROUTINE

/RETURN

/RESET CHANNEL

/ AND RETURN

{cont: d.]

T



/ HARDWARE CONTROL ROUTINES.
/
READDATA,O
CLA
6312 4
JMP I READDATA
WRITEDATA,O
6314
CLA
JMP 1 WRITEDATA
READSTATUS.O
CLA
6302
"RALIRTL;RTL
JMP I READSTATUS
WRITECONTROL,O
DCA FUNCTION
TAD FUNCTION
TAD TABLEBASE
DCA POTINTER
TAD 1 POINTER
DCA COMMAND
TAD COMMAND
AND MASK377
SZA CLA
JMP I COMMAND
TAD COMMAND
6304
CTLA
_ JMP 1 WRITECONTROL
FUNCTION.O
TABLEBASE,TABLE .
POINTER, O
COMMAND, O
MASK377., 377
TABLE., - SETSYN
ENTERRX
ENTERTX
STARTTIMER
RESETCHANN
SETPARITY
UNSETPARITY
ENABLEINTS
, DISABLEINTS
ENTERRX, IAC
DCA INQUTSTAT
TAD RXCOMMAND
6304
CLA
TAD SETTRANSP
CONT. 6304
CLA
"JMP I WRITECONTROL
EMTERTX, CLA CHA
DCA INOUTSTAT
JAD TXCOMMAND
JMP CONT
RESETCHANN,DCA INGUTSTAT
6304
JMP 1 WRITECONTROL
RXCOMMAND, 4400
TXCOMMAND,24G0
SETTRANSP,1400

JREAD THE INPUT BUFFER

/LOAD QUTPUT BUFFER

/READ THE STATUS REGISTER

JSHIFT STATUS TO BOTTOM OF AC

/SAVE FUNCTION

/ADD FUNCTION

/ T0O TABLE BASE

/ TO GET

/ - HARDWARE COMMAND.
/SAVE COMMAND

/JTEST 1F BOTTOM

/ 8 BITS

/ ARE ZERO,

/1F NOT. SPECIAL COMMAND - JUMP TO CO
JOTHERWISE. LOAD HARDWARE COMMAND

/ AND ISSUF JT TO CONTROLLER,

/RETURN

/=2000 FOR IBM EBCDIC SYN

‘JNOT SIMPLE HARDWARE COMMAND
- /NOT SIMPLE COMMAND

/7=3400

/NOT SIMPLE COMMAND

/NOT USED FOR EBCDIC

/NOT USED

/=70090

/=7400

/JSET INTERRUPT MARKER T0O 1
/ FOR RECEIVE MODE.

/LOAD HARDWARE RX COMMAND
/ AND ISSUE 1IT '

/ALSO SET TRANSPARENT MODE

-/ FOR WHOLE MESSAGE.

/RETURN

JSET- INTERRUPT MARKER TO =1
/ FOR TRANSMIT MODE,

/LOAD HARDWARE TX COMMAND
JISSUE 1T AND RETURN

/JSET INTERRUPT MARKER TO 0.

/1SSUE GENERAL RESET COMMAND

/RETURN

¢ vtry v e an ey me - L e e e e e e
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User Interface

The user interface had to cater for the user program being
written in assembler whilé the communications package was written
in IMP, A parameter area and addréss pointers to the four user
interfacing routines were located in a reserved area in page O,

A JMS INDIRECT instruction was used to enter the routine via its
address pointer, énd a few in-line machine code instructions in
the routines were needed to copy the parameters from the reserved
area to the permanent IMP globals where they could be easily
accessed by the péckage. - Return parameters from the WAIT‘routine

were set by similar in-line machine code.

10.3 _PDP-8 with Data Dynamics 6310 communications controller

Hardware Interface

The 6310 controller is a full—-duplex single-line controller
with program-specified SYN character recognition and a 100ms

intervel timer as two relevant festures,

Data Input

The receive channel is enabled by software command which causes
it to scan the incoming daﬁa for the SYN pattern. As soon as this
is found the controller will generate input interrupts for each
following character so there is no automatic deletion of leading SYN
characters. These have to be removed by the first-levél input
interrupt routine before passing all subsequent message charecters

on to the RECEIVE routine. At the end of the message, the 'disable
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receive channel' command is issued which prevents any further

interrupts and stops all activity in the receive channel.

Data Output

Tﬁe WRITECONTROL function 'enter transmit mode' is issued
directly to the output channel. If the channel is in L-wire ﬁode,
then continuous carrier is maintained, so the output channel
responds immediately with an output interrupt to request the first
character, Leading SYNs for the message must be generated by
the first-level output interrupt routine. Vhen the required number
have been generated, ali further output interrupt requests are
passed directly on to the TRANSMIT routiﬁe to output the message.
In 2-wire:mode, which is selected by an operator switch rather than
by software, the command 'enter transmit mode' causes 'Request to
Send' to be sent to the modem, and the controller will wait for
'Ready For Sending' to come back from-the modem before generating
the first output interrupt request. At the end of message output,

the command 'cancel transmit mode'! is sent to the controller.

This stops output channel activity and prevents any further
interrupts. In lW-wire mode, carrier is maintained by keeping
'Request To Send' set and the modem output data line is held in a l
condition, which produced the required quiescent MARK condition on
the outbound circuit. In 2-wire mode, 'Request To Send' is cleared

to allow the other end to turn the line around.
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EXTRACT,

CALLRX,

TRYTX,

CALLTX,

TESTTIMER, 6451

STOPTIME.6454

RXLINK,
TXLINK,
ASLINK,
RDCHAR,
STATUS,

OVERRUN,
TIMEQUT,
LEADSYNM,

TIME,
MINUST,
SYN,
MSYN,

"HARDWARE INTERFACE SOFTWARE FOR

INTERRUPY CODE

6401

JMP TRYTX
6412

JMP EXTRACT
TAD OVERRUN
DCA STATUS
JMS 1 ASLINK
6402 :
DCA RDCHAR
TAD LEARSYN
SNA CLA

JMp CALLRX
TAD RDCHAR
TAD MSYN
SMA CLA

JMP RETURN
DCA LEADSYN
JMS T RXLINK
JMPp RETURN
6431

JMP TESTTIMER
TAD LEADSYi
SNA

JMp CALLTX
TAD MINUST
DCA LEADSYN
TAD SYN
64632

JMP RETURN
JMS 1 TXLINK
Jnmp RETURN
JMP OTHER
TAD TIME
SNA CLA

JMP STOPTIME
1SZ - TIME
JMP RETLURN
6454

TAD TIMEOUT
DCA STATUS
JMS I ASLINK
Jup RETURN
Jvp RETURN
RECEIVE
TRANSMIT
AMALYZESTATUS
0

0

S

2.

0

0

-1

62

62

/TEST FOR RECEIVE INTERRUPT
/HO .

/TEST FOR RECEIVE OVERRUN
/NO

/YES. SET STATUS

/ 7O OVERRUN

/ AND CALL ANALYZESTATUS.
/READ INPUT CHARACTER

/SAVE 1T :

/ARE WE SKIPPING LEADING SYNS?
/YES

/NO = CALL RECEIVE

/TEST FOR

/  SYN

/NO

/YES - IGNORE IT

/OTHERWISE., CANCEL LEADING SYN FLAG
/  AND CALL RECEIVE

/RETURN TO INTERRUPTED PROGRAM
/TEST FOR 0U1PUT INTERRUPT

/NO

/ARE WE SENDING LEADING SYNS?

/YES

/NO - CALL TRANSMIT
/OTHERWISE REDUCE LEADING.
/ SYN COUNT BY 14

/ AND OUTPUT

/ A SYN,

/RETURN

/CALL TRANSMIT ROUTINE

/RETURN

/TEST FOR 100MS TIMER INTERRUPT
/NO

/1S TIMER COUNT ACTIVE

/YES

/NO « INHIBIT TIMER INTERRUPTS
/DECREMENT (NEGATIVE) COUNT BY 1
/RETURN IF NOT ZERO

/OTHERWISE INHIBIT TIMER INTEQRUPTS
/SET STATUS REPORT

/ 10 TIMEOUT

/CALL ANALYZESTATUS

/RETURN

/INHIBIT TIMER INTERRUPTS

/RETURN

e s et e vy b hp e e cmv siar e e e e s e s ot e v e o -

POP~8 WITH DATA DYNAMICS CONTROLLER



/ HARDWARE CONTROL ROUTINES
/
READDATA,OQ
CLA
TAD RDCHAR
JMP I READDATA
WRITEDATA,O
6432
CLA
) JMP 1 WRITEDATA
READSTATUS,O :
CLA
TAD STATUS
JMP I READSTATUS
WRITECONTROL,O
DCA FUNCTION
TAD FUNCTION
TAD TABLEBASE
DCA POINTER
TAD 1 POINTER
DCA POINTER
JMP 1 POINTER
FUNCTION.O :
TARLEBASE,TABLE
POINTER, 0
TABLE, SETSYN
ENTERRYX
ENTERTX
STARTTIMER
RESETCHANN
SETYPARITY
UNSETPARITY
ENABLEINTS
DISABLEINTS
SETSYN, TAD SYN
6404
CLA
JMP I WRITECONTROL
ENTERRX, IAC
DCA LEADSYN
6414
JMP 1 WRITECONTROL
ENTERTX, TAD NUMSYNS
DCA LEADSYN
6441 :
“JMP 1 WRITECONTROL
STARTTIMER.TAD HMINUSZ20
DCA TIME
6452 -
JMP 1 WRITECONTROL
RESETCHANN.64Z21
6442
6454 )
JUP 1 WRITECONTROL
SETPARITY, ’
UNSETPARITY,HLTY
ENABLEINTS,ION
JMP 1 WRITECONTROL
DISABLEINTS,IO0F
. JMP I WRITECONTROL
NUMSYNS, 6
MINUS20., =24

JFETCH INPUT CHARACTER

/0UTPUT CHARACTER

/FETCH STATUS REPORT

/SAVE FUNCTION

/THEN DO SWITCH
/ ON FUNCTION

/ USING

/ JUMP

/ TABLE,

/LOAD APPROPRIATE SYN CHARACTER
/PUT IT INTO SYNC REGISTER

/SET LEADING SYN FLAG
/ T0 1.
/ENABLE RECEIVE CHANNEL

/SET LEADING SYN
/ COUNTER,
JEWABLE TRANSHMIT CHANNEL

/SET COUNT FOR
/ 2-SECOND TIMEOUT.
JENABLE TIMER INTERRUPTS

JRESET RECEIVE CHANNEL

JRESET TRANSMIT CHANNEL
JINHIBIT TIMER INTERRUPTS

JPARITY NOT USED FOR 1BM gBeCniC
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Error reports

The important timeout function can be easily impleménted using
the 100ms interval timer built into the controller. Software
cormands are provided to enable and disable interrupts from this
tiner. The STARTTIMER enables the timer interrupt and sets an
appropriate count into a store.location‘ Subsequent timer interrupts
decrement this count until it reaches zero. Further timer interrupts
are then disabled and a store location reserved for the status report

is set to indicate timeout before calling the ANALYZESTATUS routine.

" A DATA OVERRUN errar indication is also provided by the
controller although it does not generate an interrupt. A flag is
used vhich can be tested by the first-level interrupt routine for
every input-interrupt. If the flag is set then the ANALYZESTATUS
routine cén be called witﬁ the status report set to the a@propriate
valuexﬂor OVERRUN. When this routine returns, the RECEIVE routine

can be called to service the input character in the normal way.

Ehe controller does not provide any error reports for
LOSTCARRIER or MODEMFAULT, but these are not particularly important
for error recovery. purposes. The Pfirst case can be handled by
timeout and the second case can be indicated to the operator by

lamp displays.

Hardware Control

Of the four hardware control functions, only WRITEDATA maps
directly onto the real hardware function. READDATA and READSTATUS

access reserved store locations set by the first-level interrupt
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routines to obtain the current input character and error status

report respectively.

WRITECONTROL uses a combination of direct hardware commands
such as 'enter transmit mode' end 'enable receive channel' with
the setting of software flags inspected by the first-level interrupt
routines, These software flags are used to control such things

as generation and removal of leading SYN characters.

This controller is seen to match fairly well the conceptual
interface defined previously. This is mainly due to the fact
" that the design was specified after the software had been developed

and tested with the ERCC éommunications éontroller.

Executive Ihterface

This controller has so far been used only in small~-core stand-
al@ne systems with a minimal executive compiled in with the
communication system, obviating the need for any run—-time interrupt

linking,.

User Interface

Although the original PDP38 communications package was written
in IMP, the version used in this system was a hand-translated
assember:.version, produced to reduce the core requirements in minimum
core systems. The usef program was also assembler-coded and the:
user interface routines were accessed through indirect links in

' page O, Parameters were also pessed through reserved page O

locations.
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10.4  ICL 4100 with ERCC communications controller.

Hardware Interface

Since this hardware is very similar to that used on the first
PDP-8 implementation, the implementation of the hardware interface
is almost identical. The executive uses a different method of
identifying the interrupt, since the 4100 interrupt system is
different from the PDP—S, but the same two interrupfs are routed
through to a data control routine and the ANALYZESTATUS routine

respectively, where the action taken is the same as on the PDP-8,

The four hardware control routines are again almost identical,
with the few machine code instructions being oriented to the

particular I/0 instructions and register usage on the 4100,

Executive Interface

Since this version was implemented using a standard resident
executive, namely the NICE executi#e, (18), some initialization code
was necessary to establish the interrupt links. This was achieved
gccording to the technique suggested in the NEAT referche manual
(29) vy setting the appropriate routine addresses into the executive
interrupt transfer table in place of the null entries, for the
device addresses which the communications package wished to service.
The suggested technique was simple and effective, but also required
that the links be set back to the null values at the end of a
cormunication session to avoid spurious communications interrupts
causing havoc, This was achieved by taking an orderly exit from

ihe terminal program and restoring the original interrupt table entries. .



LINK

INPUT

RESET

NOTE HARDWARE INTERFACE SOFTWARE FOR ICL 4100
NQTE WITH ERCC CONTROLLER

NOTE INTERRUPT CODE

BLOCK CONTROL

HANDLES DATA INTERRUPTS

NOTE FIRST DUMMY CALL Is TO SET UP INTERRUPT LIMKS WITHIN NI

RETURN LINK

SET UP INTERRUPT LINK OM FIRST CALL

ACTUAL INTERRUPT EMTRY POINT

SAVE RETURN .LINK LOCALLY

TEST SOFTWARE INTERRUPT FLAG

IF ZERO, IGNCRE INTERRUPT AND RESET

TEST FOR IMNOUTSTAT=1

IF YES, RECEIVE INTERRUPT

OTHERWISE CALL TRANSMIT

RETURN

CALL RECIVE INTERRUPT RCUTINE

RETURN.

1SSUE RESET COMMAND TO CONTRCLLER
(IF REJECTED)

RETURN

ROUTINE TO PLUG NICE INTERRUPT TABLE

SAVE PRESENT"
ITABLE :
ENTRY. (KEEPINT IS A GLOBAL)
REPLACE IT WITH START
.ADDRESS OF CONTROL ROUTINE.
NOW SET ATTENTION TABLE ENTRY

JF *ANALYZESTATUS GO TO ROUTINE WHEN ATTENTION OCCURS

DATA

CODE

JFL *SETINT
LD 0

ST LINK

LD INQUTSTAT
Jz RESET
coMpP:L 1

JZ INPUT
JFL *TRANSHMIT
J1 LINK

JFL *RECEIVE
J1 LINK
OCUM 10

JB 4

J1 LINK
BLOCK SETINT
CoDE

LOR ~ITABLE
LD:M 10

ST KEEPINT
LD 0

ST:% 10

JFL *SETATT
BLOCK SETATT
CoDE . .
LDR ~“ATABLE
LD:Mm 10

ST KEEPATT
LD 0

ST:M 10

JB *MAINSTART

"SAVE CURRENT ENTRY FOR

DEVICE

. NUMBER 10, (KEEPATT IS A GLOBAL)
REPLACE IT WITH START

ADDRESS OF JUMP TO ANALYZESTATUS
RETURN TO MAINLINE CODE DIRECTLY

e e e o mens ot e n e % e ety m a8 % e o 4 e me it mea s em st b o
1
3



HARDWARE CONTROL ROUTINES-

READ INPUT BUFFER

REJECTION BRANCH

RETURN IF OK WITH CHAR IN M

IF ERROR, READ STATUS REGISTER
LOOP IF REJEGTED

TRY TO READ JANPUT BUFFER AGAIN

MOVE OQUTPUT CHAR TO MAIN REGISTER
SEND IT TO HARDWARE BUFFER
JuMp IF REJECTED
ZERQ M
AND RETURN IF SUCCESSFUL-
TRY 7O READ STATUS REGISTER
IN TIGHT LOOP
TRY QUTPUT AGAIN

READ STATUS REGISTER
LOOp 1F REJECTED
EXIT WITH STATUS REPORT IN M

USE FUNCTION IN R FOR INDEXED JUMP

NOTE LOAD APPROPRIATE HARDWARE COMMAND AND JUMP

NCTE
BLOCK READDATA
CoDE
IN IDUM 10
’ JF  ERROR
J1 0
ERROR ISUM 10
JB 4
JB IN
. BLOCK WRITEDATA
ouT RTOM
obUM 10
JF ERROR
Lo:t O
. : J1 0
ERROR ISUM 10
JB 4
JB ouT
BLOCK READSTATUS
CODE
1SuM 10
JB 4
J1 -0 -
BLOCK WRITECONTROL
CobEe
) JI1:¥ TABLE
TABLE SETSYN
ENTERRX
ENTERTX
STARTTIMER
RESETCHANN
SETPARITY
UNSETPARITY
ENABLEINTS
DISABLEINTS
SETSYN Lb:L 4
v JF COMMAND
ENTERRX cLS INQUTSTAT
INCS INQUTSTAT
Lo:L 9
JF COMMAND
ENTERTX CLS INQUTSTAT
’ DECS INCUTSTAT
LD:L 5
JF COMMAND
STARTTIMER LostL 7
JF COMMAND
RESETCHANN CLS INQUTSTAT
Lb:t O
JF COMMAND
SETPARITY J 390
UNSETPARITY J 3G90
ENMABLEINTS LD:L 14
JF COMMAND
DISABELINTS LD:L 15
COMMAND CgCUM 10
JB- 4
Lo:L O
J1 0

T0 COMMAND ISSUING SEQUENCE,

SEYT SOFTWARE. INTERRUPT

FLAG TO 1,
SET SOFTWARE INTERRUPT
FLAG TOQ =1a <
CLEAR SOFTWARE INTERRUPT FLAG

ERRQR EXIT TO EXECUTIVE
IF THESE CALLS ARE USED,

ISSUE COMMAND IN M TO CONTROLLER
TRY AGAIN IF REJECTED :

- ZERQ M

RETURN
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User Interface

Since both the user'program;and the communications package were
coded in NEAT assembler for this implementation, the user interface
was simply implemented by a standard assembler routine call, passing

the varameters as named global variables.

10.5 Modular One with 1.61 communications multiplexor

Hardware Interface

—

Synchronous communication on the 1.61 communications multiplexor
(20) provides an interface to the software which is completely
~ different from the conceptual interface defined above, and a certain

" amount of coding was required to map from one to the other.

The 1.61 is different mainly becauss it is a multiplexor
‘rather than a single line communications controller. | Aé-such, it
was designed to handle a lafge nunber of lines of'different-speeds,
both synchfonous and asynchrénous, with the mihiﬁum‘amount'of
hardware and the maximuﬁ amount of shared logic. This.meant that

synchronous and asynchronous channels were handled in a similar way,

and anything special was left to the software.

The multipléxor basically assembles groups of bits from the
line on input up to 8 at a time, and places them in a circular
buffer which must be examined regularly by the software. Or output,

the muitiplexor sends out a sequence of up to 11 bits, placed in a
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reserved nmultiplexor register by the software, and makes an entry

in the common circular buffer when the output is complete.

The nultiplexor also generates a regular clock interrupt, at a
1.3ms interval, vhich is a signal to the software to examine the
circular buffer to see if any input has been asserbled or output
complete.. These clock‘interrupts occur all the time, independent ¢
of any data traffié, and so are unrelated to the arrival or output
of characters. It is the responsibility of the software that
responds to these clock interrupts to provide a 'character-intgrrupt' -
type interface to subsequent Qervicing roﬁtines, such as RECEIVE |

and TRANSMIT.

Date Input

Input data can appear on the line at any time and will cause
entries to be made to the circular buffer, There is no way of
telling the hardware to ignofe input data except by disabling the
whole channel for input and output. Therefore, a set of-software
flags have to be used so that the interrupt routine examining the
circular buffer can knov whether to ignore input entries or process
them, Vhen the main software wishes to accept input data, the

WRITECONTROL routine is called to execute 'enter receive mode!'.

This results in appropriate flags being set to indicate to the
interrupt routine that if synchronization is obtained on an input
message, then all characters after the leading SYNs should generate

e call to the RECEIVE routine to analyze the message.
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For the multiplexor synchronous channels, the groups of 8 bits
assembled on input are not necessarily on character boundaries since
the hardware does not attempt to perform SYN-character regognition,
The interrupt routine analyzing the input data has to scan for the
SYN pattern by combining two consecutive 8-bit groups into a 16-bit
pattern and looking for a SYN character somewhere in the 16 bits.

If it is found, the phase shift (number of bits by which the

8~bit group differs from a character boundary) is calculated so that
suucequent vhole characters can be assembled from the following
8-bit groups. In performing this function, the software is doing
the job normally done by hardware on a single~1iﬁe synchronous

controller such as that on the PDP-8.

The interrupt routine fu;ther discards all leading SYN
characters until it reaches a non-SYN character. This is the point
at which a normal synchronous channel would generate the first
input interrupt, which would be routed through to the RECEIVE
routine., Therefore, the multiplexor interrupt handler at this
point places the non-SYN character into a convenient store location
and calls the RECEIVE routine, The RECEIVE routine will eventually
call the READDATA rqutine which can access the appropriate store

location to obtain the current input character.

When the RECEIVE routine detects the end of the input message,
it calls the WRITECONTROL routine to execute 'cancel receive mode',
which then sets the relevant software flags such that any further

input data is ignored and RECEIVE is not called.



MODULAR ONE 1.61 MULTIPLEXOR HANDLER,
INTERRUPT (CODE.

ASSEMBLERCODE MULTIPLEXOR DRIVER,

THE FOLLOWING COLLECTION OF ASSEMBLER RQUTINES GIVE THE MPXR THE
APPEARANCE OF A HALF=DUPLEX SINGLE LINE CONTROLLER TO THE IMP
PACKAGE. A _ .

UNDER CONTROL OF TWO VARIABLES (INOUTSTAT & FINDSYNC) WHICH ARE SET
BY THE IMP THESE ROUTINES PERFORM FUNCTIONS SUCH AS FINDING SYNCH
IN RECEIVE MONE AND STYRIPPING ALL LEADING SYN'S, AND GENERATING A
SPECIFIED MUMBER OF LEADING SYM'S IN TRANSMIT MODE,

VALUES OF THESE TWO VARIABLES ARE AS FOLLOWS :-

INQUTSTAT=0 ~ IGNORE ALL INPUT/QUTPUT REQUESTS FROM THE MPXR.
INOUTSTAT=1; FINDSYNC=1 - RECEIVE MODE, SCANNING FOR SYNCH
INOUTSTAT=1; FINDSYNC=0 « SYNCH FOUND ,STRIPPING LEADING SYN'S
INOUTSTAT=1: FINDSYNC=~1 -~ ALL CHARACTERS PASSED TO IMP PACKAGE
INOUTSTAT==1; FINDSYNC=N(>0) « TRANSMIT MODE, GENERATE N SYN'S,
INOUTSTAT==1; FINDSYNC=0 = CALL IMP FOR NEXT OUTPUT (HAR.
THESE ARE THE 'DATABASE* VARIABLES, THEY ARE INITIALISED

IR T D LM B TR FAD D S D TR P AR D sem am ew b yam

! SERTALLY AND SHOULD REMAIN A SINGLE GROUP,
INOUTSTAT be - 0 :

FINDSYNC DC 0

CHAR 0C 0

"LASTCHAR OC 0

STATUS Dc 0

TIMECOUNT BC O

SYNCSHIFT nC 0

CHANN pec - ¢

LINKS DS

DTAONE DS

MASTER DS

ERMSTR DS

CBSAVE DS

CBFPTR DS

LINKS DS

SAVEA DS

LINK DS

LINKZ DS

DEDPTR IND YB:DEDPAGE
SYNTABPTR IND M:SYNTABLE+?7 '
SYSSTATUS ©0C 0 SYSTEM STATUS REPORT
SYN EQU SO

DEDPAGE EQU 256

Gontdﬁ

e it e e i LR e



! DATA (1,5MS)

INTERRUPTS

! THIS ROUTINE SERVICES THE CIRCULAR BUFFER AND PASSES

!
BUFFER DC

ERCCBUFF

! MASTER WORDS TO ERCCBUFF SINGLY,
ENTPT ENTRY POINT
LDB Y:(BFPTR DISCOVER LAST C.B, LOCHN. SERVICED,
AAGN LDA LN ' ,
" EXC 1:DEDPTR LEXTRACT CONTENTS OF NEXT C.B. LOCN,
TSTL A=0 ICHECK FOR PRESENCE OF MASTERWORD
JMP CBSEND: INO MASTERWORD,CEASE SERVICING C.B.
ST8 Y:CBFPTR: ISAVE CIRCULAR RUFFER PNTINTER.
SRE BUF FER {CALL CHARACTER ROUTINE
LDB Y:CBFPTR JRECALL Co.,B. POINTER
LDA L1127 :
cpY ASUBE
TSTL A=Q
LDB L:239; IMOVE TO SECOND HALF OF C.B,
LDA L2553 ICHECK FOR END OF 2ND HALF OF C,.B.
cPY ASUBB
TSTL A=)
LDB ~ L:111: IMOVE TO START OF FIRSY HALF OF C.B.
ADB L . '
JMP AAGN
CBSEND STB Y:CBFPYRJ - ISAVE C.B. POINTER,
‘ LDA TIMECOUNT
TSTL A=0
JMP TIMESTOPPED:
SBA L1
TSTL A=]
JMPp REPORTTIMEOUT
‘ STA TIMECGUNT
TIMESTOPPED EQU
LDB MPXRDEDLOCS
ADB L:8 . .
ENDINT - RE~PERMIT THE INTERRUPT
DEBUG _ '
DROPOUT HAND CONTROL BACK TO EZ.
DEBUG
, DEBUG
REPORTTIMEOUT STA TIMECOUNT
LDA L:2
STA~  STATUS o
' * CODE HERE TO CALL ANALYSESTATUS,READSTATUS WILL FIND
! STATUS=2,TIMEOUT.
: LDA L:ANALSTATUS
STA Y: IMPROUTINE .
SRE IMPLINK
JMP TIMESTOPPED

. -\«g
u



ERCCBUFF

OUTSTAT

TXDATA
!
!
!

OUTSYN

EOU -

STB Y:LINK2 SAVE RETURN LINK _

STA Y:MASTER AND CIRCULAR BUFFER ENTRY.

SETL  s,A. L1 ISOLATE CHANNEL NUMBER (0=>107) AT
SFTL  S.L,R,9 BOTTOM OF A,

STA Y:CHANN SAVE 1T

CPYL  B=A MOVE TO B ,
LDA Y:MASTER TEST FOR INPUT OR OUTPUT. INTERRUPY
TSTL A0 IF INPUT INTERRUPT

Jmp TSTINPUT GO TO TEST SOFTWARE STATUS.

LDA Y:INOUTSTAT  IF OUTPUT INTERRUPT,

TSTL A<D AND SOFTWARE IS OUTPUTTING

JMP OUTSTAT GO TO DEAL WITH INTERRUPT.
LDA OUTPAD ELSE OUTPUT A PAD CHARACTER.

STA IY:DEDPTR ~  STORE PAD INTO DEDLOC

Lop Y:LINK2 AND RETURN.

EQU . '

LDA  YIFINDSYNC ARE WE SENDING LEADING SYN'S

TSTL  A=0 1F ZERO, REAL DATA QUTPUT

JMP TXDATA GO TO ENTER JOB ON OUTPUT Q.

SBA L:1 REDUCE SYN COUNT
STA  Y:FINDSYNC AND RESTORE FOR NEXT ENTRY

LDA NUTSYH LOAD A SYN

STA IYIDEDPTR CHARACTER INTO DEDLOC,

Lop Y:LINKZ - RETURN .

EQU ‘

ENTER TPANSMITa

WRITEDATA WILL PLACE NEXT OUTPUT CHARACTER IN DghLOC
INDICATED BY 'CHANN',

LDA L:TRANSMIT

STA IMPROUTINE

SRE IMPLINK _
LDP Y:LINK2 "ITHEN RETURN,

EQU .

De R'1100000100110010°' IBM EBCDPIC SYN

[cont:d]

T



TSTINPUT

TESTSYN

SYNTABLE

FOUND

ouY

EQU

LDA
TSTL
LDP
LDA

LnB
cPYL

STA

SFTL
ADA
STA
LDA

TSTL

IMP
LDA

LOM

SBM

EQU

LDB

cPYL

TSTL

aMp

TSTL

JMp

JMP

EQU

ne

Y

oC

LY

ne

LY

DC

DC

EQU

LDA

cPY

STA
LDA
STA
EQU
LDA
STA
LDP

Y:TNOUTSTAT TEST SOFTWARE I1/0 STATUS
A<C.,A=0 1F OUTPUT, OR IDLE
Y:LINKZ THEN IGNORE THIS INPUT INTERRUPT
Y:MASTER SELECT
L:255 DATA PORTIOQON
A=B.AND.A OF MASTER WORD.,
Y:CHAR AND SAVE IN CHAR
s.,A,L.,8 SHIFT TO TOP OF WORD .
LASTCHAR INCLUDE PREVIOQUS 8 BITS
" LASTCHAR . AND SAVE ALL 16 BITS,
Y:FINDSYNC ARE WE SYNC SEARCHING?
A<O,A=0 -
ITNSYNC NO « GO TN OBTAIN CHARACTER
Y:LASTCHAR LOAD LAST 16 BRITS
L:0 SET UP LOOP COUNT
L!? . OF 8.

IY:SYNTABPTR NOW SCAN THE SYN TABLE
8=B.NEV.A TEST IF A=B,

Bp=0 IF B=0 THEN SYNC HAS BEEN FOUND
FOUND GO ‘TO COMPUTE THE PHASE SHIFT
M=0,1IM ELSE TEST LOOP COUNT

ouUT CAND EXIT )

TESTYESYN OR TRY AGAIN,

B'0011001000110010"' M==7 SHIFT=8
B'0001100100011001" M=<6 SHIFT=7
B'1000110010001100' M==5 SHIFT=6
R'0100011001000110" M==4 SHIFT=5
8'0010001100100011° M==3 SHIFT=4
8'1001000110010001* M==2 SHIFT=3
8'1100100011001000°' M==1 SHIFT=2
B'0110010001100100°" M=0 . SHIFT=1

SHIFTCON SYNC FOUND = CALCULATE PHASE SHIFT
A=AMINUSM FORM SHIFT CONSTANT
Y:SYNCSHIFT " AND SAVE
L0
Y:FINDSYNC FINDSYNC=0 TO INDICATE SYNC FOUND
Y:CHAR MAKE CURRENT 8 BITS
¢« LASTCHAR PREVIOUS 8 BITS FOR NEXT IME
YsLINK2 THEN RETURN .
@onhd}



ICHARACTE
! GENU
INSYNC

R PHASE HAS BEEN FQUND. THROW AWAY LEAOING SYN'S AND PASS

INE DATA CHARS TQ HANDLER,
EQU .
LDA Y: LASTCHAR LOAD LAST 16 BITS FROM LINE
LDB L:255
SFTY SYMCSHIFT APPLY SHIFT TO QOBTAIN R&AL CHAR,
cPYL A=B,AND,A REMOVE UNWANTED BITS
EXC Y:CHAR SAVE REAL CHAR,MAKE CURRENTS® BITS
STA ILASTCHAR ' PREVIOUS 8 BITS FOR NEXT TIME,
- LDA Y:FINDSYNC ) ARE WE SKIPPING LEADING SYNS?
TSTL A<O I1F NOT,
JMP QCHAR GO TO O THE CHARACTER.,
LDA  CHAR ELSE TEST FOR A SYN
SBA L:SYN
TSTL A=0 1F SYN FOUND
LDP YeLINKZ - THEN RETURN
ILDA L:0 ELSE
SBA Le1 SET
STA Y:FINDSYNC FINDSYNC==1 TO INDlCAT[ REAL DATA
EQU .

QCHAR

MASKFFOO
SHIFTCON

A=AMINUSM

IMPLINK
IMPSAVE
IMPROUTIN
W=8

ENTERIMP

W=APLUSW
RECEIVE
TRANSMIT
ANALSTATU

LDP Y:LINK2 - 'RETURN
EQU - .
DC B'1111111100000000"
EQU . -
SFTC S.LeR¢1 SHIFT CONSTANT FOR CHARACTER PHASE,
cou . :
cPYC AzA=M
Y=AREA :
DC ENTERIMP
n¢ 0 ‘
E DC O
cPYC WsHh
X=AREA i
STB IMPSAVE SAVE RETURN LINK.
LDW Y:WSAVE - LOAD CURRENT STACK POINTER.
LDM IMPROUTINE S LOAD INDEX OF IMP ROUTINE.
ENT IY:PVECT ENTER IMP ROUTINE
LppP IMPSAVE RETURN
CPY( WA+
EQU 0 o ROUTINE INDEX OF IMP 'RECEIVZ' ROUTINE,
EQU 2 : IMP "TRANSMIT' ROUTINE . -
S EQU 4 - IMP 'ERROR' ROUTINE.
[Fontﬁj

ENTER RECEIVE,

READDATA WILL TAKE" CHARACTER FRCM °'CHAR',
LDA L:RECEIVE

STA IMPROUTINE

SRE © IMPLINE



*?
*l
ZEND

INTERRUPT CODE

LDA
LopP

HARDWARE INTERFACE SOFTWARE FOR MODULAR ONE WITH 1.61 MPXR,

- SEE PREVIOUS LISTING,

HARDWARE COMTROL ROUTINES.

INTEGERFN READDATA

Y:CHAR!
W:0!

$1LDAD CHAR/PLANTED BY ASSEMBLER
FY'RETURN /

/

ZROUTINE WRITEDATACXINTEGER CHAR)
YOWNINTEGER TNPOPBITS=X'C100!

!

w?

!

P
ZRETURN
ZEND
XINTEGERFN
*0

«t

%ZEND

LDA W:'CHAR

LDB Y:CHANN'

ADA Y:'TOPOPBITS
STA 1:DEDPTR"
READSTATUS

LDA Y:STATUS'
LOP W:0'

11 LOAD CHARACTER TO BE OUTPUT
1!'LOAD DEDLOC ACDRESS

1'ADD FIXED BITS TO CHARACTER
#t  AND PLACE IT IN THE DEDLOC

J'FETCH STATUS SET BY ASSEMBLER
s LRETURN

%ROUTINE wRITECONTROL(%INTEGER FUNCTION)
%INTEGER SYNSYHN
%ZSWITCH SW(0:8)
%OWNINTEGER OUTBITS=X'CO03"
XOWNINTEGER TWQSECS=1400
ZINTEGER SYSSTATUS

«> SW(FUNCTION)

SW(0) :

SYNSYN=SYNLKLCB!ISYN
1DB

*l
w
*"SETSYN
*O
*l
*« !
*l
*l
*'sSSouUT

%ZRETURN
'

LDA
SFTL
STA
TSTL
JHP
sB8B
JMP
EQU

L7
We'SYNSYN
Seloele!
YBISYNTABLE'
B=0"

sSsSouT!

L:1"

SETSYN'

ISETSYN N
!FORM DOUBLE~SYN PATTERN

'{SET COUNT OF 8

1LOAD SYN=SYN

'ROTATE PATTERN 1 LEFT

!'STORE ENTRY IN SYN SCAN TABLE
18 ENTRIES FILLED?

'YES - EXIT

s 'DECREMNET BY 1,

1100 NEXT TABLE ENTRY

Ve % e % %N W W
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SW(1)

* ! LDA (2 T :
*! STA YSINOQUYSTAT®
*! STA Y:FINDSYNC'
%RETURN '

]

sSW(2)

w! CPYL A==1"

* ! STA Y:INQUTSTAT?®
* ! LDA Ls6'

*! STA Y:FINDSYNC'
* ! LDA Y:'OUTBITS
*! ~LDB Y:PLEXPAGE"
w! STA YB:0"

* ! STA YB:1!

w! STA YB:36"

* ! STA Yg:37?*
YRETURN

]

SW(3) 3 :

*! LDA  Y:'TWOSECS
*! STA Y:TIMECOUNT?
%RETURN : :
!

SW(4L)

L LDA L:0"

*! STA Y¢TIMECOUNT!
* ! STA Y:INOUTSTAT®
»! STA Y¢FINDSYNC'
ZRETURN -

!

SW(5)

sW(6) 1%STOP

!

sSW(7)

SYSSTATUS=X'C"’ :
*'SETSTAT LDA MPXRCHAN'
w? - CHACCESS®

w! DEBUG®

. LDB FIVE12'

** LDA W:'SYSSTATUS
* ! STA 728:4"

*! DEBUG"

w! CPYL sel!

w?! CHACCESS'

w! DERUG"

%ZRETURN

]

SW(8)

SYSSTATUS=X'2C"'

«!
ZEND

JMP

SETSTAT®'.

@8 %8 % W N S %0 W Ne % % N

W8 %8 N e % e Na g T3 % e % wSa

N %8 % & W e S W
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L ]

S %o e

{ENTERRX
'SET SOFTWARE INDICATORS
t 70 1 ’

FOR INPUT MODE

TENTERTX

1SET

SOFTWARE

! FOR QUTPUT MODE.,

I1SET

LEADING SYN

! Y0 6.
ISET SUITABLE PATTERN
! INTO ALL 4

!
!
!
H

~ OUTPUT DEDLOCS

TO MAXE SURE
THEY ARE
ACTIVE,.

INDICATOR TO

-1

COUNT

ISTARTTIMER

I1SET INTERRUPT COUNT TO

t TIME 2 SECONDS

IRESETCHANNEL
1SET ALL

! SOFTWARE

! INDICATORS
! TO ZERO.

1PARITY CHECKING
! NOT USED FOR 1BM CODES.

YENABLE INTERRUPTS

ISET

INOW SEND STATUS TO

tPOINT Z-AREA AT

'1F REJECTED

MPXR

MPXR STATUS FOR INTERRUPTS ON
MULTIPLEXOR

1LOAD FIXED ADDRESS BITS

'LOAD STATUS

ISEND STATUS TO MPXR.

11F REJECTED

tNOW DO CHACCESS WITH =1
t TO RESTORE Z~-AREA,

11F REJECTED

IDISABLE INTERPUPTS

I1SET

MPXR STATUS FOR

INTERRUPTS QFF

! AND SEND IT TO MPXR.

e g o
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With these hardware interfacing routines, it is therefore
possible to make the input channel appear to conform to the

behaviour defined for the ideealized hardware interface.

Data Output

When the software wishes to perform an output transfer, it
calls the WRITECONTROL routine with an 'enter transmit mode' command.
This is interpreted by setting appropriate software flags and
placing a short sequence of l-bits in the reserved multiplexor
register. When the multiplexor hardware has sent this bit pattern
to the 1line, it maieS'an entry in the circular buffer requesting
'ﬁore output on that channel. When this entry is detecﬁed by the
interrupt routine scanning the circular buffer, it can examine the
softvare flags to see what action is required. Normally, these
will be set to indicate output of the appropriate number of leading
SYN characters, which can be geénerated directly by the circular
buffer scanning routine. When the requested number of SYN characters
has been generated, the first real character of the message is

required.

At this point the interrupt routine can call the TRANSMIT
routine which will eventuelly call the WRITEDATA routine with the
character to be output. The WRITEDATA routine will place the
character in the multiplexor register reserved for this output
channel. This will eventually generate another circular buffer
entry so that the process can continue until the whole message is

output.
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The WRITECONTROL routine will then be called to cancel transmit
mode, which will be interpreted as setting the relevant software
flags so that the circular buffer routine will ignore any more

entries for that output channel,

Therefore, the output channel can also be made to conform to

the desired interface by simple interfacing routines.

Since the multiplexor synchronous channel is able to work in
full-duplex mode, the software interfacing routines must ensure
that receive and transmit modes are mutually exclusive as far as
the msin software body is concerned. Software flags must be set
by thé various WRITECONTROL functions so that the circular buffer
scanning routine can ignore input circular buffer entries when the
software is in output mode, and vice verse. There is no mechanism
in the hardware by which input data can be ignored. This must be

handled by the sof%ware.

Error reports

The error interface, defined by the ANALYZESTATUS routine, must
also be accommodated so that effective error control can be achieved.
The most important error monitor is the timeout control. Since the
multiplexor provides a regular interrupt at a fixed time interval it
is possible to use an interrupt count as a means of implementing a
timer facility. The STARTTIMER function sets a storage location
to a positive number equivalent to the interrupt count for the

required time interval.
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The circular buffer scan routine, which is run once per
interrupt, decréments this count by one if it is positive, If the
.count reaches zero, a storage location reserved for holding the
status report is set to indicate timeout and the ANALYZESTATUS
routine is called. This will call READSTATUS which retrieves the
curfent status report from the reserved location, The multiplexor
hardware generétes other interrupts for conditions such as
TOSTCARRIER and DATA OVERRUN, and these can be mapped onto the

ANALYZESTATUS routine in a similar manner.

Thus, it can be seen that it is possible to reproduce all the
desired communications hardware characteristics on the 1.61
multiplekbr even though the actual hardware is radically'differént

from the idealized communications channel proposed.

Tﬁé first-level inﬁerrupt—handling.routineé, needed't§ map from
the real interrupt structure onto the conceptﬁal interrupt strﬁctgre,
although‘more complicated than'on ahy'of the qthef small éomputeré,
“still did not require very many iﬁétructions (about 120 machine
instructions). Also, the hardware control routines, by which the-
software issues instructions to the haraﬁare, were‘§ery simple and.
mqstly just‘invoived communication with the.first—levei interrupf

routines through common variables.

The coding for all the hardware interfacing software is given

above,-

Executive Interface

Because the Modular One runs with a permanently resident executive,
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§2l). and all interrupts cause direct entry to the

in this case E2
executive, some initialization code was necessary to set up the
interrupt links. This was done by means of the E2 LINK facility,
vhich is an executive call used to LINK a user program to a
particular interrupt. An executive call was necessary because
the Modular One executive store area is completely protected from
user programs, and so it is not possible to modify executive tables
directly. The executive itself included a facility to reset the

interrupt links to a neutral value if the user program terminated

for any reason, which could only be done through the executive.

It was also necessary to perform some initialization of the
multiplexor hardware to ensure that it was in the correct mode, and
this also required a special executive facility known as CHACCESS,
since physical control of peripheralé could only normally be done

by the executive,

Because of the nature of the Modular One hardware and software,
the initialization code was more extensive than on any other

gystem.

User Interface

Both. the communications package and the user program for the
Modular One were written in.IMP and so the user interface routine
were invoked by standard IMP routine calls and parameters were passed

through global variables.
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10.6 PDP-11 with DP 11 communications controller

Hardware Interface

The DP 1l synchronous controller (22)

is a single-line full-
duplex communications controller with hardware detection of incoming

SYN characters, the particular SYN character being set by software.

It is possible to separately enable and disable the input and
output channels, although with a complication in connection with
output noted later. There is no hardware timer facility, bdut there
are error interrupts associated with modem conditions such as bOST

CARRIER.

Data Input

If the input interrupt is enabled, the receive channel will
start to generate input character interrupts as soon as character
synchronization is achieved unless synch stripping is selected.
This is &-facility to remove all SYN characters from input data.

If this is used, the facility must be disabled once the message

starts as the SYN pattern can occasionally occur in real data, If
the facility is not used, leading SYNs can be removed by the first-
level interrupt routines. Once the first non-8SYN character is

seen, a flag is set to inhibit any further SYN removal and all
characters are then passed to the RECEIVE routine for message analysis.
Therefore, after the initial stage all input interrupts can be

routed directly to the RECEIVE.routine, matching the conceptual

interface immediately.
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WRTCTL:

TABLE

SETSYN:

ENTRX:

ENTTX:
STIMER:

RESETC:

SETPAR:
USPAR:
ENINTS:

DISINT:

SYN=62"
PAD=377
STATUS:
INOTST:
LEADSN:
TIMCHT:
TWOSEC:

MOVSB
BIC
RTS
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RTS
MoVvs
RTS
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JMP
» EVEN
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«WORD
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« WORD
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RTS
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—_ DO DOO
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FRETURN
3DISABLE CLOCK INTERRUPT
sDISABLE RECEIVE CHANNEL
JCLEAR SOFTWARE INDICATOR
sCLEAR CLOCK COUNTER
$RETURN

;PARITY NOT USED

s onN 1BM CODES.

JENABLE CLOCK INTERRUPT

3 RECEIVE INTERRUPT

b TRANSMIT INTERRUPT,
JRETURN.

sDISABLE CLOCK,

3 RECEIVE.,

: TRANSMIT INTERRUPTS.
JRETURN

INTERRUPT

REG.
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At the end of the message, the receive channel can be disabled
and input interrupts inhibited to prevent any further entries to the
RECEIVE routine, The first-level interrupt code is therefore

minimal for the DP 11,

Data Output

Data output is started in the DP 1l by loading a character into
the trénsmit buffer register. The DP 1l transfers this to the
transmit shift register and raises 'Request to 8end' to the modem.
The DP 11 also stafts to shift out the data from the transmit shift
register in time with the transmit clock pulses from the modem. ~As
the firét bit of each character is shifted out to the liﬁe, the DP 11
requests an interrupt for the software to re-fill the transmit buffer
register. The software must respond to this before the current
character has been shifted out to the line, otherwise the DP 11 will
cancel 'Request to Send' and cease transmitting. The interrupts
occur irrespective of whether the modem has responded with the
'Ready for Sending' signal., Since any data transmitted before
'Reedy for Sending' is set cannot be guaranteed to be transmitted
correctly, the software must respond to output interrupt requests
by outputting dummy characters until it detects that 'Ready for
Sendiné' has been set. This signal can be examined by the software
in the transmit status register, The output channel is then

available for real data output.

In Lb-wire mode, vhere continucus carrier can be maintained even
though no data is being transmitted, this sequence need be performed

only once as part of initialization in the INIT routine. To
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maintain carrier, the first-level output interrupt routine must
arrange to output idle-mark (all - 1) characters whenever the
package is not in transmit mode. Control over this is accomplished
through a software flag which is set and reset by the 'enter/cancel

transmit mode' calls on WRITECONTROL respectively.

In 2-wire mode, the sequence to .start the trensmit channel must
be executed each time the command 'enter transmit mode' is given.
At the end of a transmission; carrier is dropped by not outputting

a character in response to an output interrupt request.

The transmit channel has‘an option for generating SYN characters
automatically. If the 'idie sync' bit is set in the tfansmit status
register, and the software does not load a character into the transmit
buffer in time, the hardware copies the contents of the SYNC register
into the output shift register for transmission. This feature is
not much use however, since there is no simple means of controlling
the number of SYNs transmitted in this way. Leading SYNs must
therefore be transmitted by the first-level output interrupt routine,
using a count set by the WRiTECONTROL coding for 'enter transmit
mode’', Subsequent output interrupts are then routed to the

TRANSMIT routine as before until 'cancel transmit mode' is executed.

The first-level output interrupt routine therefore involves
slightly more coding than the corresponding input routine, although

it is still quite simple.

Error Reports

Since there is no hardware timer facility on the DP 11, the
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essential timeout function must be implemented using the CPU
real-time clock. An interrupt count can be accumulated from this

regular interrupt to produce the necessary timeout control.

The STARTTIMER function sefé the count to the appropriate value
and wvhen the count is decremented to zero by the clock interrupt
routine, the ANALYZESTATUS routine is called after setting a statué
variable to indicate timeout. The READSTATUS routine accesses -

this wvariable to obtain the current status report.

Error interrupts generated by other conditions such as LOST
CARRIER and DATA OVERRUN are sent to the ANALYZESTATUS routine. by

similar routes.

The four hardware control routines use a combination of directly
accessing the communications hardware registers and setting variables
common to the first-level interrupt routines in order to achieve the

desired hardware effects. All four routines are very simple.

The necessary hardware interfacing software for the DP 11 is
thus fairly simple, mainly because the hardware is itself character—

oriented.

Executive Interface

Two different executives have been used to support the communications
Eystem. The minimal executive IOX has been used in simple systems,
and the executive source EOde was included in with the commuﬁicaxion
system to produce a stand-alone program so that interrupt links were

set permanently at compile time, The disc~based executive DOS(23)
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has been used to support a disc-oriented communication system. DOS
is normally resident, but the executive store area is not protected
so the necessary interrupt links could either be compiled into the
progran or set dynamically when the program is first run. Neither
method allows of very easy restoring of the links to a safe value

at the end of a communication session, but since the executive is
loaded from disc and does not support multi-programming, it is

probably safestito reload thé exccutive after each session.

User Interface

Two versions of the communication system (communications
package plus user program) have been produced - one totally in
assembler and the other totally in IMP, so there were no inter—
language interfacing problems and all user interface routine
calls were standerd for the language used with paremeters passed

through global variables,

10.7 Conclusions

These detailed desceriptions of the five major versions of the
communications package produced so far illustrate the considerable
differences in the environments in which the package has been applied.
Despite these considerable differences, no particular problems were
encountered in the implementations and all five'sygtems are in
regular use, Once the necessary thought had been given as to how
to map from the real interfaces onto the conceptusl interfaces,

everything that followed was fairly mechanical process, requiring

only careful attention to detail to produce a working system.
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A number of other systems involving different small computers,
such as the NOVA and INTERDATA, have been tentatively investigated
and there would seem to be no major problems in applying the
communications package to these as well., So the techniques
" developed to produce this easily transfersble system do seem

generally applicable and no limitations are as yet apparent.
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Chapter 11

IMPLEMENTING THE COMMUNICATIONS SYSTEM ON A NEW

SMALL COMPUTER

11.1 Introduction

As has been stated previously, the originel idea behind the
development of the communications packege was to produce a system
that could be easily transferred to a new small computer. An earlier
chapter described how the communications package was written in terms
of certain standard interfaces as a means of achieving this ease of
transferability. Inside these interfaces, everything remains the
same for different implementations. Outside these interfaces a
minimal set of routines is needed to map between the idealized
standard interfaces of the package and the reel environment. The
previous chapter indicated in some detail the particular interfacing
routines that had been produced for the five major versions developed

so far.

.This chapter will attempt to demonstrate the ease of transfer-
ability of the communications package by describing a series of
steps to be followed in producing & new implementation. The amount
of fresh thought required for a new system can be reduced to a
minimum by following prescribed test procedures for the different
component parts before putting the complete system together and
testing it. The idea is to 'mechanize' the process of software
production as far as possible by making use of work already done on

previous systems.
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11.2 General

The overall structure of the communication system has been
indicated previously. This structure can be summarized by the

diagram of Figure 11.1.

Each component in the system is self-contained, with a well-
defined interface to the other components. It should be possible
to develop and test each component independently to see if it
behaves according to the defined interface. The order of testing
is not normally significant and testing can proceed in parsllel for

the different components.

11.3 Difficulty of 'Live' Testing

In any communication system, 'live'itesting9 using a real
communication line with an appropriate terminal or computer at the
other end of the line, can be very difficult during the development
stage because data is being transferred at a speed far in excess of
that which can be observed by a human being. Events are 6ccurring
in real—time and it is not generally possible for the progremmer to
slow dowvn the events to a convenient speed. For this reason, as much
testing and development as possible should be dohe in a non-real-time
environment with any real-time events being simulated under programmer
control such that the passage of time is not critical. The other
problem about 'live' testing is that it is practically impossible
to control the other end of the link effectively or even to tell
exactly what the other end is doing, even when voice communication
can be established. The ideal first stage of 'live' communication

testing should be with both ends of the link in the same room
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connected by a modem simulator, which replaces both modems and the
line. The person doing the testing then has both ends under his

control and can ensure that both ends are doing the right things.

However, before this stage of 'live' testing is reached, the
major software components can be checked out in a non-real-time
environment. The hardware and hardware interface routines can also
be checked out in a simplified environment. These test procedures

are described in the following sections.

11.4 User Program

The user program component is the one least likely to be trans-
ferable from one system to another. The user program has responsibility
for local-pe;ipheral handling, operator control, etc. The implement-
ation of this is likely to vary considerably from one system to the
next, since the actual peripherals used are likely to be different
and the facilities already provided by the standard executives are

likely to vary widely.

The facilities required are basically of the sort 'READRECORD'
and 'WRITERECORD', together with some facilities for operator
communication such as 'OPERATORMESSAGE' and 'OPERATORREPLY'. At
the one extreme, a sophisticated executive and I/O routine library
will provide these facilities directly. At the other extreme, there
is no standard executive, and all the facilities have to be programmed
completely from scratch. The systems so far implemented have varied

from the latter extreme to somewhere approesching the former.
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In general, then, a certain amount of work will be necessary in
order to provide the sort of facilities mentioned above for a new
system. However, the facilities are reasonably standard, and any
difficulties are likely to arise from peculiar characteristics of
the peripherals or executive used rather than any conceptual

difficulties.

Testing of User Program

The implementation details of the user program are not relevant
here, since they are concerned with local-peripheral handling,
operator control, etc. which are not directly relevant to the
communications package. The only aspect of the user program of
relevance is the interface,whiéh it presents to the communications
packege. This can be thoroughly checked out by substituting dummy
test routines for the four communications user interface routines.
These dummy routines can check parameters and monitor calls and
allow the programmer to interact with them to perform debugging

operations.

A dunmy INIT routiné would do very little other than note that
it had been called. A dummy READBLOCK routine could check parameters
and arrage for a specimen data buffer in the correct format to be
ﬁasaed back to the user by the subsequent call on the WAIT routine,
The programmer could be giveﬁ the facility to feed in different
specimen buffers in order to test all possible formats. A dummy
WRITEBLOCK routine could check parameters and allow the programmer
to inspect the contents of the buffers to check that they were being

correctly formatted.
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It is obviously possible to check out all aspects of the operation
of the interface in this way in a totelly controlled fashion without
having to rely on the other end of the link providing the correct

buffers at the right time.

It is even possible to carry out this type of testing on a
different computer if a suitable high-level language is used and a

compatible set of local-peripheral routines is available.

11.5 Communications Hardware

The provision of the communications hardware compoeeht involves

two possibilities:-

a) produce a version of the ERCC Communications Controller

for the new computer
b) use the product provided by the computer manufecturer.

The first option should not be difficult to implement, since
the ERCC Controller was specifically designed with this objective in
mind. The contents of Chapter 6 plus the relevant ERCC engineering
documents would be needed in order to carry this out. The second
option depends on the availability of a suitable product. Most new
small computers being produced now have a synchronous communications
channel as & standard peripheral option. At the time the ERCC
controller was originally developed, this was certainly not the case.
Providing the manufacturer's product has the appropriate programming
characteristics, then it is generally preferable to choose this
option. ‘'Appropriate progremming characteristics' does not impose.

any great constraints. It merely requires that the controller can
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operate in 8~bit binary mode, with the software handling the transfers
one character at a time under interrupt control. All controllers

so far investigated comply with these requirements. The problems &f
providing effective engineering support for the ERCC controller and
the cost of producing small quantities of a new version are factors
vwhich weigh against it when there is a suitable controller as a
standard product line item for the new computer. The tests describeé

below are applicable to either option.

Testing of Communications Hardware

It is assumed that normal checkout of the communications hardvare
will be performed by engineering diagnostic programs provided with
the hardware. However, most diagnostic programs test only the local
operation of the hafdware using special diagnostic functions and
possibly special hardware test boxes used instead of the modem.
It is not uncommon for the hardware to function correctly vwhen tested
in this mode, but not work correctly when tested in a real environment.
It seemed desirable to devise some very simple test programs that
used the hardware in a way similar to its real use by the communica-
tions package. It is also important for test programs to be so

simple that it is obvious that they are correct.

The communication package generates output consisting of leading
SYN characters followed by one or more message characters, and
expects input in the same format. It also expects to use the timer

facility, if this is incorporated into the communications controller.
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A simple test program for the transmit channel therefore
consists of the generation of a single-character output message,
with leading SYN characters being provided by the hardware or
software, as appropriate. For simplicity, this can be coded without
using interrupts, if it is possible to drive the hardware in this
way. Sample versions of this test program are given in the following
pages for some of the systemsin use. Using the timer facility, this

output message can be repeated at fixed intervals of, say, one second.

A similarly simple program can be used for the input channél.
This program waits for the input channel to signal that synchroniza-
tion has been obtained and then prints the first non-SYN character
on the teletype in some suitable binary notation, before re-—ensbling
the receive channel and looping back to wait again. Some sample

versions of this simple program are given on following pages.

These two programs can be used together end—-to—-end to test new
or suspect communications hardware from a system that is known to

work.

If the communications hardware can carry out both these tests
correctly, then it indicates that the main logic of the transmit
and receive channels is operating correctly and also that the modem
interface is operational. If the communications hardwaré can handle
the character sequence involved in the short messages, then it is
probable that it will also handle long messages correctly. Faults
in long messages after short messages have been transmitted correctly

usually indicate transmission line problems and these can be tested

by a further level of test programs which transmit data blocks
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consisting of a string of 8-bit characters in a binary progression
from O to 255. The receiving program can check for any deviations

from the binary progression as a means of detecting line errors.

A simple test program can also be used to test the hardware
timerindependently of any data transfer. This compares the timer
interrupt interval with the number of times around a fixed instruction

loop.

Flowcharts for these simple test programs are given on

following pages.

11.6 Communications Package

The procedure for making & new version of the communications
package is quite simple. The amount of work involved is{least when’
there is a suitable IMP compiler available for the new computer.
'Suitable' in this context means that the compiled program must be
in a form which cén be easily fitted into the agsembler—coded
environment. The environment must be able to reference routines
in the IMP code and vice versa. The IMP code may also need to
reference named variables in the assembler code. The simplest way
of accomplishing this is for the compiler to produce symbolic
assembler code output. This can then be easily combined with the
hand~coded assembler prior to assembling the complete system. If
the compiler produces binary output, that it must also provide
suitable linkage information so that any cross references can be

satisfied when the package is combined with the hand-coded software.
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Also, the compiler should not include the necessary run—time
support software as part of the compiled program. This would include
such functions as space allocation for stacks and arrays, register
initialization before program start. Such functions will be provided
by the hand-coded environment, which needs to make special arrange-
ments for space allocation and stack use since some IMP code will
not be run as a normal sequential program but will be activated by

interrupts.

If a suitable IMP compiler is available, then the original
IMP code for the communications package can be taken over directly
onto the new system. This IMP code should, of course, be a correct
implementation since it has already been used but it is probably
still advisable to carry out some tests according to the procedures
suggested below. This should bring to light any incompatibilities
between the IMP implementations, such as word-length dependencies,
or any possible compiler faults if the compiler has been newly

developed, vwhich is frequently the case.

If there is no IMP compiler available, then an alternative
high-level language m ght be considered. If an alternative high-
level languege is to be used, then the same considerations apply
about the suitability of the compiler as for the IMP. The compiler
must also produce reasonably efficient code, since a significant
amount of the IMP is executed at interrupt level. This normally
means that extensive run—time diagnostic facilities intended as
programmer aids should be removable by specifying appropriate compiler
options. Two languages presently available for a number of small

computers which might well be suitable are CORALV(éh) and BCPL (25).
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These languages were produced for this type of application and
a cursory examination of two implementations indicates tﬁat they ﬁ055¢$$>
the required characteristics. (A more detailed discussion of the use
of high-level languages for this type of programming is given in

a later chapter).

The translation of the original IMP code into a different high-
level language is & fairly simple, mechanical operation, especially
if the new language is also block-structured. In the case of CORAL,
the languages were sufficiently similar that a simple program was
written which translated about 90% of the IMP automatically and
flagged the remainder which it could not translate. Even a hand
translation to FORTRAN was completed and tested in about one month,‘
although this version was never used because the compiler proved

to be unsuitable.

Any conversion involving hand-translation must obviously be
subjected to the tests preseribed below before trying to use the

nev package in a real-time environment.

A third alternative is to produce a hand translation of the
IMP into the assembler code of the computer. This is slsc a fairly
simple operation, providing the ultimate in efficiency in the final
code is not required. Once it has been decided how to translate
each type of IMP statement in terms of register usage, etc. the process
becomes quite mechanical. If code efficiency proves to be a problem,

critical sections can be improved later.

An assembler version should obviously be tested thoroughly before

trying to use it.
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A fourth alternative, where high efficiency is a requirement,
is to go back to the state diagram stage and completely re—code the
package in assembler language using any special features of the
particular machine instruction set to increase the efficiency.

This alternative obviously involves the most work and a lot of new
thought would have to be applied. This alternative has not yet

proved necessary.

Providing the state disgram is strictly adhered to, the

standard tests could still be applied to such a version of the package.

Testing of Communications Package

The communications package is potentially the most difficult
software component on which to carry out comprehensive testing and
development, It accepts standardized requests across the user
interface, which it then processes in an asynchronous menner under

interrupt control.

It is a fairly simple matter to check out the actions performed
directly as a result of the user request but these are actually very
few. By far the largest amount of code is executed as a result of
interrupts. All the code to check message formats, analyze control
characters, perform error recovery, check acknowledgements, etec.,
is performed as a result of interrupts in order to achieve a simple

sutonomous block transfer effect at the user interface.

Because of the very simple executive structure assumed, there
were only two program levels—interrupt level and user level. There

was no intermediate'supervisor' level at which code could be executed
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which was interruptible but not at the user level. Any code which
was not executed directly as a result of the user program call had to

be executed at the interrupt level.

Consgequently, most of the logic to be tested in the communications
package is being executed in real-time and the time between successive
executions is very short, e.g. about 3.3ms at 2400 baud or 300
characters per second. It is therefore quite impossible to follow any
changes in the veriables used or trace the execution path followed in,
a particular instance without including speéial monitoring code which
dumps relevant information into a reserved store area using a 'circular
buffer' technique. This information can then be accumulated 'on-the-
fly' for subsequent examination by the programmer at the end of the

message transfer.

Although this method has its uses in particular circumstances it
is considered to be rather cumbersome, especially in the early stages
of testing since it assumes that the program is working reasonably
well in order that the monitoring can be successfully carried out.
Also, it is not generally possible to monitor all variables, if there
are a large number, or monitor all the relevant execution paths.

Some smaller choice then has to be made and it is frequently difficult
to know which to choose unless a specific fault or path is being
investigated, which again assumes that the rest of the package is
working reasonably well. This dynamic monitoring method is useful
when the package is generally working quite well but exhibiting
certain infrequent faults. A monitoring of the real events sequence
can then be very useful, particularly vhen investigating time-—

dependent faults.
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The method of testing being proposed here is applicable in the
earlier stages of testing as a means of thoroughly checking out program
logic before it is applied to the real-time environment. The method
depends on the fact that it is much easier to check out the behaviour
of a sequential process rather than one which involves asynchronous
events or any form of mnlti-threading, where the timing of events is
not under the control of the programmer. A 'sequential program' is
defined as one in which the thread of execution passes in a deterministic
way from one instruction to the next, irrespective of any time delay
between the instructions. The passage of the program from one instruction
to the next is determined by the values of the state variables at each
instruction and changes in the state variables can only be made by
instructions executed in the sequence and not by any external events.

The idea is to write the communications package in such a way that
it cen be tested, including the interrupt-driven parts, as a sequential

program.

This cen be done if the actions of the communications package can
be described by a finite-state machine. A finite-state machine sits in
a passive state until it receives a stimulus. It then performs some
activity in order to generate a response to the stimulus. The response
may involve some external effect and/or change in state. At the end
of the activity, the machine may have changed its state or remained in
the same state, but it always returns to some stable, defined state
ready to receive a further stimulus. The machine is not performing any
activity unless it is in the process of generating a response to a
stimulus. The stimulus - activity — response sequence is the only

action the machine can perform, and between such actions the machine
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is always in a defined state.

The progression of such a machine in response to a series of
stirmli is therefore & strictly sequential process, since it will not
accent 2 stimulus unless it has completed processing & previous
stinulus and returned to a stable state. Transitions between
different stable statcs.:can only take place os the result of processing
& stimulus. The behaviour of a finite-state machine can therefore
be described by & sequential program with o set of state variables
to define the states. This accepts stimuli on its input interfaces,
generates appropriate response on its output interfaces and effects
stcte changes, and performs no action in between while waiting for

a stimulus.

It will now be deronstrated that the cormunications packoge acts
like a finite-state mechine and therecfore cn implenmentation of it

can be tested as a sequehtial program,

Te communications package is a nessive component in the overall

communiceations system. It takes no action unless recuested to do

so by the user »rogram. It can be reparded as o blacl box vhich
accepts certain inputs end generates certain outputs in response to

he inputs. It generates no outnhuts except in response to an input.
The inputs, or stimuli, comprisc the recuests for action on the user
interface (INIT, READBLOCK, VRITEBLOCK) end the interrurt requests
occurring on the interrupt interfece (RECEIVE, TRAWS!IIT, ANALYLESTATUS).
The outputs, or resnonses, comprise the cells issued to the Tour
hardwvare control routines (READDATA, WRITEDATA, RU'ADSTATUS,

WRITECONTEROL) end signals back to the user interface vie the YAET
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function. The sequence of responses is determined entirely by
the sequence of stimuli. When the package is not processing a
user request or an interrupt request, it is in a stable, defined

state.

Gross state diagrams describing the general behaviour of the
communications package are given in Figures 11.2 and 11.3. These
gross diagrams treat certain sequences of stimli as a single stimulus
for the purposes of simplicity. For example, the series of
RECEIVE interrupts involved in receiving a complete part of a
message, e.8. the cyeclic redundancy check - two characters, is
treated as if the wholéepart arrived as one stimulus. The transition
to the ﬁext state is then controlled by a count of interrupts received
in the current state. A similar situation can occur for TRANSMIT |

interrupts.

The total state diagram for READ and WRITE is a representation of
a finite-state machine to perform the required functions of the
communications package. This state diagram implies certain precautions
fo be taken in the implementation of the machine by a program to ensure
that the processing of one stimulus cannot be interrupted by another
stimulus. For example, the processing of a request on the user
interface must not be interrupted by a request on the interrupt
interface. Similarly, the processing of a RECEIVE or TRANSMIT
interrupt request must not be interrupted by an ERROR interrupt request.
The characteristics of the particular hardware being used for the
implementation will not necessarily afford this protection, in which
case the software must provide it. This precaution is essential if
.the machine is to be implemented strictly in accordance with the state

diagram,



Notes on State Diagrams

1, The READY state is the common state between the two state diarrans:s.

All other states are specific to READ or WRITE.

2. Only those stimuli which are valid for the state are shown.:
All others are ignored and have no effect.
The following abbreviations are used:-
RX ~ RECEIVE interrupt
TX = TRANSMIT interrupt
T0 - ERROR (TIMEOUT) interrupt
UR - unrecognized input
The timer does not run in transmit mode, so TO can onl& occur

on input,

3. In a SEND state, more than one tharacter may be output, so the

transition to the next state only occurs on the FIRAL TX,

4, RX always produces a READDATA respoﬂse
TX alwvays produces a WRITEDATA response
TO always produces a READSTATUS regponse
WRITECONTROL is called to enter input mode (with ENTERRX
and STARTTIMER), to enter transnit mode (ENTERTX) and to

cancel both receive and transmit mode (with GENERAL RESET)
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Certain other precautions are also necessary if the implementation
of the machine is to behave according to the state diagram. These
relate to the fact that certain stimuli are only accepted and acted
upon when the machine or package is in certain defined states. For
exemple, a user request stimulus is only accepted when a previously
requested function has been completed. Similarly, a RECEIVE
interrupt stimilus is not allowed when fhe package is in transmit
mode. Such stimuli are invalid and should not be allowed to have
any effect on the staﬁe of the‘communications package., They should

be rejected or ignored at an early stage.,

That the communications package as implemented is a correct
representation of the state diagram can now be tested by enclosing
the package in a simulated enviromnment which takes the package
through the various paths in the state diagrﬁm. The various stimuli
can be simulated by routine calls on the appropriate interfaces.
Where a complicated sequence of stimuli is required, e.g. to simulate
the arrival of a complete message, the sequence can be controlled
by a steering file, vhich can be prepared in advance to provide
specimens of the various message formats to be handled by the

package.

In this simulated environment, the progress of the package from
step to step can be controlled directly by the programmer, and the
state of the package can be investigated after each step if
necessary. The routine calls simulating the interrupts obviously
do not have to be made at the same speed as the real interrupts.

They can be made one-at-a~time under programmer control so that the
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effect of any one interrupt stimulus can be investigated at leisure,
A check can be made that the correct state transitions are being
made and that the correct responses to the stimuli are dbeing

generated.

This method of testing is intended to check out the logical
correctness of the communications package. At the end of this
testing, it can be confidently asserted that the package is logically
corréct, is handling all the stimuli correctly and generating the
correct responses. The package can be subjected to éll the
distinct message sequences in simulated fbrm to test all the
different paths. Also various error conditions can be simulated
by providing stimuli via the ERROR interrupt mechanism, It is
obviously far easier to detect logic erroré vhen running in a
simuleted environment than in a real environment where successive
events occur too quickly for any investigation of state variables to

be carried out.

Since this method of testing deliberately ignores the real-
time aspect, it is clearly not going to show ub any errors that are
strictly timing-dependent. For instance, the existence of any
time~-critical sections of code-vill not be shown up and norAwill
any timing inter-dependency with the rest of the system, e.g. in
relation to the operation and interrupt characteristics of the local
peripherals. Any such questions will require detailed investigation
of the particular system in use, particularly in relation to the
executive, The actual time taken for particular code paths will

have to be calculated by detailed instruction counts. It is
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advisable to carry out such measurements before trying the system out,
since otherwise random faults mey occur which cannot be traced to any
logical errors. This is obviously one of the difficulties of
working with real-time systems. At least by using the testing
method proposed, it should be possible to remove all logical errors

before trying the system in & real-~time environment.

A detailed example of the use of this method to test the

communications package will now be given.

Sequential tests for communications package

A simple test driver can be written which provides the complete
environment expected by the communications package. The driver
will generate stimuli by performing routine calls on the relevant
interface routines. The correct sequence of stimuli is provided by
a steering file. The dAriver reads coded directives from ﬁhis steering
file for each atimuius. As a result of & stimulus the communications
package will generate calls on the four hardware control routines,
The driver includes versions of these routines to simulate the real
ones, These dummy routines can also be used for monitdring
purposes. Calls on the two hardwere control routines that provide
input data (READDATA and READSTATUS) will obtein this from the
steering file, Calls on the two routines that prbduce output
(WRITEDATA and WRITECONTROL) will send this output to a file for

-

later inspection.

The controlling information obtained from the steering file can

be checked against the current state of the package to check that
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they are keeping in step. If there is any discrepancy, then an
error has been found in the cormmunications package, assuming that

the steering file has been correctly prepared.

The driver program should idealxy have access to a general-
purpose debugging and monitoring package, especially if the tests
can be carried out on an interactive system. This fackage is just
referred to as 'MONITOR' in the examples that follow. The particular

implementation will be very system~dependent.

A simple version of the driver can be produced to test one -*
function of the package at~a-time, e.g. READ mode. The calls on
READBLOCK will then be explicitly included in the driver and only
the interrupt stimuli will be controlled by the steéring file, This
makes the driver prograem ailittle simpler, but then a slightly

different driver haé to be written to test WRITE mode.,

The drivef shown in the examples here is a completely general
purpose one which will test all functions of the communications
package by taking READBLOCK and WRITEBLOCK directives from the
steering file as well as the interrupt directives, The driver
includes an explicit call on the INIT routine, since it is assumed

that this only needs to be done once.

These exaﬁples will be coded in IMP since the communications
package was originally coded in IMP. Whére the package is inmplemented
in a different language on a particular computer, the test driver
would also be coded in that language. In the driver, it is assumed

that 2ll the definitions and routines of the cormunications package
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are included as part of the total program, The driver coding is

given on the following pages.



BEGIN
<ALL
GENE
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ZINTEG

XROUTI

CODE AND DEFINITIONS FOR COMMS PACKAGE INCLUDED HERE.>

RAL PURPOSE TEST DRIVER FOR COMMUNICATIONS PACKAGE,

CTIVES ARE READ FROM A STEERING FILE TO CONTROL THE SEOUENCE
STIMULT APPLIED TO THE PACKAGE,

"CODED DIRECTIVES ARE DEFINED AS FOLLOWS:=

READBLOCX, PARAMETERS PROVIDED BY DRIVER _
WRITFBLOCK, DATA AND PARAMETERS FOR VRITEBLOCK FOLLOW
ON THE STEERING FILE, ,

. /
“‘WATT., WHEN THIS DIRECTIVE APPEARS., THE COMMUNICATION PACKAGE

SHOULD HAVE COMPLETED THE LAST REQUESTED FUNCTION,
RECEIVE., INPUYT CHARACTER FOLLOWS ON STEERING FILE.

TRANSMIT
ERPQOR, STATUS REPORT FOLLOWS ON STEERING FILE,

STOP, USED 7O STOP TEST.

H SW(1:7) '
ERFNSPEC READSF sIFUNCTION TO READ NEXT NUMBER FROM

s!' STEERING FILE.
NESPEC WRITEQUT(XINTEGER N):!ROUTINE TO OUTPUT TO MONITOR FILE

AINTEGERARRAY BUFFER(1:400) :!COMMUNICATIONS BUFFER

INIT $VINITIALIZE COMMUNICATIONS PACKAGE -
GO: =>SW(READSF) $ISWITCH ON DIRECTIVE FROM STEERING FILE
]

! READBLOCK DIRECTIVE,. .

SW(1): ‘

%1F STATE=2 4THEN MONITOR JICHECK PACKAGE NOT IN WRITE MODE
BUFFADDR=ADDR(BUFFER(1)) I1SET UP PARAMETERS

BUFFSIZE=400 : $11  FOR CALL,.

READBLOCK 1 IMAKE CALL

-> GO 711G0 BACK TO STEFRING FILE

!

! WRITEBLOCK DIRECTIVE,

SW(2): -

%¥1F STATE=1 %THEN MONITOR J1CHECK PACKAGE NOT iN READ MODE
BUFFSIZE=READSF " 3IREAD PARAMETERS FOR
BUFFTRANSP=READSF 1! WRITEBLOCK FROM
BUFFEOF=READSF st STEERING FILE,

%CYCLE 1=1,1.BUFFSIZE $1ALSO READ

BUFFER(I)=SREADSF 1! BUFFER CONTENTS FROM

%REPEAT i1 STEERING FILE,.

BUFFADDR= ADDR(BUFFER(1)) JISET UP LAST. PARAMETER
WRITEBLOCK 1 IMAKE CALL

=> GO 3160 BACK TO STEERING FILE

SW(3):

! WAIT DIRECTIVE.

%1F WAIY #0 %THEN MONITOR JICHECK PACKAGE HAS FINISHED REQUEST

! MONI
=> GO

TOR HERE IF NECESSARY TO CHECK SUCCESSFUL EXECUTION OF REOUEST,
31G0 BACK TO STEERING FILE



!
! RECEIVE DIRECTIVE.

SW(a): A

%1F INTADDR=2 %THEN MONITOR 3!CHECK PACKAGE NOT IN TRANSMIT MODE
RECEIVE : '3 IMAKE CALL

> GO 7160 BACK TO STEERING FILE

!

{ TRANSMIT DIRECTIVE,

SW(S5) ¢

YIF INTADDR#H2 ZTHEN MONITOR 31 CHECK PACKAGE IN TRANSMIT MODE
TRAMSMIT s IMAKE CALL

> GO 3160 BACK TO STEERING FILE

]

! ERROR DIRECTIVE,

SW(é6):

Y1F INTADDR=2 %THEN MONITOR 3 !ERROR SHOULD MOT OCCUR IN TRANSMITY
ANALYZESTATUS s IMAK CALL

-> GO ' ' 1160 BACK TO STEERING FILE

)

! STOP DIRECTIVE.

SH((7):

%STOP : $1FINISH TEST

! A SET OF HARDWARE CONTROL ROUTINES ARE INCLUDED TO SIMULATE

! THE REAL ONES.

YINTEGERFN READDATA _ 4

! OPTIONAL MONITOR HERE TO FOLLOW PROGRESS,

%RESULT=READSF $1GET CHARACTER FROM STEERING. FILE
%END ' ' :

\ _

YINTEGERFN READSTATUS

! MONITOR MERE? _ ,
%RESULT=READSF JIGET STATUS REPORT FROM STEERING FILE
%END .

!

YROUTINE WRITEDATA(ZINTEGER CHAR)

! MOMITOR HERE? :
SIGNAL CALL ON WRITEDATA

WRITEQUT (1) 3!
WRITEQUT(CHAR) oot FOLLOWED BY CHARACTER,
ZEND

{ .
YROUTINE WRITECONTROL(XINTEGER FUNCTION)
{ MONITOR HERE?

WRITEOUT(2) s 1SIGNAL CALL ON WRITECONTROL
WRITEQUTC(FUNCTION) 3 FOLLOWED BY FUNCTION,
ZEND - . '

! ' :
{ SUITABLE VERSIONS OF READSF AND WRITEOUT MUST BE INCLUDED. BUT THE

! IMPLEMENTATIONS OF THESE WILL BE VERY DEPENDENT ON THE PARTICULAR
! 1/0 SYSTEM AVAILABLE ON THE COMPUTER BEING USED FOR THE TESTS,
ZENDOFPROGRAM . ,

’

i
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Steering File

Two examples of a typical steering file to control the testing
vill be given here. Onee example is a test of READ mode, and the
other a test of WRITE mode. For c;arity, the separate items in the
steering file are separated by commas, although these will not
necessarily appear in an actual steering file. Comments are
intérspersed wvhere necessary to explain the significance of é
particular directive or group of directives. Also interspersed
are portions of the output file (again with suitable explanatory
comments) which would be generated by the WRITEDATA and WRITECONTROL
routines, assuming the packege to be'wbrking corfectly. Contents
of the steering file androutput file are clearly distinguished.
The '<data character>' following a '"RECEIVE' directive can be any
valid character, For simplicity, whar: an arbitrary length
sequence of (RECEIVE, <éata character>) pairs can occﬁr in a message,
this is shown by round brackets., A similar convention is used

for the output file.

For the sake of clarity, information which would be coded
numerically in practice is shown symbolically here to make it
easier to follow the sequences. The following symbolic abbreviations

are used:-



Directives

Status Reports

Output File Entries

Control Functions

wC

GR

ET

ST

88
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READBLOCK
WRITEBLOCK
WALT
RECEIVE
TRANSMIT

ERROR (ANALYZESTATUS)

TIMEOUT
LOST CARRIER

DATA OVERRUN

WRITEDATA

WRITECONTROL

General Reset on communications channel
Enter Receive
Enter Transmit

Start timeout interval

Select SYN character
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for READ test

ouT
SF
ouT
SF
our
SF
our
ouT
SF

ouT
SF
ouT
SF
ouT
ouT
SF

ouT
SF

wc,SS

RB

WC, ER, WC, ST

RX ,ENQ

WC;GR,WC,ET

TX , TX , TX

WD ,DLE WD, ACKO ,WD ,PAD
WC,GR,WC ,ER;WC,ST

RX,STX, (RX, <char>) ,RX

ETB,RX,bee ,RX,bece
WC,GR '
T ,RB

WIC,ET

TX , TX, TX

WD ,DLE WD ,ACK1,WD ,PAD
wC,GR,YC,ER,WC,ST

RX,STX,(RX,<char>) ,RX,
ITB,RX,bcc,RX,becc,
(RX,<char>) ,RX,ETB,RX,
bee ,RX,bee

WC,GR

WT,RB

WC,ET

TX ,TX, TX

WD ,DLE WD ,ACKO ,WD, PAD
WC,GR,WC,ER,WC,ST

RX,STX,(RX,<char>) ,RX,
ETB,RX,bad bee ,RX,bad bece

WC,GR,WC ,ET
TX,TX

WD ,NAK WD ,PAD
vc,GR,WC ,ER,WC,ST

RX,STX, (RX,<char>) ,RX
ETB,RX,bce,RX,bee

WC,GR
WT,RB

Select SYN generated by INIT routine
First READBLOCK directive

Enable receive for arrival of first ENQ
Arrival of first ENQ

Reset receive and enter transmit for ACK
TRANSMIT interrupts for acknowledgement

Output of acknowledgement

Cancel transmit and wait for data block
Single Record block

Cancel receive after block

Call WAIT followed by next READBLOCK
Enter transmit for acknowledgement
Interrupts for acknowledgement
Output of acknowledgement

Cancel transmit and wait for block
Block with 2 records and ITB

Cancel receive after block
Call WAIT Tfollowed by READBLOCK
Enter transmit for ACK
Interrupts for ACK

Output of ACK

Cancel transmit; enter receive

1 record block with block check failure
Enter transmit to send NAK

Interrupts for NAK

Output of NAK

Cancel transmit and await input

Re~transmission of block in error
Cancel receive after OK block
Call WAIT followed by READBLOCK
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QUT WC,ET Enter transmit for ACK
SF TX,TX,TX Interrupts
OUT WD,DLE,WD,ACK1,WD,PAD Output of ACK
QUT WC,GR,WC,ER,WC,ST, Cancel transmit; wait for input
SF RX,STX.(RX,<éhar>),As,To Block not properly terminated
ouUT WC,GR,WC,ET Enter transmit to send NAK
SF TX,TX Interrupts
OUT WD,NAK ,WD,PAD Output of NAK
OUT WC,GR,WC,ER,WC,ST . Cancel transmit; wait for input
SF RX,STX,(RX,<char>),RX, '
ETB,RX,bec,RX,bce Correct re-transmission of previous dblock
.8_@. WC,GR : ‘ Cancel receive after block input
SF WT,RB ’ WAIT followed by READBLOCK
OUT WC,ET Enter transmit for ACK
SF TX,TX,TX Interrupts
OUT WD,DLE,WD,ACKO,WD,PAD  Output of ACK
OUT WC,GR,WC,ER,WC,ST Cancel transmit; wait for input
SF AS,TO Timeout waiting for input
OUT WC,GR,WC,ER,HWC,ST Weit again after checking retries
SF RX,ENQ,RX,PAD Receive ENQ requesting repeat of last ACK
OUT WC,GR,WC,ET Enter transmit to send ACK again
SF TX,TX,TX Interrupts
ouT WD,.DLE,WD,ACKO,WD,PAD Output of repeated ACK
QUT WC,GR,WC,ER,WC,ST Cancel transmit; wait for input
SF RX,STX,(RX,<char>) ,RX |
ETX,RX,bce ;RX,bee Last block in file
OUT WC,GR Cancel receive after block input
BF WT,RE _ WAIT followed by READBLOCK
OUT WC,ET Enter transmit for last ACK
SF VWD,DLE,WD,ACK1,WD,PAD  Output of last ACK
OUT WC,GR Cancel transmit after last ACK
SF WT Final WAIT,EOF parsmeter should be set

&

STOP End of Test
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Steering File and Output File for WRITE test.

OUT WC,8S Select SYN generated by INIT routine

SF WwB,L40,0,0,<40 data WRITEBLOCK directive, followed by -
chars> '~ parameters and 40 data chars.

OUT WC,ET Enter transmit for first ENQ

SF TX,TX Interrupts to output first ENQ

OUT WD,ENQ,WD,PAD Output of first ENQ

OUT WC,GR,WC,ER,WC,ST Cancel transmit; wait for input

SF RX,DLE,RX,ACKO Receive positive ACK in response to ENQ

OUT WC,GR,VWC,ET Enter transmit to send first block

SF TX,ho(TX),TX,TK,TX Trensmit interrupts for block

OUT WD,STX,40(WD,<charsy,
WD,ETB,WD,bcc,WD.bece Output of block

OUT WC,GR,WC ,ER,WC,8T Cancel transmit; await input
SF RX,DLE,RX,ACKl Receive correct acknowledgement
OUT WC,GR Cancel receive after ACK
SF WT ‘Call WAIT %6 check termination
SF WwB,31,0,0,<16 chars, NextoWRITEBLOCK with data of 2 records
ITB, 14 chars> and ITB ‘
OUT WC,ET
SF TX,16(TX),TX,TX,TX,
14 (TX),TX,TX,TX Interrupts
OUT WD,STX,16(WD,<char:),
WD,ITB,WD,bece,lWD,bee,
14(WD,<char>) ,WD,ETB,
WD,bec,WD, bee Output of block
OUT WC,GR,¥WC,ER,WC,ST Cancel transmit and wait for input
SF RX,DLE,RX,ACKO Receive correct acknowledgement
OUT WC,GR Cancel receive after ACK input
SF WT Call WAIT
SF WB,20,0,0,20<chars> Next WRITEBLOCK with 20 chars
OUT WC,ET Enter transmit for next block

SF TX,20(TX),TX,TX,TX Interrupts

OUT WD,STX,20(WD,<char>),
WD ,ETB,WD,bce,WD,bec Output block

OUT WC,GR,WC,ER,WC,3T Cancel transmit and wait for input
SF RX,NAK,RX,PAD Receive NAK indicating transmission error

OUT WC,GR,WC,ET Cancel receive, enter transmit again



8F TX,20(TX),TX,TX,TX

OUT WD,STX,20(WD,<char>),
WD,ETB,WD,bec ,WD,bece

OUT WC,GR,WC,ER,WC,ST
SF RX,DLE,RX,ACK1
OUT WC,GR

SF WT

SF WB,25,0,0,<25 chars>

OUT WC,ET
SF  TX,25(TX),TX,TX,TX

OUT WD,STX,25(WD,<char>),
WD,ETB,WD,bec,WD,bee

OUT WC,GR,WC,ER,WC,ST
SF AS,T0 ‘
OUT WC,GR,WC,ET

SF TX,TX

OUT WD,ENQ,WD,PAD

OUT WC,GR,WC,ER,WC,ST
SF RX,DLE,RX,ACK1
OUT WC,GR,WC,ET

SF TX,25(TX),TX,TX,TX

OUT WD,STX,25,(WD,<char>),

WD,ETB,WD,bce,WD,bee
OUT WC,GR,WC,ER,WC,ST
SF RX,DLE,RX,ACKO
OUT WC,GR
WT ‘ ‘
WB,30,0,1.<30 chars>
OUT WC,ET
SF TX,30(TX),TX,TX,TX

OUT WD,STX,30(WD,<char>),
WD,ETX,WD,bece,WD,hee

OUT WC,GR,WC,ER,WC,ST
S8F RX,DLE,RX,<grot>
OUT WC,GR,WC,ET

SF TX,TX

OUT WD,ENQ,WD,PAD

5 1%
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Interrupts for repeat of same block

Repeat block
Cancel transmit; wait for response
Receive correct acknowledgement
Cancel receive after ACK

Call VAIT

Next WRITEBLOCK of 25 chars

Enter transmit for next block

Interrupts

Output dblock
Cancel transmit; wait for response
No response - timeout error

Enter transmit to send ENQ

Interrupts

Output of ENQ to request repeat of ACK

Cancel transmit and await response

Receive wrong acknowledgement

Prepare to send same block again

Interrupts

Output Block
Cancel transmit; await input
Receive correct acknowledgement
Cancel receive ’

Call WAIT

WRITEBLOCK with 30 chars and EOF
ENTER transmit to send block
Interrupts

Output final block
Cancel transmit; await response
Receive invalid acknowledgement
Enter transmit to request repeat
Interrupts

Output ENQ to request repeat of ACK



OUT WC,GR,WC,ER,WC,ST
SE

RX,DLE,RX,ACK1

OUT WC,GR,WC,ET

SF

TX,TX |

OUT WD,EOT,WD,PAD
OUT WC,GR

gF
SF

WT
STOP
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Cancel transmit; await response
Receive correct final ACK

Enter transmit to send EOT
Interrupts

Output EOT

Cancel transmit

Final WAIT

End of test
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1.7 Hardwere Interfacing Routines

As was mentioned in the previous chapter, the hardware interfacing
routines form the one software component that has to be planned and
written anew for each new system, These routines provide the real
environment into which fits the communications package. These routines
must be designed to produce the standard interfaces to the real

envVironment which the communications package expects.

The characteristics of this standard interface have been described

previcusly, but it is useful to summarize them here.
Hardware to software:-

RECEIVE - next input character assembled; only occurs after package
has selected receive mode and all leading SYN characters
have been removed

TRANSMIT - next output character required; only occurs after package
has selected transmit mode and all leading SYN characters
have been generated

ANALYZESTATUS = (or ERROR) - an error condition has been detected by
the communications hardware which must be notified to the
software; TIMEOUT can only occur after a STARTTIMER
command has been issued; LOST CARRIER and DATA OVERRUN
can only occur when the package is actively receiving
data; PARITY can only occur when the package is actively
receiving data and parity—-checking mode has been selected;
MODEM FAULT can occur at any time after the hardware

has been initialized,
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These three interrupts should not interrupt each other,
Software to Hardware:-

READDATA - get latest input character (after RECEIVE)
WRITEDATA - put next output character (after TRANSMIT)
READSTATUS - get latest error report (after ERROR)
WRITECONTROL-- perform control function from list -

SELECT SYN CHARACTER,SET/RESET PARITY

CHECKING,ENTER RECEIVE MODE,ENTER

TRANSMIT MODE,START TIMER, RESET COMMUNICATIONS CHANNEL,

ENABLE/DISABLE COMMUNICATIONS INTERRUPTS

When implementing this interfacing software, it should be
noted that it is not always necessary or even possible to implement
the complete specification. For example, the cormunications
hardware may not give any indic~tin~n of LOST CARRIER or MODEM FAULT
error conditions end there is no way in which the software can
&étérmine the modém status independently. Also, it is not necessary
to implement the parity checking features if it is known that the
traﬁsmission code to be used does not make use of tharacter parity.
The ENABLE/DISABLE INTERRUPTS control commands are énly needed as a
meens of making the user interface routines READBLOCKvand WRITEBLOCK
non-interruptible by communications interrupts. Normally, execution
of these routines would not be interrupted anyway because neither the
receive or transmit channel is enabled when these routines are called

(see state diagrams).
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However, there are speciel optional protocol sequences which
may be implemented to prevent timeout errors at the other end when
there are long delays between successive calls on READBLOCK and
WRITEBLOCK, such as might occur when véry slow peripherals are being
used, e.g. incremental graph plotter. The special sequences are
deseribed later in the chapter on cormunications protocols. The
effect of them is that the communications channel mgy be active when
READBLOCK or WRITEBLOCK is called, and communicationé interrupts may
occur, In this case, it would be necessary to implement the ENABLE/
DISABLE INTERRUPTS facility in order to prevent the.interruption of
the execution of these routines, vhich alter a number of state

variables.

For normal operation, the minimum features of the hardware interfacing
routines which must be provided for the communications package to work

ares-

RECEIVE

TRANSMIT

ERROR with TIMEOUT

READDATA

WRITEDATA

READSTATUS

WRITECONTROL with SELECT SYN,ﬁNTER RECEIVE, ENTER TRANSMIT,

START TIMER, RESET COMMUNICATIONS CHANNEL

No particular guidelines can be given about how these hardware
interface routines should be implemented on a particular systen,

although the versions produced so fpr could usefully be stﬁdiéd. If
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the IMP version of the communications package is being used, it

is essential that the first—-level interrupt routines set up the
correct IMP run-time environment, such as stack pointers, before
calling the IMP interrupt routines. It is also necessary to
preserve the state of the interrupted IMP run—-time environment,
vhere this involves unique store locations, for a safe return from

the interrupt.

Testing the hardware interfacing routines

The hardware interface routines can only be properly tested
using the real hardware in a real-time environment. The code
involved is generally sufficiently simple that there is little point
in running it in simulated mode first. If the code involved is at
all complex on a particula; system, as was the case with the Modular
One where input synchronisation had to be performed by software,
the complicated logic paths can first be cheéked out in an off-line

mode using special tests.

After any initial off-line tests have been performed, the way
to check out this component is to include a very simple set of routines
in place of the communications package. This simple set of routines
accepts interrupts via the interrupt interface and generates calls on
the hardware control routines to test all the functions, This simple
set of routines does not implement any protocol, but just provides for
input or output of very simple messages. A minimal set can be used
to mirror the functicns cf the simple hardware test programs described
under communications hardware checkout procedures. These provide
for input and output of single character messageépgplg, and a timeout

test.
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The coding for an IMP version of these tests is given on
following pages. It is a trivial matter to code equivalent tests
in the particular language being used, The tests shown will test
out the minimum functions of the hardware interface software as
defined above. The tests can be easily extended to test any other
functions. If these tests are performed correctly, then the

system should be ready for trying the communications package proper.

11.8 User Interface routines and executive interface

The functions of the four user interface routines have been
deseribed previously. It may be necessary to re-code parts of these
routines for a new system, depending on the particular mechanism used
for calling routines and passing parameters. The executive interface
is also considered here, since this is normally initielized as one of
the functions of the INIT routine, and this will certainly need to be

re-~coded for a new system,

The four parameteré interchanged between the user program and the
cqmmunications package are buffer address, buffer gize or character
count, transparency mode flag, end-of-file flag. There is no
particular difficulty associated with transferring those parameters
except for the buffer address parameter. This will normally involve
the manipulation of actual machine addresses which is not always
possible in a high-level language. This will either have to be
resolved by the use of in-line machine code, or by having the data
buffers defined as arrays and explicity referenced by name by both

user progranm and communications package.



ZBEGIN

! TEST PROGRAM FOR HARDWARE IMTERFACE ROUTINES,
%INTEGER CHAR,NUMPARS,STATUS.,TEST
! <CODE FOR HARDWARE CONTROL ROUTINES HERE.>

ZROUTINE INIT

! SIMPLE INIT ROUTINE FOR HARDWARE AND EXECUTIVE INITIALIZING,

WRITECONTROL(RESETCHANNEL)
WRITECONTROL(SETIRMSYN)

! <PERFORM NECESSARY HARDWARE INITIALIZATION HERE.>
! <PERFORM NECESSARY EXECUTIVE INITIALIZATION HERE.>

%END
ZROUTINE RECEIVE

! SIMPLE RECEIVE ROUTINE TO INPUT ONE CHARACTER,

CHAR=READDATA
WRITECONTROL(RESETCHANNEL)
ZEND

ZROUTINE TRANSMIT

JYFETCH THE INPUT CHARACTER
3! AND CANCEL RECEIVE MODE.

! SIMPLE TRANSMIT ROUTINE TO OUTPUT-ONE CHARACTER,

%1F CHAR>=0
WRITEDATA(CHAR);
10:
ARETURN.

YFINISH

WRITEDATA(PAD)
NUMPADS=NUMPADS =1

-> 10

YEND

“ROUTINE ANALYZESTATUS
STATUS=READSTATUS
WRITECONTROL(RESETCHANNEL)
%END

! MAIN CODE BEGINS HERE.
%SWITCH SW(1:3)

INIT
READC(TEST) :
SW(1):

102 CHARSw1
WRITECONTROL(ENTERRX)
11: =>11 %UNLESS CHAR>=0
WRITEOCT(CHAR)

-> 10

SW(2) s _

20: CHAR=READOCT
NUMPADS=1
WRITECONTROL(ENTERRX)
21 => 21
PRINTSTRING('TX')

NEWLINE

=-> 20

SW(3):

30t STATUS=w1
WRITECONTROL(STARTTIMER)
34: =>31 ZUNLESS STATUS>=Q
WRITEOCT(STATUS)

-> 30

ZTHENSTART
CHAR==1

~>SW(TEST) -

! SUITABLE VERSIONS OF READOCT AND

YUNLESS CHAR<Q ZAND NUMPADS=0

IF DATA CHAR OUTPYT
DO IT AND SET SWITCH,

JITEST
sV1IF NOT

%Z1F NUMPADS=(Q X%ZTHEN WRITECONTROL(RESETCHANNEL) s!'CANCFL TRANSMIT

3! UNLESS PADS 70 BE OUTPUT,

J10UTPUT 1 OR MORE
31!  PAD CHARACTERS
1! AFTER DATA CHARACTERS,

$1FETCH STATUS REPORT
3! AND RESET CHANNEL,

$VINPUT TEST

$ISET INVALID CHARACTER

'ENABLE RECEIVE CHANNEL

'WAIT FOR INPUT CHARACTER

IPRINT IT OUT

IREPEAT TEST"

'OUTPUT TEST .

'FETCH A CHARACTER FOR TRANSMISSICGN
§i1SET COKRECT NiIIMBER OF PADS (0,1 OR2)
JIENTER TRAWSMIT MODE

PITEST OQUTPUT LOMPLETE
J1INFORM OPERATOR

.

e % % % %

11REPEAT TEST
JITIMEOUT TEST |
JISET INVALID STATUS REPORT
SISTART TIMER

J'WAIT FOR STATUS REPORT
JUIPRINT IT FOR OPERATOR
J'REPEAT TEST

WRITECCT MUST BE INCLUDED TO

! ALLOW COMHUNICATION WITH THE OPERATOR,

ZENDOFPROGRAM

e e e e o -
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Any required hardware initialization should be included as part
of the INIT routine. This involves selecting the particular SYN
character to be used and setting the hardware into a state which can

be controlled by the use of the four hardware control routines.

The executive interface must be correctly initialized from the
INIT routine such that any communications interrupts are routed through

to the appropriate first-level interrupt handler.

Testing of user interface routines and executive interface

The user interface routines form part of the cdmmunications
package as tested by‘the stéering file method. Since these tests
are performed using the language to be used for the final implementation,
the same user interface routines are épplicéble to the final working
version. Problems in connection . with passing machine addresses as

parameters can be resolved at that early stage.

Those parts of the INIT routine which are different on a new
system, i.e, hardware initialization andvexecutive interface
initialization, can be tested as part of the tests on the har&wére
interface routines. Those tests are carried out in a real environment
and as such include a minimal INIT routine to perform initialization

of hardware and executive interface,

If those tests, which use the real hardware and the real executive
are performed correctly then the same INIT code will work in the

complete system,
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11.9 Conclusions about trans’erability

This chapter hés attempted to give a complete and detailed
descriptioﬁ of a step~by-step procedure for transferring the
communication system to a new smali computer, This requires ﬂo
understanding.of the detailed internal workings of the system, merely
an appreciation of the interfaces it presents to the real environment
and sufficient knowledge of the nev small computer to be able to match
these interfaces correctly. The system therefore has the desired

'plug-in' capability.

Using the procedures described in this chapter, new versions of
the system have been produced, as described iﬁ the previous chapter,
by people with no previous experience of the system or of
communications and with little previous experience of the particular
small cémputer used. The time taken has been three to four man-
months, inecluding harnd translation from IMP to.assembler. For an
experienced person using the IMP version directly, implementation
of a new version should take no more than one month, including

familiarisation with the new hardvare.
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Chapter 12

COMMUNICATIONS PROTOCOLS FOR INTER-COMPUTER WORKING

12,1 Introduction

This report has concerned itself so far with just one type of
communications protocol, namely half—duplex point-to-point protocol
for one way working. All the programming work described relates
only to this type of protocol, and primarily to one particular
implementation of it, namely IBM Binary Synchronous protocol (BSC),
although all half-duplex point-to-point prétocols are similar, as

has been mentioned previously.

Further work has been ca;ried out, which relates to the
development and implementation of other protocols. The details
of this work have not been described here, since it adds nothing
new to the ideas that have been developed in this report except in
so far as confirming the usefulness of the ideas in new applications,
since the same techniques have been used, However, the experience
gained from this work on other protocols could usefully be applied
in comparing different types of protocol and judging their
suitability in different applications. That is the purpose of this

chapter.

It is not proposed to give an exhaustive account of protocols
since the general subject is a large one, and the detailed study of
particular aspects of protocols could form the basis of a thesis in
its own right, as has already happened(zs), It is intended rather

to indicate the essential features of protocols and to bring out the

points where comparisons between different ones should be made,
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illustrating this by reference to some examples of existing
protocols. Only protocols used for point-to-point links are
considered, since this is the normal method of inter-computer

connection,

12.2 General characteristics of protocols

A communications protocol can be defined as a set of rules to
be followed by two ends of a communications link to ensure reliable
and error-free transmission over that link. In order‘that a data
communication technique can be justifiably deseribed as a protocol, .
it must demonstrate certain essential characteriétics in order to

comply with these criteria of reliable and error-free transmission.

If the data transfer is to be reliable, then no data should
be sent unless the receiver indicates that it ¥s willing to receive
it. This means that the receiver must have complete control over
the rate at which data is sent to it so there must be a 'stop/continue!
response, or 'logical acknowledgement', which is generated by the

receiver after receiving data.

To ensure error-free transmission of data, each data block must
include a redundance check, which may be character parity and block
parity or other forms of block check sum, Phe receiver should send
a8 'positive acknowledge' response if the block is received correctly
or a 'negative acknowledge' response to request a re-~transmission
if the block is received incorrectly. . This response is called the
'physical acknowledgement!', Thus, any data which does suffer

transmission errors is recoverable.,
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Although redundancy check schemes cannot guarantee 100% error
detection, the methods currently in use come very close to this.
For example, a VRC/LRC check will detect all single error bursts up
to 8 bits in length and over 99% of others; a CRC check will detect
all single error bursts up to 16 bits in length and over 99.99% of

(27)

others

The protocol mgst also include other error control procedures
in addition to the basic block check in order to recover from lost
or completely corrupted transmissions., The use of block sequente
counts, checking of all control sequences and the use of timeritts
are techniques used to prevent lost or duplicated data blocks

going undetected.

12.3 Examination of existing protocols

A number of such protocols have been devised and implemented,
varying considerably in the way the link can be used. There is
currently no widely implemented international standard :
protocol and computer manufacturers gen;rally support a protocol
peculiar to their own systems, although the simpler protocols have
a lot in common, There is currently work in progress in ISO to

(28)

define a new, sophisticated protocol which should be suitable

for a wide range of applications.

This protocol has not yet been agreed by the major
manufacturers, and even if they do agree, it will be many years
before it becomes widely available because it requires completely
different communications hardware, incompatible with any presently

used on major computers,
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In the meantime, protocols currently in use or envisaged can

be grouped under three headings:-

a) half-duplex with data transmission one way at a time

b) half-duplex with alternate two-way data transmission

interleaved

c¢) full-duplex with two-way data transmission simultaneously

These three groups will now be considered separately, giving &
description of the protocols in terms of the criteria above and
commenting on the usefulness and areas of applicability, efficiency

and complexity of implementation of the protocols.

12.4 Applicability of protocols

Areas of applicability relate to such things as bulk data
transmission, Remote Job Entry applications, facilities for operators
of bulk data transmission systems, interactive applications where a
rapid interchange of data is a requirement, data collection
applications where the data is not stored on a physical medium
but is generated dynamically at a rate independent of the line

speed,

12,5 Efficiency of protocols

Efficiency is a measure of the useful data traffic over the link
and is defined as the ratio of actual user data transmitted per
second to the quoted transmission rate of the link (e.g. 2400 baud),
this figure being expressed as a percentage. The calculations of
efficiency assume that the line speed is the limiting fgctor in

the system. It is assumed that any peripherals involved are fast
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enough to keep the line fully loaded and that sufficient buffering
is performed to permit maximum overlap of line activity and
peripheral activity. This obviously depends on the particular
application and implementation but economic line speeds are still
relatively so low that maximum line efficiency is considered to

be an important objective of a communication systeﬁ. Obviously,
there may be applications where high line efficiency.is not important
and a high speed link is intentionally under—-utilized. In such

systems these efficiency considerations are not relevant.

A major factor in efficiency considerations relates to the use
of a 2-wire or M-wire communications link., A b-wire link provides
twp‘independent circuits for the transmit and receive paths, while
a 2-wire link provides a single circuit which must be used alternately
for transmit and receive, A“Y=wire 1ink can support both half-duplex
and full-duplex protocols, ﬁhile a 2-wire link can support only a
hal f-duplex protocol. A'l-wire link can only be obtained by renting
4a private line from the G.P,.O. Links that make use of the normal
telephone network can only be 2-wire, unless two separate links are

used in parallel, i.e. using 4 modems,

The difference between the two types of link arises from the
use of half-duplex protocols. In a half-duplex protocol, transmission
over the link only ever takes place in one direction at a time.
Each end is either transmitting or receiving, never both:at..the same
time, A half-duplex protocol relies on a 'hand-sheking' arrangement
whereby protocol messages are exchanged one—fbr—one, with each end

transmitting a message and then waiting to receive a response.
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In order to transmit a message, data carrier must be generated
and stabilised before any actual data can be sent and this process
can take up to about 100m8(29). At the end of the message, carrier
is removed to return the circuit to & quiescent state and this also
takes a finite time to ensure that all oscillations have subsided.
On a b-wire link, data carrier can be maintained permanently in
both directions even though no data is being transmitted. This
means that data can be transmitted immediately without waiting to

establish the carrier and similarly there is no delay at the end

of s message when carrier is removed.

On a 2~-wire link, since the same circuit is used for both
transmitting and receiving, carrier must be established and removed
for each message to free the circuit for the response in the opposite
direction, which likewise involves establishing and removing carrie:.
Each change of direction of transmission, or line turnaround,
therefore involves establishing and removing carrier, which can add

up to 200 ms to the actual message transmission time.

Any protocol which involves frequent line turnaround or has a
short average messﬁgé length comparaﬁle with the line turnaround
time will have & much lower efficiency on a 2-wire link than a L-wire
link, These considerations obviously do not apply to full-guplex

protocols which can only operate over a h—wire link.

The iine efficiency can be increased by using a bigger average

¢k

bloek size, such that the message transmission time becomes
significantly larger than line turnaround time. This process cannot

be continued to give indefinitely increasing line efficiency, however,

a
PN
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since a larger block is more susceptible to transmission errors
requiring a retransmission of the whole block. There is thus an
optimum block size which is determined by the amount of buffer store

available and the line error rate for sny particular situation.

A graph of line efficieney ageinst average block size would have
the general shape shown in Figure 12.1. The position of the peaks
and the maximum efficiency attainable for a particular protocol is

very much dependent upon the error rate for the particular link in

use.
~
E-fj-'u‘_'\?,ncy
L — wivre
A-wiee
5 Biock Size
F"»3u.1-e (P E-gfec.t of block size on data Ftansmission

The 2-wire link is assumed to have a smaller optimum block size
because the mse of switched network facilities normally gives a

higher error rate,

‘A detailed analysis of line efficiency in relation to average
block size and line error rates is given in references (30) and

(31).
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12,6 Implementation complexity

’

Complexity of implementation relates to the implementation of
8 communications system using the particular protocol on a small
computer., This includes the number of distinct protocol seguences
that have to be recognised and generated, the overall complexity
of the system, including the user program part, and whether this

needs to support multiprogramming.

12.7 Half-duplex protocol with ane-way data traffic .

This is the simplest type of communications protocol and is one
level of the IBM Binary Synchronous protocol(32) (BSC) snd one level

(33)

of the ISO Basic Mode Control Procedures » 88 used by ICL.

In the following description, the terms 'master' and 'slave'
will be used to denote respectively the end transmitting data and
the end receiving data. A pictorial representation is given in

Fig‘ure l2.2.

This protocol starts with a link idle condition and permits
either end to bid for control of the link to send data by transmitting
an enquiry (ENQ) character. This can obviously produce a contention
situation if both ends bid for control of the link at the same time.
This can be reshblved either by operator intervention or by
designating one end as 'primary' and the other end as 'secondary’.

The distinction lies in giving the primary a shorter timeout than
the secondary for ENQ retransmission, The secondary will give up
its attempt for the line if it receives an ENQ in response to its own

ENQ. If the end receiving ENQ wishes to receive data, . =
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it responds with a positive acknowledgement (ACKO) and assumes
slave status, Upon receiving this response, the other end

assumes master status and can transmit data.

A complete file of data is then transmitted by the master as
a series of message blocks, each block containing error-checking
information. If a data block is received correctly, the slave
responds with a positive acknowledgement when it is read& for the
negt block. This then constitutes both the physical.end logical
acknowledgement, All blocks are therefore individually
acknowledged and the transmission proceeds in a 'hand-shakipg'
fashion. Alternating odd and even positive acknowledgements (ACKO
and ACKl) are used to ensure that no block is lost as a result of
an error situation. If a block is received incorrectly, the slave
transmits a negative acknowledgement (NAK) to request a re~transmission,
When the master has sent a block, it starts & time interval to await
the response. If the time interval lapses before the response is
received, the master sends an 'ENQ' character to request a repeat of

the last response.

If the slave does not recognize the data being received as a
data block or a control sequence, or if it receives nothing at all
for a period of time, it should make no response, Using these

measures, lost or completely corrupted transmissions are recoverable.

Transmission continues block by block until the master has no
more data to gend, wvhich it indicetes by transmitting end-of-file
either using a different block-ending character (ETX instead of ETB)

or an end-of-transmission control character (EOT) or both.
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After an end-of-file, the link returns to an idle condition, and
the appropriate procedure for starting a transmission must be used

before any more data can be sent in either direction.

With these protocols, it is also possible to send addressing
information with the data in order to select one of a number of
alternative peripherals to receive the data. The way in which this
addressing mechanism ia implemented differs from system to system.
The peripheral address mey be included with the initial ENQ, it
may be included. in every data block or it may just be sent when it
is required to switch from the current peripheral to a differenf one,
This mechanism permits, for example,.the operator's console
typewriter to be addressed directly so that relevant information

can be easily displayed for the operator.

This describes the basic rules for this type of protocol, which.
can be seen to have @ number of limitations. Firstly, once data
transmission‘has started in one direction, there is no way that the
direction of transmission cen be turned around until after end-of-
file, even if the slave has an urgent message to transmit., Secondly,
if the slave is outputting the data to a very slowv peripheral such
that it cannot accept any more data down the link because its buffers
are not empty, the slave must withhold the positive acknowledgement
for the previous block since sending it would imply that it was
ready for another block. This will cause timeout errors at the
master wvhich will be indistinguishable from real error conditions.

A similar situation exists vhen the master is taking the data from

a very slow peripheral, vhich will cause timeout conditions at the
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slave. Neither condition causes any loss of data, but if either
end interprets a long timeout as a permanent error condition, it is

liable to sbort the transmission and not continue.

Additional protocol sequences are defined within the BSC
protocol to cater for both the above situations, although it is not
mandatory that they be implemented. There are two solutionz to the
probtem of the slave having an urgent message to transmit, The
first allows the slave to tranémit a single data block instead of a
positive acknowledgement. Transmission then continﬁes as before
and a short reverse message has been transmitted without changing
the general direction of §ata transmission., This is known as a
‘conversational acknbwledgement' and is useful for operator commands
or messages againstAthe general data flow, The other solution
‘allows the slave to transmit a 'reverse interrupti (RVI) acknowledgement
in place of a positive acknowledgement as a signal that it wishes to
reverse the direction of data transfer. The master should then
empty its buffeis and send an immediate end-of-file, after which the
direction of transmission can be turned around. This then allows
for a complete reversal of data direction on demand from the slave.
This solution implies that one end has an overall higher priority
for data transmission than the other end, since if both ends try
to use the facility it would be 4qifficult to achieve data transfer

in either direction without continual interruptions.

The solution to the second problem above also involves the use
of a special acknoviedgement instead of a positive acknowledgement.,

This is known as 'wait before transmit' or WABT. This is sent to
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prevent the master from timing-out and means thet the previous block
has been correctly received but there is not yet a buffer availeble
for the next one. The master responds with 'ENQ® and the slave
can continue to transmit WABT until it has & buffer available when
it will transmit the correct positive acknowledgement, and
transmission can proceed. This mechanism allows the Dhysical and
logical acknowledgements to be sepafated. A similar solution can
be used by a master if it has no data immediately availablé éo
send and wishes to prevent the slave from timing-out. It sends a
'temporary text delay' (TTD) sequence in place of a text block, to
which the slave should respond with NAK, This exéhange can

continue until the master has data available again.

Sequences are also defined within the ICL use of ISO Basic lMode
protocol to cater for the above limitations, The form of
acknowledgement used in this protocol is <status> ACK, where the
status field includes the odd/even acknovledgement switch., Other
flags are included in the status field to indicate 'buffer full',
meaning that the slave cannot receive any more data at the moment,
and 'attention', meaning that the operator wishes to send an input
message. These two responses are roughly analagous to WABT and
RVI respectively in BSC. There is no direct equivalent of the TTD
Sequence. If the master temporarily has no data onsend, it
transmits EOT without the preceding end-of-file indication normally
sent when no more data is available, so that the slave can distinguish

between the two conditionsa,
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Applicability

This type of protocol is, therefore, applicable where bulk
transmission of ﬁata is required betveen two points, e.g. Remote
Job Entry, and where the limitation of predominantly uni-directional
dasta transfer does not present any problems. This implies that
the data will normally bé stored on some physical medium, since
there is no guarantee that data gathered or generated dynamically can
be transmitted immediately unless the circuit is dedipated to

transmission in one direction permanently.

The protocol is not suitable for situations requiring a rapid
exchange of data, such as in interactive applications, since the
procedure for reversing the direction of transmission is cumbersome

and comparatively slow compared with the actual data rate,

Hovever, most bulk data transmiésion applications requiring
the higher speeds provided by synchronous transmissions are not
seriously hampéred by these limitations and this type of protocol
is probably more widely used than any other for this sort of
application, The main problem arises from the inability of the
opersator to send or receive control information while transmission
is in progress and this problem can be overcome if the 'conversational'

response (BSC) or the 'attention' response (ICL/ISO) is implemented.

Efficiency

The efficiency of line utilizeticn with this type of protocol
can be very high and is dependent on the maximum block size used

and the delay involved in line turnaround. This latter factor is
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dependent upon the use of a 2-wire or U4-wire communications link,
as explained previously, and the time taken to analyze the input
message and generate the appropriate response, which time will be

the same for 2-wire and b-wire links.

Assuming a simple non-traﬂgparent text block with framing
characters STX and ETX and two block check characters, an
acknowledgement of two characters, and six leading SYN characters
on each message, the redundancy due to control characters for a
single data block is eighteen characters. With the IBM BSC
‘protocol, a common maximum block size is 4OO characters with an
average of about 360, so that control characters use only about
5% of the line capacity. This gives a maximum line utilization
of about 95% of useful data, assuming a b-wire link with negligible
turnaround delay. On a 2-wire circuit with a 200 ms turnaround
delay, assuming a 2400 baud line and average block size of 360
characters, approximately 30% of line capacity is lost in turnaround
time since there are two line turmarounds for each block. The
effective line utilization then drops to a much lower 65% of quoted

data rate, so the difference is considerable.

The standard ICL terminal using a protocol of this type employs
a maximum buffer size of 80 characters and an average of only 50
characters. The average useful line utilization on a L-wire line
is then only about 70%, and on a 2-wire line drops considerably to

well under 50%.

The efficiency of this type of protocol can therefore be close

to 100% on a b-wire line provided the average block size is much
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larger than the number of control characters required for each block
transmitted. The problem of turnaround delay on a 2-wire link is
common to all protocols and can only be minimised by a large average
block sige. The larger the block size, the greater the
susceptibility to transmission errors requiring a re-transmission,
80 a suitable compromise must be reached (see introductory section).
Since 2-wire links are normslly associated with the Public Telephone
Network and have a very variable quality, it is difficult to make
any confident estimates of wﬁat this compromise is likely to be.

The 400 character maximum block size used by ERCC in an extensive
trial of Public Network operation at 2400 baud produced a

(34)

recoverable error rate of about 10% , but no tests were done

with a different block size.

Implementation complexity

A communication system using this type of protocol can de
implemented with the minimum of complexity since the protocol imposes
e limitation of only one active function at any one time; The

vimpleméntaxion details of the communications protocol package have
been given in a previous chapter and requiré‘some code at the user
program level and some code at the interrupt level. The overall
gtructure of the system is very simple requiring only single-thread
programming at the user level and the capability to harddle a single
interrupt level. A minimal executive can be used wi*» no multi-

programming capability.

The user program, once started, traces a single-thread execution

driving only one peripheral and making the necessary calls on the



- 195 -

communications package. There is no necessity for any asynchronous
activity in the user program if the executive handles all local
peripheral interrupts to provide an autonomous transfer capability
for the user program. The user program runs as a sequential process
and can be.éagily tested.in a controlled fashion, as described
previoﬁsly. There is no problem on controlling the use of any
shared resources, such as core épace or processor time, since the
single activity user program has the sole use of all resources at

its level, the interrupt program execution being transparent to the

user level,

As an example of the minimal complexity involved in systems of
this t&pe, PDP-8 and PDP-11 implementations require only LK core to
support a configuration of, say, teletype, card reader and line
printer, and this includes two 400 character buffers to double-buffer

line activity.

A minor extra complication arises ih the coﬁmunications package
if the optional extra facilities (conversational response, RVI,
WABT, TTD as described above) are implemented., In the case of
'conversational response' and RVI, this merely involves changes in
detailed coding, including error recovery, and an extension of the
user interface. The use of WABT and TTD, however, involve the
communications package in self-generated activity independent of any
call on the user interface, since these features are intended for
use as time~-fill sequences In the absence of user requests. Since
a user request may occur at any time wvhile one of these sequences

is in progress, care must be taken to ensure the proper synchronization
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of fresh user line activity with line activity caused by one of

these sequences, as the two must not interfere with each other.

The line handler for an implementation of BSC point-to-point
protocol with all the optional features has to recognize a number
of distinct communication sequences off the line. These are
ENQ,ACKO and ACK1,NAK,WABT,TTD,RVI,EOT, transparent and non-
transparent data blocks, and the ones to be recognized depend on
the current direction of data traffic., The actions to be taken
on errors are also dependent on the traffic direction. This means
that there is a considerable amount of decision making needed at the
interrupt level, as is evidenced by the complex state diagrams shown

. previously which apply mostly to the interrupt level,

12.8 Half-Duplex with two-way data transmission interleaved

In applications where the limitation of one-way data traffic is
unacceptable but vhere the restriction to a half-duplex communications
facility still epplies, a number of protocols have been devised to
permit two-way transmission of data on an interleavedvbasia. The
single transmission facility is used alternately in either direction,
with rapid switching of direction, in some cases on a block-at-a-time
basis. Depending on the actual line speed and the amount of
buffering used, this can give the impfession of simultaneous input

and output operation.

There are two different types of protocol in this group, one

£33)

typified by the upper level of the ISO Basic Mode protocdl as

(35)

used by ICL and the other by the 'Multi-Leaving' protocol as used

by IBM.,
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With a communications link using ISO Basic Mode (see Figure 12.3)
one end of the link is designated as the control station and this end
controls the flow of data in both directions by the use of polling
aeduences. The controlled station performs no action unless in
response to a signal from the controlling station, and can never
take the initiative in starting a data transfer. In the general
case, there can be multiple streams of data in both directions, all
of which can be open simultaneously. Each strean has a unique
address on the controlled station, e.g; a card reader stream might
be gtream 1, paper tape reader stream 2, operator consble input
gtream 3, line printer output stream 4, etc., although streams do not
have to be associated with actual physical devices. The controlled
station usually has a unique address (different from étream addresses)
associated with it as well to allow for shared use of the link by

different stations on a switched basis.

The first action taken by the controlling station is to send
a poll sequence of the form EOT - <station address> - ENQ. If the
- address matches its own, the controlled station should respond with
a sequénce of the form <address> ?statusi - ACK. The status field
is a bit pattern which gives an iﬁdication of which data streams
are available for data transfer, e.g. if the line printer were
operational, this stream would be signalled as aveilable for data
transfer, but if there were no cards in the card reader, then this

stream would be signalled as unavailable.

The controlling station examines the status field of the response

and decides on which stream to initiate a data transfer, It then



CONTROLLER ' CONTROLLED

SENERAL POLL EO0T{STATION ADDYENG S5

< £STATION ADPDILSTATUSY> ACK RESPOND WIVTH ONERALL STATUS

S ELECT OUTPUT STREAM._EOTLOUTPLT ADDY ENQ

THIS END NOW MASTER¢ {oVvTPUT APPYLSTATVSY ALK ;u—:smu\w WATH STREAM STATUS
/ .

BLOCK 4 OF MESSAGQE STX{PATA BLOCK A_S eTB(Q%-
7
< {ouTPuT STATUSYIACKE ReEsSPOND OK
“INAL BLOCK OF MESSA {DATA BLrock 2YETXL RECEI\VED \N ERROR
< NAK _ REQLEST REFEAT
SEND BLOCK 2. AGAIN STXLBLOCK 2) ETXLhe e o
< {OUTPUT SYATLSY ACK CORRECT ACK

SENERAL POLL AGAIN EOT(STATION ADDDENQ >

{STATION ABICSTATUSIACK RESPOND WITH OVERALL STATU

<.
~

SELECT \NPULT STREAM__EOT{INPUT ABDIENQ > THIZ END NOW MASTER

< STXLBLOCK AYETXADee? SEND SINGLE BLOCK MESSAGE
RESPOND ok {conTROL STATUSYACK
< EoT RELEASE WIiNK
c;\emzp;,o.\~ POLL EOTLSTATION ADPYENG

{sTATIeN ADDYSSTATUSIACK ONERALL STATUS

&
T~

L ELECT OUTPUT STREAM __EOTLOUVTPUT ADPDIENG >

THIS END NOowW MASTER {OLXPOT ABPDILSTATUSYACK RESPOND WITH STREAM STATUS

BLOCK 4 6F MESSAGE ___STXLBLOCK 4D ETBLbecyy
< OV TPUT STATHSY ACK RESPOND ©OK
FiNAL BLOCK STXLBLOCK 2D ETXKbecdy BLOCK NOT RECEINED

TIMEAVT - NO RESPONSE

RZQU.EST REPEAT ENS >

< {ouTpLT STATUSYACK REPEAT LAST RESPONSE
SEND BLOCK 2 AGAIN sTx{BLocK 2>ETX(beed 5

< {OVTPUT _STATUSY>ACK RESPOND OK
START CYCLE AGAIN EOT<STATION ADNYENGQ 5

NOTE YHE USE OF NCRMAL ONE-WAY PROToCccL ONCE MASTER 1S ESTABLISHED

FIGURE 12.3 LINE EXCHANGES FEOR ISO HALF-DUPLEX TWO-WAY PROTOC



_198-

1
sends out a sequence EOT —<stream address> - ENQ, specifying the

stream it has selected. If this is an inbound stream to the
controlling station, the controlled station should respond with a
block of data for th#t stream, If the controlling station responds
with <status> = ACK, the controlled station can send another block

of data for the same stream, In other words, once the stream has,
been selected, the protocol reverts to the simple one~way point-to-
point protocol and data transfer can continue on the. same stream,

with the normal point-to-~point error recovery procedures.being used.
If the controlled stationyhas no more data to send on that aiream,

it transmits an end-of-transmission (EOT) character, The controlling
station can then either try to select one of the other available
sﬁreams or send a general poll to the station again. Alternatively,
at any point during trensmission on the inbound stream, the
controlling station can send a new stream select sequence, instead

of the acknowledgement, to se}ect a different stream even though
there is still data available for the first stream selected. The
controlling station can also set a status bit in its acknowledgement
to request the controlled station to stop transmission after the
current buffer. Thus, the controlling station can switch streams
dynamically at any point to any one of the streams marked as available

after the last general poll.

If the controlling station selects an outbound stream, the
conﬁrolled station should respond with <stream address>= <status> -
ACK, thig time giving the status of the selected:stream, e.g. data
transfer can continue, date buffer temporarily full, output device

non-operational, etc. Assuming the status indicates that data
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transfer cen proceed, then the controlling station sends a block of
date for the stream. Data transfer then continues under control
of a one-way point-to-point type protocol in a similar wey to
inbound streams, If at any point, the status response from the
controlled station indicates that data transfer cannot proceed, the
controlling station will stop sending data on that stream and will
send out another stream select sequence for a different stream or

e general poll to the controlled station. Alternatively the
controlling station can send out a new stream select sequence at
any point instead of a data block, thereby switching fo e different

stream.

The responsibility for initiating transfers on any stream,
therefore, always rests with the controlling station and it makes
decisions on the basis of information received from the controlled

station sbout the status of the streanms,

With this protocol, it is possible to support multiple two-way
data traffic by switching frequently between streams, If a number
. of streams were active, the controlling station would have to
schedule use of the link between them, possibly on a round-robin
basis, in order to keep them all serviceé. ' The controlling station
must sénd out & general poll at frequent intervals so that the
availability of a new stream can be detected as soon as possible.
This protocol is inherently unsymmetrical and will not operate if
two controlling stations or two controlled stations try to communicate

with each other,
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With the other type of protocol in this group, namely Multi-
Leaving (refer to Figure 12.4), both ends of the link are equivalent
once communication has been established and neither end has control
over the other, Communication is established by one end or the

~other sending the character sequence SOH-ENQ. The end that receives
this responds with an acknowledgement, ACKO, and the link is then

established and any further use of the link is entiﬁhy syrmetrical.

There are only three distinct commuﬁication seduences that can
be transmitted by either end. These are a data block, which may
contain data and/or control information, ACKO, which is transmitted
when there is no data block to be sent, and NAK, which is sent to
request a re~transmission. The reception of ACKO or a data-block
implies a positive physical acknowledgement for the last data block
transmitted. The control signals of the protocol, used to start and
stop/continue streams, are sent in the form of data blocks rather
than as special communication sequences. Multiple two-way streams
can ﬁe used with this protocol, and all streams are assigned a

unique address of 8 bits.

When the link has been established, but no data transfer has
been started, the ACKO sequence is transmitted back and fore from

end to end at frequent intervals.

The responsibility for the next transmission over the link
lies with the end tﬁat last received something; Control over the
1link is therefore exchanged everytime a transmission tekes place
and communication proceeds on a hand-shaking basis. The one

exception to this rule arises in certain line error conditions.
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Whenever one end completes a transmit sequence, it reverts to
receive mode but sets a timeout for 3 seconds. This timeout is to
prevent the link hanging up with both ends in receive mode after a
transmifsion-has,been lost for any reason. If the timeout expires,
then that end transmits a NAK sequence to request a repeat of the

last transmission. If one end is in receive mode and receives a

NAK, then it repeats the last non-NAK transmission, vhatever it was.

Clearly, if one end has just receivéd something’and has no
date immediately waiting to be sent in response, then ‘it must send
some response, say, ACKO, within the timeout period to prevent the
other end from timing out. This requirement produces the regular
ACKO exchange when no date is being transmitted. This idle ACKO
sequence should not be sent more frequently than, say, once per
second, to prevent excessive interference with the system at either
end Qhen the line is idle, Assuming th;£ one or other end is performing

other work as well,

The responsibilit& for initiation of data transfer on a
particular stream lies with the source of data for that stream. To
start an outbound stream, therefore, e.g. when a card reader has been
loaded with cards, the source end constructs a data buffer with a
'‘start stream request' control sequence, specifying the required
stream. If the source end currently has control of the link, the
buffer can be sent immediately, otherwise it must wait until the
other end transfers link control by transmitting something. If the
receiving end for that stream wishes to accept data, it likewise
constructs a date buffer with a 'start stream permission' control

sequence, again specifying the stream address. When this is
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transmitted back to the source end, the source can then send data

blocks for that stream,

Any number of streams up to the maximum configuration can be
started in this way in either direction. It is always the
responsibiliﬁy of the source end of a data stream to start data
transfer on that stream by means of the appropriate control
sequence. Since this control sequence must dbe acknowledged by
the receiver of the data stream, there ié no possibility of
unsolicited data being transmitted. An end-of-file control sequence
from the source end indicates an end of data on that stream until a

further start stream request is made,

Once data transfer on a particular stream has been started,
data will continue to flow from the source unless the receiving end
cannot handie, procéss or output the data at the rate the source
is generating it.' To achieve control 6ver this, a series of bits
called a stream control sequence is included at the start of every
bloeck transmitted. This sequence has one bit assigned for every
inbound stream, afid the bit is set on or off to indicate whether
more data can be sent on that stream or not. The state of each
bit in this sequence must be examined by the link handler at the
receiving end to decide what outboun& streams can proceed. This

control bit then performs the function of the logical acknowledgement,

The amount of data buffering at the receiving end of each
stream is controlled entirely by the receiving handler and does not
affect the protocol. If a number of outbound streams are active

and can proceed, it is the responsibility of the line handler to
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ensure that each is serviced regularly, vhich may require some
scheduling and this can be organized on a priority or a round-

robin basis, depending on the nature of the data streams.

In normal use, with data streams apfive in both directions,
data traffic consists entirely of a one-for-one exchange of data
blocks, with each data block implying a positive acknowledgement of
the previous block in the opposite direction, Because alternating
odd and even gcknowledgements are ﬁot used, a modulo 16 block coﬁnt
field is included in each block. . This should ensure the detection

of duplicate blocks or lost blocks.

Applicability

The area of applicability of both these protocols is obviously
much wider than that for one-way point-to-point protocol, since
multiple two~way data transmission is-permitted. The protocols
can still be uséd for bulk data transmission and can provide
a more poverful facility in this area, allowing for traffic in
both directions.. If necessary for bulk transmission, & high-speed
transmission link can support shared use by a number of peripherals,
as in complicated RJE applications. The ﬁrdblem of operator
commands aend messages in parallel with date traffic is also easily
handled with these protocols, since the operator merely represents
two additional data streams which can be accommodated without any

specisl sequences,

These protocols could also handle interactive traffic in

addition to more powerful bulk data transmission. The rapid
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exchange of short interactive messages is easily accommodated in
both protocols, although it is rather more cumbersome with ISO

protocol, requiring continuing use of stream selection seguyences.

The inherently unsymmetrical nature of the ISO protocol limits
its usefulness in general applications. It is oriented primarily
tovards communications between terminal devices and a single main
computer, and implées a 'big end' and a 'little end' for each
communication link that uses it. The ﬁain computer is always
designated as the controlling station so that it can achieve
complete control cver terminal use and general work flow. It is
unfbrﬁunate that tﬁe protocol cannot be uséd to communicaﬁe between
terminals or between the main computers if the normal protocol
control programs are used. Special versions of the protqcol
programs could be written to make & main computer behave like a
terminal or vice versa, but this seems an unsatisfactory way of
handling the problem. The Multi-Leaving protocol, being symmetrical
after initialization, could handle both cases above with no

difficulty.

Both these protocols essentially perform concentrator functions,
replacing a number of parallel, simultaneous uni-directional links
with one link of normally higher speed shared between all the single
streams. This should produce a considerable cost reduction in
charges for modems, transmission lines and other equipment at the
expense of réﬁher more complicated line handling software or

hardvaxre.
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Efficiency

The efficiency of these protocols depends on the extent to
which the multiple two-way data traffic facility is actually used,
Both pnrotocols can, of course, be used to support just a single

one-vay data stream if required.

At the one extreme, vhen just a single one~way data stream is
active, the ISO protocol reverts to the'simpie one-way point-to-point
~ protocol descrided previously, ﬁith the transmissicn of only blocks
and acknowledgements. In this case, the efficiency éonsiderations
are exactly the same as for the one-~way point-to-point pfgtocol,
and the efficiency can approach 100% on a h-wiré link if the average
block size is much larger.than the fixed overhead for control

characters.,

The Multi-~Leaving protocol used in this way is slightly less
efficient as there is a larger overhead of control characters.
Although transmission consists entirely of the exchange of data
blocks and acknowledgements, each data block contains a small
number of control characters. These currently consist of one
count character, two stream control seguenee characters and a
single stream address character identifying each record in the
block. For an average record size of 40 characters (measured in
RJE appiications) and a maximum block size of 40O characters, this
will contain an average of 9 records, so that the overhead is 12
characters per hlock of about 370 cheraciors. The overhead for
transmission control characters is the same as before at 18

characters, so the useful character rate is about 360 out of 390,
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just over 90%7. The efficiencr is therefore still quite high, dbut
not so high as point-to-point or ISO protool when used in this

WaY . The use of a 2-wire link or the existence of long turnaround
delays will affect both protocols in the same way when used‘in this

mode,

At the opposite extreme of use, these protocols will be used
to transmit multiple streams in both directions at the same time

and this mode of use affects the tﬁo protocols in different ways.

With the ISO protocol, it is assumed that one data block will
be transmitted for each stream in turn in order to give fhem all
regular ;ervice. This means that the controlling station must
send out a new stream select segquence after each b;ock in order to
switch streams, and also ?ossibly a general poll in order to keep
up to date information about stream availability. In the worst
case, the controlling station-sends out a generﬁl noll, fellowed by
a stream select sequence for an outbound stream, followed by a data
block for that stream, with the controlling station making the
appropriate ;cknowledgement at each stage. This therefore involves
six line exchanges to transmit one data block, and a tofal of 55
control charscters consisting of 6 SYNs for each message, 3
characters for a poll or stream select, 3 characters for an
acknowledgement and 4 non-data characters in the block. Assuming
negligible turnaround delays, this gives an efficiency of about
8T% for an average block length of 360. characters. If an inbound
stream is selected, the number of line exchanges per block reduces

to 4 and the efficiency rises to about 907 on 360 character blocks.
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The efficiency thus generally remains quite high despite the large
aumber of line exchanges, and this is due to the large average
block size, In some uses of this protocol, the block size is
constrained to only one record per block. Since the average record
size ‘is around 4O characters in typical applications, this results
in a very low line efficiency of less than 50%, even on a L-wire

link.

The effect-of a 2—yire link onvlsolprotocol used in this way
is considerable because of the large number of line turnarounds
required for each data dblock. For the first two examples given
above, 6 lines turnarounds of 200 ms each would take 1.2 secs in
total, which is.the same time as the transmission time for a 360
character block at 2400 baud, so the efficiency drops to around
50%. For 4 line furnarounds, this takes .8 secs to give an
efficiency of about 60% for a 360 character block. The use of
miltiple streams with IS0 protocol on a 2-wire link therefore
causes a considerable drop in efficiency, even with large block
‘size. If small block sizes are used, as in the third example

given above, the efficiency becomes very low indeed.

The result of using-lulti-Leaving protocol to transnit streams
in both directions is actually to increase the line efficiency,
since explicit acknovledgements are not needed if data dblocks are
being sent in both directions. A data bloeck implies positive
acknowledgement of the previous transmission in the opposite
direction. The overhead on each data block then consists of

the 10 transmission control characters (6 SYN; STX; ETB; 2 dblock

check characters) plus 3 control characters in the block (block
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count; 2 stream control sequcnce) plus 1 stream address charecter
for each fecord. Assuming e maximum block size of 400 characters
end an average record size of 40 characters as before, this
overhead amounts to an average of 22 characters on a block of about
360 data characters. This gives a linc efficiency of ebout 957,
vhich compares with the maximum figure ottained with the one-way

point-tp—péiﬁtAprotocol.

The effect of using a 2-wire link is to add an overhead of
1 line turnaround for each data block, or about 200 ms extra every
1.2 seconds at 2400 baud. This would reduce the line efficiency

7
to about 805 when data is flowing in both directions. .

The Multi-Leaving protocol is therefore seen to give a
higher line effieiency thén ISO protocol when transmitting data
in both directiomns. This is particularly true when a 2-wire
link is used. The effect of using & smaller block size is also

®

less noticeable with Multi-Leaving protocol.

One can conclude then that the most efficient line utilization
for applications where two-way traffic on athalf-duplex facility
is required is obtained by the Multi-Leaving type of protocol,
which tries to minimise the nunber of line turnarounds per data
block. This is particularly significant on 2-wire links and since
the use of 2-wire links is likely to increase since the introduction
of the GPO Dial-Up 2400 baud service, this conclusion is very

relevent,
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Implementation complexity

The implementation of a system employing one of these protocols
is an order more complex than one using the simple one-way point-to-
point protocols. Since there can be several data streams in
transit at the same time, this implies the existence of a number

of parallel activities in the system, one for each stream.

- For example, on an RJE system, thure might be separate
activitieslfor the card reader, line printer and operator console,
or on a teletype concéﬂtrator there ﬁdght be one activity for each
téletype. , If each aeti§ity is written as a separate seéuenbiél
process, the overall system rust provide some way oanharing the
resources such as CPU tiﬁe, core store, etc., between the different
activities, Thus, there'mﬁst be some kind of multiprogramming

scheduler to control the whole system.

Also, since the communications link is now shared between all
the activities, the line handler is more complex and must service
requests from a number cf activities and arrapge to multiplex them
.properly. The problem of synchronization between the activikies
‘and the line handler is more complicated. Instead of one
activity having complete control of the line as in the one-way
point-to-point protocol, one activity may make a request thle the
line is already active handling a previous request from a different
ectivity. This means that a system of queues must be used to
provide adeguate buffering'betﬁeen the activities and the iine
handler, rather then the simple double-buffering mechanism wvhich

is adequate for the single-ectivity system. Also, the line handler
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itself with a half-duplex protocol must make scheduling decisions
about the use of the line, whether to use it for input or output

at any particular time in order to achieve a proper balance between
inbound and outbound streams, depending on the traffic demand for

the different streaﬁa.

‘The whole system, then, becomes more complicated because of
the need to schedule the allocation of shared resources in order

to achieve optimum efficiency of the overall system,

Compared with the Lk core: store systems needed to implement
one-way point~to-pcint protocol on PDP-8 and PDP-11, implementation
of IS® and Multi-Leaving on a PDP-11 each required 8k of core
store, An indication of thg complexity of the line handler for
MultifLeaving in scheduling line use is shown by the decision tree
used by the line handlér after the termination of a line exchange

in reference (35).

The line handler for ISO protocol has to recognize 5 distinct
communications sequences off the line, these being EOT - <address> -
ENQ; <status> ACK; NAK; ENQ; data block. Tt must generate
5 sequences, as the above but with EOT instead of EOT -<address> -
ENQ. The sequences it must recognize and generate dersad on
whether an inbound or outbound stream is currently being transfered.
The error recovery procedures are also different for inbound and
outbound streams, and are similar to those for one-way point-to-

point protocol.

There is thus a considerable amount of decision making

necessary at the interrupt level in order to recognize input messages
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end perform error recovery. The implementation for the controlled
end of the link does not make scheduling decisions for the link
a8 these are made by the other end, and the controlled end merely

has to do as requested.

The Mnlti—Leaving line handler has to recognize and generate
only 3 distinct sequences, namely ACKO,NAK; data block, apart
from the SOH-ENQ sequence used for initialization. Since the
Multi~Leaving protocol is symmetrical, both ends use the same error
recovery under all condigions, and both ends must implement the
scheduling decisions for use of the link, The amount of
decision-making at interrupt level is therefore less with Multi-

Leaving than with IS0, but the scheduling decisions are complicated.

12,9 _ Full-duplex protocol with two-way simultaneous data traffic

The previous section has shown that the use of half-duplex
links to support two-way traffic introduces some awkward problems
of scheduling line activity in:order to achieve a balance between
inbound and outbound data streams, These problems arise from
the general difficulty of trying to share a common resource between
two completely different uses. The obvious solution to these
problems is to provide ﬁwo separate resources to satisfy the two

ldifferent uses, instead of trying to share a single resource,

This is the idea behind the introduction of full-duplex protocols
to serve general two-way transmission systems, Each of the two
ways has its own dedicated transmission ecircuit and the use of this
is always controlled by the same end. No allowance has to be

made for the other end wanting to use the circuit for responses.
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The transmitting line handler merely has to schedule the use of

the circuit between all the outbound streams, on a priority or
round-robin basis., Also, since the nature of protocols requires
that some response is made to a transmission, responses to data
received on the inbound circuit must be sent on the outbound circuit,

but these can be scheduled in along with the outbound streams.

ISO is currently considering a wide-ranging future standard
for data communications, referred to as HDLC, or High-Level Data

Link Control.(za)

This standard is intended to cover both full
and half-duplex transmission and many application areas, but only
one level of it will be considered here as an example of full-duplex

computer-computer communications, namely the full-duplex primary-

primary procedures, and Figure 12.5 shows the use of this.

All exchanges in HDLC consist of data blocks - there are no
other communications sequences. .Ail necessary control information
is containe& as fields within the data blocks., A circulating
block sequence count is included in each block transmitted along
the same circuit so that the receiver can keep a check on any
blocks lost or duplicated. Each block has a cyclic redundancy check
for error défection. Physical acknowledgements are gccomplished
by transmitting the highest block number of the blocks so far @
correcfly received forming a consecutively numbered sequence,

Thus, if blocks 2,3,4,6 have been received, an acknowledgement is
sent indicating the number L, It is the responsibility of the
transmitter of the blocks, which knows it has transmitted blocks
2,3,4,5,6, to deduce that blocks 2,3,k were correctly transmitted,

and free the corresponding buffers, but that an error occured in
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block 5 vhich must be re—-transmitted. Block 6 would also be
re-transmitted, and this would be ignored by the receiving end
unless it had discarded the original block 6 because it occurred

out of sequence,

If a block is received in error, or some line error condition
is detected on input, then a negative acknowledgement is transmitted -
giving the block number for the next input block expected. The
transmitter thén‘knows from what point to retransmit. The
transmitter can also send an enquiry sequence, requesting a
repeat of the previous response. Responses are also defined to

indicate lack of availability of buffers at the receiver.

This level of definition of the protocol only covers the
physical aspects. Logical control over individual streams is
effected at a higher level by further control fields within the

data block.

Requests to initiate streams and logical acknowledgements are
sent as control sequences in a data block and all data records
are prefixed by a stream address for identification. Thus, the
physical level is concernéd only with the transmission and
reception of blocks’in correctly numbered sequences, All other
aspects of the protocol are handled at a logical level based on

block contents,

The transmit and receive line handlers are completely separate
and operate independently. The necessary physical acknowledgements

generated by the receive handler must be placed on & queue for the
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transmit handler, which will schedule them along with other
outbound requests. Also, the physical acknowledgements received
by the receive handler must be handed over to the transmit handler
so that it can decide which buffers to free and which buffers to

send again.

Applicability

The HDLC protocol is intended to be applicabie to all
sophisticated transmission systems as a general purpbse data
transport faéility. This full-duplex primary-primary subset of
it is a symmetrical protocol and should be suiteble for the
powerful RJE terminal and interactive applications, bothAat the
same time if necessary, provided a sufficiently fast line is used.
No-limitations are apparent for lérge scale systems, although, of

course, it has not actually been used anywhere yet.

It is less suitable for simple applications that could be
adequately handled by one-wéy point-to-point protocols because
of the extra facilities built in for sophisticated systems, such
as multiple streams. It should be possible, though, to define
a further subset of it fbf simple applications that was compatible
at the herdware level with the full specification. . This would
allow extra facilities to be added later by software enhancements,
The minimun hardware level involves only the block framing
characters, which are always the same, and the assembly of whole
characters. A1l other festures could be handled by software

on a simple system.
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It should be possible to define a one-way subset that can also
be used with half-duplex facilities, This would then be compatible

with present arrangements for dial-up connections.

Efficiency

The efficiency of HDLC in full~duplex mode, and of full-duplex
protocols in general, can be very high as they can make full use of
a b—wire 1ink. There are no line turnaround delays, and, provided
the transmitter has sufficient buffering to transmit ahead of
acknowledgements, it can attain practicélly continuous use of the
transmit circuit with only negligible delays between the end of
one transmission and the beginning of the next to sélect ~the next
item for transmission. The overhead on an HDLC block is only two
framing characters, two block check characters, two block control

characters and one control character for each record,

If data traffic is flowing in the other direction as well,
there are also acknowledgement characters to be sent, but these
are probably best sent as separate blocks so that they can be
acted upon as soon as possible. An acknowledgement block will then
consist of a total of six characters. Assuming that one
acknowledgement is sent for every block and that an equal traffic
is flowing in both directions, the overhead is then 21 characters
for an average block of 360 characters with 9 records. This gives
an efficiency on each circuit of about 95%, or a total efficiency
for the link of double that df a half-duplex protocol over the
same link, Of course, it should not be difficult for any full

dupleg protocol to achieve a significantly higher efficiency than
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& half-duplex protocol over the same link since it will be using

both circuits simultaneously.

Complexity

The complexity of implementation for a system based on HDLC
full-duplex protocol is the same in terms of the overall system
structure as for the hakxf-duplex protocol supporting multiple
tvo-way transmission. In other words, the system will consist
of a number of separate parallel activities vhich must be scheduled
in respect of the use of shared resources. In fact, éxactly the
same supporting software could be used for both systems if a
compatible logical record interface were defined to the communications
part of the system. -Only the commnications package would need to

be different.

The communications package should itself be somewhat simpler
for a full-duplex protocol and consists of two largely independent
handlers - one for receive and one for transmit. The minimal
amount of interaction necessary between the two handlers to
control acknowledgements can be accomplished using store locations
sccessible to both handlers. There is no requirement for any
interaction of execution paths - both handlers can progress
independently of each other. The requirement to schedule line
use for input or output disappears completely. A system of queues

between the user program interface and the line handlers will be

1]
4
o
[
o
"

necessary in order to provide effectiv ng of line activity,
but this is the same as that required for the half-duplex two-way

protocol.
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Since all transactions over the line are in the form of data
blocks, the line handler only has to recognize or generate one
distinet communication sequence, Also, the error recovery is much
simpler} If an input block is found to be in error, then it is

ignored and a negative acknowledgement scheduled for output.

No timeout error recovery is ﬁeeded for the receive handler,
The transmit handler will send an enquiry sequence for any block
which has not been acknowledged within & certain time and a timeout
mechanism will be needed by the transmit handler to control this.
It acknowledgementé are contained within flocks containing other
data, the maximum waiting time for an acknowledgement should be
the time taken to transmit two full blocks in the opposite
direction, includiﬁg an allowance. for any possible delay between
the two blocks. As an example, if the maximum block transmission
time is 1 second, a wait time of 2.5 seconds should be adequate.
If acknowledgements are transmitted on their own as special blocks,
& maximum wait time of 1.5 seconds should be adequate in this
exanmple, Blocks that contain only acknowledgements should not

themselves be acknowledged.

On the basis of these comparisons between a system using
half-duplex two-way protocol and one using full-duplex protocol, it
should be possible to support any one application in the same amount

of core with either protocol.

12.10 Conclusions on communications protcocols

This section has described a small number of protocols from

the simple to the sophisticated and some general conclusions can be
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made about what type of protocol is most suiteble in a particular

situation,

For straightforward bulk dafa transmission systems vwhere
two~way fransmission is not an important requirement, there is no
doubt that the one~way point-to-point protocol is the easiesf to
use and also provides a good line efficiency. If the
'conversational response! feature is implemented as well, this
overcomes the main drawback of this type of protocol.by providing

for operator communication in parallel with data transfer. .

This type of protocol can also use the economical dial-up
2Lko0 facility if the volume of data involved is not very large.
A system using this type of protocol is the simplest to implement
and can be fitted into minimum core size machines. This type
of protocol is £herefore favoured for simple, low-cost applications.
If necessary, higher speed lines caﬁ be used to increase the
throughput capability provided that e fast enough peripheral is

used,

For aﬁplications vhere two-way transmission iz essential,
e. g, concentrators, or for increasing the throughput of RJE systems
by using a number of peripherals in parallel, a full-duplex protocol
would be most suiteble. A full-duplex system has potentially
double the line efficiency and also is less complicated to implement

than a half-duplex two-way protocol.

A full-duplex protocol, of course, cannot be used on a 2-wire

line, so if there is a requirement to run on dial-up facilities a
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full-duplex solution is automatically ruled out and a two-wey half-

duplex protocol would have to be used.

If a two-way half-duplex protocol has to be used, then one of
the Multi-Leaving type, which is symmetrical and minimises line
turnarounds, would be most suitable. This gives a better efficiency,

and the same implementation can be used at both ends of the link.
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Chapter 13

SYSTEM PROGRAMMING ON SMALL COMPUTERS WITH

HIGH-LEVEL LANGUAGES

13.1 Introduction

The communications package described earlier in this report was
implemented using the high-level language, IMP. This proved to be an
important factor in making the package machine-independent up to a
set of loﬁhlevel interface routines which had to be hand-coded to

use the package on any particular configuration.

The use of a high-level language forces the programer to think
in machine-independent terms since he is not able to make use of any
individual features of a particular machine (other than wordlength)
except by direct use of machine-code 'embedded within the high-level
coding. If all such code is put into small routines and not included
'in-line' then the main Sody of the program will automatically have
a measure of machine-independence, since there is a strong
possibility that the machine-code subroutines can be re-written to

provide the same function on a different machine.

On certain systems, the 'user Program' part of the communications
system was also coded in IMP. Also, the total coding for a system
using the 'Multi-Leaving' protocol has also been written in IMP. This
included iﬁdependent activities for a number of different peripheral

streams as well as the Multi-Leaving communications vackage.

These various programs have involved a number of different

techniques for using a high-level language as well as a number of
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different compiler implementations of IMP. The experience gained
from this work has been used to formulate a number of general con-
clusions relevant to the use of high-level languages for system
programming, with particular reference to small computers. These

conclusions will be described in this chapter.

The reference to small computers is significant because they are
becoming inereasingly important in computing'systems. They are being
used in stand-alone mode in more and more applications as well as in
remote—-connection mode to large systems where they can relieve the
main system load by processing small jobs themselves. Also, the time
is approaching when even large powerful systems are likely to be
constructed out of a number of interconnected small computers, each
performing a specific function of the overall system, e.g. control of

communications network or control of filing system.‘

Therefore, anything which makes the job of programming these small
systems easier and more efficient is considered important, and there
is no doubt that the use of a 'suitable' high-level langusge can
.contribufe to this. The suitability of a language involves the language
itself in terms of the statements and data and program structures that
can be used and also involves the compiler in terms of the sort of
code produced, the way the object prégram is produced and the control
the programmer has over the environment in which the object program.

runs. Both these aspects will be considered in this chapter.
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13.2 Compiletion on & different computer

The programming work doﬁe in IMP has been used on three different
small computers — PDP-8, PDP-11 and Modular One. Obviously three
different compilers were used?@#;they all had one thing in common.
This was that none of the compilers actually ran on the computer for
vhich code was being produced. All three compilers ran on much larger

computers, namely the ICL System 4 or the IBM 360/370 at ERCC.

Although the three compilers were written in IMP, and therefore
capable of self-compilation, they would have produced programs which
were far too big to e run on all except large-core cqnfigurations
of the small computers concerned. The amount of core necessary to
run the compiler, in the majority of cases, would have been much more
than that required to run the applicationS'fdr which the small computer
was being used. In other words, the compiler would have been the

largest single program running on the small computer.

This demonstrates en important point, which is that if the high-
level language used is to have a full set of facilities, then the
compiler for it is going to be a very large program and will bte unable
to run on small or medium size configurastions. Conversely, if the
compiler is constrained to be capable of running on all sizes of
configuration, then it will only be possible to implement a limited
set of facilities in the language. Furthermore, there would be
strong pressures for writing the compiler in assembler language in
order to keep the size to a minimum, and this would ofviously be

undesirable and against all current ‘trends.
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Another measure used to reduce compiler core requirements is to
segment the compiler into a number of phases such as syntax analysis
and code generation and run a multi-pass compiler. This technique
requires that some form of backing-store be available and could not
sensibly be applied to & computer without it. The compiler could
not therefore be used on simple configurations. Anyway; even a
segmented compiler can still require a large amount of core for each

pass and symbol table requirements etc., can be very significant.

Some figures for core requirements of small machine compilers,
some single-pass and some multi-pass, are given in Table 13.1 to

illustrate this argument.

The conclusion to be drawn from this argument is that the
'capability to run in small configurations of the target computer should
not be a requirement for & language compiler for small machines. This
would be likely to constrain the set of facilities that could be pro-
vided in the language. The compiler should be written to run on a
large computer, not necessarily the same one as the target machine.
Since communications access from small computers to large computers
is becoming increasingly more widely used, the problem of remote access
to these compilers is easily overcome, using systems similar to those

described in the main body of this report.

Even if the compiler is developed on & different machine from
the target machine, it is still desirable to make the compiler capable
of self-compilation, if possible, to cater for the larger configurations
vhich might be capable of running it. This, of course, assumes that
the language being compiled is already available on the chosen large

computer.



| : NUMBER '
COMPILER | COMPHTER PAgsFEs Ag?;‘;&
CORAL MOD 1 2 12K
BCPL MoOD 4 zZ QK
iMP MODA 1 12\<
Mp 1 22k

PDP-11

All sizes ate in 'WOTdS, §o+ \cxﬂaest pass.

TABLE 13,1 COMPILER SIZES FOR SMALL COMPUTERS
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Use of this method of compiling means that compilers for new
small compuiers can be developed in parallel with the hardware and
problemns encountered during compiler design can even influence the
herdware facilities provided on the small computer. This would also
meen that a high-level language would be aveilable with the earliest
deliveries of a new computer, instead of the present depresssing
situetion whereby only an assembler is available in the early days.
This would greatly speed up the development of a complete set of
software for the new computer and could be used for both basic soft-

ware, such as assemblers and linkage editors, and applications packsages.

In this chapter, examples will be given in terms of four

languages currently used on small computers - IMP, CORAL, BCPL, FORTRAN.

13.3 Languare Facilities — General Considerations

On the basis of the argument above, the main criteria for the
inclusion of a particular facility in a language for a small computer
are whether it is useful and whether it can be compiled into efficient
object code with the hardware facilities available on that computer.
The potential difficulty of implementing the facility in the compiler
is also & criterion to be considered, as each new facility increases
the size and complexity of the.compiler. However, this should not be
an overriding criterion, but should merely be used as a guide if
desirable fecilities have to be ranked in priority order for implement-

ation.

The consideration of 'efficient object code' relates to both
space and speed, as small computers are normally short of both.

However, savings of space can always be achieved at the expense of
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speed by the use of semi-interpretive compilation techniques, i.e.

by generating subroutine calls to built-in routines for & particular
operation or statement in preference to a lengthy sequence of in-line
code. Such techniques are commonly used for array indexing, string
manipulation and stack operations in the absence of suitable hardware
facilities. The use of such techniques can produce very compact, but
slow object code. The emphasis in this chapter will be on basic
facilities which can be implemented with 'speed efficiency' on almost
all existing small computers. For the purpose of the following
discussion, the term 'efficiency' then has the following connotation.
Where, for a particular statement, the compiler can produce code as
good as a hand—coded version of the same statement, this is considered
to be an efficient high-level language implementation of the facility

embodied in the statement.

This would seem to imply that the use of such a high-level
languasge would be just as efficient as a hand-coded implementation for
a complete program. That this is unlikely ever to be the case is
caused by the fact that an assembly language programmer can take
advantage of special knowledge about the pattern of execution of
individual sections of the progrem in order to make optimal use of
registers over that section. Since the equivalent section of code in

a high—-level language may need several statements, it is very difficult

for the compiler to make such optimal use of registers, since it does .

not have the same special knowledge. The compiler can attempt to
optimize over a group of statements by remembering register contents,

but, without the special knowledge, is unlikely to make as good a job

of it as the assembler programmer. Therefore a complete program can

N
7
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alvays be coded more efficiently in assembler than a high-level

language by an experienced and competent programmer.

However, there are disadvantages with such hand-optimised code
as follows. Firstly, it requi?es experienced and competent programmers
who are skilful in the use of the particular machine code, and such
people are generally in short supply, whereas an optimizing compiler
will optimize for a programmer who has not had to give much thought

to the production of optimal code.

Secondly, if it becomes necessary to make modifications to a
progrem, the changes in the machine-code program may upset the hand
optimization such that other parts of the code may need to be re-
written to allow for this. If modifications are made to & high-level
lanéuage program, the compiler will automatically adjust the code
produced for adjacent statements to compensate for this. There have
been many instances of hand-coded programs reqﬁiring much effort to
modify successfully for this reason. Successful program modification
requires a well-structured program and this can be more easily
achieved using a suitable high-level language. And when was a program

written which didn't subsequently require modification?

The fecilities considered in this chapter are oriented towards
use of the languages as a system progremming tool. Although some of
the facilities will also be useful in applications programs, facilities
related only to applications programs, such as real arithmetic. are
not consideréd. On a general-purpose machine there are also two
types of system program — those vwhich are necessary to control the

operation of the hardware such as device drivers, schedulers, interrupt
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handlers, which normally involve multiple execution paths and
asynchronous events and vhich the user is not normally aware of, and
those which enable the user to make use of the system, such as compilers,
asscmblers, editors, linkers, input/output routine library, etc. This
latter category is really system support software and does not require
multi-threading or asynchronous activity. It is normally considered

by the system to be at the same level as the user program. It is the
former category, that of the low-level system software, wvhich will be
considered here. This is the type of software that is needed for the
small computer when used in a dedicated or special-purpose application,

such as real—-tine control.

Of the three categories of software - applications, system support

(or "'middleware') and system — considersble attention has been given

to the use of high-level languages for the first category, a certain
amount to the second, and relatively little to the third, with some
notable exceptions such as Burroughs IICP and the ENAS and IMULTICS
systems. Eventually, the use of high-level languages will become common
in 211 three categories. It is likely that facilities suitable for

one cotegory will not be suitable for the others. This will beconme

apparent in the remainder of this chapter.

A general point worth making is that system programs need & more
intimate level of access to the actual machine than do other programs.
For this reason, language facilities which are necessary for system
programs may have little use in user programs. In fact, some of the
facilities which will be recommended, such as menipulation of machine
addresses, are potentially dangerous for ordinary user prograns. Where

such facilities are recormended, it is intended that they should be
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used only by programmers Who appreciate the full consequences of
using them. It is certainly the case than an inexperienced user
could heng himself through indiscriminate use of the low-level
‘facilities. Such facilities are, however, esseﬁtial if the system
programmer is to have full control over the machine and not be pro-

hibited from making use of the full capabilities of the hardware.

13.4 Data Elements

Only those data elements which can be directly referenced and
manipulated by the machine should be implemented. All small computers
can access and manipulate data in whole word form and the different
ways in which this basic unit can be manipulated determines the
allowed data types. A type of INTEGER should be applicaeble on all
small computers, with the maximum value being determined by the

particular word size.

Other data types such as BYTEINTEGER or CHARACTER should not be
implemented unless the machine can menipulate information in byte
form. Similarly, type STRING should not be implemented unless the
machine can manipulate information in character form. For some uses
of character strings, e.g. storing fixed messages, it is more efficient
to store the characters in packed form, whereas for other uses involv-
ing moving and comparing strings, it is more efficient to store them
in unpacked form. It would be very difficult for the compiler to
decide which was most efficient in a particular case, and so it is
best left to the programmer who knows how particular strings will be

used in the program.
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A number of different representations for integer constants
should be alloved e.g. decimal, octal, hexadecimal, binary, character,
packed character. These can all be converted to integer types as far
as the object program is concerned and therefore introduce no
ineffipiency into the object program, while, at the same time, increasing
the convenience for the programmer and making the source progrem more

intelligible.

Tt should be possible to initialize any declared variable at
bompile time, using a facility such as OWN. The use of a facility
such as CONSTINTEGER (IMP) or MANIFEST (BCPL) should also be allowed,
as this can frequently result in a saving of core space and execution

time through the use of an 'immediate' or 'literal' operand.

13.5 Data Structures

A large amount of information used in a system program is in the
form of tables and lists. Since all small computers provide a means
of addressing tabular data, facilities for representing this should be
included in the languasge. The two addressing techniques most commonly
used are indirect addressing and indexed, or base plué displacement,
addressing. The second method requires that the machine has one or

more index or base registers.

Using either of these addressing technique, an ARRAY facility
cen be implemented efficiently but using only the data types that can

be directly manipulated, e.g. INTEGER.

Another facility that can be used to provide efficient addressing
of tabular data is the IMP RECORD facility. At the worst, this can

be treated as a simple ARRAY for which all index values are known at
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compile time, and clements of the RECORD referred ¢o with indirect
eddressing. A RECORD can be more cfficiently accessed if indexed
addressing is available, because the reletive position of any RECORD
clement ic knovn at compile time. Valid record elenents are IITTEGERs,
IITEGERARRAYs end RECORDs themselves as vell as any additionel dats

types vhich may be irmlenented.

An ARRAY of RECORDs can also be efficiently implemented using
facilities already available for ARRAYs and RECORDs. A list of control
tables is something which ocecurs very frequently in system programs,
e.g. device control tables, progrem control tables, and these are
most clearly represented by RECORDARRAYs, which allov very efficient

acecess,

Both RECORD and RECORDARRAY are facilities which are euceedingly
useful in system program comstruction and avoid the use of cumbersome
methods of accessing fixed formet tabular date through the use of
ordinary ARRAYs. Both facilities should be provided for 21l small
computers, as in no cases do they introduce anyvinefficiencesu and
in some cases they can make the referencing of tabular data more
efficient. They alfo increase the intelligibility of the source

program.

It should be possible to initieslize the contents of ARRAYs and
RECORDs at compile tinme in all cases except vhere dynemic bounds are

used.
13.6_ _llachine eoddress manipulation

The ability to manipulate sctual machine sddresses as used by the
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CPU is also an importent requirement of system progrems. This
is necessary for control of peripherals in order to specify buffer
addresses, to access store areas not defined within the program and as
a means of communicating information to another progrem. Such
facilities are provided by the IMP ADDR and built—in mapping functions
and also by the LOCATION and 'anonymous reference' facility of CORAL.

It is also provided in BCPL by means of the @ and ! operators.

The ADDR function can be implemented on all small computers, since
machine addresses are needed during normal program execufion for things
like parameter passing by NAME. Whether they are stored as constants
or genersted dynamically at run—-time depends on efficiency considera-
tions for a particular machine. Once computer addresses can be
generated, the inverse function of referencing unnaﬁed locations
(mapping) through the use of such addresses is accomplished using
indirect or indexed addressing, end at least one of these facilities

is available on all small computers.

These two facilities provide the means to access single locations
by machine address. It is also useful to be able to access & whole
table of data by means of a pointer to the start of the table. The
IMP NAME feature provides this facility for RECORDs and for ARRAYs.

In BCPL any variable can be used to point to a table of data. The use
of the RECORDNAME facility enables repeated references to one member
of a RECORDARRAY to be made more efficient by assigning e RECORDNAME
to that member and treating it as an ordinary RECORD. This is
obvicusly a useful feature in system programs vhere & lot of data is

kept in lists of tables.
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Assuming that the RECORD descriptor is just a single word, then
the RECORDNAME assignment can be simply implemented by copying the
descriptor of the RECORD referred to into the NAME variable. Once the
essignment has been made, the elements of the record can be accessed

in the seme way as an ordinary RECORD.

The assignment of an ARRAYNAME is slightly more complicated if
a dope vector is being used as an array descriptor. A new dope vector
must be created to fulfil the assignment. However, if the assignment
is to a single-dimension ARRAYNAME and array-bound checking is not

in force, then a single word descriptor will suffice here as well.

13.7 Program Structure and Statements

The previous section considered the possible types and arrange-
ments of dats that could be efficiently implemented on small computers.
This section considers the types of program statement and the statement
constructions in a complete program which are desirable and which can
be implemented efficiently. Facilities which are thought to be
desirable are those which permit a clear description of the problem
being progremmed, those which permit efficient use of storage and those

which aid the debugging process.

Some general points can be made here. It is important with systems
programs, some parts of which may be time-critical, that the programmer
have some kind of feel for the likely efficiency of his program, when
using different types of statement. This assumes that he has scme
femilierity with the general hardware structure of the machine in
order to see how perticular operations might be programmed in assembler.

Because of this, it is important that there is not a lot of
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'behind-the--scenes' activity invoked by the object program, whose
presence might not be suspected by the programmer. This applies to
such things as compiler-gencrated run—time diagnostics, dynamic--storage
2llocation schemes, and so on. Although run-time diagnostics facilities
are very convenient during program development, it should be possible
to opt for little or no diagnostics when a program is in production

use.

Also there mey be cases where it is expedient to sacrifice space
for speed in the object program, by requesting the compiler to generate
in-line code for particulsr operations by means of special compiler
control statements. Such facilities make the compiler more complicated
at no extra cost to the overall object program. However, as stated
previously, compiler complication is not an overriding factor if the

facility is useful to the small computer.

13.8 Expressions

There should be no restrictions on the complexity of expressions
which cen be written. Techniques for expression—-compilation are now
sufficiently well-developed that a compiler can produced code which is
as efficient as that produced by hand-coding, for single and multiple-
accumulator machines. Any arbitrary restrictions on expression com-
plexity such as in certain FORTRAN statements will only force the
programmer to write complicated expressions as a series of simpler

ones, which will not results in any more efficiency.

" Since type 'real' is not being considered in this discussion all
expressions will evaluate to type 'integer'. Therefore, wherever the

syntax allows the use of an INTEGER, it should be possible to use an
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expression, e.g. as an array index, as & value parameter in a

procedure call, etc.

Al]l these facilities are fully supported in IMP, CORAL and BCPL.
This gives the programmer the capability to specify the problem in
the most suitable way. It is suggested that the full range of
operators, both arithmetic and logical, be made available. On some
small computers which have no hardware multiply/divide and only very
limited logical operations this will inevitably lead to long execution
times for these operations. However, if the computer does not have
the relevant hardware, these operations are also slow when hand-coded
so there is not necessarily any inefficiency introduced through the
use of compiled code. This, however, is one situation where it would
be desirable to have a choice between the use of subroutines and in-

line code so that the programmer could opt for maximum speed where necessary.

13.9 Conditional Statements

The general form of the conditional statement should be permitted

as follows:-

IF <condition> THEN <statement> ELSE <statement>
where <condition> may be either a simple condition.or a compound

condition involving the use of AND and OR;

where <statement> may be either a simple statement or a compound
statement consisting of an arbitrary sequence of statements (including
Purther conditionals) appropriately bracketed, e.g. by BEGIN-END in

CORAL or START-FINISH in IMP.
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Such a facility allows a complicated series of decisions to be
progremmed without the use of programmed jumps. The absence of
prograrmed jumps keeps the path of execution under greater control
and makes debugging easier since there is only one route to any
particular statement and it is easier to follow the path of execution.
This tends to produce a better-structured program, more modular and
easier to modify than one with a lot of explicit jumps which can produce

a monolithic tangle of interlocking execution paths.

This capability is present in IMP, CORAL and BCPL. The ebsence

of this capability is one of the more serious deficiences of FORTRAN.

The use of this capability should not introduce any inefficiences
into the object program vhen compared with the use of simple IF
statements (as in FORTRAN) and programmed jumps. All that happens is
that the compiler will generate jumps automatically where the programmer

would otherwise code explicit jumps.

The inclusion of the facility obviously implies extensive use of
recursion in the compiler. This is likely to be the case anyway if
modern, syntx-directed compiling techniques are used. It is from the
use of such téchniques that the generality and lack of arbitrary

restrictions in present-day languages derives.

There are a number of additional variations on the conditional
statement which allow certain conditions to be expressed more clearly.
These are such things as UNLESS as an alternative to IF, two-sided
conditions (e.g. 0< x <10) and reverse conditioﬁal statements, of
the form <simple statement> IF <condition>. These have a certain

advantage over the use of the standard conditional in particular cases
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but are not considered to be of major importance. These features are
therefore desirable from the standpoint of achieving maximum clarity

but do not renk high on the priority list.

13.10 Programmned Loops

One of the major &dvanteges of a program definition of & problem
derives from the repetitive execution of particular sequences of
instructions. If it were not for the capability of executing the same
sequence of instructions again and again, there would be no point in
going to the trouble of writing a program to solve the problem. Looping
is therefore an essential element of program construction and if there
are no facilities defined in the language, the programmer has to program
the loops explicitly by using conditionalé and programmed jumps. If
looping facilities are included in the language, the compiler can
cenersate these tests and jumps just as efficiently as the programmer,
and in some cases more efficiently by making use of facilities specially
incorporated in the hardware for loop control, such as increment/decrement
and skip if zero, ete. The provision of loop control statenents
therefore reduces the number of explicit program jumps, which is an

important consideration.

The loop control statement should permit the WHILE or UNTIL
form as well as the more conventional FOR N FROM L BY K TO M form since
some program loops cannot be expressed by the latter form and the

programmer would have to resort to explicit tests and jumps again.

13.11 Prograrmed Transfers

The explicit programmed jump is the standard mechanism for altering
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the execution sequence to another point in the program. Extensive
use of program jumps can easily produce a program vhose path of
execution is difficult to trace back from a statement where & fault
has occurred thereby making debugging more difficult. It can also
produce non-modular programs which are difficult to modify since

the relation of one section of code to another is not easy to see.

.l Many of the facilities recommended above are intended to reduce
the need for explicit program jumps, if not eliminate them altogether.
It should be possible to program entirely without the use of jumps

if the facilities suggested above are provided, and if subroutines
are used vhenever the same section of code is required in more than
one place. This may involve a greater use of subroutines involving
only a small number of statements. However, provided the use of
subroutines does not incur any great inefficiencieé9 then this is not

a disadvantage. The use of subroutines will be covered later.

Another advantage to be gained from minimum use of programmed
jumps is where the compiler is attempting to perform optimisation of
the compiled code by remembering the contents of registers betveen
statements. This produces savings where the same variable or constant,
array or record base is used in consecutive statements, since the
compiler can use the value in the register rather than loading it
from store. This can only be done when program: execution proceeds
sequentially from one statement to the next. As soon as a statement
with a label is encountered, the register contents must be forgotten
because the statement may then be executed out of sequence. Therefore
the less use of explicit labels, the more effective will be the

compiler optimisétion.
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There is one area where the use of programmed jumps does confer
distinct advantages and this is with a 'computed jump' or SWITCH
facility. This provides a rapid means of decision-making when the
different values of the main decision variable conform to some kind
of numerical sequence, e.g. 1,2,3, etc. or A}B,C. This can lead to
considerable efficiencies over the use of an explicit test for each

individual case.

13.12  Machine-code

For systems programs, where it is often necessary to access
directly particular elements of the hardware on a computef, it is
essential to be able to resort to direct machine—code progremming
vhen necessary. This applies to such things as issuing physical
commands to peripherals; accéssing processor status registers, gnd

SO oOn.

These operations cannot be expressed in a high-level language
in e way applicable to all machines since this is one area in which
computers are likely to differ markedly from each other. Although
all such functions should be confined to a small number of well-defined
routines, it is still convenient to be able to write them as
syntactically part of the high-level language program rather than
as a separate machine-code library which is linked in at the object
program stage. This has the advantage that subroutine linkage
conventions can still be handled by the compiler and that normal
high-level language statements can continue to be used Vhere machine-

code is not absolutely necessary, e.g. for loop control or conditionals.



There may also be cases where maximum speed of a particular
section of code is essential, and this can be achieved only by careful

hand-coding.

Where in-line machine code is used, it is important to have full
access to any variables or named entities declared in the high-level
language. Otherwise, communication between the high-level language

and the machine-code would not be possible.

13.13 Routines_ and Functions

Modularity is an important objective in any program, not Jjust
system programs. To this end, the capability to break down a large
progrem into & number of separate, independent pieces with well-
defined interfaces is very important. This is the facility for
routines or procedures, with functions or value procedures being a
particular variation. The importance of the subroutine concept is
demonstrated by the fact that even the smallest computer has a hardware
instruction for a subroutine call. The extent to which the hardware
assists with other aspects of subroutine use varies considerably
between computers. This relates to such things as passing paremeters,

saving the current register context.

Because of the minimal assistance given on most small computers,
the implementation of subroutine facilities must be very carefully
done if it is rnot to impose considerable overheads, merely to effect
the subroutine entry and exit. This is one area where it is possible
to incur considerable 'behind-the-scenes' activity without the
programmer being particularly aware of it, which is considered to be

a bad thing for reasons given previously. This is particularly true

if the classical ALGOL-type techniques are used.



In an ALGOL-type scheme, every routine is assumed to be
potentially recursive and the local workspace for the routine execution
is assignéd dynamicelly each time the routine is entered. Also, the
local workspace of the calling séquence must be preserved and its
location remembered for later use. The routine exit sequence then
hes to restore the working context of the calling code. This is usually
implemented on an ALGOL-type stack arrangement, and can involve
lengthy menipulations for the saving of registers and stack pointers
on any machine not specifically designed for ALGOL-type dynamic storage
allocation, such as the Burroughs B5500 and its successors. Certainly,
there is no small computer which supports this type of storage
orgenisation in its basic hardware and a dynamic stack has to be
implemented by software means which involves considerable overheads

for routine entry and exit.

A more efficient system for small computers would assume that
routines were non=recursive so that local workspace could be assigned
statically at compile time and.would always be at the same place at
run-time. The capability for recursive routines could still be provided
through an explicit declaration, e.g. RECURSIVEROUTINE, and the compiler
could then generate alternative entry and exit sequences that allowed
for dynamic assignments of workspace. The programmer would thus have
some control over vrogram efficiency. Since system programs heve
little use for recursion anyway, it would represent a potential
improvement in efficiency for smell computers if recursion were taken
to be the exception rather than the rule. Both IIT and BCPL assume
recursion at all times while CORAL assumes non-recursion unless told

otherwise.
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The use of statically-assigned workspace for routines is liable
to use more storage than the.dynamically-assigned case for the same
progrem. This is because all routines in the program are unlikely
to be active on a particular execution path and statically-assigned
workspace is not available for anything else if the routine is not
using it. However, to offset this is the fact that more workspace
is needed per routine in the dynamically-assigned case to save the
context and stack pointers relevant to the calling sequence. The
differences in storage requirements in a particular case would be
difficult to predict without a detailed examination of the execution

paths.

13.14  Block Structure

With static storage assignment advantage can be gained from the
intelligent use of block-structuring, i.e. use of BEGIN-END to
bracket sections of program which are independent of each other except
through common use of variables declared at outer lexical levels.
BEGIN-END blocks at the same level can never be active at the same
time and therefore can share workspace. (The statically-assigned
local workspace is not the same as used in FORTRAN where values are

assumed to be preserved between entries).

This type of storage organisation is that defined for CORAL and
produces a tree-like storage allocation structure whose dimensions
are all known at compile time. This corresponds exactly with standard
FORTRAN OVERLAY schemes and can be represented diagrammaticallj as in
Figure 13.2, which gives the storage layout for the prégram in Figure

13.10.
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AINTEGER 11,12,13
YINTEGERARRAY A1, A2(1210)
ZRCUTINE R1
ZINTEGER 14,15,16
! <EXECUTABLE STATEMENTS,>
ZEND
%ZROUTINE R2

ZINTEGER [7,18,19

! <EXECUTABLE STATEMEHNTS,> ;
_ ZEND ‘ /
1 <EXECUTABLE STATEMENTS.> . b
%BEGIN g /

ZINTEGER J1,4J2.43

ZINTEGERARRAY B1(1:100)

ZROUTINE R3
YINTEGER J&4,J5,J6
| <EXECUTABLE STATEMENTS,>
%END

%ZROUTINE R4
%ZINTEGER J7,J8,49
! <EXECUTABLE STATEMENTS,>
%ZEND

! <EXECUTABLE STATEMENTS >

ZEND -

ZBEGIN
%INTEGER K1,K2,K3
YINTEGERARRAY C1(1:50)

%ZROUTINE RS5(XINTEGER A,B,C)
ZINTEGERARRAY C2(1: 20)
%INTEGER K&4,KS
! <EXECUTABLE STATEMENTS >
ZEND

ZROUTINE RE
ZINTEGER K6,K7
! <EXECUTABLE STATEMENTS, >
%ZEND

%#ROUTINE R7
4INTEGER K8,K9
| <EXECUTABLE STATEMENTS, >
%END _

! <EXECUTABLE STATEMENTS,.>

ZEND

ZBEGIN -

ZINTEGERARRAY D1(1:5) -

ZINTEGER L1.,L2

%ZBEGIN
%INTEGER L3.,L4,L5S
" %SINTEGERARRAY 02(1-100)
ZROUTINE RS8

#INTEGER L6,L7
! <EXECUTABLE STATEMENTS.>
%END _
! <EXECUTABLE STATEMENTS,.,>
ZEND

ZBEGIM
ZINTEGER M1,M2,M3
YRCUTINE ROCLINTEGER X,Y,Z)

ZINTEGER M4, M5
! <EXECUTABLE SYATEVENTS >
%END
| <EXECUTABLE STATEMENTS,>
%END
t <EXECUTABLE STATEMENTS,>
%ZEND
ZENDOFPROGRAM

FICURE 121 EXAMPI F PROCRAM FOR CSTORACE | AYDUT
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This kind of storage allocation is considered to represent an
optimum balance between speed and space for system programs on small
computers where recursion is not used. Of course, if recursion is
necessary then a proper stack mechanism must be provided but the space
for that would come outside and in addition to this static arrangement.
If there is a requirement for dynamic array bounds &t run-time, this
also would have to be handled by a proper dynamic storage allocation

schene outside the static storage allocation.

The important thing about the static arrangement is that it gives
the programmer some control over the way that space is used and allows
him to. meke a trade off between space and speed in any particular

application.

A further advantage of static storage allocation is that the
compiler knows the amount of storage which will be needed by the program
at run-time, and can inform the programmer of this. For a resident
system program, it is essential to know this information so that the
storage'can be properly allocated within the system area. In the
dynamic storage case, it is impossible for the compiler to predict
the amount of store needed, and this has to be found out by a process
of trial and error while running the program or by a cereful examin-
ation of the possible execution paths of the program and a knowledge
of the amount of store needed for each routine, which the compiler

can generally predict.

Even for normal user progrems, the inability of the compiler to
predict the amount of store needed for execution in the dynanmic case

causes difficulties on a machine with no hardware assistance in the
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dynamic storage sllocation. The tendency is for users to request
more store than is actually needed in order to ensure that the

program does not fail.

13.15 _Run—timgmgnvironmeni

Whenever the compiled code of e high-level language program 1is
actually run, it is always accompanied by & small body of code which
provides the necessary run--time environment of the program. This
is commonly referred to in Edinburgh as PERM and provides such
facilities as initialization of registers and stack pointers, étc.,
prior to entering the program, dynamic' storage allocation (wherg used),
routine entry and exit, array indexing and array bound checking, code
for high—level language operations whech are too complicated to
execute in-line, run-time diagnostic checking, and so on. The user
program is not normally aware of this, as it is included automaticsally

as part of the running of his program.

For system programs, there may be requirements vhich render the
standerd PERM unsuitable. For instance, it may include a number of
facilities which are not needed by a developed system program, such
as run—-time checking. Also, some of the high-level language code may
be entered asynchronously as the result of an interrupt. In this
cgse, PERM needs toc be re—entrant and there must be no interference
between the interrupt code and the interrupteé code. In such cases,
it is necessary to vwrite a special PERM which is applicable to the

particular run-time environment.
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In order to do this easily, there must be a well-defined
inter'face between the compiled code and the run-time environment
in terms of the functions to be provided. There must also be a
mechanisn for dispensing with the standard PERM and using the special
PERM instead, without changing the compiler itself. Therefore, the
compiler should produce only the compiled code, with a set of un-

resolved external references to PERM which can be included subsequently.

One common wey in which this is done with small computers is
for the compiler to produce an assembly code version of the program
with symbolic references to thé required PERM functions. The special
PERM (also coded in assembler) can then be added to the compiled code
and the complete package nrocessed by an assembler vhich automatically

resolves the references to PERM.4

This then allows the system programmer complete control over the
run-—-time environment and he can, for example, implement a different
sort of storage allocation scheme if the standard one is not appropriate

for the particular application.

13.16 Conclusions

Many of the remarks made in this chapter can be applied to any
programming application and not just systems programming. The set
of facilities suggested would provide an effective programming tool
for any small computer and it is considered that they can all be
implemented with reasonable efficiency compared to hand-coding.
Facilities which require special hardware features for efficient
implementation, such as string manipulation and dynamic storage

assignment, have been deliberately omitted.



Certain facilities, such as the general ability to reference
by name entities defined outside the program (external references),
apart from standard library routines, have not been considered although
they become importent for large, complex suites of programs which

cennot sensibly bLe compriled in one operation.

The facilities needed for sound, basic program construction only
have been considered. Undoubtedly other facilities can be added
vhich have application in particular circumstances. Also, various
frills can be added to provide different syntactic ways of specifying
the seme semsntic construction, such as the alternative forms of
conditionals mentioned. Additional facilities could be recommended

if extra herdware were availeble, e.g. byte addressing.

The facilities which are thought to be the most relevant to
system progrsms, end perhaps not so relevant to applications programs,
are the store mapping and machine addressing cepebilities, the RECORD,
RECORDARRAY, RECORDNAME, and ARRAYNA'E facilities, the ability to
specify options to the compiler to generate in-line code or subroutine
calls for particular operations, the capebility for the progreaumer to
exercise more cortrol over the use of storage in his progrem, and the

facility for in-line machine-code.

Of the various languages considered, BCPL had the largest
collection of facilities considered relevant to system progrems,
elthough this is partly because IMP as presently implemented on
small ccrputers (e.g. PDP-11 SKIVP) dces not have some of the facilities
of full IMP which it is thought could be implemented such as RECORDS.

If this shortcoming were corrected, then IMP and BCPL would be about



equivaelent. Neither of them however, have the static storage
assignment cepebility as used by CORAL, vwhich is important as a
means of controlling speed overheads where timing is critical, as in

Interrupt-handling.
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Chapter 14
CONCLUSIORS

14,1 Introduction

The work deseribed in this report relates to two distinect areas
of computing. One is the area of telecommunications between computers,
the uses to which this can be put and the techniques needed to make
the connection'effective. The other area is the one of techniques
for a more sound approach to the construction of complex systems by
the development of standardized modules applicable in a wide range
of environments. The use of such techniques is a step towards the
building of complete systems from 'of P~the-shelf! components, instead

of building each nev system from scratch as at present.

This chapter attempts to summarize the main points of the work
described vhich are relevant to these two areas, As such, it complements
the remarks made in the introductory chapter listing the areas of work
which would be studied. Also, this chapter makes some predictions
about possible future developments in these two areas by extrapolating

from the results and conclusions actually obtained.

1h.2 Uses of Computer Telecormunications

The direct outcome of the work described in this report has been
the establishment of several successful computer communications links
involving a number of different small computers, The list given in
Chapter 10 (Table 10.1) describes those connections completed as at
October 1973, and there were also many other potential connections

at that date. The system developed has thus achieved one of the
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stated objectives — that of a wide range of applicability.

Of the connections listed, the majority of the small computers are
used to a large extent for local processing and only use the communi-
cation link to supplement their own resources and facilities. The two
computers are thus working 'in tandem' to solve problems that would
not be suitable for either computer on its own. The link therefore
supports a genuine co-operative operation between the two computers,
with each doing that part of the overall task best suited to it.

The small computer is not merely acting as the dumb satellite of the

large computer but has its own particular contribution to make.

This method of use is considered to be the way in which computer
communication systems will develop in the future to provide
significantly increased facilities to all computer users who can
participate in such developments., Whenever the topic of computer
networks is discussed, the subject of 'load-shedding' seems to be &
favourite application for such networks. Tn the opinion of the author,
the concept of simple load=-shedding is coﬁsiderably over—emphasised
and is not nearly so simple to achieve in practice except in special
situations. The idea of a computer dynemically off-loading work to

another comnuter which is considered to be under—loaded is rather naive.

First of all, most computers tend to have their peak loads during
the same periods of the days for obvious reasons related to the normal
working hours of the computer users. Secondly, there are not many
jobs capsable of running on more than one mechine without change. This
applies even to machines of the same type, which support the same -

compilers and library facilities., There are still likely to be
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differences in Job Control Langusge, vwhich may use optional facilities

peculiar to one installation.

Furthermore, any job which accesses permanent files can only
be sensibly run on the computer on which the files reside. Any
alternative will only become feasible when date communication speeds
become comparable with those for standerd file residence devices, i.e.
upwards of 1 Megabit per second. Even assuming thet it is possible
to detect those jobs which do not refer to permanent files by
examining the Job Control Language, on many systems it is possible
for one job to generate a second job, whose file requirements could be

quite different from the originel job.

The objective of using computer networks for automatic load-
shedding is therefore difficult to achieve in practice and could only

be applied to a restricted set of jobs.

The full potential of computer networks will only be achieved when
the user who is submitting the work is involved in the process of
deciding the best place to run it. In other words, transfer of work in
a computer network should only be done under explicit instruction or
advice from the user. The real purpose of a network should be to provide
e wider range of facilities than could economically be provided at
one installation and then make it easy for the user to access them.

The user will quickly decide on the best way of getting his work done,

using the machine that is most suitable for any particular task.

This is one of the important conclusions that has come out of the

work on linked computers. If proper note is taken of the capabilities
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4
present at both ends of the link, then a more satisfactory facility

can be achieved than if one end just acts as a dumb satellite.

14.3 Technical Aspects of Datae Communications

The other relevant aspect of the telecommunications work relates
to the communication techniques used to obtain an effective connection.
It was concluded in Chapter 4 that the synchronous method of communi-
cation was more appropriate to computer-computer operation because of
the requirement for fully eutomatic detection and recovery'from error
conditions and the higher speeds possible than for human-oriented
communications. The asynchronous method of communication has advantages
of cheapness and simplicity when applied to low data-rate systems, but
these advantages do not carry over when applied to higher-speed computer-

computer communicstions.

Given the requirement for fully automatic error detection and
recovery, some kind of communications protocol is necessary. The one
implemented was the simplest sort with the intention of being compatible
with different main computers (see Chapter 5). This was achieved in the
limited Edinburgh environment and it seems likely that it could also
be achieved in & wider environment if ever the need arose, especially
if the modifications to the communication - software suggested in section

9,7 were carried out.

Although the implementation of only one type of cormuinications
protocol was described in detail in this report, a study of other,
more complicated protocols was carried out. A comparison between
them was given in Chapter 12. As far as is known, this represents

the first attempt at a ecritical comparison between these different



types of protocol in judging their suitability for differcnt applications.

In view of the varying levels of complexity associated with these
different protocols for different requirements, it seems unlikely that
any future industry-wide protocol can be uniformly applied to all
situations, Such a protocol would have to be sufficiently powerful
to handle the more sophisticated systems, and this would render it
unnecessarily complex for systems with simple requirements. Any
universal protocol, therefore, would have to be defined at a number
of levels of complexity, from the simple one-way-at-a-time half-duplex

system to the powerful multi-stream full-duplex system.

All such levels should be compatible in respect of the unit of
physical transfer over the communications line, i.e. the block,
The block-framing characters and the type‘of redundancy check used
should be the same at all levels so that any particular terminal or
computer can equip itself with hardware which will be able to
autonomously asserble a block of data from the line. The interpretation
of the contents of the block may Fhen be dependent on the particular
level of protocol in use and is'énalyzed by software. A terminal or
cormputer can then upgrade the level of protocol it supports by software

changes without new hardware being necessary.

This degree of flexibility can only be achie&ed at present either
by having minimal hardware vhich merely assembles characters from the
line and leaves the .rest to software or by having complex hardware
that has a large number of software—controlled coptions, typically
implemented with & microprogrammed controller, which therefore becomes

e very expensive solution. If everyone could agree as to what
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constituted a deta block, then it would be nmuch easier to handle

cormunication between dissimiler machines.

A significant amount of effort (described in Chepters 6 and T) was
directed towards the design of & small computer synchronous communica=
tions controller capable of being used to communicate with any type
of main machine. Because of the differences between the communications
connections of these various main méchines, this objective could only
be achieved economically by meking the hardware very simple and imposing
a considersble burden on the software in respect of making sense of
the sequences of characters thet wvere assembled off the line. The
hardware was therefore capable of handling anything synchronous as

long as it was in 8-bit format.

Since the software has to interpret the charocters at interrupt
level, this can present considerable tining problems for the software,
especially at higher speeds, e.g. 9600 baud. It renders communicetion
at really high cneeds, e.g. 48 kbaud, impossible except on fast

processors which are not doing anything else of higher priority.

As was suggested above, this software burden could be removed if
there was a standardized block format acceptable to all equipment.
Such & thing is defined in the ISO HDLC protocol recommendations(28)
and is designed so as to be easily implementable at the serial-to-
parallel conversion level. Generation and recognition of this type
of block format would be quite simple in hardware. + would thus be
feasible economically to develop an autonomous block transfer controller

for this type of block format for small computers, in the knowledge

thet it would be applicable to all synchronous communications systems,
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This would relieve the software of all time—critical interrupt responses
in the milli-second region. It would just be necessary for the software
to generate a response to the whole block, and the critical time for

this is of the order of seconds rather than milli~seconds.

One thing this report has shown is that communication with main
computers is more complicated than it needs to be. The different
standsrds in use involve the small computer software in some fairly
intricate manoeuvres in order to handle the different message sequences
used by the main computers., Some agreement on a standardized unit
of physical transfer would make computer-computer communization much
easier. An snalogous situation occurs in respect of so-called
'industry-standard' magnetic tape. This can be used as a means of
transferring data betvween dissimilar machines even though special
utilities may be needed to unscramble the data once it has been read in.
The important thing is that standerd hardware is available on different
machines which will read the same block from the same magnetic tape
and the problem of data transfer then becomes amenable to a software

solution.

14,4 System Construction Techniques

The other main area, outside of the specialist area of tele-
communications,.in which work has been done is that of software engin-
eering or system construction techniques. The impetus for this was
the requirement to develop a system that would run on different small

computers in a wide range of environments,

This objective has certainly been achieved in practice, on the

basis of the number and variety of systems now operational (see Table
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10.1). A directly useful outcome of the work is that we now have

an "off-the-shelf" component of system software. This can be taken
by anyone and plugged into a new system without modification. The
detailed information contained in Chapters 9, 10 and 11 should be
sufficient to enable anyone to install this communications component
into a new system or new computer without understanding how it works.
~ All that is necessary is to produce the layer of interfacing routines
between the communications software and the real environment, and the

requirements for these routines are well-defined.

Also specified are test procedures for ensuring that the interfaces
pérform their functions correctly before connecting everything together
into a working package. Also, if the communications software itself
has to be re—translated for a new computer, a standard mechanism is
given for testing out the logic of it in a controlled way before apply-
ing it in the real-time environment. Therefore, by using a certain
amount of intelligence in implementing the interface routines and
following mechanically & prescribed series of steps, it is possible

to add an important new functional capability to a system - that of

communicating with another computer.,

14.5 Trensferable System Components

This capability for building up a set of basic system software
from components developed on other computers is not really possible
at the present time because the system components have not been
designed to allow this to be easily done. In order for this to be
possible, components must be designed in a machine-independent way
with clearly defined interfaces vherever they interact with the ‘rest

of the system.
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Shere are some exampies of softvare outside the besic system
level which have been desismed in tris way. One of these is the
BCPL compiler(zs), which compiles BCPL to a hypotheticel mechine code,
OCODE, vhich must then be interpreted or translated for a real target
machine. The compilation of BCPL to OCODE is strictly machine~
independent and OCODE is clearly defined, so that there is a vell-
defined interface between the machine-independent part and the real

machine. A similar system is used in the Edinburgh SKIMP compiler.

Both these compilers have been appl;ed to & number of different
target nachines by re-writing the interface between the virtual machine
code and the real machine. However, there is no evidence of similer
techniques having been applied to basic system software, i.e. device

drivers, interrupt handlers, schedulers, ete.

The idee of having hardware-driving software that is machine-
independent is novel, but has been shown to be applicable in the work
described. There is no reason why similar ideas should not be applied
to other parts of the system, e.g. disc handler, drum handler, scheduler.
They can be coded once in a high-level language in terms of an
jidealized hardware interface and then mapped onto the real hardware
in the wéy deseribed. There is no reason why a disc hendler coded in
this way for one system would not be applicable to another system.

The characteristics of all moving—head discs are broadly similar.
Problems in arm scheduling, error recovery, rotational scheduling, etc.
can 8ll be solved once in a particular way, and the same solution would
be applicable to any other moving-head disc. Currently, these problens
are being solved, coded and tested many times over on different systems,

and the solutions being used are probably very similar. However,
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because of the structure of current executives, there is no possibility

of plugging in modules developed elscvhere.

Therefore, although the existence of the transferable communications
software is useful in itself, it is hoped that the detailed description
of its concepfion and its development will serve as e useful guide
for the production of other transferable system components. It is
difficult to givé a specific set of rules to be followed but.the

following is a summary of the importent points.

14,6 Interfaces

Probably the most important aspect is the careful definition
of interfaces to everything that the componeﬁt is going to interect
with. The existence of cleer interfaces is what mekes it possible
for someone to use the component without understanding how it works.
It also facilitates testing, since simple test programs cen be
devised to exercise the interfaces. An interface should be defined
in as general & way as possible and should be as simple as is consistent

with the function required.

For each component, there exists what can best be described as
a set of 'natural' interfaces to the environment. This rather

inprecise notion can best be illustrated by some examples.

For the communicetions system described, the natural user interface
was a block-oriented interface. This would also be & natural interface
for any physical device whose transfers are blocked, e.g. disc, tape.
This is, of course, only one level of interfece. Another level of

user interface can be defined at the logical-record level, but this
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is not an alternative to the block interface, rather an addition to
it., Software to support a logicel interface would sensibly make use

of a block interface provided by another component.

Similarly, the interrupt interface to the communications package,
consisting of RECEIVE, TRANSHiT and ANWALYZESTATUS, is a natural
interfsce for a two—way single-characfer communications channel. Also,
theAfour functions used for software control of the hardwere, namely
READDATA, WRITEDATA, READSTATUS and WRITECONTROL, from a natural
interface for peripheral control and should be appliéable to any

peripherals.

A natural interface to a component is not always immediately
apperent and it may require a number of design :iiterations before

the right one is chosen.

It ié only through the wide acceptance of and adhereﬁce to the
use of universally applicable interfaces for separately identifiable
functions that systems can be easily constructed from ready-made
components. The developmgnt of software engineering as a useful
discipline depends to & large extent on the use of such standard

interfaces.

14.7 Reel-time components

The use of & finite—state machine representationcof components
that have to respond to reasl-time events, e.g. interrupts, eases the
 testing problems considerably since components can be thoroughly
tested in a controlled environment before being used. Assuming that

the rest of the system has been properly structured in respect of
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communication between asynchronous processes and that system loading
permits adequate response times, then the whole system should perform
correctly without odd hangups sometimes associated with real-time

systems.,

14.8 Use of high-level languages

The use of a high-level language is a very important aspect of
the production of transferable software components. Even if the
language cannot be directly compiled for a particiilar target machine,
the high-level language coding serves as & system description and as
an authoritative definition of the implementation. The usc of a
high-level language also avoids the temptation to take advantage of
special hardware festures available on one machine, which tends to

produce & specific rather than a general solution.

If a high-level language is to be used, then & careful choice
has to be made since 21l languages or all compilers are not suitable.
Due esttention must be given to efficiency considerations and run-time
environment, as well as language features. These considerations were

discussed in chapter 13,

14.9 Transferable Hardware

Although most of this discussion has been concerned with the
software part of the communications system; it is worth noting that
a specification was also given for a cormunications hardware component
that was intended to be easily transferable between mechincs. This
vas again achieved by the careful choice of an interface which vas

capable of being implemented in a compatible way on a nunber of



small cormuters (see Chapter 6). The general form of the interface
defined would be epplicable also to other perivherals using a single-
character transfer. The use of & universal interface such as the one
proposed would make it easier to interface new peripherals to a wide
range of small computers. It is also possible that this interface
could be extended to handle autonomous transfer devices in a uniform

vay.

14,10 System Construction in the Future

It is envisaged that in the future it should be possible to
construct a complete set of system software from off-the-shelf system
components instead of having to write a nevw system from the bottom up

as at present.

Currently, the softwvare for & computer can be divided roughly
into three levels - epplications software, system support software
such as language processors, basic executive to control the use of
the hardware. Of these three levels, only the first currently hes
a large body of software that is transferable between machines,
through the widespread use of languages like FORTRAN for the implement-
ation of applications packages. Software for the second level has
mainly been written in assembler language and is normelly very systen—

(%) have attempted to nmake

dependent. Projects such as the SIM system
this level less system dependent by the use of a high-level language
and the careful structuring of interfaces. With SI!!, this level hes
been made easily transferable between different machines, provided

the basic system executive provides certain standerd facilities, such

as block—-oriented peripheral transfers.



- 260 -

At the third level, there has been nothing that has been
denonstreted to be transferable between different machines. Apart

(36)

from certain research efforts, e.g. the EVAS development, this

level is written in assembler and is very machine-dependent.

However, the work described in this report has produced transferable
gsoftware at this level, albeit on small-scale systems, thus demonstrating
the feasibility of making even this level machine-independent to a
large extent. The fact that the work hes been done on small-scale
systems is an advantage in'that the work involved has becn of manegeable

proportionsfor one person:

There seens to be no reason why other components of basic system
software should not s8lso be written in a machine-~independent way, and

thercby mede available for different nachines,

These basic cormonents would obviously have to be very well
defined, with vell-spvecificed interfaces so that they could be properly
incorporated into an overall system. An 'off-the shelf' softwere
component would therefore have to be provided with a complete 'product
description' in terms of how to use it and elso in terms of its likely

performance characteristics on particular nmachines.

One could foresee a situation vhere a range of different softwarc
" modules was available for the same function. They would differ in
respect of the way the facilities were imrlemented in order to lay
emphasis on differentithings, e.g. efficiency in space or efficiency
in speed, different scheduling algorithms, different techniques for

disc space allocation, degree of fail-safe security in feilure
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situations, end so on. All these various alternatives could be

provided vy different softwarc peelinses.

Someone constructing & system then hes to decide what particular
features ere important to him and choose the eppropriate package. The
tasy of system construction then becomes one of choosing a set of off-
the—-shelf comronents for the required functions, selecting those thaet
exhibit the desired characteristics, which, of course, are likely to
be different for different systems., These system components then have

to be interfaced together according to the defined inﬁerfaces, and
this mey involve & certein amount of prograrmning in order to ensure
that interfaces match properly, e.g. interfaces to the actual

peripherals.

One possible consequence of this method of building & system is
that a set of softwvare necessary to do & particular job can be chosen
prior to choosing the hardware. The actual mechine used can then be
chosen on the basis of the nost economic way of running the chosen
software. Therefore, choice of hardware could become far nore
application-oriented. This differs from the situation vhich frequently
pertains at vresent of choosing the hardware on the tasis of spparently
desirable festures such as core speed or eddressing properties, and
then discoverins how, if at all, particulsr applications can he run

on it.

One further consequence of building a very modular system in
this way is that, if the economics justifies it, it is possible to
essign particular components to separate processors as & vay of

distributing the overall system load. Since each component has a
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well=defined interface, this should be easily accomplished without
affecting the appearance of the component to the rest of the system.
Then, major components such as control of communication network or
& high-level filing system could be devolved to separate processors

to relieve the load on the central part of the systenm.

14,11 Further Developments

Possible future work in the area of computer telecommunications
suggests itself in relastion to improving the communications techniques
used to communicate with the large computers. The work described in
this report was constraiﬁed to operate within the limited facilities
presently supported by the large computers. The system developed
therefore supported the simplest type bf protocol for reasons of

compatibility. -

The indications are, however, that the large computer manufacturers
are adopting a more flexible approach to communications through the
use of programmable communications controllers. Also, there are
moves to adopt & common standard vhich would permit compatibility at
the level of block formats. It should be possible, therefore, to
develop higher level protocol packeges for smell computers which over-
come some of the limitations of the simple protocols but which are
still compatible with different large computers, even if it involves some
programming work on the large computerslas well, There is certainly scope

for improvement in this area.

In the area of system construction and development, there is
scope for the development of further transferable system components

e.g. multiprogramming monitors, disc filing systems, peripheral control
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systens, and the definition of system interfaces applicable in a
wide range of applications and environments. This should help to
promote the development of more modular systems with structures more

easily understandable.

Further work is also needed in the development of suitable high-
level languages for small computers. Although much work has been done
in this area, there is certainly scope for further development in order
to increase the facilities provided, such as those suggested in Chapter 13.
Then, these developments need to be exploited and the compilers made
more accessible by making them available on the commonly—used large
computers. Also, compilers are needed which support the sawme facilities
on a number of different small computers so that transferable systens

ere more easily implemented.
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Appendix A

Chronology of significant developments, indicating items of

work involving other people.

Bunmary

The contribution of fﬁe author to the hardware work was in the
detailed functional specification of ?he two communications controlilers
described in Chapter T. The author had no involvement in the actual
imflemenﬁation of tﬁeee épecifications, except in relation to testing.
Where work on the communications software involved othet people, this
was dohe under the close dire¢tion of the author, Unless specifically
mentioned, the author acted only in an advisory capacity in relation

~to the development of user prograns.

The following list of abbreviations for names will be used:-

ERCC Staff -

RJ - the author

FB - F.E.J. Barratt,AEngineering Support Group (ESG)
RC -~ R.A.F. Chisholm, ESG

JF - J.G, Fordyce, ESG

AR - A.H. Roy, ESG |

JA - J,W. Allan, Communicetions Software Group (CSG)

dJ

J.I. Davies, GSG

2

K. Farvis, C53 (Vacaticn student)
EM - E,R. Mansion, CSG
GB - J.G. Burns, ERCC/Physics

SH - S.T. Hayes, ERCC/Physics



Other organisations contributing:-

NC ~ Napier College

DD - Data Dynamics Ltd.,

CL - Culham Laboratory of UKAEA

RL - SRC Rutherford High ﬁnergy Laboratory

SM - Dept. of Social Medicine, Edinburgh University
GU - Glasgow University

H¥ - Heriot~Watt Uhiveisity.

The list of developmentei®s given on the following pages.



COMPUTER

Persons

YEAR MONTEv ‘ Brief Dgscription of Work Done Tovolved
1969 APRIL | PDP-8 Design| specification for ERCC Synchronous Controller RJ;RC,JF
JUNE | PDP-8 Design|specification for communications software RJ |
NOV PDP-8 Prototype of ERCC SCI completed . RC,JF
DEC PDP-8 Communications Software packagé completed (written in IMP) RJ
DEC PDP-8 User program to support calcomp plotter completed GB
1970 JAN PDP-8 ERCC PDP-8/L operational as RJE terminal with plotter RJ,GB,RC,JF
| APRIL | PDP-8 Communication softwére'converted fo assembler to reduce size RJ |
MAY PDP-8 User priogram extended to support paper-tape input/outputl GB
JUNE | PDP-8 . Design |for re-engineered Version of ERCC SCI completed RC,JF,AR,FB
AUG PDP-T Communilcations software package translated for PD?—7,9,15 - KF
oCT PDP-8 User program extended to support line printer ' RJ
NOV PDP-8 First production version of ERCC SCI completed ESG
DEC PDP-8. User program extended to'sﬁpport DEC-tape | GB,SH
1971 JAN PDP-8 | Physics PDP-8 operational with‘new hardware and DEC-tape software RJ,GB,RC,JH
| APRIL | Mod 1 Simple test programs written to test communications hardware 'IRJ,JD
APRIL | PDP-8 User program extendéd to handle card reader . _ | RJ,GB
APRIL | PDP-8 Social Medicine PDP-B operationél as RJE terminal with paper-tape and card- |RJ,GB,RC,JF]
reader software . A - o
MAY PDP-8 Computer Science PDP-8 operational as RJE terminal with paper—-tape software [RJ,GB,RC,JH




COMPUTER

Persons

YEAR MDNTd Bfief Description of Work Done Involved
1971 JUNE | Mod 1 IMP version of communications package transferred from PDP-8 RJ
AUG ICL 412(| ERCC SCI interfaced to 4120 at Napier College RC,JF
AUG ICL 412Qy IMP version of communications package and user program translated to NEAT to JD.NC
run under NICE ’
AUG Mod 1 User program to support paper-tape input/output completed (written in IMP) .|RJ
AUG PDP-8. Design spe01flcatlon completed for Data Dynamlcs SCI RJ,DD
SEPT | Mod 1 ERCC Modular One operational as RJE termlnal RJ
SEPT | 4120 Napier College 4120 operatlonal as RJE terminal JD,NC
OCT. Mod 1 | User program-extended to handle card reader and line printer RJ
oCT Mod 1 MRC Modular One,operetional as RJE terminal _ RJ
DEC PDP-8 Prototype Data Dynamics SCI completed and tested on ERCC PDP-8/E ' DD,RJ
1972 JAN © | PDP-8 Assembler version of commun1cat10ns software modified for Data Dynamics SCI |RJ,JD
JAN PDP-11 . 1Q1mple test programs wrltten to test DP1l controller JA
1972 FEB PDP-8 | User program modified to suit RHEL PDP-8/E DEC—tape requirements RL
MAR PDP-8 Produotion Version of Data Dynamics SCI completed DD
MAR PDP-8 'RHEL PDP-8/E operational as RJE terminal with Data Dynamies SCI RL
MAR PDP-11 IWPocommunlcatlons package and user program translated to PAL1l to run with [JA
IoX
MAY PDP-11 | Medical Faculty PDP—11/20 operat1onal as RJE terminal with card reader and JA

11ne printer




Brief Description of Work Done

Persons

IMP RJE system transferred from Mod 1 to run on. I0X .

"YEAR | MONTH, | COMPUTEX Involved
1972 | JUNE PDP~11 | User program modified to run under DOS and-use disk SM
(cont)| SEPT Mod 1 IMP communications package modified to communicate in ISO with System 4-75 EM
1973 | JAN PDP-8 User program modified to support disk on Glasgow Unlver31ty Physmology Dept.' GU-

PDP-8/1 _
MAR PDP-8 Glasgow Physiology Dept. operational as RJE terminal with ERCC SCI GU
APRIL | 4130 User : program modified to support card reader and line printer under DESl JD,HW
APRIL | Mod 1 IMP RJE system modified ﬁo run under MISER and with different peripherals CL
MAY Mod 1 . | User program extended to support CIL graph plotter o GU
JULY PDP-11 JA




Appendix B

Other available documents on particular implementations.

A nunber of other documents have been produced during the course
of the work which describe certain aspects of the development in more
detail in relation to specific computers. These documents are
listed here for the benefit of people interested in thos particular
computers.

JOHN R.B., The Interfacing of a PDP-8 computer to HASP as a BSC
RJE terminal as a means of supporting a graph plotter and
paper—-tape input/output. Edinburgh Regional Computing Centre,
1971 [

JOHN R.B., Programming Specification for PDP-8 BSC nackage
Edinburgh Regional Computing Centre, 1972.

FARVIS K., BSC Communications Package for PDP-7,8,9 and }5
Edinburgh Regional Computing Centre, 1970.

GOODWIN D., RJE Input/output Package for the PDP-8
Edinburgh Regional Computing Centre, 1971,

'DAVIES J.X., RJE System for the ICL 4100, Edinburgh Rggional
Computing Centre, 19T71.

JOHN, R.B., Specification of IBM Communications Package for
Modular One Edinburgh Regional Computing Centre, 1973

FORSYTH J.B., and PENFORL J,, A Remote Job Entry Terminal to the
Rutherford Laboratory IBM 360/195 Computer Rutherford Laboratory
Report RHEL/R 261.
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ABSTRACT OF THESIS

.........................................................................................................................................................................

This thesis describes the development of a data communication system
for small computers to enable them to 1iﬁk to 1argé‘computers. The
particular advantages and additional facilities made available to computer
users through the use of such a link are described. A detailed
description is given of the hardware and software components needed to
achieve this link, together with the reasons for choosing the particular
techniques employed. The discussions given highlight the problems
involved in this type of operation. Some of these problems, such as
lack of standardization, are short-term and will be overcome with the
natural evolution of computer systems, while otyers are of a more
fundamental nature related to the use of data transmission over long

distances.

The system was designed to bé applicable to & number of different
small computers. This has resultgg(in a system which is easily
transferable between machines, thro;gh the careful choice of interfaces
to othér components, This is seen as a step towards a more flexible
and more modular method of system construction whereby complete software
systems for arbitrary configurations can be put together using 'off-the-
shelf' components already well-developed and tested. This contrasts with
the present situation in which whole new systems are developed for a'
new computer, frequently duplicating systems alreedy developed on other
hardware. A détailed description of the factors involved in producing
machine-independent, easily-transferable system components is given
as a guide to other developments in this direction: It is felt that
there is need for a better-engineered approach to the construction of
software systems and it is hoped that the work described makes somee

contribution towards this end. Use other side if necessary.



