COMMUNICATION BETWEEN UNRELATED COMPUTERS
A STUDY OF SOFTWARE DESIGN PROBLEMS
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ABSTRACT

The development of a communication system between computers whose operating
systems, as supplied by the manufacturers, are not designed to support such
communication, and where the operating system of the larger computer in the
vrartnership cannot be altered, poses a number of problems. After an histor-
ical introduction in which the theme of this thesis is set in the context
of a research project at the Institute of Computer Science of which it
formed a part, the characteristics of four communication systems for which
software has been developed are described.

The software developed for the satellite computer common to all four systems
is next briefly discussed, with particular emphasis on the problems
encountered that seem peculiar to systems involving unrelated computers.

The solutions found to these problems lead to some general principles of
design, and of the approach to design, which are next considered. These .
principles, together with the general pattern of use of the satellite machine
at the Institute, indicate the need for a specifically-designed operating
system for the satellite, and the thesis ends with a discussion of this
system showing how it can be designed to accommodate future expansion of
communication facilities.
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PREFACE AND ACKNOWLEDGMENTS

"We are in great haste to construct a magnetic telegraph
from Maine to Texas; but Maine to Texas, it may be,
have nothing important to communicate" - Thoreau

The main theme of this thesis is the development of a design philosophy
for software used in the satellite machine of a two-computer communication
system, where the satellite is not recognised by the operating system of
the main computer as a standard partner. The design philosophy has
emerged as a result of the implementation of four specific communication
systems, and the main theme develops from a discussion of these systems.
Neither the specific design nor the general approach to design would
have any relevance except in the context of some wider purpose, and I
wish therefore to take opportunity, outside of the formal part of this
thesis, to indicate where the work described fits into the larger scheme
and to acknowledge assistance received from many of my colleagues,
whether directly connected with the work I have myself been engaged upon,
or indirectly through association with the same research group.

The context of the work described here has been a research project in the
use of coupled computer systems, supported by the Science Research Council,
and led by Prof. Peter Kirstein at the Institute of Computer Science,
University of London. To the SRC, which provided the means, and to Prof,
Kirstein, who provided the impetus both for the project as a whole and,

as Supervisor, for my pasrt of the project described here, all thanks are
due.

My responsibility within the project was for the development of tele-

. communications software for use in the satellite computer. Each system
developed thus constituted a quite specific task,; but from these specific
tasks have emerged two topics of more general application: an approach
to the design of telecommunications software for coupled systems, and

a design for a small-machine operating system capable of supporting
telecommunications as well as more conventional computer use. Many of
my colleagues have contributed to both aspects of the work, either
directly or indirectly, and I am glad to have opportunity to acknowledge
my debt to them. I would like also to mention those MSc students of

the Institute whose projects I have had the pleasure of supervising;

from these projects has come much of value: in the software developments
for which I have been responsible. An attempt is made in this thesis

~ to give an overall picture of the various systems, at leagt as far as the
software in the ICS machine is concerned, "To do so it has been necessary
to include descriptions of some of the work of other people; the last
appendix contains a statement of my own contribution,

It would have been impossible to complete the development of the systems
described without the c¢ooperation of both the administrative and the
technical staffs of the three remote installations: the Rutherford High
Energy Laboratory, the Atlas Computing Service (now London University
Computing Service), and the University of London Computer Centre. To

all those at these installations who in various:ways have given their help
my thanks are due. .
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Although the development phase of any given piece of software ultimately
reaches a conclusion, as long as development continues in any area of
software application there will be scope for the design and implementaticn
of new programs. In the particular area of coupled system design as

, practised at the Institute of Computer Science it is hoped that the

techniques described in this thesis will continue to find application,
and that they in turn will be further refined as time goes on,



CHAPTER 1 : The Background to the Project

1, Historical Introductiocn

In 1967 a research group was established at the Institute of Computer
Science, University of London, under the leadership of Dr (now Prof.)
Peter Kirstein, The group,known as the Indra Group (Institute Display
and Remote Access project), had as its aim the investigation of the
use of coupled computer systems for computer-aided design, This aim
is described in [1]; briefly, the proposal was that the major calcula-
tions should be undertaken in a large and powerful batch-processing
computer, while the preparation of raw data and the examination of
results should be performed with the aid of a remote small computer
equipped with interactive graphic display facilities,

One notable difference between the scheme proposed for Indra and those
implemented elsewhere was that control of the whole operation should be
exercised at the satellite computer, The large machine was to be in no
way dedicated, From the point of view of the large machine, therefore,
the operation was to be a matter of remote job entry and remote job con-
trol in a conventional batch-processing system, with the remote machine
appearing as a conventional peripheral, To the user of the small machine,
on the other hand, the system should arpear equivalent to the interactive
use of a large dedicated computer. although it was recognised that the
job turnround would be somewhat slower than might be expected of a genuine
large interactive machine,

In the conventional use of remote peripherals on satellite computers,

the remote system is, to a great extent if not wholly, controlled by the
central system, and its characteristics are known to the central system
(in the sense that it is an equipment that the software in the central
system is designed to control), The proposed system was thus incompatible
in two ways with conventional practice: the transmission of jobs from
the remote machine and the initiation of their execution was to be under
the control of that machine (at leadst as far as the remote operator was
aware),and the satellite would not be of a type known to the central
system, At the same time it was clear that the standard operating system
of the central computer could in no way be tampered with,

Consequently it was necessary to develop telecommunications softwarexfgr.

the satellite that would simulate the characteristics of some terminal
equipment known to the central system, At the same time it was necessary
to develop software for the central machine to m#diate between-the batch-
processing habit of that machine and the apparently interactive use of the
coupled system as seen by the remote operator, Another design aim was to
make the operating procedures for the whole system such that it would be
acceptable to a user whose interests were in computer-aided design rather
than in the subleties of software,

A grant was obtained from the Science Research Council, and a PDP-9
computer was purchased from the Digital Equipment Corporation; This was
installed in 1968, and the original specification included 8k of core,
three slow magnetic tape units (Dectapes), paper tape input and cutput, a
control teletype, a DEC type 340 display with light-pen, and a communica-
tions adapter for use with IBM modems on a private line, (For general in-
formation on the PDP-9 see the next section,) An agreement was also made

1
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with the Science Research Council's Kutherford High Energy Laboratory
to allow the use of the IBM 360/75 at that laboratory as the central
machine for the coupled system, Software development then started in
the areas of telecommunications {software being required for both the
PDP-9 and the 360/75) and of interactive graphics, "This thesis is con-
cerned only with PDP-9 telecommunications and general system scftware,
and other activities of the Indra group are therefore nct discussed,

The first system was constrained by available hardware to use asynchronous

transmission at 600 baud., At that time rionte of the members of the re~
search group had had any experience of writing telecommunications coftware,
and consequently the system, although ultimately operational, could not be
claimed to have greatly edvanced the art, However, lessons were learnt that
resulted in later systems being considerably more satisfactory, The

initial system is described adequately in [2]; it is only discussed briefly
here in order to point out what some of the lessons were {see Chapter 4),

It was soon realised that the original PDP-9 was iwo small and that Dectape
was too slow to provide an adequate backing store, especially when higher
transmission speeds became availeble, Ho a further 8k of core was added and
a 128k drum was obtained from the Vermoni Research Corperation at the be-
ginning of 1969,

That such extended facilities were required may seem strange when it is
remembered that meny terminal computers operate satisfactorily with very
limited resources, so it is worthwhile to digress briefly and list some of
the reasons, Many of these are discussed or illustrated more fully in
later chapters,

(a) The assumption inherent in the design of the project that
files would be held and processed in the terminal implies the
provision of backing storage, and to transmit or rzceive such
files requires either very large core bhuffers or a backing
store with low latency,

(b)" Space is required in core for file-processing routines which
must be at least to some extent co-resident with the tele-
communications routines if a reasonable efficiency cf operation
is to be achieved.

(c) The project was broadened to admit of more than one coupled
system, It was hoped that these could be co-resident, although
this aim has not yet been realised,

(d) Very extensive graphics facilities were to be developed, re-
quiring a powerful machine,

(e) The software developed for the project was to be used in con-
junction with the standard manufacturer's. software, as far as
was appropriate, and this is somewhat bulky and inflexible,

(£f) Although it is possible to develop software in a machine that
is only just powerful enough to run it, it is extremely in-
convenient to do so, Software development is often a major
data-processing operation in itself, and can be mosl efficient-
ly carried out only when adequate facilities are available,



At about the same time a start was made on a more unified software
system for Indra activities, This was based on a simple executive,
operating under the standard DEC keyboard monitor (the basis of the
DEC Advanced Software System for the PDP-9, known familiarly as
DECASS), The main function of this executive was to decode user
commands and call appropriate programs to deal with them; it is
discussed further in Chapter 3.

A direct link to the Atlas computer wac established during 1969, using
special hardware in the PDP-O developed by the Indra group's engineer-
ing section {3], This enabled the PDP~-9 to have convenient access to

a line printer and a card reader, and was later extended to give access
also to IBM magnetic tape, The sofiware was developed as an MSc pro-
ject by J, Shane [L4], The characteristics of the Atlas link put its
software somewhat out of the main stream of. tfelecommunications work;

a brief description will be found in Chapter &,

Also in 1969, facilities became available to allow telecommunication
with the 360 in binary synchroncus mede at 1200 baud, Software was
developed for this link (known as the fast link to distinguish it from
its predecessor), and the use of the 600 baud link was discontinued
early in 1970, The fast link software has some interesting features
introduced to overcome some of the design difficulties encountered
while developing the slow link; these difficulties are described in
Chapter 4, and the solutions in Chapter 5 and subsequently,

During 1969 the work icad on the PDP-9 increased greatly, due in part

to the increasing range of activity of the Indra group, and in part

to the use of the machine by numbers of MSc students cf the Institute,
both for course work and for projects. Also the inefficiency of using
an Indra executive running under the DRCASS monitor and the limitations
of DECASS for telecommunications and interactive operation became in-
creasingly apparent, By the end of the year it had become clear that
further progress would be restricted unless some alternative, more
specifically Indra-oriented, operating system was developed, and that
the pattern of work favoured a rudimentary multiprogramming system in
which standardised activities such as communication with remote machines
‘could proceed autonomously while the PDP-Q was in concurrent use for
stand-alone jobs such as program development, The limitations of the
PDP-9, to say nothing of the shortage of system programming effort, pre-
cluded the development of any grandiose scheme, but since nothing suitable
seemed available or likely to become available from the manufacturer

it was decided to attempt to produce a New System for Indra, The New
System was to be designed specifically to facilitate the implementation
of both existing and projected telecommunications systems, and is thus
seen as a natural outcome of the work that has gone before, Work on
this system was undertaken, and has continued, as a private venture,

not forming part of the Indra project in any way although based on
known or anticipated Indra needs, Development work by the author and
P,L. Higginson has continued throughout 1970, in a somewhat desultory
fashion because of other commitments; a brief account of existing and
planned features of the system is given in Chapter 7,

The main Indra telecommunications activity in -i970, as far as the fast

link was concerned, was to replace the experimental version of the system
described in Chapter 5 by a production version, This work was undertaken
as an MSc project by R,M. Humphreys [5], Subsequently the fast link system
- was rearranged by P.L, Higginson to make use of the DECASS overlay facility,
Both of these developments are described brieflyin Chapter 6.
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In 1970 also, it was decided to link the PDP-9 to a CDG 6600 at the
University of London Computing Centre, One of the reasons for under-
taking this was to investigate the applicability of the technigues
used in fast-link development, for the telecommunications and opera-
tional characteristics of the two systems are quite different, The
results of this investigation are discussed in Chapter 5. So far only
an experimental version of the CDT link software has been developed,

Another reason for linking the PDP-9 to the CDC 6600 was to gain ex-
perience that would be useful in the context of a project mounted by

the University of London: the development of software for a Modular One
computer to enable it to act as a replacement for a CDC 200 User Terminal,
This project started late in 1970, with software development initially
the responsibility of the manufacturer's staff, the author being project
leader responsible to the University's Steering Committee for the project,
More recently the project team has been extended to include stafi from
the Institute of Computer Science (where the project is based), and

from Westfield College, The Indra greoup is not directly involved in

this project, but experiznce gained in other telecommunications projects
and some test prograums developed for use on the PDP-9 have proved useful,
In the latter context mention should particularly be made of a program
vwritten by A R, Duncan, primarily for the diagnosis of faults in tele-
communications systems (sze Appendix 4),

2, The PDP-9 Computer and its Software

The brief description given in this section is intended to establish a
background against which particular topics can he discussed later, The
description relates specifically to the PDP-9 installation at the Institute
of Computer Science; this contains a number of unconventional features and
is therefore not typical of PDP-9 systems [6,7],

Lest it should seem that the following description is unduly critical of both
hardware and software, i1t would be as well tun point out that one purpose of
including this section is to highlight those characteristics of the system
that have imposed constraints during the development of telecommunications

‘software, and that, in the end, have both occasioned and influenced the

development of the New System. The hardware and software provided by the
manufacturer are well matched and impose no unreasonable limitations when
the PDP-9 is used for conventional, stand-alone purposes, and indeed all
the communications systems described here were constructed to operate under
essentially the staindard svstem,

2,1 Hardware Characteristics

. . {
The PDP-9 is a single-accumulator 18-bit mechine with 15k of 1uws store. It
is only possible to address 8k of core directly, the back so addressed being
that in which the referencing instruction is located., Indirect addressing
is possible, but there is no modification facility. Store protection is
available, but the protection boundary can only be set at integral multiples
of 1k words; when store protection is enabled, certain classes of instruction
(in particular, IO instructions and those referring to interrupts and store

‘protection) are trapped, causing an interrupt,

A conventional repertoire of arithmetical and logic instructions is‘provided,
together with a subroutine call instruction and a range of conditional skips,
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Input/butput, real-time clock and display control instructions are
also ihcluded, The real-time clock can be operated at 20 ms
(synchronlsed to the mains supply), 5 ms (synchronised to the drum),
or 100 us,

Permanently-connected peripherals are as follows:
(1) Paper tape reader (300 ch/sec) and punch (50 ch/sec).
(ii) Teletype (KSR 33),

(iii) Three Dectape magnetic tape units on a common controller,
each tape holding some 140k words in 256-word blocks, with
a transfer time of some 50 ms/block. To economise on space,
files are written using every 5th block, the whole tape
being scanned in five passes, so the effective transfer
time approaches 300 ms/block,

(iv) A 256k-word drum holding four 256-word sectors on each track,
with a transfer time of 5 ms/sector. Track switching is
possible between sectors,

(v) A non-storing vector and incremental display (type 340),
with light-pen and keyboard,

(vi) Two comminications adapters for use with GPO Model 7 modems,
(vii) Special interface logic for contfolling a direct link to Atlas,
Other equipment that may be connected at will:
(viii) Teletype (KSR 33 or ASR 35 or both).
(ix)  Computek storage tube display with keybo#rd and Rand tablet.
(x) Olivetti teletypewriter, 7
- (xi) A,B, Dick line printer (connected via a communication adapter),
There are three main techniques for data transfer between the processor and
the peripherals:
(a) Program interrupt, in which one character at a .time is transferred
by software in response to an interrupt from the perlpherai
Typlcal use is for paper tape,
(b) Data channel, in which one word at a time is transferred by
- hardware from or to a‘buffer in core, A hesitation of 3 or 4
store cycles occurs as each word is transferred, and an interrupt
is given at the end of the block transfer, Typical use is for
backing stores,
(c) Direct memory access, similar to data channel operation but faster;

requiring only a 1-cycle he51tatlon - This is used for the type
3L0 display. ' :
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Only one interrupt line exists, without priority except as conferred by
software; this serves for clock and storage protection interrupts as
well as those associated with peripherals,

The communications adapters and the Atlas link interface were originally
designed for program interrupt operation, but recent developments have
been made to allow these to be used on the data channel, The correspond-
ing software changes have not yet been finalised,

2,2 The DEC Advanced Software System

Briefly, DECASS consists of a keyhoard-controlled monitor (KM9), and a
number of utility programs including a Fortran compiler, an assambler,

a linking loader, an editor and a general-purpose routine called PIP

{( peripheral interchange package) used for simple file handling [71.
DECASS is originally a Dectape-based system, but has been modified to
work from the drum, Somewhat diffuse and store-consuming handlers exist
for the standard peripherals, but there are no handlers for drum, display
or any of the special peripherals mentioned above, All these have been
developed, where possible according to the DECASS recipe, but the recipe
has not been found applicable to telecommunications work,

A clear distinction is drawn in DECASS between system programs and those
few routines (mainly handlers) that are available at run time, It is not,
for example, possible to include PIP in a user program, and dynamic loading
is not available,

A limited overlay facility allows the subdivisionof a set of software into
separate segments called chains, Each chain is built by a process essentially
equivalent to the use of the normal linking loader, and a set of chains form

a file called an execute file, held on backing store. A chain from an ex-
ecute file is loaded in much the same way as a system program, and commences
execution automatically, The initial load from an execute file is the first
chain placed in it,

Any program in a given chain can call another chain into core and transfer
control to it, Data may be passed from cne chain to another by the Common
mechanism of Fortran, or by making-use of a free store area {(by non-standard
artifice) in assembly language,

Chains must be complete, in the same way as conventional program loads must
be; that is, the loader will not accept any unresolved global labels or any
missing device handlers, Also, all the programs in a given chain are over-

written when a new chain is loaded, Hence common data must be kept outside,

as has already been stated, and common programs, including handlers, must be
repeated in each chain requiring them, Thus the execute file may become
very large,

An execute file must be planned in advance, so that the chains can be con-
structed appropriately, It is not possible to modify the contents of a
chain, or the circumstancesin which one chain calls another, during the
course of a run, DNote also that all handler allocations are fixed ai the
time of constructing the execute file and cannot be altered subsequently,

It may be noted here that the overlay facility was not available uvntil Indra
work was well advanced, Recently there has been considerable use made of
overlays in an attempt to overcome some of the storage problems, and it has



beell found necessary to make some radical alterations to DECASS in
order to achieve reasonably satisfactory results (see Chapter 6),

Operation is slow, especially with a Dectape-based system, mainly be-
cause of the necessity of reloading the non-resident part of the monitor
between each step., It is not, for example, possible to call the loader
directly from the assembler,

The assembly language (Macro-9) is a very satisfactory vehicle for
system programming, It includes a range of system macros by means of
which DECASS-controlled IO and other operations can be called, and it
also has a facility to allow the programmer to define his own macros,
although little use has been made of this facility, Part of the slow
link system was written in Fortran (by F, Huber), but on the whole
Fortran has not proved to be suitable for telecommunications system
programming, partly because of a poor implementation, although it is
possible (and, indeed, necessary for space reasons) to combine Fortran
and assembly language in the same program, and partly because it is not
possible to make efficient use of the facilities provided by the hardware,

The standard representation for alphanumeric data in DECASS is known as
5/7 ASCII, that is, five 7-bit ASCII characters packed into two words,

This is 1n many wajs an inconvenient format to handle because of the com-
parative complexity of packing and unpacking routines, and results also

in the equally inconvenient DECASS practice of using word pairs rather than
words as the unit in all data transfers, ©WNo conversion facilities exist
for codes other than ASCII,

Some particular limitations may be noted, The assembler makes two passes
over the source code and in consequence is somewhat slow; it produces a
diffust intermediate code that requires extemsive further processing by
the loader, As a result, the size of the loader often severely limits
the size of program that can be loaded, The monitor tends to take control
irrevocably if errors occur, making recovery difficult, The teletype key-
board, if used as a control device, is wholly owned by the system, and con-
trol functions are not readily available outside the monitor, There is no
provision for the use of store protection, The routine.within the monitor
for handling the real-time clock is of limited utility, especially where
independent activities have to be timed concurrently, Various expedients
have been adopted to overcome these and other difficulties, but the effect
has 6ften been to increase the size and complexity of programs and to re-
duce running speed, quite apart from the reduction in support given by
the system,

1

7
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CHAPTER 2 : Characteristics of the Indra Communication Systems

1. Introduction

Four communication systems of differing characteristics have heen developed:
two to the IBM 360/75, one to the GDC 6600, and one to the Atlas. All but
the Atlas system have been true telecommunication systems, that is, they
have involved the use of modems and the public network. The Ailas system

is little more than a hardware interface, but is worthy of inclusion here
because the special purpose hardware developed for the PD¥ end of the link,
and the software used to control this hardware, together from a simulator

of conventional Atlas peripheral equipment. The use of simulation techniques
of this kind is commeon to all the Indra communication systems, as will be
shown in this chapter.

Communication systems have much in common with interfaces, as fay as their
overall operation is concerned, although they are commoanly more complex

and offer a greater variety of modes of operation. Thus, for example,
control of data transfer is exercised in a hand-shaking manner:: in a
communication system it is usual to employ control messages for this purpose
where in an interface simple signals would usually suffice. Again, the
format of transmitted messages is defined, at least partially:: for example,
the character set to he used, the maximum number of characters in a block

of text, and any techniques of error control.

From the point of view of the system software designer, differences in
communication system hardware are comparatively unimportant, as are also
differences of speed, provided always that the speeds are not too great.
The significant characteristics are the two mentioned already, namely the
rules governing the control of transmission (called the communications
protocol), and the format of messages. An account is given in this chapter
of the protocols and message: formats of the three true telecommunications
systems developed, and for completeness, an account of the corresponding,
but much simpler, characteristics of the Atlas interface.

2. Communications Protocol

2.1 The Slow Link

The first system set up between the PDP+9 and the 3%60/75 used asynchronous
transmission at 600 baud. In this system, 360 software existed to support
a passive terminal (fype 1050) which could contain a variety of equipment,
card readers and line printers being typical. The PDP-9 software was
therefore designed, as far its transmission characteristics were concerned,
to simulate the operation of a 1050 terminal.

Slow link protocol is summarised in [2]; a little more detail is given below.
In the following, upper case letters are used for characters sent by the

360 and lower case for those sent by the PDPj transmission control characters
are underlined.

. In the system to be described, the central machine (the 360) polls or

addresses (selectsin CCITT terminology) its terminals. Polling is an
invitation to the terminal to send any data it may have available, addressing
indicates to the terminal that data is ready to be =ent to it.
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The polling sequences used are

CCCAS for normal messages

cccao for diagnostic messages
The addressing sequences are

CCCAnN for normal messages

CCCA9 for diagnostic messages

After polling, the interchange of control characters and text strings depends
upon circumstances, e.g. :

CCCASnD (if nothing to send)
d block1 b lrc1 N block1 b 1rel ... (if block incorrect first
time)
Y block2 b 1lre2 ... (if block correct and

more to send)

Yc (if block correct and
no more to send)

D BLOCK B LRC ... (if block correct and
260 wishes to send)

Similarly, various alternative sequences are possible after addressing, e.g.

CCCA1Tn ‘ (if not able to receive
message)
y D BLOCK1 B LRC1 n BLOCK1 B LRC1 ... (if incorrect first time)
_ y BLOCK2 B LRC2 ... (if correct first time)
yC (if correct and no more
to follow)

The significances of the transmission control characters are:

C ¢ end of transmission

o

d end of address

|

b end of block

I

¥ positive acknowledgment (i.e. message correctly received)

1=

n negative acknowledgment (i.e. message incorrectly received, or
no message to send)

The LRC (1lrc) is a longitudinal parity check accumulated from the text character
immediately following D (d) up to and including the B (b).

It will be seen that in this system of operation, overall control is with
the central machine, but it is possible to maintain the illusion that
control is with the satellite if the central machine polls sufficiently
frequently. The system was in fact arranged to operate in this way.
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2.2 The Fast Link

The successor to the slow link as a means of telecommunication between the
PDP-9 and the 360/75 used synchronous transmission at 2000 baud. By the
time work started on the fast link, software had become available in the
360 to support IBM 1120 machines as terminals, and so the PDP software
was designed to simulate the telecommunications characteristics of the

1130.

‘The main features of this telecommunication systems are its use of point-
to-point contention mode (that is, the possibility of either terminal
making a bid for control of the line, with a contention being resolved

in favour of the satellite), and the possibility of code-transparent
transmission (that is, a mode in which all possible bit patterns in a
syllable can be used to represent data) [8]. Both features affect protocolj
the latter also affects message format as will be explained later in this
chapter.

Transmitted strings have essentially the same format, irrespective of which
terminal is currently sending. The protocol is thus symmetrical, unlike
that of the slow link.

~ .Reference [9] contains an initial discussion of protocol and other matters,

derived mainly from the IBM literature available at the time. In the

event, a slightly simpler protocol was used, the main features of which are
indicated below. Here mnemonics for transmission control characters are
used. SYN represents a string of synchronising characters (5 or 6 in
practice; the exact number is not critical) that must prefix all transmitted
strings to ensure correct synchronisation of the hardware.

Bid for the line: ' . SYN ENQ PAD
Response: SYN NAK PAD if the receiving terminal is
. unable to accept the message
SYN AGKO PAD if the receiving terminal is

gble to accept the message
If ACK, send text: SYN STX Text ETX BCC PAD
Response: SYN NAK PAD if errors are detected
' SYN ACK71 PAD if no errors are detected

ﬁepeat as above until all text has been sent, and then after the final response

send: . o SYN EOT PAD

The transmiséion control cﬁaracters are:
SYN synchronising character _
ENQ request for control of the line

NAK negative acknowledge (e.g. after detecting an error)



21

positive acknowledge (e.g. no errors detected). Note that a
poll is always acknowledged with ACKO, but text blocks are
acknowledged altérnately ACK1, ACKO, ACK1,.... as a check on
the loss of a complete block.

ACKO}
ACK1

STX start of text

ETX end of text

EOT end of transmission

PAD a filler used to allow time for hardware switching

The BCC is a two-syllable check code obtained by applying a cyclic redundancy
check (CRC) over all characters following STX up to and including ETX [10].

ACKO and ACK1 are also two-syllable codes, the first in each case being
DLE. (data link escape). In transparent mode, where all bit patterns may
represent data, DLE is additionally used to indicate where a transmission
control character is to be interpreted as such and not as part of a text
string. Thus:

DLE STX the following text is in transparent mode

DLE ETX end of text in transparent mode

DLE SYN a SYN character inserted into a transgarent mode text string
to confirm synchronisation (in code-dependent transmission

(normal mode), the pair SYN SYN is used for this purpose)

DLE DLE the second DLE is part of the text string

These prefixed DLE characters are not accumulated in the BCC.
In contrast to the situation that obtained with the slow link, it can be

seen that contention mode readily allows the overall control of operations
to be exercised at the satellite.

2.3 The Atlas Link

The Atlas supervisor does not support remote peripherals in the same way

as, say, 0S/360, but a spare paper tape channel was available. Consequently
the PDP hardware and software for the Atlas link were designed to simulate
the action of a conventional directly-connected paper-tape reader and punch.

The Atlas interface is a parallel hardware interface [3], and, as already
pointed out, there is thus no protocol in the usual sense. The greater
part of the control of the interface is exercised at the hardware level
(in response to IO instructions from the respective central processors),
and a variety of control signals each on its own line takes the place of
the usual variety of transmission control characters.

A command input at the PDP to send data to Atlas is =quivalent to the

action of loading a tape into the Atlas reader, and results in the Atlas
supervisor taking control of the reading operation. Thereafter the PDP
software must merely respond appropriately to control signals from the Atlas.



The whole process is entirely asynchronous, and it is worth noting that
if the Atlas is busy it may defer reading for an arbitrary length of time.

If the Atlas detects errors in the incoming data stream it does not
communicate with the PDP, of course, since to Atlas the PDP is a tape

reader. The only indication the PDP operator has that anything is amiss

is that data transfer is excessively slow while error messages are sent to
the Atlas operator. For this reason, and for general operational convenience,
it has been found necessary to instal an intercom between the Atlas and’

the PDP operators.

2.4 The CDC Link

Software exists in the London University CDC 6600/6400 complex to support
both batch input terminals (200 User Terminals) containing card reader,

line printer and display console, and interactive terminals (Trend
Terminals) containing one or more display consoles. In both cases, telecom-
munication uses synchronous transmission at 2400 baud. The PDP software
(which at the time of writing is in an experimental rather than its final
form) is designed to simulate the transmission characteristics of the 200
User Terminal, [11], but the differences between these and the characteristics
of the Trend Terminal are small. In particular, the protocols for the '
two systems are almost identical. Very little difficulty is anticipated

in expanding the PDP software at a later stage to allow the PDP fo

simulate either the batch or the interactive terminal at will. It might
even be feasible, given two consoles connected to the PDP, to operate

them concurrently, one in batch mode and the other interactively. To do
this would probably require the connection of two lines to the PDP, because
software in the 6600/6400 is not designed to support both types of terminal
on the same line.

The description of protocol given here, and the later discussion of PDP
software, are based upon the properties of the CDC software as understood
at the time of writing. Changes to this software have recently occurred,

- and understanding may not yet be complete. Although these changes are not
likely to affect any property of the system that is conventionally provided
by hardware, they may result in the use of standard facilities that were
not used in the earlier system and are not catered for in the current
version of the PDP software.

.The CDC system polls its terminals, somewhat as the slow 360 link, but does
not select in the same way : data is sent from the central machine to the
terminal without warning. All messages, including polls and responses,
contain two control characters used for addressing : the site address, here
denoted by SIA, and the station address STA. It is possible for a given
line to serve more than one station : in our case polling usually alternatés-
between two stations, although there is in fact only one on the line, and
distinct values of STA are used to distinguish between them. (It appears
that the latest CDC software only polls one station on the line.) Also,
one bit in the given STA code takes alternate values for successive blocks
of text as a protection against loss of a complete block (c,f. the use of
alternate ACKO and ACK1 in the fast link). :
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Thus every message (in either direction) starts with
SYN SOH SIA STA

where SYN represents a group of SYN characters, typically four in number,
although in some circumstances many more may be sent by the
central machine

SOH 1is the start of header
Every message ends with
EOT PAR

where PAR is a block parity syllable, parity being accumulated over all
characters from SOH to EOT inclusive, but omltflng any
SYN characters.

A contrdl character follows STA; in messages from the CDC this is either
POL (poll) or CWT (clear write). The latter is the prefix to a write
message, that is one or more blocks of text. The control characters that
may be sent by the PDP are

ACK acknowledge, used in response to a poll when the terminal is
ready to send data :

REJ reject, used in response to a poll when the terminal has no
data to send

ERR error, used when messages received at the terminal are corrupt
STX start of text (read message, i.e. message sent by the terminal)

The format of messages is discussed-in the next sectionj it is sufficient
here to note that an escape character (ESC) fcllowed by a control character
known as an E code {EC1, EC2 or EC3) is placed before the EOT at the end

of write and read messages to indicate the source or destination of the
message, or that the message serves some system control purpose.

As far as is known at present, the only differences between the protocols
for the 200 User terminal and the Trend terminal are in the codes used for
certain control characters, and in the fact that messages referring
specifically to the card reader or line printer are not sent fo Trend
terminals. '

3. Message Characteristics

3.4. The 360 Link

The choice of format for messages on the 360 link was largely made to suit
the purposes of the Indra project and the convenience of the PDP software,
since the 360 system appeared to improve few constraints [12]. The code
used for alphanumeric data was, however, determined by 360 software
requirements; for the slow link a 6-bit BCD code was used, and for fast
link 8-bit EBCDIC.
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In the early stages of developing the slow link the message format used
was intended to be appropriate for store-and-forward operation, even
although only two machines were involved. The various sources and
destinations that would be actual pieces of equipment in a true store-
and-forward system were in this case the various data sets, files and
processing programs. This approach was abandoned when the fast link
came to be developed. Apart from the presence of source and destination
identifiers in the slow-link message headers, the formats of messages on
both versions of the 360 link were similar, and only the fast link version
is described here. Some notes on slow link message: organisation will be
found in Chapter 4.

The original design has been modified in various ways as the project has
developed and as experience has been gained; a more orderly arrangement
could be achieved by redesign, but as far as present use of the 360 link
is concerned there does not seem to be sufflblent need for thls to justify
the effort that would be involved.

Interest in store-and-forward systems is currently.op the increase again,
with the possibility of practising a genuine store-and-forward operation
involving, say, the 360 and the CDC 6600. For such operation to be
feasible the message format will certainly have to be redesigned, but for
that matter so will many other aspects of the PDP-9 telecommunications
procedures. :

The unit of data transfer is the block, which contains up to 500 8-bit
syllables, each syllable contalnlng either an EBCDIC character (for
alphanumeric data) or two hexadecimal digits (for binary data). On the
PDP-9 backing stores, a form of packing known as double-~image is used,

in which each word is divided into two 9-bit syllables, each containing
one character (or two hexadecimal digits) right justified. 500 syllables
is thus a convenient number of syllables to hold in a 256-word drum sector
or dectape block, leaving room for header data. In the general case of
file transmission, each file may occupy a number of blocks, and for ease
of data handling the blocks are arranged to be coterminous with records
for the file.

500 syllables also seemed to be a convenient length from the point of view

of transmission errors. When development began it was far from clear

what the transmission error rate might be; indeed, it is still far from clear,
since few if any of the errors that have occurred’in practice can be.
attributed with certainty to transmission faults. The cyclic redundancy
check (in the fast link) is effective for block lengths up to 4096 syllables
or beyond, and it may well be that, from the transmission point of view,

the block length chosen is unnecessarily short, but the convenience of
handling 500-syllable blocks rather than larger units in the PDP-9 is not

to be dismissed lightly.

Each block is prefixed with a type code (an EBCDIC numeral) used by the
software at the receiving terminal to control processing. The type codes
are:

intermediate block of a multi-block message
first block of a multi-block message message used for
last block of a multi-block message conveying data

W M O

single-block message
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L chat: message. messages for system

5 command message control and operator

6 'Good day' message information

Chat messages were originally intended to include means for operator-to-
operator communication via the link. This has proved troublesome to
implement, as discussed later, and in the present system chat messages are
program-selected. They are typically error messages or other information
for the operator at the receiving terminal. The 'Good day' message is a
particular example used only when communication between the terminals

is first established. Command messages are sent from the PDP to the 360
to initiate particular activitiesj they are either held in core, computed
(or completed) at the start of a run, or input at the teletype during ‘the
run.

Note that the decision to put the type identifier at the front of each
block on backing store makes pre-processing unavoidable, for otherwise
the correct choice of type could not be made.

Messages of types O-3 are sent in transparent mode, to allow the use of
either alphanumeric or binary data. Messages of types L4~6 are sent in
normal mode for historical reasons, although there is now seen to be no
good reason for this.

3.2 The Atlas Link

Since the Atlas link operates as a bidirectional paper-tape chamnel, no
particular formatting is required. Data are always transmitted in Atlas
code, because although Atlas will recognise ASCII there are certain
difficulties in its use as explained in [4].

It is necessary to precede data transfer (in either direction) by sending
Atlas a short program to control the transfer, since, unlike the 360, Atlas
does not contain permanent software for servicing the link to the PDP.

The two programs (one for each transfer direction) are held as data within

the PDP software, and the appropriate program is sent automatically, following
a job description that causes Atlas to compile and then execute the program.
To add further facilities to the Atlas link system only involves writing

the appropriate Atlas routine and arranging that’ it i8 selected andisént in
response to a suitable command. The Atlas link could therefore be fairly
easily extended to provide a general remote job entry facility.

The only remaining point to be noted in the context of message format is

that Atlas uses sequences of the form ***X, where X is one of a number of
different characters, for supervisor control purposes. It is therefore
necessary to avoid repeated asterisks in transmitted text; this is done
during the code conversion process by following each * with an erase
character. The erase character is ignored,by the Atlias software, but

serves to break up sequences of asterisks. Source text sent to Atlas

must be terminated by the string ***Z; this is appended after code conversion
so that the asterisks are left intact. '
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3.3 The CDC Link

In the terminology of the CDC telecommunication system, the term 'message'
refers to all transmitted strings, including control sequences such as
those for polling and responses. We are here concerned only with messages
conveying text, that is, with write messages (CDC to PDP) and read
messages (PDP to CDC).

Ignoring for the moment certain special write and read messages used for
control purposes, the transfer unit (block) consists of up to 1000
characters when writing to the printer or reading from the card reader,
or up to 50 characters (equivalent to one line) when writing to the
display (with certain exceptions) or reading from the keyboard. When
reading the card reader, the block contains simple concatenated card
images (i.e. up’to 12 cards, giving 960 characters). Write messages to
the line printer may include ESC characters followed by a variety of
codes indicating new line, compressed spaces, or compressed zeros. The
first character of each line sent to the printer is used for format control.
Lines written to the display or read from the keyboard termipate: with new
line, and do not commence with a format control character.

In the PDP-9, a deck of cards (without control cards) is represented by
a conventional file which is pre-processed into a double-image format on
drum.

A1l write and read messages end with an ESC and a special control character
known as an E code, immediately preceding the EOT. The significance of
the E codes, here denoted by EC1, EC2 and EC3, is as follows.

In write messages

EC1 means that the message is to go to the display

EC2 means that the message is to go to the printer

EC3 means that the message refers to the card reader (see below)

In read messages,
EC1 means that the message comes from the keyboard

EC2 means that the message comes from the card reader and includes
the last card (but see below) '

EC? means that the message comes from the card reader, and that
further cards are available (but see below).

The EC3 write message, which has the form +ESC EC3, is a request to read
more cards. The response to this is either a block of cards ending with
EC2 or EC3 as stated above, or the 'automatic read with E2' indicating
that there are no cards to read, or that there is some error condition

(e.g. a card jam).

The 'automatic read with E2' is also used as a response to write messages
for the printer to indicate that the printer is not ready to accept the
data. If it is ready, the response is an 'automatic read with E3'. The
automatic read messages have the form ESC ECn.
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The 200 terminal is used for remote job entry, and the file for a job
therefore consists of two or three sections: the job description, the
program (in source language), and any required data. Between each
section an end of record card is sent, and at the end of the job file an
end of file card is sent. These cards contain ESC EOR and ESC EOF
respectively. :

4, Influence of Message Format on Software Organisation

Comparison of the message formats described above for the 360 and CDC
links indicates that the software for these links requires somewhat
different characteristics,

k.1 Outgoigg,Messagés : General Considerations

Considering outgoing messages first, it will be seen that all messages have
one or more standard sections, determined by the protocol, in which

most of the characters are independent of the kind of message to be sent.
There are also in general certain characters that must be present, but
whose value is dependent upon the message (e.g. the ACK or REJ of the

CDC link) or upon some previously determined condition (e.g. the choice

of second character of an ACK pair in the 360 link).

Some messages have no other components (e.g. responses), and are thus
fairly easily dealt with. They are either held entire in core, or are
composed under control of some parameter or switch while transmission
is in progress. The standard parts of messages including text are also
easily handled in this way.

Broadly speaking, messages input at the teletype for transmission are
handled similarly in the two systems: they are code-converted and held

in double image in a core buffer until they can be sent. In the CDC

system the regular poll ensures that opportunity will occur for transmission;
in the 360 system, since all transmission is initiated by the PDP,
opportunity must be made, and this requires a higher level of control.

4,2 Outgoing Text Messages

The major differences between the two systems appear when the transmission
of text held on backing store is considered. In the 360 system, the fact
that text is pre-processed into B0O0-character blocks makes transmission
simple, since each block is prefixed with a syllable giving its length.

It is however necessary to have a buffer large enough to hold a complete
block. ' '

In the CDC system, on the other hand, pre-processing is much simpler,

and could probably be omitted altogether except for the necessity of
ensuring that the output files are on drum. (Dectape has in general too
high a latency.) It was felt that to provide 1000-character buffers was
unreasonable, so a complete message block is never present in core;
instead, one line (corresponding to one card) is read into core at a time.
Two line buffers are used, so that a card can be read into one while the
previous card is being transmitted from the other.
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As a consequence, the transmission routines in the CIC link software are -
considerably more complicated than those for the 360 link. The
complication is increased by the requirement to convert each line into
card image, and to insert end-of-record or end-of-file card equivalents
since these are not part of the files as held on backing store.

In synchronous transmission systems it is necessary to maintain the rate -

- of output of syllables if synchronisation is not to be lost. It is

fairly common practice to insert SYN syllables into a message string for
this purpose if part of the text is not ready in time. The 360 will accept
SYN syllables inserted in this way, although as a full 500 syllable buffer
is maintained in core it is in fact never necessary to insert any. The

CDC 6600 frequently inserts strings of SYN syllables; several hundred

have been observed at a time when main store access has been unduly delayed.
But it will not accept inserted SYN syllables sent from the terminal, so

it has been necessary to design the software so that each card-equivalents
record is ready to be sent as soon as its predecessor has gone. This
constraint has further complicated the transmission routines of the-CDC
link, as will be shown in Chapter 5.

4.3 Incoming messages

As far as.the standard components of incoming messages are concerned, similar
routlnes are used in the 360 and CGDC systems to check and identify the e
various transmission. and message control characters. Incoming text strings
are assembled into double-image, held in most cases on backing store for
subsequent post-processing. '

The CDC. system is in this case somewhat simpler than the 360 system‘inits.require—
ments for text handling, As has been explained already, it is possible. -

to transmit either alphanumeric or binary data from the 360; both kinds . .

are assembled into 500-character blocks. The only complication in assembly

is catering for: the slightly different requirements of normal and. transparent
modes, but post-processing is a major undertaking. The CDC transmits only
alphanumeric data and has no transparent mode; all transm1551on is . .

essentially in lines destined for the line printer or display. A&’ far

as: dsta for the:line printer is concerned, it is simple to expand compressed

- zeros' or spaces as the line is being received, and the only pOSu~proce581ng

requlred is to remove displayed header pages (unless the data is in-fact.:.
to go to a line printer, when there is no overwhelming need to dojso),;gnd‘
to handle the formatting characters. Post-processing software has. not

yet been developed for the CDC link, as no major problems are anticipated.-

L.L Incoming~Messages for Display

In both systems as currently implemented, any recelved nessages to be dlsplayed
are converted immediately into DECASS format and output. In the 360 'iy
system, messages are identified by the prefixed type code, and hence the
destination for display messages is known before the message is assembled.

In the CDC system, on the other hand, the destination of a message is given

by the E code at the end of  the message. This presents no problem with
single-line display messages, but with multi-line messages it is necessary

to write each line to backing store as soon as it has bheen assembled, so

as to free the core buffers, and then to re-read the whole message and display
it if an EC1 is ultimately detected.
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4.5 A Note on Error Retransmission

If the response from the central machine indicates that a block sent
from the PDP has not been received correctly, it is necessary to
retransmit it. In the 360 system this is straightforward, since each
block is retained in the core buffer until it has been correctly
acknowledged. The CDC link, on the other hand, cannot retransmit a
block because, as already explained, the block does not exist as a
recognisable entity. This is a recognised short coming of the present
experimental system, which will be corrected in due course.

It may be noted in passing that DECASS does not allow other than sequential
reading of the records in a file. Hence to retransmit a block to the CDC
would involve reading through the file until the first card-equivalent
record of the block in question was found. This would be a time consuming
process, and if transmission errors are often encountered in practice

it may be necessary to adopt the use of pre-assembled blocks as in the

260 link. No data is yet available on the incidence of transmission
errors in the CDC system. :

)



CHAPTER 3 : Indra Utility Software

1. Introduction

The software for the 360 slow link was developed as a stand-alone system.
As Indra work developed, and the fast link and Atlas link were planned

it was realised that this approach had severe limitations and that a more
unified software system for Indra was to be preferred. In particular,

it was realised that

(a) there was a need for some simple and extensible command
language to cater for Indra activities, initially in
telecommunications and local file handling, and possibly
later being used e.g. for graphic work.

(b) local file-handling processes were required in their own
right and also as an adjuact to ' telecommunications,
e.g. for automatic preprocessing of message texts. The
processes were similar to some of those possible with
PIP (see Chapter 1), but with certain extensions, and
would be required at run time (in the DECASS sense, -i.e.
when PIP would not be available),

(c) the various telecommunications systems that were envisaged
would probably have some common requirements For utility
routines.

(d) it was desirable as far as possible to minimiss loader delays
by having as much Indra software resident as could be arranged.
Note here that the DECASS overlay system, used in the latest
versions of Indra software as described in Chapiter &, was
not at that time available.

(e) as a result of (d) there would in general be a chronic shortage
of store.

.Since the decision had been taken to base Indra software on DECASS, it was
next necessary to determine how much standard software could be used, and
hence what items it would be necessary to develop. As was pointed out in
Chapter 1, the manufacturer's overating system for the PDP-9 (that is, the
resident keyboard monitor) does not support telecommunications activities.
In fact, except where DECASS device handlers exist,; or are specifically

written, the only significant use that can be made of DECASS software at run

time is for the identification of interrupts from remote machines, and for
conventional input/output operations involving standard (local) peripherals,

Consequently, even when use was made of DECASS facilities wherever possible,
it was found to be necessary to develop software for the following purposes:

(1) - =Qverall control of telecommunications; iie thé PDF operator's's
" interfaceiwith. the system.

(ii) Preprocessing of data to be transmitted and post-processing
of data received. '

(iii) Run-time control of transmission and reception, including
both the correct administration of protocol and the lower-level
detail of IO, :
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(iv)  Run time communication between the PDP operator and the remote
system, or its operator.

(v) Miscellaneous utility routines

of these, item {(iv) does not avply to the Atlas link at present, since no
operator-to-operator communication has been implemented; Atlas supervisor
facilities would permit the PDP to send messages to the Atlas console.

It did not apply to the slow link, where chat messages were only generated
by the system at one terminal or the other. 1Ia the fast link, two-way
operator-to-operator communication should be comparatively straightforward,
since contention mode is standard, but in fact it has not yet been
successfully implemented, mainly because of software constraints {see also
Chapter 6).

Items (i) and (ii) are, in part at least, independent of the particular link
considered, and are discussed in this chapter, together with item (v).
Items (iii) and (iv) are specific to each link, and are discussed in
Chapters 4 and 5.

1.1 Historical Note

Although the slow link required facilities for operstor control and message
pre- and post-processing, of course, those facilities, like the rest of the
slow link software, were developed in ad hoc fashion, and it was not until
work was in hand on the development of the fast link that zny serious attempt
was made to establish any systematic and extensible body of soitware for them.
Consequently we shall here be concerned with the executive and utility
software developed initially for the fast link and subsequently used in the
Atlas and CDC systems.

2. Indra Executive Software

A simple executive routine known as INDR1 was written to run under the DECASS
keyboard monitor [13]. The main purpose of this was to provide extensible
command decoding facilities so that a uniform command structure could be used
for the various activities in local and remote file handling. Commands
decoded by INDR1 are checked for validity, and INDR1 then calls the appropriate
program or sequence of vrograms to execute the command, There is thus, for
example, no need for the operator to give explicit commands for the pre- or
post-processing of messages.

Programs such as the link handlers run under INDR1, and return to INDR1 when
they have completed their process. The value of the accunmulator contvent

on return is an indication of the success or failure of the process, and
INDR1 prints error messages if failure occurs.

2.1 INDR1 Commands

All commands to INDR1 are input at the teletype and begin with two single-letter
fields denoting the system involved (360 link, Aflas link, CDC link, or

local) and the function required. The remainder cf the command consists of

a variety of fields according to system and funcition, used to specify details.
Full specifications of the commands will be fcund in the references; the
following examples will serve to indicate the types of faciliiy available.
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P T DI FILE SRC DR FTLEX BIN / AC
A local command, that i one involving the FDP only, that transiers a
file called FILE from dectape 1 to drum, changing its name to FILEX end
changing the data representation from 5/7 ALGTI{A) to double-image coded
(C). The target code may be either FRODIC or CDC code depending on the
version of the processing program loaded (see section 3 helow,

C C DR <programs DR <dats> /
This sends a job tou the CBC 6600 (the second C implies cuddsly where the
card deck is simulated by two files cn drum: <program> and <data->. In
later development. job description parameters could follow the /, but this
facility has not yet been implemented

-

A T DT2 FILE SRC T

This sends FILE from dectspe 2 to Atlas for printing. The last field was
provided to allow insertion of some parameters of the job description, but
the facility is not currentiy used

R 8§ <job name:
This is a command to the RIEL 360, used *o siart the designated jcb. The
format of <job name> is specified to suit the requirements of the 360
software, and the command resulis in a command message containing <job name>

being sent to the 360 {see aiso Chapter €).

2.2. Utility Routines

INDR1 contains a number of utility routines, czallable by processing programs,
some of which may be briefly mentioned.

One of the problems in using DECASS is the amount of storage space occupied
by programs and their date aveas. In the simple use of. DECASS, ile,vwithout
overlays, all required programs must be loaded together before the run.

The lcader will fail 1f any programs are omitted whose existence is indicated
by the presence of glohal labels, The loader itself occupies considerable
space that could be used afier loading i1s complete, but that cannot be
allocated beforehand (in assembly language programs), A simple free store
routine was therefore included in INDR1 so that preocessing programs could
obtain and releass working space as they required it, instead of being
written with the working ooace incorporated in the code.

‘0.‘

Data handling, whether in ce mmand decoding, message processing, or local
formatting, involves freguent packing and unpacking. Three formats are in
regular use: 5/7 (five charazcters in two words) and sixbit three characters
in one word) for DECASS, and couble image (two characters 1%t one word) for
telecommunicationss pduk¢ng and unpacking routines for these are provided,
although not a1l in INDR1T,

In telecommunications work it is often neccessary to time processes, as will
be seen in later chapters, and independent timing of concurrent processes
may be required. The timing routine available in DECASS 13 not suitable in
the latter case, and a specizl routine was develcped to allow up to eight
independent timing operations to be performed concurrently, all synchronised
to one of the real-time clocks of the PDP,
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3, Local Data Transfer

Run-time local data transfer, with the option of a variety of code con-
versions,; isvan.essential for message proccessing, whether befcre, during,

or after transmission or reception. Consequently a program called PTRANS

[14] was developed, incorporating some of the facilities of PIP, but with
several extensions., PTRANS is called explicitly from INDR1 to execute a

P T command, and can also be called by other processing programs when required.

PTRANS will accept store or any local peripheral as source or destination,
and will handle alphanumeric or binary data. When PTRANS was developed,

the only code used other than ASCII was EBCDICy; for which a code convertor
was written, and the PTRANS command was therefore desigred to specify

only ASCII or EBCDIC. When the CDC link was started, a code convertor for
CDC code was developed for use with a slightly modified form of PTRANS;
although a lack of generality is apparent here it is of no consequence since
it is impossible to operate the CDC and 360 links concurrently.

PTRANS may also be used to convert binary data into formatted and packed
ASCII octal. This is of use typically for diagnostic purposes, for example
when examining the content of a buffer in store.

3.1 360 Link Message Processing

The pre-processing of files for transmission to the 360 is done by a special
call to PTRANS which generates a file called FLOUT on drum. In this, the
file to be transmitted is held as a set of blocks of double-image EBCDIC,
with up to 500 characters in each block. The first word of each biock con-
tains the number of syllables in the block, for the use of the transmission
routines, and the second word contains the block type (see section 3.1 in
Chapter 2).

PTRANS is also used to post-process alphanumeric data received from the 360,
being called after a run te deal with job result data, or during a run to

deal with chat messages. In the former case the call is the last step in
executing an R R (receive) command, and the converted file is written away

as indicated in the command., Chat messages are converted to ASCII and sent

to the display. In this case PTRANS is used with core buffers as source and
destination, because the display is also in concurrent use for other purposes
(see Chapter 5), and it is more convenient to use a common display call.

3.2 CDC Link Message Processing

The version of PTRANS with CDC code conversion is similarly used for pre-
processing source filesy; leaving them in double image on drum. Here no spe-
cial formatting is required, as the conversion of DECASS records (lines)

to card image is done during transmission,

Post-processing of received data could be done similarly (write messages to
the line pointer are sent to backing store), but so far an automatic call to
PTRANS for this purpose has not yet heen incorporated.

As in the fast link, PTRANS is also called from the 1link handler during the
run to code convert and format messages destined for the display.
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CHAPTER 4 : The Fivst 360 Link and the Atlas Link

1, Introduction

As has already been mentioned, the experience gained during the develop-
ment of the slow link to the 360 lead to the introduction of an arproach
to telecommunications software development that has greatly benefited
later work on the fast link and the CDC link. The acccunt of slow link
software given here is intendsd to point out what were the major lessons
learned, and thus to provide a starting point for the discussion cof im-
proved techniques in later chapters, A more detailed description will be
found in [2].

The Atlas link is included here also for completeness. since iv is a
component of the totality of software available under the general indra
executive discussed in the last chapter., As the Atlas systenm is radically
different from the several true telecommunications systems, there weuld

have been little advantage in applying telecommunications software develop-
ment techniques, znd hence the development of the Atlas link owes relatively
little to other work., The Atlas link was in fact the first major program
developed to run under INDR1, and it has been in regular use ever since it
was completed in the autumn of 1969, TFor more details than are given here,

see [3,4],

2, The Slow Link

2,1 General System Philosphy

The slow link software had two main sections: the environment, which attended
to PDP files and the uger's commands, and the handler, which attended to the
receive and transmit operations of the data adapter. There was no nre- or
post-processing; the transmission hlock corresponded to one record in the
DECASS or Fortran sense: that is, a single line or card., An arbitrary maximum
block length of 100 characters was set, including five header characters
(source, destination, block length and block type).

It was originally intended that the environment should be written in Fortran,
and that data and control parameters should be passed betwszen it and the
assembly-language handler in a common block. Thus all packing, vnpacking and
code conversion were to be provided by the handler, The common block in-~
cluded two buffers, each big enough for an unpacked transmission block;
packing and unpacking routines were designed to operate within the confines
of a single buffer,

A hand-shaking interface was established between the environment and the
handler by means of four flags (treated as logical variables by the Fortran
environment), These were:

AT (able to transfer) : set TRUE by the handler when an ervor-free
block had been assembtled in the read buffer;

TC (transfer complete): set TRUE by the environment when the received
block has been disposed ofj;

AL (able to load) : set TRUE by the handler when a block has been
: transmitted, and correct reception has been
acknowledged by the 260;

IC (load complete) = : set TRUE by the environment when a block has been
placed in the write buffer ready for transmissiong
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2.2 The Environment

The original aim of writing the environment wholly in Fortran had to be
modified when it was found that the DECASS object-time system for Fortran
was too big to be loaded with the rest of the software and could not be
segmented, Consequently all the IO routines for handling files and tele-
type commands had to be specially written in assembly language. and only
the central part of the environment (some 70 statements) remained in
Fortran, These were almost exclusively used to select subroutine calls
according to the values of various flags (including those mentioned above),
operations that could have been almest as simply written in assembly
language with considerable savings in storage space,

The environment was written in three sections, the first of which merely
called the initialisation section of the handler (see below), and awaited
the 'Good day' message from the 360, The second section waited for the
operator to input a command at the teletype, and then prepared the local
peripherals for reading or writing a file according to the requirements
of the command,

The third section contained the receiving and sending loops for text

(i,e, files), In the receive loop the environment waited for AT = TRUE,

and then sent the received record to backing store or teletype according

to block type, When a received file was complete, it was closed, and con-
trol was returned to the command section, 1In the transmit loop the
environment tested AL, and when AL = TRUE a record was read from the PDP
file and placed in the write buffer, with source and destination identifiers
in the header according to the command parameters, The environment calculated
the block type, and after the last block had been sent the input file was
closed. The environment then awaited a chat message from the 360
(e.g.'awaiting commands'); this was output to the teletype and the command
section was then re-entered,

It will be observed that all the activities of the environment were strictly
sequential: there was, for example, no interleaving of the command section
with the receive/send section,

2.% The Handler

The initialisation section of the handler set up the connection between the
interrupt identification routine in the DECASS monitor and the corresponding
interrupt handling routine in the handler proper. It then set initial values
for the various flags, established operating and monitoring conditions

(see below), and, in on-line operation, primed the communications adapter,

The transmission section of the handler began by unpacking the outgoing block
and converting the code from ASCII to BCD, It then inserted the block length
component of the header (two decimal characters), The block was then trans-
mitted, preceded and followed by the various control characters reguired

by protocol,

The reception of a block was essentially the converse process, The initial
control characters were checked, and the rest of the block was then assembled,
The header was left unpacked, for the use of the environment, and the rest was
code-converted and packed into a conventional DECASS record,



36

Two classes of error were distinguished, Recoverable errors inclunded,
for example, parity errors in received blocks, and geve rise ho an
automatic n respense (reject), Retrensmission of the block Trom ihe
360 was then awaited, Similarly, an N response from the 260 caused
the handler to repeat transmission of the last block sent, Trrecover-
able errors included. for example, receive interrupts from the 360
while the PDP was sending, or faillure to receive a good block after
3 retries, UThe handler was then set to a condition such that it would
only accept polling, and when a poll was received a preset ervor msssage
was sent, The assumphion was that 1% all else failed, the 300 weuld
ultimately revert to pelling, and the 260 software was written cn this
basis,

It will be seen, ever in this brief description from which much detail
has been omitted, that ali matters of protocel were deall with at the
low level of the handler. and that error recovery procedurcs were some-
what primitive,

2,4 Monitoring and Off-line testing

An eight-unit code was used for the asynchronous tremsmission at 600 haud,
corresponding to about 79 ch/sec, A reduced speed of itransmission i
acceptable to the hardware of an asynchroncus system, and hence 1l wao
possible to monitor cutgeing messages by sending them also to the B0 ch/sec
punch, Received characters could also be monitored {up to a maximum of

about 1000, due to wore limitations) by insertion into a circular buffer,

It was not at that time thought feasible to hold a moniter record on backing
store, The mounitoring options were selected befors a run by appropriate
setting of console switches on the PDP, This amount of monitoriug, although
useful, was exceedingly limited, and gave very little help irn identifying
software bugs, [t was also not wossitle with certainty to relate trans-
mission with recsption, and no informaticn on the relative timing of events
was deducible,

For off-line test purposes, the punch was used for output in the same way as
described above, and the taove reader was used tc simulate inpui frem the’
360, With the aid of a simple program it was possible to prepave data tapes
containing a character string thought to be in sccordance with what the 360
would send in the conditions of a given test; the characterz wers interspersed
with groups of ignorable blanks to give approximately the correct data rate,
Off-line testing or on-line operation was selected by a console swileh, This
method of testing proved satisfactery, within the iimits imposed by imperfect
knowledge of protocol ané other transmission characteristics, and was gradually
refined as development proceeded,

3, The Atlas Iink

In common with all programs designed to rua under TVNDR1, the Atlas Jommunica-
tions Routime (ATR) is called a= a subroutine of INDR1, The content of the.
accumulator on entry specifies the tranzfer direction. and the calling in-
struction is follcwed by the address of a paramster block, This contains a
specification of the PDP peripheral involved as wource (in A ' commands) or
destination (in A R commandus), and of the local file nasme, it could alsc con-
tain parameters of the Atlas job description, but 1n ACR as implemented this
facility is not used. and the complete joh description is held as data within
ACR,

7
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The initialisation section of ACR incorporates the command parameters
into the various DECASS file-handling calls, and sets up the IO con-
nections for the ACR interrupt handlers, The program then branches
according to the command direction. ’

The Atlas interface in the PDP-9 is so arranged that the link behaves, from .
the PDP software standpoint, somewhat as a pair of paper tape channels,
operating half-duplex, Consequently the low-level link IO activities of

ACR are similar to those of a conventional reader or punch handler,
“accordingly to direction, At a higher level, the interaction of the

~ Atlas supervisor with its peripheral channels makes the operation of

ACR less regular, as will be shown,

When an input tape is loaded into an Atlas reader, the operator.. must engage
the reader manually, An IO instruction in ACR causes the interface to send
the corresponding engage signal, The supervisor will then read the first
part of the data, so as to be able to analyse the job description, Further
reading may be delayed if the Atlas queue is full, and ACR will then also
be unable to proceed, The supervisor may also disengage the reader, for
example if a parity error is detected or if a control sequence such as

***7 is detected,

The state of engagement of peripherals is checked at regular intervals by
Atlas, and if the PDP interface is disengaged it is necessary to wait awhile
before re-engaging it so that the supervisor is able to detect that re-
engagement has taken place, ACR insérts a timed 1+5 sec wait before re-
engaging, The cause of disengagement is not checked, since it is to some
extent data dependent, so if transmission errors are the cause, the only
ev1dence ‘the PDP operator has 1s that the transfer is proceeding unduly slowly.

When reading from Atlas, the first action of ACR is to send-the 'read cards'
"program, It is then up to the Atlas supervisor to commence output when it is
ready, and ACR must wait, The technique adopted is to issue a read IO in-
struction, which engages the channel, and wait for 100 ms. If no character
has been received in that time, an instruction is issued to disengage the
channel and ACR waits a further 1+5 sec before re-engaging.

3.1 Error Recovery

As the Atlas link has no protocol, the operator is more closely concerned in
ensuring its correct functioning., As the Atlas supervisor sends error
messages to the Atlas console, but does not communicate with the PDP on its
_own account, the use of a direct intercom between the two operators is a
necessity if errors occur, *

On the whole, the link has functioned very reliably, but when errors do occur
the only course open is to start again at the last command issued, Occasionally
even this course can give rise to unexpected results:. if the PDP fails during
transmission, for example, the Atlas already has an incomplete file, and when
the command is repeated the retransmitted file will be appended to the part

that is already in Atlas, The solution is to send the document terminator

‘***Z as a file ffom the teletype, so as to dispose of any partial f11e before
repeating the original command,

3,2 The Atlas Execute File

The limiting case of the DECASS overlay facility discussed in Chapter 1 is an
execute file containing a single chain, It is a simpler matter to load such a
file than it 'is to load a set of separate routines, and consequently an execute
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file for the Atlas link was constructed, This contains ACR and its code
conversion routines, together with a version of INDR1 from which all
reference to routines other than ACR had been removed, This modification
was made to avoid the necessity of including a wide variety of unwanted
routines so as to satisfy loader restrictioms,

The Atlas link has also been incorporated as one overlay in the general
Indra overlay system described in Chapter 6, The facilities of this
link are therefore available to all PDP users, whether involved with
Indra activities or not,
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CHAPTER 5 : Experimental Techniques in Software Development

1. Introduction

When work on the fast link was first started, the approach used was similar
to that of the slow link described in the last chapter, except that the
longer block to be used necessitated pre-processing, and that the use of
Fortran for any part of the environmentwas discontinued, It had already
become clear that the slow link approach was not altogether satisfactory,
but no alternative had at that time been considered.

It was soon found that the 360 support software for 1130 terminals was
considerably less reliable than that for 1050 terminals used previously,
and that less assistance was forthcoming in resolving its inadequacies.

The result was that attempts to establish on-line connection were fre-
quently bedevilled by inexplicable failures that could not with certainty
be attributed to one terminal or the other, and there was an obvious danger
that development would degenerate into a frenzied and aimless series of
arbitrary software changes.

Consequently a radical reappraisal of the approach to terminal software
development was undertaken. The arguments are presented in this chapter,
together with an account of the organisation of the experimental form of
telecommunications software that resuited. The success of the approach
in the fast link application led to its adoption later for the CDC link;
the extent to which the approach had to be modified to suit the differing
characteristics of the latter link is also considered.

1.1 Two Design Problems

The two main problems in the design and implementation of telecommunications
software, at least where unrelated machines are involved, and perhaps
generally, may be informally stated as

(a) what should happen next?
(b) vhat actually did happen?

In principle one might expect that, given a specification of the protocol

of a telecommunication system and a knowledge of the transmission code used,
it would be simple to construct a simulator. In practiece, unfortunately,

it seems that a sufficiently precise, detailed, and even comprehensible
specification is not to be had, and even transmission codes may not be exactly
as suggested in the literature. These uncertainties were more . proncunced

in the 360 system then in the CDC system, perhaps because the 360 tele-
communications software was less well established when work commenced on

360 fast link development than the corresponding CDC software was when the

CDC link was started.

It is therefore not possible to be certaln, a Erlorl, what interchange of
control and other messages to expect in any given circumstances, and this
is particularly the case when errors occur, especially as a simulator will



not in generzl fail in the same way as the system simulated. Hence it is
imperative to collect as much evidence as possible during a run, If some
of the evidence can be made available while the run peroceeds; it may be
possible to take corrective action, or at least to minimise the effects

of system collapse; in any case the evidence should be protected as far

as possible against system collapse, so that it can be snalysed afterwards.

It is worth noting also in this context that it is extremely difficult to
introduce low-level monitoring at the central computer because of the
all-pervading operating system, In the circumstances of fast-link develop-
ment, where a considerable body of Indra software was developed for the
360, it was ultimately found possible fo bypass 05/360 to a fair degree for
monitoring purposes, but in the CDC link no information is available at the
centre at a level below complete messages. Consequently the onus for pro-
viding detailed monitoring is on the satellite. In the early stages of
fast-link work, while the only trace available in the 260 was the standard,
relatively high-level ‘'line interrupt trace', it was frequently the case
that the PDP facilities described later in this chapter yielded a detailed
account of the history of a run before the line interrupt trace at the 260
had even been printed.

To make changes in an assembly-language program, consequent perhaps upon
obtaining a better understanding of the performance required, normally
involves detailed analysis, possibly extensive editing, reassembly and re-
loading before another attempt at communication can be made. These are
time-consuming processes, and there is great danger that errors will be edited
in due to some unappreciated side effects of a change. Thus much time can

be wasted, and in situations where one or both of the machines involved

has a full work load it is undesirable for too many runs fo be abortive.

Telecommunications software is necessarily interrupt-driven, at least in part.
(One of the objections to attempting to implement link handlers according

to the recipe for DECASS device handlers is that remote machines, unlike

most wholly-owned peripherals, are likely to cause unsolicited interrupts.)
In a simple system, such as the PDP with DECASS, it is difficult to go far
towards multiprogramming, and consequently any facilities incorporated for -.
run-time monitoring add to the general overhead and increase the risk that
the time available for interrupt serv¢c3ng mzy at some point be exceeded

with disastrous results.

The foregoing considerations lead to certain desideratafor telecommunications
software, at least during the development phase.

(i) | The area of greatest uncertainty should be identified in advance
of any coding being done, and steps taken to facilitate changes
to routines serving this area. Uncertainty is likely to be greatest
in matters to do with protocol.

(i)’ Extensive monitoring should be included, covering as far as
possible all actions of the telecommunications software, whether
resulting from local or remote causes, and listing in detail all

. messages received or sent,

(i3i) *Some real-time monitoring should be included, perhaps as a subset
of (ii).
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(1v) Control facilities should be provided so that the operator
has a means of modifying the telecommunications process,
perhaps as a result of (iii), of attempting to avert imperding
system collapse, and of retreiving the monitoring record
when a collapse occurs.

(v) The overheads of monitoring and operator control should be
spread as evenly as possibley, and where concentrated overheads
are unavoidable they should be arranged to occur at insensitive
times in the sequence of operations (e.g. when neither machine
is expected to be transmitting.

1.2 Off-line Testing

The successful development of the types of telecommunications system dis-
cussed here depends greatly on the good will of the owners and system pro-
grammers of the large machines to which connection is made. Goodwill
cannot be expected to survive frequent system collapses in a large and busy
machine, caused by a malfunctioning simulated terminal,; and all reasonable
steps must be taken to prevent such collapse. The software in the cehtral
machine is, in principle at least, probably designed to be capable of
surviving terminal failure, but even so it would be foolish to use that as
a pretext for carelessness,

Ideally the simulator would be designed to fail in the same way as its
hardware counterpart; this is hardly a feasible design aim, but it is
possible to go some way towards ensuring that the behaviour of the simu-
lator is in accordance with one's current understanding of the intended
behaviour. One further desideratum may therefore be added to the list.

(vi) Facilities for testing the terminal simulator without requiring
on-line connection to the centrel machine should.be provided.
Off-line operation should be designed to test as much as possible
of the software to be used on-line, under conditions approx-
imatdhg as closely as possible to those expected tc obtain on-line.

2. Link Software Organisation

The software used to control the details of telecommunication is organised
in two main sections: a low-level section lovking towards the hardware, and
handling interrupts and the transmission of individual characters, and a
higher-level section looking towards the file structure and command levels
of the system., These sections are broadly equivalent to the handler and
environment of the slow link, but,; as will be shown, there has been some
redistribution of detailed activities in the later systems.

The overall mode of operation is as follows, it being remembered that data
manipulation is in general done either beforehand e.g. for T commands on
the 360 link or afterwards (e.g. for R commands). Tihe link program as a
whole is a subroutine of INDR1, and is called with a set of parameters
according to the command to be executed; only one command is executed at
each call. '
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An initialisation routine inverpretis the parameters; and then calls a driver
program. The driver is the main part of the higher-level section; and is
used to break up the overall ccommunications process into a sequence of steps
as required by the protocol., Each step is executed as a call to the low-
level sectiony the handier, where zppropriate character strings are trans-
mitted and responses or messages are received.

Incoming control sirings are analysed character by character, and message
blocks are assembled and packed. ALl necessary parity and block checking
is done, and each call returns to the driver with an exit parameter indi-
cating the type of message or contrcl string received, and the presence of
any errors. The exit parameter tnen influences the choice of *the driver's
next call.

The overall operation cf the driver and the low-level handler may be liken-
ed to that of a sequential machine, where the statws correspond to the various
calls made by the driver, the inputs correspond to the received messages,
and the outputs to the transmitted messages. The low-level operations of
the read interrupt routine in the handler are also conveniently described
in sequential machine terms; as will be seen later.

Interwoven with driver and handler routines are various routines used for
monitoring. These include switch-controlled probe routines used tc detect
particular items of interest, and common routines for assembling monitor
files and displaying the real-time running commentary.

Calls to backing store {drum in most cases, but scmetimes dectape) are made
through the DECASS system routines, and run concurrently and asynchronously
with link operation. Run-time operator contact is also made asynchronously,
using the teletype.

The foregoing generzl description is egually applicable to the fast link

and the CDC link, and the organisation will be seen to bear a family resem-
blance to that of the slow link. The framework was established firmly
during fast link development, and was carried over entire to the CDC system.
Indeed; a significant amount of delailed ccde was also carriec over, €s-
pecially in the monitoring rcutines. The experimental form of the fast link
is described in [15], the results of 2 preliminary investigation into the
CDC link are presented in [16], and the experimental form of the link at the
time of writing (apert from minor chenges? ipian [175.0.

'

3. Driver Programming

One of the problems in system design is, as shown earlier, the lack of cer-
tainty about the protocol. The uncertainty is greater at the level of
sequences of messsges than at that of sequences of characters within a
message, and the difficulty of program zmendment at this level is greater
too. The control of message sequence, as distinct from character sequence,
is the specific funmction of the driver: each call it issues to the handler
results, in general, in a particular message being sent., 1t follows that
there is an advantage in making a driver program easy and quick to alter,
while keeping it insulated from other parts of the software so that changes
to the driver do not produce side effects elsewhere. These considerations
suggest that a language of higher level than assembly language could well
be used.



e

The possibilities open to us within DECASS were to use Fortran or the
macro facilities of the assembly language. The need for efficient object
code precluded Fortran, and the desire for speedy conversion from one
driver to another precluded both Fortran and macro. (To change a con-
ventionally coded routine requires editing, reassembly and reloading, and
may take 10-15 minutes even for a trivial cnange )

A simple language was therefore devised specifically for writing fast-
link driver programs [18]. This is discussed in some detail in Appendix 1,
and summarised here. The main requirements were

(i) it should be capable of defining calls to the handler, and
of using the handler's exit parameter to control the sequence
of calls '

(ii) it should be readily compiled and reasonably fast in execution
(iii) it should allow easy design and amendment of drivers
(iv) it should be simple to implement

Driver programs are usually held (in source code) cn a backing store, and
the particular driver required for any run is specified by the operator at
the beginning of the run; all the rest of the software being already in
core, Thus no unnecessary time is lost if the driver is to be changed be-
tween runs. It is also possible to compose a driver directly at the key-
board., A special assembler for driver programs is incorporated into the
link software and is called automatically during system initialisation.

A driver written in this language may contain up to some 15 labelled lines.
Each line contains one macro name, corresponding to the call to be made by "
the drlver, and a switch table which specifies for each possible value of
exit parameter the label of the macro next to be executed. A few special
facilities were added: the label S means stop, W means wait (i.e, for the
operator to select which macro should be executed next), and L means loop
(i.e.)repeat a given macro or set of macros some predetermined number of
times).

There are eleven values of exit parameter that can lead to some further
action, and a few that indicate catastrophic failure. Not all parameter
values are possible for all calls, but for simplicity no account was taken
of this in designing the language or its assembler. The assembler
translates each macro into a subroutine call followed by a set of jumps
corresponding to the exit switch, followed in turn by the parameters of
any loop specified in the macro, The translated macro is efficient, but
no attempt is made to economise on core since this type of driver is only
used during development of telecommunications software. Once the correct
protocol has been established, it is a simple matter to hand-code the
correct set of calls at the same time as tidying the program generally
and removing any other unwanted experimental features.

The driver language was originally devised for the fast link, and the macros
and exit parameters are listed in Appendix 1. One point of interest when
starting work on the CDC link was to discover how well or badly the driver
language would serve in the very different conditions of that link., It will
be remembered that in the fast link the normal contention-mode protocol

was modified by a higher-level convention that the PDP would always start
any interchange of messages; the driver approach of "Send something and
wait for one of a variety of responses'" was clearly appropriate,
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The CDC link, on the cther hand, operates in almost the opposite manner:
the central machine poils repeatedly, or sends write messages only a

few of which are wholly dezlt with automatically by the terminzl. The
response to a poll, und to s lesser extent the response to a write message
alsoy depends largely on internal conditions of the terminal software:
whether it has a commund or text to send, and so on, and hence the se-
quence in which driver macros are executed is only partially determined

- by the nature of the messages received fFem the 6G00.,

The CDC link drivei macros and exit parameters are also given in Appendix
1; comparison of these witih those used for the fasi link will show that
the same general patiern has been felicwed. As will be shown laterg a
common routine is used hy all driver macros to awaili the response for the
CDC; and it is this rouiine that generates the exit parameter corresponding
only - to the type of response received, and taking account of any error
conditions detected. The exit parameter range is jnsufficient to take
account also of prevailing internai conditions, so following a pcll or
write message control passes to one of twe special switch macros in which
these conditions are used to give a subsidiary control of the choice of
macro to be executed next., 'These swiich macros are alse specified in

the Appendix,

3,1 General Conclusions on Drivers

There can be no doubt that the uss of a suitable high-level language for
driver programming is well worth while. In the two systems for which the
language described has been used, it has never been necessary to write a

. driver ‘of more than 16 lines, and it is easy to rewrite a driver complete-

1y in 10-15 minutes. 1t is also almost impossible to make coding ervors
in a driver (the assembler contains checks for errors such as the omission
of a line), although logical errors due to misunderstanding of the protocol

. can, of course, be mzde. There also appear. to be no low-level side effects.

The driver language as desgcribed is far less well suited.to the needs of
centre~controlled telecommunications syvstsms such as the CIX link than it

is to those of satellite-controlled systems. The reason 1s simple: the
driver language is essentilslly designed for situations in which the  satellite
takes the initiative in any interchange of messages, thal is, where the

rolie of the central machine is mainly cenfined to issuing apprepriate re-
sponses. In a centre-controlled system it is the satelilite that has the

more limited role, znd the more appropriate form of software would be cne
that is driven rather than one that drives.

But there seems. to be no reason to suppose that the design of a language
for one type of system wouvld be any wmore difficult than for the other.
The reasons for not redesigning the language for the CDC link were simply
that the need for change wss rot kncwn until the language had been tried,
and that there was a certain software investment in ‘the assembler.

Ideally, of course, one could wish that there were system support available
to allow the use of special-purpese languages at a level slightly higher
than assembly language, and so gawve diverting effort on to comparatively
unproductive tasks such as the development of an zd hoc assembler, This
point will be taken up agein later,
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L, Low-level Software

Insofar as differences of transmission protocol and message format will
allow, the low-level software for the two links is similar. The data
adaptor in the PDP-9 gives an interrupt for each syllahle received or
transmitted, and it is therefore convenient to examine the characters

of an incoming control sequence as they are received. (Hardware changes
have been proposed, and partially implemented [19], to allow some auto-
matic character identification, under program control. Further changes
will allow message blocks to be packed or unpacked by hardware and to be
received or transmitted by way of the data channel. This will reduce the
number of interrupts to one per block, but will necessitate certain
changes to software organisation, especially to deal with check syllables.)

The development phase for the 360 link software was completed during

1970, as already described, and the organisation of the software is
described in the references. Work is still in progress on the software
for the CDC link, and less has therefore been published on this system.
The. general structure of the software has been established, however, and
in the absence of a fully-detailed published account some features will be
discussed here in order to give specific examples of techniques used in
both 360 and CDC systems.

k.1 Reception

It will be remembered that after any message has been transmitted from
the PDP the software waits for the next message from the CDC, and that
the exit parameter of the driver macro is determined by the nature of
this received message. During reception the program is in a wait loop,
and apart from monitoring and any keyboard input the only interrupts
expected are those caused by syllables entering the data adapter.

PAR

Fig.1 State Diagram for CDC link Reception
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A simplified state diagram for the receive routines is given in ¥
The initial state O is distinguiched from the others by the fart
the data adapter is set o a quiescestcondition in vhich it will only

3.6
vha

*d‘.:

)
respond to SYN, Once a SYN has been reccgnnsed the routine moves from
state to state on receipt of the varicus charactzrs shown, ‘the CDU is
liable to insert strings of SIN mors ovr less arbitrarily, so sxcepl in

‘states 0 and 6 a received SIN is alwaeys ignored. ’nvoming control

characters are checked for validity; invalid characters in the early

part of a message cause a reibuve to state 0, not shown in cthe dlagrau
for simplicity.

The message type is determinzd by the chs raﬂwe“ received in shbate I,

Any subsequent error causes the routine to move to, or remain in, state

5, where EOT is awaited. Text i3 assembled and packed in states 7 and G,
the latter being used to cover the various possibilities following an ESC.

When a message is expected; and the wait loop euntered, a 5 svc timeout

is set to provide an erroL ex1l 1f no message is received. This timeout .
is increased to 30 sec if the mes sapp proves to be a wribe nessage.

There is also a hardWare clieck on line fajlure: a break in the carrier

will cause an interrupt, Timeout and line failure hoth rv%ul* in flags
being set which are tested in the wait loop and cause immedlsle exit,

In normal ~operation, exit from the walt loop occurs when the parity syllable
has been received in staie ©

The three types of write messuge require slightly different treatment.

The simplest case is ithe E? wesszge {'"read more cards''}:this consists of
+ ESC EC3 only, and the identitfication of the E code in state 10 causes
an exit from the wait loop with the appropriste ezlt parameior, Messages
for the printer contain in general more than one line; each ends with a
newline character which is identified in state {0 and causes a flag to he
set. This flag is detected un the wait loop where it canses the assembled
line to be writiten to drum {zssuming no errors have benn detected), After
the last line there may be formatting characiers, and the whole ends with
ESC EC2 which causes the file to be closed. Messages for the display may
be of one or more lines; multi-line display messages are writien away in

"the same manner as messages for ihe printer, since they are indistinguishable

from printer messages. The iast iine (or only line in the case of single-
line messages) ends with ESC EC4: 3f any lines have been writfen Lo drum
the last line is too, and the file closed, otherwise the line remains in
the receive buffer until it can ke displayed, Any number cf write messages
can be accepted, znd i1f written %o drum are arranged to occupy sepzrate
files.

4,2 Transmission

Although the CDC will insert SYN strings into wriie messages whenever the
next message component is temporarily unavailable, expceriment showad that
it would not accept SYN strings in read messages from the PDP?.  Consequent-
ly the transmission software had fc be writlten in sucn a way that the next
syllable to be sent was always ready when the transmit interrupt occurred.

From the point of view of the transmit routines there are three kinds of
message:

(i) TFixed messages (ACY., REV, ERR, ECZ, EC3), nheld whoily ir core
(ii) Commands, assembled in core as z one-line message

(£ii).Text, read line by line from drum, transmitted in blocks of up

to 12 lines, each line being counverted *o card inage.
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A common routine for all transmit macros, with one parameter to define

the message required, is used to 1nitialise the transmission process,

send a special character {in fact a 3%0-link SYN} to activate the comm-
unications adapter, and place the first CRC-link SYN in a ocne-syllable
buffer, Thereafter all transmission is interrupt-controlled, the syllable
in the buffer is sent, and the next syllable is selected in one of a
variety of ways according to the point reached in each particular type of
message. The program remains in a wait loop until transmission is complete.

The parameter passed by the macro defines an execute table that specifies
the sequence of message componsnts reguired, in terms of the routines
that supply them, and gives particular syllables to be incorporated into
the standard’ sections of a messuge. The TXT macro is somewhat more com-
plicated than the rest, since it is in general calied a number of times
to control transmission of the job, The initial contents of the execute
table for this macro are set at the first call to TXT tc contrcel trans-
mission of the job description cards (held in core): subsequent calls to
TXT use the execute table as it was left at the end of the previous call.

The essential features of the interrupt routine are shown in Fig.2. The
flag MORE is set > O before the transmit wait loop is entered, and the
program remains in this wait loop as long as MORE 4 O, MORE is set to

-2 when EOT is about to be transmitted, because only two more interrupts
are required to complete the process: those for EOT and the parity syllable.

Interrunt

MORE := MORE +1

Exit from Transmit Wail loop
and awail message from CDC

Send. LSVL
Select next SYL accorc{'mg
to recipe for message

Exit t’il Wail

Fig.2 Flow Diagram for CDC link transmiit interrupt

A standard buffer SBUF1 contains the first part of all sequences (SYN,
SYN, SYN, SYN, SOH, SIA} and is completed during initialisation by insert-
ing the current value of STA and the control character appropriate to the
message (ACK, REJ, ERR or STX}. A second buffer SBUF2, contiguous with
SBUF1, has space for ESC, E code, EOT and PAR (the parity syllable is com-
puted in this space).
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For fixed messages SBJUF1 and SBUF2 are treated as a single buffer and
transmission is controlled only by the MORE mechanism described zbove,
(In responses there is no Fd0, E code; the word allocated to.these is
left null, and the unpzcking routine is designed to ignore hyinllvardl)

Text lines are terminated by ESC, which is the character substituted
for ASCII carriage return by the code converter. This ESC is detected,
but not transmitted.

For commands the transmission recipe is as shown in Fig.3. TBUF is a
special buffer used to assemble commands input at the telstype.

Select SBUFA Send, count 8

Select TBUF | Send, test ESC

Select SBUF2 Send

Fig.3 Recipe for Comumand Transmission

In this diagram, and in Fig.L4 following, the boxes labelled SELECT.,.. corre-
spond to routines specified by the execute table., Two final selection
routines are used, one concluding when a preset total is reached, and the
other when ESC is detected. In both cases, conclusion of part of the
message causes application to be made to the execute table in order to,
determine the next selection prcecess., Tne last SEND box uses the count-

ing routine with the couni preselt to a value that will not be reached,

since at this stage the final concliusion is determined by the MORE mechanism,

Fig.4 shows the recipe for tex:t transmission. This Qiagram is somewhat
idealised, but gives a general impression of the process. JCARD is one of
three buffers containing the job description card equivalents, fixed in
the experimental version of the system, but in later versions to be con-~"
structed according to parameters input at the start of a run. COUNT 80
means count until tke total number of characters in the card is 80, i.e.
pad with spaces to card image.

The read card flag is detected in the wait loop between interrupts, and
causes the next line to be read from drum. Tf 1t does not arrive in time
due to some error conditior . or if the file on drum is fcund to be corrupt,
transmission is terminated in the manner specified for a card jam in a

200 terminal, that is, ESC EC2 is sent.

The DECASS drum handler has a special return code to indicate end of file.
This is used to set a flag which is detected when the next card is due to
be transmitted. (The flag is identified as EOR in the diagram because in
CDC ?erms each drum file corresponds to one of the records comprising the
job., '
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Fig.4 Recipe for text transmission




Depending on whether the drum file just sent is the lasi or not, an’end
of file card (ESC EOF} or end of record card (ESC FOR) is sent next)
either in the current block, or, if twelve cards have already been sent,
as the first card of the next block (i.e. at the next call to TXT).

5. Monitoring Facilities

The slow link monitoring facilities were grafted on as an afterthought,
and were in consequence neither as effective nor as elegant as could
have been wished. When the fust link software was plenned; extensive
monitoring was designed in from the ouitset, and proved so useful that
very similar facilities were later put into the CDC link, Some of the
-monitoring routines arc identical in both systems; the rest differ only
in minor details.

5.1 Running Commentary

Each driver macro leaves a record of its call and its exit parameter in
the form of a shori{ comment on the display screen, A rolling display is
used, to keep flicker within bounds; and at any time the last 10-15 macro
records are visible, interspersed with any messages tbalt may have been
received for'display. ’

The display is controiled by a routine, commen to all macros, that deter-
mines which macro has just been executed and displays its name and its
labet in the driver. The existence cf a message for the display fe.g. E1
messages in the CDC link)} is detected at this stage, and the message is
added to the screen. The same routine also selects the next macro, accord-
ing to the current exit paramster, and takes care of irrecoverable errors
in an orderly manner.

5.2 Low-level.Monitoring

The results of the low-level monitoring prccesses are intended for post-
mortem analysis and are accordingly assembled into a file on backiqg store.
Dectape is used in the 330 system, but the rate of accumulation of a
monitor file in the CDC system requires the use of the drum. The higher
rate is,due to the lavger number of short nessages handled, and the per-
sistent polling by the GDC, )

The events to be monitored in any given run are selectgd by presetting
handswitches on the P’ console. There are minor differences hetween
the facilities in the two systems, hbut broadly speaking the following list
is applicable to both.

(a) All, or a selection of, received syllablss

(b) All, or a selection of, transmitted syllables

(c) Internal states of the receive routines

(d) Error indications, recorded when the error is detected

(e) A code indicating each driver macro as it is called

(f) The exit parameter from each macro

(g) Elapsed time from the beginning of the run, in units of 100 ms



A separate subroutine handles each monitor point and generates a 5-
character packed ASCII word-pair. These are combined into lines by a
common routine, It is simpler to operate in this way than to attempt
to.post-process binary data, because the separate monitor subroutines
can insert identifying characters as required. The disadvantage is
that these routines increase the software overheads, in some cases at
points where the timing may be critical, but care has been taken to
design the routines so that the overheads are spread as evenly as
possible. It is for this reason that each subroutine generates packed
ASCII directly, since otherwise a line-by-line call to a packing routine
would .be required.

Sixteen line buffers are held in core. These are filled circularly by
the monitoring routines, and emptied circularly by a backing store
writing routine., This latter routine is only called when the system is
expected to be reasonably quiescent, for example, immediately after
receiving or transmitting a message.

In the early stages of development, the full set of monitor points is
certainly required, and the monitor files, although tedious to analyse,
have often been the only possible means of discovering the reason for
collapse. They have the additional advantage that they demonstrate the
correctness or otherwise of assumptionsmade about protocol, whether
collapse occurs or not, and are hence valuable even if the software is
constrained only to listen for transmission from the remote machine.

This constraint has been usefully applied (by choice of a suitable driver)
when first putting a new set of link software on line (see also Appendix L4).

As aevelOpment proceeds; it is possible to omit some of the monitor points

and thereby reduce the length of monitor filesso as to simplify analysis.,
For example, once the receive routines are reasonably proven there is
little need to record their internal states.

6. Off-line Testing

Testing telecommunications software off<line imposes an additional burden
on the computer, that of simulating transmission from the remote machine.
If tests are to be realistic, they must satisfy four conditions:

L
({32 the simulated input must correspond to that expected from the
remote machine in a comparable on-line test

({4Y" the rate of input (syllables per second) must be at least as
" high as the telecommunications rate

({i1)%as much as possible of the software used on-line should be
'~ capable of being tested off-line

(iv) the additional overheads of off-line testing should be minimal.

51

The first of these conditions has two aspects: the content of an input string

should correspordto that of a comparable message, and the relative timing
of input strings and of responsesoutput by the local software should corre-

spond to the relative timing of an on-line interchange of messages.
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In practice, it is the first condition that has the greatest influence,
especially in the early stages of development when trensmissioh character-
istics are only imperfectly understood, Ividence obtained from monitor
files made when receiving on-~line, even without transmission, allows im-
proved simulations to be made, Use has also been made of A R, Duncan's
TOPSY program to obtain information on transmission characteristics

(see Appendix 4),

Condition (iv) implies that the additional software used should be as
simple as possible, even at the cost of limiting the scope of tests,

In the PDR.system it is convenient that the paper tape reader, when

up to speed, reads at some %00 ch/sec; this corresponds closely to a

2000 or 2400 baud transmission rate, Hence the easiest aporoach is to
construct a data tape containing the desired input string, and to read
some of it whenever the simulated remote machine would be expecteflyto
transmit, The off-line interrupts from the tape reader can be serviced
in the same way as on-line interrupts from the data adapter, thus largely
satisfying condition {ii),

The technique described has been successfully used in all the telecommuni-
cations gystems developed, A slight amendment was required for the slow
link: the characters on the data tape were spaced out with ignorzble
blanks to give a data rate corresponding more closely to GO0 bhaud,

There is no need to use any device to simulate transmission from the local
machine; the fact that the syllables that would be transmitted on-line are
monitored provides sufficient evidence of their correct selection, It is,
however, desirable to simulate the transmission ratej thisids readily done
by incorporating a short delay loop into the off-line software,

The conditions for off-line or on-line testing are set up during initial-
isation of the link software, and may be reset between runs without re-

loading being necessary, As an example of the extent to which condition (iii)

can be satisfged, the part of the experimental CDC link software that is
active during a run amounts to some 2000 words, of which all but about
10-15 are used in both on-line and off-line cperation, The control of off-
line operation requires about 20-L0 words of special routines,
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CHAPTER 6 : Recent Developments in Indra Software

1. Introduction

The experimental stage of fast-link developtiént, using high-level drivers,
was completed early in 1970 when a definitive driver had been established,
and the low-level handler had been apparently freed from bugs. The next
step in development was to replace the high-level driver by an equivalent
organisation of low-level software, and to tidy up certain details; this
work was undertaken as an MSc project by ‘R.M. Humphreys [5], and the
first part of this chapter contains an account of the link software as it
appeared in the autumn of 1970.

Subsequent work (by P.L. Higginson) has been devoted to improving .the
general utility of the Indra system by making use of the DECASS overlay
facility discussed in Chapter 1. At the same time there has been further
revision of the fast link system to satisfy some changes in user require-
ments. The second part of this chapter contains an account of the soft-
ware as it exists at the time of writing; it is expected that few if any
further changes will take place while the system continues to be based
upon INDR1 [20,21]. Some of the possibilities for future reorganisation
of the software under the New System will be discussed in Chapters 7 and 8.

2. Fast Link:% First Production Version

The main part of the work in developing the production version of the
fast link system was to replace the high-level driver. The result was to
produce a unified handler running as a subroutine of INDR1. At one stage
it was planned to remove all monitoring and off-line facilities from the
handler, making them available as an add-onsextra to be selected at load
time. Experiment showed however that the resulting software was very
clumsy, and it was decided that since some monitoring (if only a displayed
running commentary) would usually be required, the necessary routines
might as well be left in place. These routines are essentially as
described in Chapter 5, and are not further discussed here.

A brief account of the final organisation of the combined driver and handler
follows. A more detailed description will be found in [5].

2.1 Initialisation

The handler is called from INDR1 with a set of parameters defining function
(R,T,8,C or D in the command), PDF file description and 2360 job description.
The first stage is to build the command to be transmitted to the 23603 this
is held as a double-image wwpacked message in core. The formats of these
messages are:

R (receive) : <data set> 0. <«first 3 chars of file name>
T (transmit): «data set> 1. <first 3 chars of file name> )
S (start) : 377 2 <job name>

C (cancel) : 377’5 <job name>

D (display) : 377 &

(Note: There has. been a recent change to command structures, for which
see section 4 below.)



The initialisation section then sets up the various internal connections
for handling interruptis, selects on-line or off-line opsrabion, inserts
monitor probes as specified, initialises local peripheral handlers, and
starts the clock. It also transfers the teletype from being under the
control of KM9 and makes it available for run-time input of shat messages.

One practical problem that was encountersd Guring earlier development
was that if the 360 software was not loaded when the FDP sen® its first
ENQ, the 360 end of the link was never able to recover, and the whcle
process had to be re-startad. (A similar problem applies in reverse too,
since the PDP collapses if it is interrupted by a unknown device - i.e.
one that has not bheen initialised. This situation cannot occur with the
360 link, since the PDP sends first, but can easily occur with the CDC
link if the correct manual operating sequence is not followed.)

The normal practice was to agree by telephane with the 350 operators when
a run may start. Even so, loading the PDP software (even under DECASS)
is liable to be quicker “‘han loading the 350 software, =c on the first
command after loading the software the initialisation section inserted

a one minute pause to ensure that the 360 wias ready and waiting {sce also
section k).

2.2 Driver/Handler Control

A set of routines is provided at the low-level end of. the handler to
contrdl transmission of the various message sequences, and to awailt

and assemble the response. These routines are substantially the same
as were used in the experimental system, and similar to. those described
in the previous chapter: they will not be described here. They have

a common entry point, and are called with a parameter selected frem a
table.

Three tables are used by the driver. One of thése contains the call
parameters, which are 9-bit integers made up of three fields. The least
significant four bits ars zero in the call parameter; the handler

inserts a code into this field according to the outcom» of the call.
(These codes are the same as the exit paramsters discussed in Chapter 5
and Appendix 1). The next three bits in the call pzrameter define the
action required (c.f. the call parameter corresponding to the driver
macro). The most significant two bits distinguish different circumstances
in which a given action may hg performed.

On return from the handler, the composite call and exit parameter is used
as a key in a table-lookup ~routine; this is a standard routine in INDR1,
used also, for example. in INDR1 command decoding. Fsilure to find the
parameter in. the tabié indicates an irreccverable error; files are closed,
and the handler exits to INDRA.

If the key is matched against an entry in the table, the serial number of
the entry is used to select the next call parameter from the table already
mentioned. A third table is also selected similarly to determine any
pre-processing required before the handler call is made.
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2.3 Read Interrupt Routine

The organisation of the read interrupt routine is very similar to that
described in Chapter 5 for the CDC link, and, as already explained,
supplies the exit parameter field in the sequence control parameter.
Received text is packed into blocks in double image, for subsequent
writing by the normal DECASS drum handler.

One special point is worthy of mention. It is possible for a character
to be received from the 360 at a time when the PDP software is not able
to deal with it properly: for example, while the PDP is transmitting.
This is usually due to some error condition causing the two sets of
software to get out of step. In scme circumstances the condition may be
recoverable, or ignorahle; appropriate action must be taken at the driver
level rather than the handler level, since the action required is
dependent upon the stage reached in the overall transmission sequence.
Consequently the handler sets a flag if such an interrupt occurs, and on
the next call from the driver level an immediate exit is caused, with

a distinctive exit parameter.

2.4 Use of the Teletype

N

In normal circumstances, that is, when the teletype is owned by KM9,

the effect of typing control C is to return abruptly to KM9, and that

of control P is to return to INDR1. When control of the teletype is
transferred to the link program, control C continues to have the same

effect, but control P allows all files to bhe closed before exit, so

that any successfully received data and any monitoring records are preserved.

It may be noted in passing that control P is a dangerous facility to
use: it causes an interrupt, like any other character input at the
teletype, but the interrupt is not serviced properly in that exit is

not back to the interrupted program. Thus the programs may be corrupted,
and reliable restart can not be guaranteed. The @éffects are most
serious in handlers, where a peripheral operation may not be able to
terminate properly. : : -

The: teletype is taken over so that chat messages may be composed during
the run. Operator-to-operator communication has not been implemented;
in fact, the characteristics of the 3 software seem: to be such that
it is not possible to arrange for the 350 operator to communicate with
the PDP, although communication. the other way is feasible. So chat
messages are only-.sent from the PDP to the Indra software. in the 360;
chat messages received from the 360 are displayed.’

A chat message is assembled in ASCII; it is not converted to ERCDIC as
it is being keyed in becamuse the code converter might councurrently be
in use, so the message is converted By a preprocessing step hefore
transmission. Transmission takes place. before the EOT of the current
(or next) outgoing message, and hence there will be an indeterminate
length of time after one chat message has been keyed in before input of
the next may start. Various notices are displayed to indicate to the
operator the availabilty or otherwise of the teletype.



56

3. The Indra Overlay System

The DECASS overlay fanility ie described in Chapter 1, and a brief mention
of its use for the Atlas link was made in Chapter L.

By the autumn of 1970, 2 considerable tody of software had heen developed
by the Indra group, including the various local and remote systems described
here together with a quantity of display software and an inleractive editor
based on the use of the Computek. If conventional loading. is used, it is
not possible to combine these various parts, that is, one may have only

one of Atlas link (under INDR%), fast link (under INDR4). displsy software
(independent of INDR) or Computek editor (DECASS-based) at al.time. The
various local utilities described in Chapter 3 could be loaded with either
the Atlas link or the fast link. I%* was further envisaged that more

display software and the CDC link would become available.

Conventional loading is somewhat slow and laborious, and must be manually-
controlled. It is therefore not possible to load, say, the Atlas link

or the fast link as a direct consequence of entering an A or R command

to INDR1. The use of overlays was thus indicated, but it was found that
fairly drastic alterations to the DECASS overlay facility were required.

To be able to use INDR1 as a general control program for those parts of
the system that had been designed to run under it, it was necessary to
locate it in the resident area of core, that is, bslow the boundary
established as the bottom limit of the overlay area. It could not be
built into the corrsct position when the chain containing it was set up,

- because the DECASS chain-generating program occupies the same area and

more. Hence a modified, pseudo-relocatable version called INDR2 was
constructed, together with a core-to-core loader that wonld move it down
in core and adjust the position of the boundary. Various tables were
also set up to allow communication between chaing and INIEE ™

The first version of ihe execute file to be established occupied some 200
blocks on dectape or drum, that is, neerly 50,000 words. One reason

for the large size of this file is the DECASS requirement that every
overlay should contain all relsvant device handlers. A later modification
was made so that many devives are Joaded initially by the DECASS system
loader and thereafter remain resident. Several advantages have resulted
from this change, among which may be noted

(a) that the execute file has been reduced to about one third of its
original length, thus releasing svace on the backing stores,

(b) that overlay loading is faster, and

(c) that the user has freedom of choice of local peripherals, since
they can be assigned conventionaily before a run.

It is worth noting that in order to obtain the present overlay capability
it was necessary not only to alter Indra software, as has already been
mentioned, but also to change XM9, the system loader and the overlay loader.
The changes to DECASS programs were fairly small, but involved a great

deal of investigation of unfamiliar software whose documentation was by

no means as complete as that of the Indra software.



L. Revision of Indra Programs

In the course of preparing the Indra overlay system, opportunity was
taken to augment the facilities offered, and to make some changes to
the fast link command structure. These modifications are noted briefly

below.

(a)

(b)

(c)

(@)

(e)

(£)

It is possible to use either the teletype or the Computek as
control console, the choice being made eithér initially oz at
any time during a run,

A new command has been included to allow the listing of a
backing store directory.

Some problems due to an incompatibility hetween ASCII and
EBCDIC have been resolved by amending the code converter,
and a further amendment converts unidentifiable characters
into a recognisable form instead of iferminating conversion
as hitherto,.

Some trouble was experienced with the fast link handler when
messages were to be printed on the teletype during link
operation. This has heen overcome by only allowing a message
to be set up for printing if printing is complete for the
previous message. BError indications and 360 chat messages
that previously only went to the display are now printed as
well (subject to the reservation.abOVG)l1spzthat a hayd-copy
record remains after the run. Seome:addifidnal error indications
are also given, for example, if an irrécoverable error causes
exit to INDR2.

An optional «job parametery field has been defined for fast
link commands. This precedes (or replaces) the <data set>
field in R and T commands, and follows the «jobh name> field
in S and C commands. To distinguish the various fields,
<data set> (if used) is preceded by #, and <job name> is
followed by « if «job parameter> is included.

The arrangements for an initial pause have been modified.
Current practice is either to wait five minutes after the
agreed starting time, or to ensure by telephone that the
message LINE OPERATIONAL has appeared at *the 360 console.
The initial pause in the link handler has been retained as
an additional precaution, but is now only 20 sec. It occurs
after overlay changes as well as on the first occasion of
loading, since these conditions are indistinguishable by the
link handler.

57
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% CHAPTER 7 : Tewards a New System

1. Limitations of the Present System

Some of the disadvantages of DECASS for the telecommunications proejects
discussed above were referred to in Chapter 1, and othershave been men-
tioned in passing, All the software developed so far has been designed.

to operate under DECASS, but the necessity of bypassing system restrictions
has resulted in some loss of elegance and efficiency, A few examples, some
already discussed in earlier chapters, are mentioned briefly here to
illustrate this point,

The resident part of the TECASS monitor (KM9) includes facilities, based on
the use of the CAL instruction, to initiate activities of the local .peri-
pheral handlers provided in DECASS, The CAL handler is interruyptable, and
consequently no action based on the use of CAL may be given in an interrupt
service routine, This limitation introduced some problems into the design
of link transmission routines such as those described in Chapter 5,.

The teletype keyboard handler in KM9 is. similar in most respects to handlers
for other input peripherals, In particular,. it will only accept input data
if a CAL-based read command has been given, and the system then waits- in the
teletype handler until a line or a character has been .input, There is thus no
means of accepting input at the operator's discretion, the mode of operation
required for the telecommunications system, Consequently it was necessary to
build special-purpose keyboard handlers for the 360 and CDC systems, and to
arrange that control of the keyboard is transferred from DECASS to link
software at the start of a run. Control must be transferred back at the end

- of the run, which is straightforward if the run terminates in an orderly
manner but is almost impossible if software collapse occurs. The KM9 key-

board handler remains in core, of course, and thus represents so much
wasted space, '

The presence of the resident KM9 also wastes space on account of other routines
contained in it that are not used by Indra software : the clock routines are
examples,

KM9O traps a variety of errors that commonly occur.during software development,
such as attempts to obey data,or illegal peripheral commands, It is, of

course, reasonable that these should be trapped, but the trapping mechanism
does not allow easy recovery in cases where recovery would be possible, and is
liable to give misleading indications of the cause of failure, Errors that
could with advantage be trapped are attempts to reference non-existent store;
unfortunately store protection is not implemented in KM9, so no trapping occurs:

. this type of error is wholly irrecoverable and often most difficult to trace,

The Indra executive described in Chapter 3 is designed to allew the use of all
permanently-connected local peripherals through the normzl DECASS handlers,

As dynamic loading is impossible in DECASS, .axd as the loader cannot be con-
strained to accept the omission of programs that.may not be.required on a
given occasion, it is necessary to load a. full set of the standard handlers, .
These are .all comparatively large programs since. they provide. a .general set

-of facilities many of which are of little or no use in Indra work,.and they

include permanently-assigned buffer areas, They thus occupy much .space, often
to little purpose, and their mode of operation tends to result in a frequent
need for largely redundant core-to-core data transfers, The associated problem
of the interruptable CAL handler has already been noted,
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The problem of storage has been alleviated to some extent, as mentioned
in Chapter 3, by eliminating buffers from the various Indra programs and
using a simple store allocation routine to obtain working space from the
free area available once the loader has completed its operations. But.
the buffers of standard handlers cannot be supplied in this way, of
course, since the handlers are used in other contexts where the store
allocation routine is not available, In any case, the task of modify-
ing a standard handler, or any other item of DECASS software for that
matter, is not one to be undertaken lightly,

The result of these limitations on space has been that it is only possible
to load the software for one of the links at a time, The operator wishing
to use more than one link has therefore more work to do than could be
wished, Some relief has been obtained in recent times by means of the
DECASS overlay facility, as described in Chapter 6, but the would-be user
of the Indra system still has a considerable amount of keyboard operation
to do,

As long as the operator is a skilled programmer, or is at.least moderately
familiar with the intricacies of the system, operational complexities may
- be held not to matter, But the original intention was to develop a system
that would be of use to the designer wishing to use CAD techniques, and. it
it unreasonable to expect a user in this category to become expert in the
subleties of computer operation, The ideal system would have a simple
user-oriented command structure, readily learned, and be so arranged that
the user could concentrate upon the problems of his own application, Few
systems, if any, attain to this ideal, but that is no reason to forego the
attempt to develop one that does.

Another problem very different in kind, results from the pattern of usage
of the ICS PDP-9 installation and the characteristics of telecommunication
systems, The PDP is very extensively used, mainly for program development,
and part of its usage is by research groups and students at the Institute
who have little or no connection with the work of the Indra group. Even
when use of the machine by the Indra group and its associates is considered
on its own,only a comparativély small part of the total involves connection
to one of the three remote machines, VYet the time spent connected to these
mechines is disproportionately large, and for a large proportion of this
time the PDP may be more or less idle,

The reason for this state of affairs differs in the three systems, The

is in many ways the best of the three: provided that connection can
in fact be made. at. the time agreed with RHEL (no small proviso this),
telecommunication is reasonably efficient., Files can be sent without un-
due delay, and jobs started remotely in the 360; the connection can then
be broken and the results of the run will be held in the 360 until they
are requested at some later time from the PDP,

This mode of operation is possible because the Indra software in the 360

was designed to permit it, The CDC link, in contrast, is designed to simulate
a wholly-owned terminal of the CDC which, in normal operation, is on-line all
the time, Jobs sent for processing take their turn at the central machine,
and results are automatically returned in the fullness of time to the terminal,
If the PDP system were to operate in this way, the CDC link software would
have to remain resident and idle until the.results were ready; the probable
time delay could often be intolerable, In the experimental work done so far
it has not been necessary to face this problem, but clearly it must be

faced if a fully operational system is to be developed, Enough has been said
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automatically as a result of an interrupt from a remote machine,

Considerable delay is also possibie with the Atlas link, for a different
reason, Here the first part of transmission always takes place promptly,
because the Atlas supervisor reads in the job description as soon as the
tape reader is engaged, But the reader may then be forced to wait if the
input queue is full; the delay may be a matter of minutes, and in un-
favourable circumstances there may be further delays before input is com-
plete, The PDF has no option but to idle if transmission is delayed;

it is not possible to suspend file transfer and later resume from the point
reached,

To summarise this discussion of present limitations it may fairly be said

that the development of communications software and of operational procedures
using communications cannot proceed any further within the framework of the
current approach to PDP system software; that the user facilities available
are restricted; that operation of the system is unduly complicated; and that
machine time is used inefficiently.

2. Proposals for Redevelopment

It had become apparent by the end of 1969 that the difficulties discussed
above would in due course limit development end lessen the usefulness of
the Indra system, A paper published early in 1970 argued the case for a
radical reappraisal of the whole approach to system software design [22].
Work on the New System, as it has come to be called, has continued in-
termittently since then, as other duties have permitted, one major advance
having been a MSc project by P,L, Higginson [23], The New System is still
far from complete, and in any case this .is not the place for a lengthy des-
cription of it; a brief account will be given, so,as to indicate some of
tlie ways in which it is hoped that the New System will alleviate the short-
comings of the present system and open the way for future developments. The
account is not wholly hypotheticaly various items of software have been
written and at least partially tested,

Applications of the PDP can be divided into two classes: those in which the
user requires more or less continual contact with the machine, as for ex-
ample in program development or interactive graphics, and those in which he
does not, as for example in most file processing, including telecommunications.
The New System allows these two classes of activity to be practised con-
currently in a simple multiprogramming environment, Simplicity is an
essential concept in New System philosophy: the PDP is a simple machine in
many ways, simplicity is the keynote of the operational procedures required
of the user, and the facilities to be provided are kept as simple as possible
consistent with usefulness and adequate flexibility, It would be ridiculous
to design a large, complex and time-consuming operating system for a machine
of this kind,

The supervisor, or resident part of the system, will consist of a set of
routines to handle interrupts, administer gueues, and provide primitive
communication with an operator, It is hoped that this will not occupy more
than 2%k of core, leavingi3k to be shared between an autonomous system and a
user system, The autonomous system will run all processes that merely re-
quire initiation; the user system will provide hendg.on facilities for =
user who wishesg to interact with his software,
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A console will be shared by the supervisor and the autonomous system;

this will in general be the directly-connected teletype of the PDP,

but any other available consoie could be assigned at will, The supervisor
will also own part of the drum, on which most non-resident programs used
by the supervisor or the autonomous system will be held, together with
system programs, such as the assembler, provided for the use of the
hands-on user, All other local peripherals may be allocated at will to
either the autonomous or the user system,

The DECASS distinction between system and user programs will no longer
apply. All system facilities will be freely available to the user, either
by loading the appropriate system program, or a segment of it, into the
user's area of core (in conjunction with his own programs, if he se desires),
or by way of supervisor calls made by the user's programs, A wide range of
data-handling routines will be providsd, as they are required in any case
for the autonomous system, and hence the user will not as a rule need to
construct his own routines for these purposes, All input and output will be
handled by the supervisor in response tec calls from programs in either the
autonomous or the user system, Storage protection will be used, partly to
limit interference between one system and another, partly to provide a
mechanism for supervisor calls that is free from the disadvantage of the
CAL instruction, ’

Dynamic loading is a feature of the New System, A single-pass assembler

has been written to accept conventional source programs, with a few re-
strictions where conventional facilities are not applicable, and a number

of extensions, The extensions will later include means of assembling in--line
code corresponding to higher-level instructiens, for example, the driver
macros described in Chapter 5. The assembler produces an intermediate code
that is much simpler to load than that of DECASS, The loader is under develop-~
ment; it will be considerably smaller and somewhat faster than the DECASS
loader, No explicit overlay facility is planned, but dynamic loading can give
the same effect if the programs ccncermed are suitably designed. The loader
can be called by explicit command, by the assembler (for assembler-omd..execute
operation in the user system), by the supervisor to load the routines re-
quired for the execution of an aitonomous system command, or.again by the
supervisor, to bring in non-resident routines required to deal with an
adventitious interrupt from a local console or a remote connected machine,
Finally, a supervisor call for the loader can be written into any program,
thus providing the basis of a flexible overlay facility,

The hands~on user will not have direct access to remote machines; these

will be handled only by the autonomecus system, This is no serious restriction,
since the user can always move to the system console and give remote-machine
commands, There will be a privileged mode of operation, specifically for use
when developing system programs, in which the distinction between autonomous
and user systems will be removed and hands-on access to all facilities of

both systems, together with some special facilities, will be made available,

The operator's calls upon the autonomous system will be made by means of a
simple command language, The aim is to make this language as free frecm
'computerese' as possible; a provisional form has been in limited experimental
use and is described in Appendix 2, Commands can be input either singly at
the system console, or in batches at any convenient input device,

As a counterpart to the provision of a user-oriented command language, the
New System is designed to be communicative, at least if the user so desires;
to the user who is not a systems specialist few things are more irritating
than a system that ruminates interminably, and occasionally delivers itself
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" given in Appendix 3,

of a few cryptic characters, It will also be possible for the user

to seek guidance on system operating proceduresi a simple conversational
routine will be developed for this purpose, allowing the user to gain
access to relevant sections of the user guide, held as a tree structure
on dectape,

2.1 The Current State of the New System

At the time of writing, software at the supervisor level has been developed
by P,L, Higginson to provide comprehensive device and file-handling facilities
which, among other useful properties, will allow simultaneous control of all
local peripherals and permit many files to be concurrently active on the
various backing stores. Techniques for handling remote machines are under
consideration, but not yet implemented,

In parallel with this work, the author has developed a command decoder for
the type of command discussed in Appendix 2, the assembler, and a context
editor, all running under a temporary DECASS-based executive, The loader
and the autocode extension to the assembler are under development as
student exercises,

- The next step is to connect the two hitherto separate parts of the New System,
The changes to the higher-level software required by this step are essentially

the same as those required to incorporate any DECASS-based software into the
New System, and it is therefore of interest to consider the magnitude or
difficulty of any changes required,

Broadly speaking, the New System assembler will accept any program that can

be assembled by the DECASS assembtey,with the one exception that IO instructions
will require alteration, In most DECASS-based programs, IO is handled by

DECASS system macros, and essentially equivalent supervisor calls are prowvided
in the New System., Hence the task of conversion requires, in principle, only
simple editing to convert DECASS IO macros into supervisor calls, Again, the
utilities in the INDR1 system have their New System counterparts, so that con-
version is also reasonably straightforward in respect of these facilities,

It should be observed, however, that the simplest conversion is not necessarily
the best, because many existing programs contain artifices designed to
circumvent shortcomings in DECASS, As one of the aims of the New System is

to provide general relief from these shortcomings, such artifices are.at best
irrel'evant, and at worst incorrect, Care will therefore be ne€ded in con-
verting programs to run under the New System, but it is reasonable to expect
that they will run more efficiently after conversion than they do under DECASS,

A somewhat more extended discussion of the incompatibilities between DECASS
and the New System, with the arguments that have led to their adoption, is
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CHAPTER 8 : In Retrospect and Prospect

1. Introduction

Previous chapters have traced, in approximately chronological order,
the development of software for a particular class of communications
application, namely one in which two computers of unrelated and largely
incompatible types are interconnected. The three main examples of
communications differ in many respects : one (the Atlas link) is a
direct connection in which the satellite machine behaves as a conventional
peripheral; one (the 360 link) has associated special-purpose software
in the central machine, although the interconnection uses one of the
conventional telecommunications techniques; one (the CDC link) is a
telecommunications system in which the satellite machine behaves as:
conventional remote terminal of the main machine.

In this chapter only the Atlas, 360 (fast) and CDC links will be
considered. The slow link is now absoletei were a similar slow link required
at some time in the future it would be developed in a manner closely
similar to that used for the CLC link since these two systems have

common teleccmmunications features. We consider first the current position
in Indra telecommunications work, so as to summarise the most significant
achievements while no* ignoring the inadequacies that remain. The
remainder of the chapter contains a discussion of the possibilities for
future work; this discussion can only be tentative, since the future is
not to be determined solely on technolgical grounds; but it is suggested
that past experience, allied to developments now in hand, provides a

sound technological basis for further exploration of small-machine
applications in coupled-computer systems.

2. A Record of Achiavement

The New System will not he considered in this section, because it has
had no influence on the telecommunications software so far developed;
the influence of telecommunications attempts on the design of the New
System has already been mentioned.

Enough experience has been gained in the development of communications
software for it now to be appropriate to draw up a balance sheet, so to
speak; to consider how far the software developed has been successful,
and what has been achieved in the establishment of sound development
techniques.

2.1 Operational Software

On the positive side we have

(i) a fully-operational link to the Atlas, in regular use for
obtaining listings, and occasional use for other purposes.

(ii) an operational link to the 360, still with a few details
to be improved, but providing a useful service for users
wishing to develop and run software in the 360 under remote
control,
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(iii)

(iv)

(v)

a body of local software extending the facilities of DECASS
and providing a unified command structure for local and
remote file handling,

an experimental link to the CDC which, although not yet
fully developed, is well on the way to being so and will
conform, from the user's point of view, with the other
telecommunications systems.

‘software of general application, that is, not specific to

any one link, for use in investigating engineering aspects
of telecommunications,

On the negative side we have

(1)

(i1)

(iii)

an operating procedure more complicated then could be desired,
especially if more than one link is involved in any schedule
of operatious,

inefficient use of PDP time.
severe constraints on any attempt to expand the scope or

usefulness of the system as a whole, and to a lesser extent
of any individual link,

Insofar as users are willing and able to use the system effectively
despite its shortcomings, the balance is positive. It is worth observing
that among users of at least some of the facilities offered have been
people who were not involved in system development, and therefore cannot
be suspected of using the sistem merely to save face.

2.2 Development Techniaues

On the positive side we have

(1)

(ii)

(iii)

(iv)

an understanding of the limitations of the PDP and of
DECASS, and a variety of artifices for circumventing these,

a method of using a comparatively high-level language,
readily adaptable to different telecommunications systems,
to overcome problems of inperfect understanding of protocol,

an approach to the design of low=level software in terms
of distinct easily-defined processes corresponding closely
to the distinct types of telecommunicatioris activity.

an understanding of the need for real-time monitoring, and
a body of applicable techniques.

On the negative side we have

(1)

some difficulty in applying the preferred techniques due to
hardware and standard system restrictions.



Here the balance is clearly positive, although it must be pointed out
that a body of development techniques, however sxcélient in itself, is
sterile unless it can be applied to further development.

3. Balance Carried Forward

Any. future development will involve a more or less radical departure
from the methods of the past, at least as far as actual software is
concerned. It is thersfore cf interest to see what can be carried
forward, since this represents the longer-term benefits of the work
done in the last three years.

3.1. The Lessons of DECAS3S

DECASS-based procedures, and artifices developed to dvercome DECASS
limitations, are of no direct rzlevance for the future, since we shall
not in general be using DECASS. But they are indirectly relevant in
that they have indicated what should not be done in the New System.
Many implementers of small-machine telecommunications systems. have
begun by abandoning the manufacturer's software in favour of their own,
but we feel that this is unwise unless there is considerable previous
experience both of the small machine itself and of telecommunications
work. The Indra group did not have such experience three years ago, and
we have no doubt that it was well worthwhile to operate initially under
DECASS. Had we begun by attempting to implement an alternative system
we would have been in grave danger of frittering away scant resources
to little purpose. Now that experience has been gained, and we are
familiar with the PDP-9 and with telecommunications, we are in a far
better position to develop a system that is superior to DECASS for our
purposes.

3.2 Unified Control

Although we have not altogether succeeded in creating a truly user-oriented
operational procedure, we feel that we now understand far more clearly

what characteristics such procedures should have. The command structure

of INDR1, which Was intended to be applied by suitable extensions to all
Indra activities has not been so applied for various reasons, but this

fact does not invalidate the intention. Insofar as the concept of a
unified command structure has been applied, namely to the whole hady of
local and remote file handling, it has been found to serve very well;
current ideas may be seen as a straightforward generalisation of the earlier
approach, with extension of facilities and relaxation of restrictions.

3.3 Common Software

The notion of common utility routines in INDR1 was introduced originally
partly to overcome DECASS limitatinns as has been noted already, but
partly also to reduce the tedium and waste of time caused by the frequent
need to write essentially the same routine. From these utilities, and
from DECASS system macros which serve a similar purpose on a larger scale,
has developed the idea of supervisor calls in the New System, together
with a measure of expertise in such matters as parameter haudling.
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This last, in its turn, has influenced the design of the command decoder.

Utility routines and parameter-handling technigues may seem trivial
matters, but the cverall efficiency of a system is greatly influenced
by the extent to which common software facilities may be employed in a
variety of circumstances, and the ease with which different parits and
levels of software can communicate with each other.

1}

3.4 Telecommunications Capability

Turning now to matters more directly relating to telecommunications, it
is fair to say that the work of the Indra group in both hardware and
software areas has resulted in a body of technioues of great potential,

as well as actual, power. It has recently been stated [24] that "We

have not found a computer using a serial synchronous interface with

which we could not communicate (from the hardware) at up to 5Ckbps'",and

a similar' claim could be made for communication with asynchronous devices.
This power is due, in part, to the variety of hardware that has heen
obtained or developed for telecommunications purposes and is discussed

in the reference quoted above. Mention was made in Chapter * of the
range of communications adaptors on the PDP-9, and of the extended
facilities déveloped locally for them. In association with these
adapters there is a range of modems and line connections of various kinds,
and, more important than the hardware itself, the lndra group has a good

-understanding of the characteristics, merits and demerits of the various

hardware facilities available. The software developed specifically for
investigating engineering aspects of telecoumunications systems is

also important in this connection, and its obviously one of the items to
be carried forward.

3.5 High-level Software Technigues

At the level of specific telecommunications software development there
are two particular matters to be mentioned. (We ignore here the work
done on telecommunications software in the 360, as it does not directly
influence future development in the PDP, at lsast in the sense considered
here; this is not in any way to diminish the importence of the work that

- has been done, either as sn essential part of the development of the

360.:1linkq: or as a valuable source of relevant experience in central-
machine communications techniques.) The first, and more significant,

is the use of special-purpose high-level software in conjunction with
conventional assembly language. The importance of this approach derives
mainly from the facility it confers for simple and speedy revision, and

. the.consequent reduction in the need for accurate kncwledge of protocol

before experimental communication can start. The use of run-time
assembly for the high-level sections of telecommunications softlware,
although orignally introduced merely for simplicity, has been a positive
advantage, for it has materially increased the speed and flexibility of
experimental work. The idea of an autocode extension to the New System
assembly language derives directly from the idea of high-level drivers
for INDR1 links, and is a natural extension. So also is the possibility
of incorporating parts of the New System assembler into other programs,
although it may well be that the provision of efficient dynamic loading
will remove the necessity for run-time assembly.
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3.6 Real-time Monitoring

Finally, the facilities used intithe past.for real-time monitoring will
be carried over into any future work. The history of monitoring in the
various telecommunications systems extends from the meagre facilities
grafted on, very much as an afterthought, to the slow link, up to the
comprehensive choice of options available in the experimental CDC link.
The inclusion of some of these options was originally made on a basis of
guesswork; some of the guesses proved themselves to have been inspired.
We intend to provide some generally useful monitoring options in the
New System, together with general means of assembling monitor files and
either displaying or storing them; these facilities will be accessible
by means of supervisor calls.

One of the problems, where experimental facilities such as monitoring

are intimately associated with other software, is how to remove such
experimental sections when they are no longer required. It is intended
to provide options in the New System assembly language to allow the
inclusion or omission at will of désignated sections of code, and in

this way, given reasonably careful design, the amount of editing required
when passing from experimental to production software should be minimised.

L. The Next Step

We come finally to the question of what future development may be expected
to stem from the advances in telecommunications techniques that have

been made so far. We shall assume that these are in fact to be further
developments, and based on current discussions within the Indra group

and elsewhere we shall make certain assumptions about the general form
that these might take, largely without comment on their possible validity
or usefulness, since such questions are not to our present purpose.

Arguments have been presented in previous-chapters to show that little
significant further developmént:is possible under DECASS. and we shall

not repeat these arguments here. We shall therefore tacitly assume that
the New System, or some further development of it, will be the basis

for future software development. We shall further assume that the various
hardware developments to enhance the communications adapters are completed,
so that hardware character detection and data channel transfers are fully
available.

The important question that has to be answored is to what extent these
hardware facilities and sof'tware techniques will be able to satisfy
~assumed future needs. It will be realised that any, answers offered here
must necessarily be extremely tentative, depending as they do on an as
yet incomplete operating system; it will not be possible to test the
validity of these answers until the performance of the New System has
been properly evaluated.

It shouldbeumecessary to point out that any opinions or proposals
expressed or implied in the following discussion are the author's own
ideas, and do not necessarily represent the views of other memhers of the
Indra group. :
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4.1 Conversion of Existing lLinks

It is appropriate to begin the discussion by considering what useful
amendments could be made to the present 360 and CDC links. Although
the CDC system is still in its experimental phase, the general form

of a DECASS~based 200 terminal simulator (or Trend terminal simulator).
is now clear, and for the purposes of the present discussion may be
assumed to exist. Thus any future development of the 36C and CDC links
may be assumed to have the same starting point.

In the following discussion it is assumed that the characteristice of

the control software in the central machines(i.e. the cperating system
and any superadded telecommunications or file-handling programs) does

not change significantly. This assumption is probably valid for the

CDC system, since it is committed to serving passive terminals, but is
probably invalid for the 360. However, without making such an assumption
it is impossible to proceed with the discussion, and it may be hoped that
the general principles to be enunciated will survive any central cystem
upheavals.

Even when no link handler is loaded, the supervisor can be sei up to
provide a primitive response to a call from a remote machine: enough to
respond REJ to a CDC poll, for example. Dynamic loading of programs
from drum will be fast enough to allow a reasonable amount of segmen-
tation: to lcad a 500-word system program, for example, should not take
much over 30Oms assuming the worst case of drum latency. Hence it should
be quite feasible to load a handler (or at least part of it) on demand
from a remote machine.

4.2 Text Transmission

Consider the problem of transmitting a block of text to a remote machine,
assuming that the source text is held in a conventional file on drum.
The following main processes are required:

(a) proprocess enough data from the file to form a block. For
simplicity this may be taken to be an integral number of records
(e.g. lines). Preprocessing may typically involve formatting
(e.g. into card image), code conversion, provision of headers,
provision of transmission control characters, and calculation
of check bits or characters. The data is left, after preprocessing,
in the form of a syllable string packed in double image.

(b) transmit the block by data channel action., Unpacking from
double image is performed by the hardwere of the communications
adapter.

(¢c) await the response, and then either to (g) if the block was
accepted, or to (b) if it was rejected. ’

Once the block has been loaded into the itransmission buffer, step (b)
requires no resident software, Entirely sevarate programs are required
for steps (a) and (c), and these need not be co-resident. Thus step (a)
for block (n+1) can be performed while step (b) for block n is in progress,
but it would be sensible for step (a) to write its output to drum so as

to avoid the need for two permanently-assigned large core buffers, since
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step (a) will be complete long befecre step (b). In this case step (b)
must be initialised by loading the core buffer from drum, but that is
a trivial process and cannot take longer then 25ms for a 500-syllable
block or 20ms for a 1000-syllable block.

Block-by-block pre-processing interleaved with transmission appears to
offer several benefits. Firstly it overcomes the retransmission problem
noted earlier in the context of the CDC link. Secondly it is more
economical of drum Space  than is full-message pre-processing, and
incidentally may make hetter use of connection time-to a remote machine.
Thirdly, if two areas are reserved on drum for pre-processed blocks:
there is no need to maintain a buffer area in core while step (c) above
is in progress, since if retransmission is found necessary the last
block sent can be quickly reloaded.

- This last point becomes particularly important when one considers response
delays. In the 360 system, a 2 sec timeout is imposed on responses; as

far as is known there is no response timeout in the CDC system. Operating

systems are liable to take a somewhat cavalier attitude towards delays:

the long strings of SYN characters that may be sent by the CDC are a

case in point. If the central machine operating system develops (e.g.

for the convenience of batch or on-line teletype users) into a hierarchy

of operating systems with a multi-user file handler on top, the delays

in receiving responses may become-quite unpredictably large, and the

whole concept of timeout errors may have to be rethought. In such

circumstances it is clearly pointless to ldck out large core areas in

the satellite more or less indefinitely, and the use of demand loading

becomes imperative.

L.3 Text Reception

Turning now to the process of rece1v1ng a block, there are again three
steps which, in the 360 link at least are ﬂomplementary to those imvolvedin
transmission.

(a) await an ENQ and send ar appropriate response. The routine
required here is the same as that used when awaiting a response
after block transmission.’

(b) assemble the block in double image by means of the data channel.

(c) Post-process into a set of records and, if correct, write away
to a file on drum, or display, or prlnt according to
01rcumstances.

Post-processing at least as far as block parity (or BCC) checking must
“be done before the response can be sent, but in the operating conditions
of the PDP there is plenty of time for this within any likely timeout
constraint. The post-processing software need not be loaded until block
assembly is complet&, and hence may be selected if necessary according
to, the type of message that has been received.
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The situation is different in the current implemertation of the CIC
system, because the central machine sends text without warning, 1In
this case, the routines for response detection and for poll detection
must be combined, so that if a write message is detected instead of a
poll the data channel can be activated. (There is., in fact, a facility
available to send what is known as an Alert message, similar in purpose
to selection on the slow linkj that is, it gives warning that a write
message is about fto be sent, thus giving the fterminal the option of
refusing it. Up to the present, alert messages have not been uszed, but
they may be introduced in due course.)

L.4 Job Turn-round

When a job is submitted to a central machine {as in the G system), or
started by command from the terminal (as in the 360 system;, the question
of throughput delay hecomes significant. In current implementajions
there are two possibilities. 1In the 360 system, the results of a run
are held locally until called for by command from the terminal, and

it is possible to determine when the results are ready by calling for

a logging data set in which the status of all work for the terminal

is recorded. It is therefore quite unnecessary to keep the link active
while the job is processed, espscially as the system is constrained

so0 that message interchange is always initiated by the PDF, never by
the 360. Hence the time of calling for results can be Ieft to the
discretion or convenience of the remote operator. It would be
possible, of course, at the expense of some system complication, to
arrange that the logging data set was automaticzlly called for after a
few minutes, if throughput was expected to be reasonably guick, but
since the operator would have to be present to see it there seems very
little point in providing the facility.

In the CDC system, on the other hand, the usual assumption is that the
terminal is on-line {(we consider batch terminals in particular at this
point), and hence results are automatically sent when they are ready.

The throughput may, of course, be very slow indeed if the central machine
is heavily loaded. VWhere the conditions of PIP use make it acceptable

to keep the basic CDC handle:r active, the method outlined above will
satisfy this mode of operation. Alternatively, it is possible to
simulate a terminal that has been switched off, by the simple expedient
of ignoring all polls, and in this situation the central machine will
hold the results of a run until the terminal becomes active again.

4.5 A Proposal for a Segmented Link Handler

From the foregoing discussion it can be seen that the software for a
given link can be segmented and operated along the following general
lines. The arrangement suggested is appropriate to the CHC link more
particularly than th-the 360 link.

(1) A control string handler is loaded whenever the terminal
is intended to be active. This can analyse all coantrol
strings up to and including the messzage type identifier
(STX, POL, etc.), and initially is set to respond REJ to
POL and ignore all other types of message.



(ii) Once a poll has bheen rejected, the subsequent section of
the control string handler is set according to prevailing
circumstances, and it becomes able to deal with the full
generality of responses. This may require loading (as a
result of the poll) of a further segment, but there might
not be much advantage in carrying segmentation thus far.
Alternatively, the extended command string handlier might
be loaded with the next item to be described.

(iii) The functions of the experimental driver are taken over (in
part) by a scheduling routine loaded either at the outset
or when the link has been shown to be active. This
reacts to messages received, and also to the existence of
messages for transmission, and controls the loading and
execution of the following routines in an appropriate sequence.

(iv) A message pre-processor capable of dealing with job control
records (assumed to have been input or prepared previcusly)
or job files, both on drum, and with commands input at
the keyboard. It leaves correctly formatted transmission
blocks on drum.

(v) A routine to load a core buffer from drum and initiate data-
channel transmission.

(vi) A routine to initiate data-channel reception. These last
two are so small that they would probably be incorporated
into the scheduler, as there would be little point in
making separate segments for them.

(vii) A message post-processor capable of dealing with assembled
blocks after reception, including error checking and means
for writing the records produced eitner to a file or drum
(or printer, if there is one fitted), or to display.

(viii): Optional monitoring routines used in conjunction with super-
visor monitoring facilities.

Two final points.remain to be made. The first is that the scheme proposed
above is intended to provide the most efficient form of link handler
under the New Systems it is by no means the only way in which a 1link
handler could be implemented. The existing form of handler could be run
quite well under the New SJstem, merely by making the changes indicated
in Appendix 2.

The second point is that to implement a scheme such as that discussed,
although it would involve extensive recoding, is not as formidable a .

task as might appear at first. The logic of an existing handler carries
over directly into the revised schemej existing handlers are already
largely segmented in the way described, although the segments are not
assembled separately. Given the New System facilities assumed in the
description, the development of a segmented handler should be no more
difficult than the conversion of an experimental handler into a production
one; it will be remembered that this conversion was done, for the fast

7

link, as an MSc project by a student with no experience in telecommunlcatlons

and llttle prior practice in PDF assembly-language programming.
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5. Longer-term Prosvects

Consideration of what longer-term developments are possible depends upon
an understanding of what types of system are potentially viable. This
might well be a contentious %topic. but an attempt will be made to discuss
it so that some questions of technical feasikility can be examined.

The assumptions and disclaimer made at the beginning of the last section
apply also here, if anything with greater force.

5.1 Terminals

The original Indra projéct was to couple two computers in such a way that
a complex CAD process conld be efficiently shared between them: major
calculations were to be performed in a large batch processer, application-
specific data manipulations were to be performed in a small dedicated
interactive processor, with a telecommunications system linking the two
machines. The limitations imposed by low transmission rates were to

be minimised by reducing the amount of redundant data transmitted: for
example, in a series of runs on a given design problem only the changes
to source data were to be sent before each run. It must be admitted

that these aims have not yet been wholly realised, due mainly to the
magnitude of the software problems and operational difficulties that

were encountered, but had not been anticipated. Success or failure of
the project as a whole is a topic outside the scope of this discussion,
but it is appropriate to consider whether the aims were valid, since
these aims influenced the approach to telecommunications system design.

There are three facets to the question: firstly, is the use of a
comparatively expensive satellite computer justifiable when much cheaper
remote terminals are available; secondly, is it sensible to subdivide
the job into distinct interactivé and batch components; and thirdly,

is there sufficient advantage in 2educing the amount of data transferred
to warrant the additional system complication introduced.

It should be borne in mind that at the time the Indra project was planned
(in 1966), cheap remote terminals were not available, so the first
question did not arise. Such terminals now exist, and it is probable
that for many purposes a terminal based, for example, on a storage tube
display, keyboard and a graphic input device such as a&sad tablel would
be entirely adequate, used in conjuaction., of course, with suitable
interactive software in the central machine. In some circumstances it
might be convenient to have a small computer associated with the terminal
to allow greater flexibility in the choice of remote peripherals for
special applications (e.g. automatic drafting machines), or to provide
some local data-processing facilities, or’to facilitate multiplexing of
a number of simples passive terminals. Such active terminals are now
readily available, in a variety of sizes and elaborations. - One objection
to the entirely passive terminal is that it would need to be designed

to operate with the protocol of some specific telecommunications system,
and could not therefore readily be switched between main machines using

‘different protocols. This objection is overcome by the use of an active

terminal containing a small computer, and it would be operationally
feasible, although possibly not economic, to deal with protocol switching
at the microprogram level rather than by conventional software.
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Since a small remote terminal with no backing store has no file-handling
capabilities, the problem of sending large volumes of data to and fro
does not arise. In this case, the system in the central machine must
allow for files to be maintained and processed in response to commands
from the terminal.

It appears, therefore, that software-controlled telecommunications systems

in terminals are not rendered obsolete by recent developments, but rather

that for many purposes a much smaller system than the PDP-9 will suffice.

The problem of software development still exists, however, and there is

still scope for comparatively large systems in which developing software

may be allowed to spread itself before being constrained to fit into a
smaller production system. One might even consider the feasibility of
two-level simulation here, so that, for example, a computer telecommunications
system in which a small machine A simulates a terminal B is itself

developed by simulating the whole issue in some third machine C.

5.2 General Telecommunications Applications

Turning now from terminal applications we observe that a requirement for
small computers remotely connected to large ones exists in the context

of computer networks, where the small machines are required to mediate
communications between the large machines. In a fully-operational network
one would expect that the small machines would be dedicated, with hard-
ware probably specially adapted to their role, and run without operators.
However; in any experimental work on networks it would be appropriate to
use more conventional machines and to require close attention by a
skilled operator.

It would be out of-place to enter into a discussion of computer networks
and the problems in telecommunications that they would present. A

few general points having hearing on the topics discussed here may,
however,. be made.

Network telecommunications, from the standpoint of a small computer
servicing the network, reduces at its simplest to the necessity of
handling two large remote machines concurrently, instead of only one
machine as in the various links developed hitherto. It is clearly more
complicated to handle two mathines than one, but we may initially
suppose, for the sake of discussion, that the software in the remote
machines that are to communicate with each other by way of the small
machine are designed to permit such communication. Ideally this would
imply a common protocol throughout the whole system, but in a more
general situation this might not be possible, and the task of protocol
-conversion would be imp:osied-upon the small machine.

The expression 'handling concurrently' deserves some consideration. If
the protocol and the data rates were identical, and if a control inter-
change (e.g. ENQ «... ACK ....) took place effectively between the
main machines, it should be possible for the small machine to pass data
syllable by syllable. In such a situation there would be little point
in having the small machine in the system at all. 1In practice it seems
more likely that separate control interchanges will be required between
the main machines and the small machine, and that variable latency and
differing data rates and protocol will necessitate the small machine



7l

being capable of buffering any amcunt of data up to a complete message
at a time. It may neverthelsss still be required to services both links
concurrently and asynchronously.

The question is whether the PP is capable of operating in this way with

any conceivable software system, in view ofife relatively simple hardware
organisation, and if so, what the necessary characteristics of the software
system would be. A positive answer to this guestion canuot he given without
considerable experiment, hut a certain amount of indirect, and essentially
qualitative, evidence is available from the work that has besn done on
two-machine links.

To begin with, there is very little difficulty if a complete message is
buffered in the PDP between reception from one machine snd transmission

to the next. We may assume that both links operate in contention mode,
and the flexibility inherent in this affords sufficient lesway for the
PDP to handle simultaneous regquests from both main machines. Tn an
experimental sitvation, at least, it would prodabkly be reasonable to

limit somewhat the freguency of demands from the main machines, either

by agreement or by allowing the PIP to refuse demands if it hecame
temporarily .overburdened This would simplify the inclusion of the full
generality of monitoring, aud sllow for any inefficiencies inherent in the
use of experimenial:-software,

The other possibility is to allow concurrent reception and onward trans-
mission on a block-by-block basis, with the possibility that an arbitrary
number of blocks might have to be buffered. If the block format and the
transmission code are common to both links it seems likely that litlle
difficulty would be encountered in opesrating at speeds considerably greater
than those employed so far, using a scftware system resembling two inter-
leaved segmented handlers of the type suggested in section 4.5 ahove,

although it might be nzcessary to reduce the amount of monitoring.

The next level of complication comes where a change of block format is
required, e.g. from about 500 syllables of unformatted data. to akout 1020
syllables of card image. Here the internal software control rzguired is
far more complex, but there is still plenty of time in the inier-block
gaps, when the transmission scftware is inactive, to psrform tile necessary
data processing. There is probably sufficient leeway in the response time-
out constraints for it to be possible to force the remote wmachines more
or ' less into step, if it were necessary to do so.

Since most of the delay in telecommunications, appears to be due to the
software in the large machines, and since the use of more extensive remote
file handling will only aggravate this delay, a large increass in baud
rate may only give a modest jincrease in effective transmission rate.

Hence the inter-block gaps may become greater for the same block size.

and the software problems will be eased, since transmission and reception
use the data channel, and thus require almost no software.

A still more complicated situation. occurs where the remote large machines
have largely or totally different approaches to telecommunications usage,
e.g. where one operates on file transfer and job initiation, as the present
360 link, and the other operates on remote job entry, ss the present CIC
link. Here the problems of intermediate data processing can grow almost
without limit. The only redeecming feature of this situvation is that if,
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for example, a grand syntax analysis of a received message has to be
undertaken before an Yequivalent! message can be transmitted, it is
probably necessary for the whole message to be in before onward trans-
mission can start. In this case, from the telecommunications point of
view there may well be less need to design for too much simultaneous
activity on the lines. But if such a system were contemplated, tele-
communications problems would fade into insignificance.

In conclusion, then, there is no doubt that there is still plenty of work
to be done, and we believe that the facilities and technigques described
here will provide a sound basis for development. Of course, it may be,
as Thorean suggested, that they have nothing important to communicate,
but at least they will be able to communicate that nothing very well.



76



APPENDIX 1: The Language of Driver Programs

1. Macros

A driver program is wrifiten as a series of labelled macros. Fach macro
specifies (i) an action to be performed by the link software, and {(ii) the
label of the next macro to be executed after any of the possible outcomes
of the prescribed action. An example of a driver macro {taken from the 360
link repertoire) is:

‘ﬁékﬁzmacrofifigxgt,pgxg =

Label action 0 123 4 56 7 10 11 12 ioop comment,
A ENQ BLSAASSAS A A(AYDS)/GOOD DAY SEQUENCE

In this example,; the action is to send the ENQ sequence, The various
responses or error conditions that may occur as a result of this action

are indicated by the exit parameter value; in this case if the parameter is
O the next macro to be executed is that labelled B. If the paramefer is
33447, 11 or 12 the macro A is to be repeated an indefinite number of times.

The label S is one of three special labels that cannot be used to identify

a macro. S signifies Stop; in this example exit parameters 2,5,6 and 10
correspond to error conditions from which no recovery is considered possible,
so link operation is made to stop if one of these should occur.

The label L is the second special label; it signifies that a controlled

loop is to be performed. The loop parameters are given in brackets at the
end of the line; in this example, if the exit parameter is 1 the macro A is
to be repeated up to 40 (octal) times, assuming that the same exit parameter
occurs repeatedly. If no other exit parameter occurs, the program is to
stop (8) after the L4Oth repetition. In the driver from which this example
is taken, the ENQ of macro A is sent at the start of a run; if the 360 does
not respond, exit 1 occurs due to timeout, and the loop gives a convenient
means of abandoning transmission if, for example, the link softwsre in the
360 has not been loaded. A loop may encompass a group of macros.

The third special label is W, which signifies Wait. The word WAIT is dis-
played to the PDP operator who may then enter at the teletype the label of

the next macro to be executed. This gives a facility for altering the sequence
of events during a run, but it must be used with discretion to avoid system
failure due to timeout at the central machine,

Loop parameters are only required if there is an I in the line. lLabels need
not be supplied for exits towards the right-hand end of the line that cannot
occur; for example, EOT in the 360 link expects no response and hence only
has exit 0. The assembler will fill out any incomplsete line with S labels.

A driver program is terminated by a line consisting of the label S or W only.

If S is used, once the driver has been 'assembled9 execution starts automatically
at the first macro in the programs if W is used, WAIT is displayed when assembly
is complete, and the operator then enters the label of the desired starting
macro.
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2. The Form of Assembled Code

For simplicity, the assembler allocates a fixed length of core for the
expansion of all macros, sufficient to contain the most complex case,

The expansion of the example guoted above is as follows, MA and MB being
the addresses in core corresponding to the macros whose labels are A and B.

The * in subroutine calls and jumps to standard routines indicates that
indirect addressing is used.

MA JMS* ENQ /SubroutineAcall to send ENQ sequence
- JMP MB /Jumps corresponding to labels specified

JMP LA /for each exit parameter
JMP* STOP
JMP MA
JMP MA
JMP* STOP
JMP* STQP
JMP MA
JMP* STOP
JMP MA
JMP - MA
LA JMS* LOOP /Subroutine call to loop subroutine with parameters;
-40 /Loop count constant
g Morking space
JMP MA /Exit while loop not terminated

JMP* STOP  /Exit when loop terminates

Note that the loop subroutine is common to all macros using it, and hence

keeps its working space outside itself. On first entry to the loop the working
space contains zero; the subroutine initialises the count at this time, If

the macro is left other than by an L exit, the loop working space is cleared
by action in another part of the link software so that the full number of
repetitions is again available if the macro is used subsequently.

3. Repertoires for the 360 and CDC Links

The macros defined for the 360 link are:

NON' Send nothing (i.e. wait for the 360 to send)

ENQ Send ENQ sequence

ACK Send ACKO or ACK1 sequence as appropriate

NAK Send NAX sequence

EOT Send IOT sequence .

GDY Send text of *Good day' message (held in core)

CoM Send text of command according to 360 function required

TXT Send the next block of the main data file.

The macros defined for the CDC link et

LSN Initialise transmission and listen for a poll

REJ Send REJ sequence

ACK Send ACK sequence

ERR Send ERR sequence

EC2 Send 'automatic read with E2'

EC3 Send 'automatic read with E3!

COM Send command input at teletype

TXT Send the next block of the main data file

PSw Switch after poll received, according to internal flags
WSW Switch after write message received, according to internal

flags.



The internal flags referenced by PSW and WSW indicate the availability of
commands or text to send and the readiness or otherwise of the local
peripherals.,
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APPENDIX 2 : Proposed Command Structure for the New System

1« General Princivles

The aim of any proposed command structure for the New System is that it
should be simple to use. Commands must therefore be reasonably self-
explanatory to the user, be free from formatting quirks, and offer a
useful set of default options. Self-explanatory commands tend to be
longwinded, but the experienced user may freely abbreviate =ny reserved
word in the command language to not less than its first three characters.
A free format and the provision of default options complicates the command
decoder, but since this is non-resident there is little objsction to it
being lengthy.

Some commands are specifically for the autonomous system, soms for the user
system, and some are common to both. Commands may be input either simply

at the appropriate console, or, for the autonomous system, in batches
typically by way of the paper tape reader. In a batch each individual
command may be prefixed with an indication of the next command to be executed
following the success or failure of the command in question.

2« Current Version

A first version of a command lapguage satisfying the foregoing principles
has been implemented for the experimental DECASS-based software discussed
in Chapter 7. As details of this language remain to be decided, a formal
description will not be given. In any case, the general philosophy is
subject to change:. for example, in the present scheme file editing is a
primary activity that may have file transfer as a byprcduct, whereas it
might be better to treat file transfer as a primary activity that may have
file editing as an intermediate process. The following examples indicate
the principal characteristics of commands. Each command consists, in general,
of a command identifier followed by a series of clauses each introduced

by a clause identifier. Clauses may be entered in any desired order; some
clauses are optional in certain commands and can be omitted if the faciltty
offered is not required.

(a) Transfer a file from a named dectape to the Atlas, and monitor
the process. The use of named dectape allows the system to
check that the correct tape is loaded; each tape may carry a
unique name and serial rumber. This command is given in extended
form.

TRANSFER TO ATIAS '.2JOB DESCR>' FROM DT 'MYTAPE' 357 +
'<FILE NAME>: <MODE> WITH MONITOR

The + is a continuation symbol for commands that are too long
for a teletype line. «JUB DESCR> is either the ccuplete job
description in the format required by the remote machine, or a
set of parameters to be incorporated lccally into a standard
skeleton job description. «MODE> identifies the format and code
of the source file.
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(b) Transfer three files within the PDP. Default options are
applied where necessary components are omitted. This command
is given in abbreviated form.

TRA FRO DT1 'NAME' DIA, PPR, DIF,TT2 TO PPR, DR °FILE' DIA, ID

The effect of this is to send the file 'NAME' from dectape 1

to punch, read a paper tape in Atlas flexowriter code and write
it as a file 'FILE' on drum in double image ASCII, and display
data typed at the second teletype on the 340 display.

(c) Assemble two programs into a single file of intermediate code
on drum, and output a symbol listing on the user console.
This command is given in extended form.

ASSEMBLE FROM PPR SRC, DI1 'PROG' DIA TO DR 'PROG' INT LIST +
UG WITH MERGE

Note that the source programs need not have the same format or

code. INT is the mode for intermediate code; it could be omitted.
Note further that if the TO clause is omitted the process serves
only to check for errors and, in this case, produce a symbol listing.
If the WITH clause is omitted,the two programs are assembled
separately (and the TO clause, if present, must have two components).

(d) Load and execute a program, with system-supplied debugging facilities.
RUN DR 'PROG' INT WITH DEBUG USE 1 DT3, 6 CIK
The USE clause redefines channel-to-peripheral assignments given
in the original program. If the mode of the source file is not

INT, the assembler is automatically called first.

(e) Start a job in the 360 by sending the apprapriate start command.
Output any message returned by the 360 (on the system console).

START AT RHEL '<«JOB DESCR>' WITH LOG
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APPENDIX 3: DECASS to New System Conversion

1. Introduction

When development of the New System began, it was clear that it would not

be possible to obtain all the desired system characteristics while remaining
strictly compatible with DECASS program and data conventions. At the same
time, there was nc merit in departing from these conventicns merely for the
sake of doing so, since the Indra group has a considersble investment in
software, and; to a lesser extent, in files that might be expected otlll

to be requlred after the New uystem had come 1nto be:nq.

Conversion of programs and data from DECASS to New System is only necessary
insofar as the twc systems ere incompatible. In this Appendix we consider
what conversions are reguired, aund vhy, rather than how they should. be
performed, Software will be nro rided to allow systematic  conversion, e.g.
of files: such software is in any case required during the developmernt bhase
of the New System itself; since until a rudimentary system is available

most development has tc be done in the DECASS enviroument.

To prevent this Appendix beceming unduly lengthy, a rather grzater famil-
iarity with DECASS is assumed here than in the main text,

2. Assembly-language Programs

In this section we ignore the extensions to the asseumbly language provided
in the New System, since these are not relevant when existing DECASS programs
are to be converted. It is only necessary to consider features of a DECASS
assembly language program that would not be accepted by the New System
assembler,

The differences between the languages fall into three categories:

(a) those due to the operational differences bebtween DECASS and New
System,

(b) those due to the vese of a single-pass assembler, a different
intermediate code, or a simplified loader,

(c) those due to omission of seldom-used facilities

The following discussion covers the major items under these headings, but
omits a few minor matters.

. 2.1 Operational Differences

The most important of the operational differences concerns peripheral control
and input/output operations, All I0 is handled by the superviscr, par:ly

for overall system efficiency and partly for protecticn. File-handling
procedures are radically different in the New System, as eyplained later.

IO is achieved by means of supervisor calls, broadly eguivalent in function
to DECASS system macros, but based on the use of IOT instructions {wperation
code 70) rather than CAL, so that they are trapped and uninterruptable.

A related difference is concerned with device assignment. In DECASS, devices
are assigned to IO channels {DAT slots) at load time; and a grogram must
contain a .JODEY directive if any JO macros are used so that the loader may
load the handlers correspoanding to the DAT slots quoted in the macros and
listed in the directive. New System IO supervisor calls guoie channel numbers,
which are essentislly equivalent tc DAT slots, but the .JODEY directive



gives the device assignment mapping. This mapping serves as a default
option at load time, but can be amended by explicii assigmment in the
loader call.

The only other important difference is that the run-time positioun in core
of a program is détermined by the loader, and hence absclute loading is not
possible., Programs must therefore be written with symbolic rather than
absolute addresses,

2.2 Assembler limitations

The only difference due tc the use of a single-pass assembler is ithat user
symbols must be assigned before they are used; otherwise they zre treated
as labels.

The intermediate code in DECASS has a somewhat peculiar format and includes a
control word preceding every three words of ccde. The loader therefore has
a considerable amount of data processing to do, and is consequently larger
and slower than necessary. In the New System, the Jength of a program in
intermediate code is precisely the same as its length in executable form,
and hence the loader can cause the program to be read directly inkto the
space it will occupy while it is running. Tn consequence, all the label
linkages must be contained within the 13~bit address lields of store access
instructions; to aliow a reasonable number of hits for the linkage field

it has been necessary to limit the range of offset x in instruclions such as
LAC LABEL+x o -20 < x < 17 octal. This is a very minor restriction in
practice, since it is usually unwise to use large offsets.

In order to simplify the loader, increase its speed, and reduce the amount

of data required in a loader command, the DECASS practicz of letting the
loader select programs on the basis of a loader list (in the command)

together with .a library sezrch to match unsatisfied gicbals has heen abandoned.
Instead, a special direcitive has been introduced which allows required
routines to be explicitly named. The assembler zugments the list of names

by adding any system routines that may be required to satisfy supervisor calls.
By Judicious use of this directive it is possible to arrange that only one
program need be identified in a loader command. Except where libraries are
concerned, this facility is an extension of DFCASS rather than a restriction.

2.3 Seldom-used Facilities

In this category are certain features of the DECASS assembly language that
Indra programmers appear seldom if ever to use. The most notable of these is
the user macro; it seems to be generally held that the small time penalty in
using a conventional subroutine is more than compensated for by ths reduction
in storage space. ,
The other examples are mainly certain unimportant optional coding conventions,
and a reduction in the amount of listing output that can he obtained during
assembly,

3. Fortran
DECASS Fortran compiles to the same type of intermediate code as the assembly

language, and is in consequence incompatible with the New System. No Fortran
implementation has yet been planned.



8L

The only significant use of Fortran in the Indra group has been for graphics,
and the inadequancies of the DECASS implementation have resulted in the use

of only a small subset of the language. 1In particular, Fortran I0 is not

used at all. To implement this subset in the New System should not prove
toodifficult; it might conveniently be done by way of symbolic assembly
language. It wouid then be simple to combine Fortran and assembly languuge

in any convenient way, and sowe benefits might accrue o the New System
assembly language as well: for example, extensions necessary to allow the
compiler to deal with, say, arrays or common could be made explicitly available
to the assembly-language programmer

L, Files and Directorie

The methods of file management developed for the New System are incompatible
with those of DECASS., Tn DECASS, alphanumeric files are made up of pecked
ASCII lines, with five characters packed into two werds; all Tiles that ave
not in this format are treated zs composed of 18-bit words, aiso taken in pairs.
In the New System we wish to be able to use 8-hit as well as 7-bit characters,
and we have the possibility of hardware packing and unpacking on the data
channel for telecommunications. Conseguently, alphanumeric files will be
packed two characters to a word (dOublu image packing), and the data may be
in any one of a number of codes, e.g., ASCII; EBCDIC, BOD, Atlas Flexowriter.

A DECASS record header gives the record length in word pairs; thig is most
inconvenient with packed alphanumeric records because of the unknown number
of ignorable characters at the end of the record (it is not desirable to have
to search for a code-dependent, terminating charzcter). In the New System the
record header will give the number of units {charactews or words) in the
record, according to type, and the directory entry for a file will indicate
the format and code of the records in the file.

The maximum record length is low in DECASS, and irrecoverable errors occur

if the maximum is exceeded. It is not possible to read part of a record,

and hence buffer space must be provided to accomodate the maximum length,

In addition,the backing store handlers have a separate permanent 256-word
buffer for each file that may be open at a time; this is very wasteful of
storage space. In the New System a record may be of any length up to %2K
words: an assembled vrogrem, for instance, may be treated as a single record.
The programmer can choose how many words he wishes to read af a time, and need
only assign enough buffer space to contain them; there are no permanent
handler buffers.

DECASS does not as a rule make full use of the space available in a drum
sector or dectape block; the New System will do so, That is, in the New System
the physical block structure of backing stores has no influence on the format
of a record or file. One useful result is that the iuncrease in record size
due to the use of double image rather than 5/7 packing is considerably less
than might be expected; and it is even possible for a New System file to
occupy less space than its counterpart in DECASS, {

Since records can be written or read piecemeal it is rnecessary in general to
know the length of a record before writing begins, so that the length can be
put into the header word and so be available when the record is later rsad.

In DECASS there is a second word in the header, intended for a sumcheck,
although the facility is not always used. In the New System the sumcheck

will always be used, but it cannot be placed af the begiuninghbecause the whole
record may not .be written at one call. Hence the New System record header is
of one word only,; snd the record is followed by a one-word .sumcheck,
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The internal structure of a DECASS file library is quite different from

that of a set of independent files, and hence special system programs must

be used to access or modify the contents of a library. Also the number of
libraries that may be defined is severely limited. In the New System there
are no structural differences and no restrictions on the number or contents
of libraries. A library is identified in the main directory of, say, drum

as a single file (and may therefore be transferred as an entity, as in DECASS);
within each library there is a sub-directory of similar structure to the

main directory containing the names and locations of the files in the library.
A New System file name is up to six characters in length, as in DECASS; in
place of the DECASS three-character extension there is a three-character mode
identifier (defining format and code, or any special characteristics of the
file). 1If the file is contained in a library the name has a further three
characters that specify the name of the library, and the presence of these
characters is sufficient to ensure that the file is read from, or written
into, the library concerned. If no library name is given, or if the mode .
indicates that the file is in fact a library, it is referenced through the
main directory of the drum or tape. '

A DECASS- directory on, say, a dectape occupies eight 256-word blocks, and
every reference to the directory requires that one of these must be read into
core for the file name, and then that another, identified by the content of
the first, must be read to give the location of the file on tape. As will
be realised, this is an extraordinarily time-consuming process: PIP, for
example, takes some 15 secs to close a file on dectape. 1In the New System,
the complete directory occupies only two blocks.

All directories will be held on drum for speed of access, so the space

occupied by one DECASS directory will hold all the directories for drum and
.three dectapes. The system will attend to all matters of tape directory up-
dating on demand, or at the end of a run, as may be required, Also, the small
size of a directory makes it possible to load a complete directory into core,
and only one transfer operation is necessary in place of the two required with
DECASS directory. 8Since the whole directory has been read in this way,'instead
of only a part of it; any number of references to the directory can be made
without additional transfers being required.
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APPENDIX 4 : TOPSY, A Communications System Test Program

1. Introduction

TOPSY is a general-purpose test program for communications systems developed
by A.R. Duncan [25]. It provides a meaus of investigating the low-level
performance of a communications system and has so far had three main uses.
The first of these is to check the hardware of a communications system,
typically by looping the transmission circuit back on itself at some con-
venient point, transmitting syllable strings and monitoring the syllables
returned. The transmission circuit may be looped either locally to the

PDP, on the line side of the local modem, at the far end of the line, beyond
the remote modem, or even, in some cases, within the data adapter or similar
unit of the remote machine. ZIn this way it has been possible to find local
hardware faults, or to assist engineers elsewhere to find faults in their
own equipment.

The second use is to investigate the operational characteristics of a system,
either simply by listening to remote transmissions or by transmitting siuple
messages in order to elicit responses. This use of TOPSY has obvious appli-
catidn in the preliminary stages of developing the software of a new link.

The, third use is to simulate the action of the central machine of a coupled
system. This use has found application in the development of the Modular
One  gimulator mentioned in Chapter 1. The form of the simpler messages
sent by the CDC system was known from work done on the PDP to CDC link;
these messages were sent by TOPSY from the PDP to the Modular One to assist
in debugging the Modular One software. The monitoring facilities of TOPSY
provided information on the actions of the Modular One that could not have
been obtained had the Modular One been put directly on-line to the CDC.

A full account of TOPSY will be found in the reference; this Appendix

contains only a brief description, sufficient to indicate the general
characteristics of the program and of the facilities it offers.

2. Programming for TOPSY

In order to use TOPSY it is necessary to prepare a program, either on paper
tape, or on-line at the teletype. The program is written in a high-level
languageliaving some of the syntactical characteristics of a simple subset
of Fortran, in which the statements refer specifically to telecommunications
matters such as the transmission or reception of messages, the analysis of
received message strings, and the like. Thus the program resembles in some
respects the driver programs discussed in Chapter 5, although its format is
quite different and several facilities are provided %hat do not have their
counterparts in the driver language.

As an example, the following program may be used to exchange the "Good day"
message with the 360. The commentary in brackets is given for explanation
only; it is not part of the program. ’
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TEST PROGRAM TO EXCHANGE GOOD DAYS

1 HEAR (This enables TOPSY to receive one complete
message of any type; in this case an ACKZ will
be expected after the ENQ has been sent.)

2 SEND ENQ (The string defined for the ENQ messages is sent.)
DELAY 12 (Wait 1 sec. The 12 is octal; the time unit is
100 ms.)
IF INMES = 0/2 (If no message has been received go to 2)
IF INMES (1) = 160/3 (If the ENQ is correctly acknowledged, go to 3)
GO 1 (Otherwise start again at 1)
3 SEND GDY (The "good day" message is prestored)
HEAR
DELAY 12
IF INMES = 0/2 (If there is no response, send the ENQ again)
IF INMES (1) = 141/4 (If the message is correctly acknowledged, go to 4
GO 1 (Otherwise start again at
4 SEND EOT
5 HEAR
IF INMES = O/5 (Wait for ENQ)
IF INMES (0) = 55/6 (Go to 6 when ENQ is received)
GO 1 (If anything else is received, start again)
6 SEND ACKO (Acknowledge the ENQ)
HEAR
DETAY 24 (Wait for a message; in this example it is not

tested in any way.)
END

" The foregoing example does not contain all the types of statement available.
Other statements include LISTEN, which is similar to HEAR, but is not limited
to one message at each cally IDLE, which is equivalent to an untimed DELAY;
and DO loops, which may be nested. The programmer may also use certain
standard variables for flags or switches, and clear, increment or test them
at will. One use of such a variable would be in the selection of ACKO or
ACK1 on the 360 link.

A repertoire of standard messages is provided for each link. These are
stored in the appropriate target code (that is, EBCDIC or CDC Axternal
BCD), complete with all transmission control characters and check syllables.
A development being planned at the time of writing will altow the standard
repertoire to be augmented by messages read in through the tape reader.

3. TOPSY Operation

TOPSY consists of two main parts : a compiler and an operating system.

The compiler generates machine code corresponding to the source program,
mainly in the form of subroutine calls with parameterz, The operating system
includes a skeleton link handler used, in conjunction with the subroutines
just mentionéd, to control low-level communications activity, an executive



88

section to handle the user's commands, and facilities for general monitoring
and for assembling received messages (i.e. for HEAR or LISTEN statements).

The initialisation of a TOPSY run is done at the teletype. The user may
specify the system (360 or CDC), on-line or off-line operation, and monitoring
requirements. At the end of a run TOPSY returns to the initialisation phase
where further facilities become relevant : he may send the monitor file to
display or to, say, dectape, output the file of received messages, and display
status information such as the values of the internal varizbles mentioned
above, or the number of messages received or sent. It is also possible to
rerun the current program, either under the same conditions as before or

with a change of conditions, e.g. from off-line operation to on-line operation.

When the source program has been compiled, the user is invited to enter the
identification number of the first statement to be executed. A rerun command
also comes to this point, so the user has the option of starting a rerun

at a different statement. After specifying the starting statement the user
may insert a comment; this will be entered at the head of a monitor file

and can therefore provide a usefulcmesans of identification later.

The monitor file contains a record of received and transmitted characters

in time sequence, and optional timing markers. When the run terminates,

the reason for termination is also entered into the file, followed by the
status information mentioned above. Runs may terminate for one of three
reasons : the program has run to completion, a console switch has been set to
force termination, or the monitor buffer has overflowed.



89

APPENDIX 5 : Personal Involvement

In order to give a reasonably complete picture of the telecommunications
and other systems programming work of the Indra group, this thesis in-
cludes discussion of a number of topics in which members of the group,
other than the author, were concerned, The purpose of this appendix

is to specify the author's own personal contribution to the work des-
cribed, and items in which the authcr had no personal involvement are
not mentioned,

(a) Slow Link, The original specification was outlined by
T, Fenner towards the end of 1967, but from the beginning
of 1968 the author was responsible for the PDP-9 tele-
communications software, The environment was written by
F, Huber; the author wrote the rest,

(b) Indra Utility Software, The original versions of these
programs were written by the author; some later modifica-
tions have been made by a number of other workers,

(¢) Fast Link, The author was responsible for the PDP-9
telecommunications software, In the first at®empt to
write a system in a form similar to that of the slow link,
the environment was written by N, Lynch, The author in-
troduced the idea of high-level drivers, and wrote all
subsequent experimental software with the exception of a post-
processing routine which was written by P, Rakity. Some modifica-
tions to this and to the pre-processing routines were made by
J, Shane and N, Lynch,

The conversion from the experimental form to the first production form was
done by R, Humphries as an MSc project under the author's supervision,
Subsequent work has been done mainly by P, Higginson, and the author has
only been concerned in an occasional consultative capacity,

Hardware changes to the data adapters were made by D, Elliott as an MSc
project under the author's nominal supervision, but technical supervision
was by A, Duncan,

(@) Atlas Link, A, Duncan was wholly responsible for the hardware
interface, The scftware was developed as an MSc project by
J, Shane under the author's supervision,

(e) CDC Link, All the software Gescribed in this thesis was
developed by the author, with some assistance from M, Beattie
in the early stages, Further development is now in the hands
of A, Zacharacopoules, under the author's general direction,

(£) New System, The original proposal and the subsequent general
control of the specification of the system have been the author's
responsibility, A preliminary study of the properties of the
storage protection facilities of the PDP-9 formed part of an MSc
project by M, Mcl.ean under the author's supervision,

All low-~level software development, including the design of file management
techniques, has been by P, Higginson, part of this work being done as an
MSc project under the author's supervision, The preliminary DECASS-based
versions of the executive, command decoder, assembler and editor were
written by the author,
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