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Sumnary of Progress
Since the conmencement of the project in September 1971,
research has progressed well and is developing rapidly, both in
the directions spelt out in

the original proposals and in several

new directions that have emerged. from interactions between this ·
work and related topics.
Powerful facilities for the design, implementation and
e~uation of microprog~ams and systems software are now available
on the project's :Interdata Model 4 computer. · Following delays in
hardware collllllissioning very rapid progress was made in the design
and implementation of a suite of software to support prQgrdhil1ing
and microprogramming research.

The resultant ope~ating· system and

related programs now provide facilities for program development
comparable to good time-~haring systems.

(See Report R9.)

Several

extensions to the hardware have been made out of local resources.
Commissioning of _the Writable Control Store required for
the execution of microprograms was seriously delayed by the supplier
and was not completed until August 1972.

Fortunately, the impact

of this was minimised by the availability of a software simulator for
microprogram testing.
The FLUID language for real-time and systems progranming has
been defined (RS, TN2) and its associated micro-programmed interpretive
system is largely specified (TNS, Specs. 2/GFC, 1/PM, 1/BN).

Parts

of the interpreter are already implemented, e.g. much of the storage
management system.

The remaining parts are under development.

An

initial translator from FLUID into its internal representation BIC,
is also under development.
Several new approaches to problems in programming language design,
operating systems and computer architecture are being evaluated.

SOme

of these approaches were stated in the original proposals and remain a
part of the current work.

others, such as the use of a 'working set'

model for storage management in a stack environment have emerged more
recently.

Related work has been initiated since the commencement of the main
grant on the use of small microprogrammable computers for interactive
graphics, with Dr. W.M. Newman as Senior Visiting Fellow under a
separate SRC-supported project (Ref. B/RG/1405, progress to be reported
separately).

This collaboration has already proven very fruitful in

terms of ideas, software (some very powerful software facilities have
been developed by Dr. Newman) and even hardware (e.g. interfacing of
external devices to our Interdata equipment).
Another related but separate .project is concerned with micro-

.

programmed interpretation of the APL programming language on the Interdata
4 (as a part of a Ph.D. project by P.J. Flanders).

Several other post-

graduate and unde~graduate projects have used or are expected to use
the ~quipment and systems available as a result of this grant.
The excellent facilities for microprogram development and research
into system architecture and the active software research environme~t
generated by the project have proven powerful magnets for academic
computer scientists and research students.

Summarised plans for the coming year
A useful subset of the FLUID system will be implemented initially
and evaluation of its performance will comnence.

This subset ~ill be

gradually extended to include the principal features of FLUID.
The extension of FLUID to provide facilities for interactive
graphics will be investigated.

Application of FLUID to the implementation

of operating systems and in particular to shared file systems Jn computer
networks will be investigated.

Other application areas will

Of!

studied.

Microprogramming techniques and systems to support microt,rogram
development will be under continuous study.

Effort
In addition to the Principal Investigator, there were one
programmer (Mr. M.S. Cole) and three research students (J.K. Broadbent,
B. Neil, P. Macres, two of whom have SRC support) working ~der his

supervision on this project during 1971/72.

The number of research

students is expected to rise to five during 1972/3 (three with SRC
support).
An

application has been submitted to -the

SRC

for an extension

to 'the grant to cover an -additional post-doctoral level researcher
from January 1973.

Hardware
The Interdata computer confi.guration contained in the original
proposal was ordered in -August 1971 without significant alteration:
l

Interdata Model 4 Computer

64K bytes 2.4 microsecond core store
512K bytes drum
l

Paper tape reader/punch

2

Teletypes ASR 33

2

Asynchronous communications interfaces

A Writable Control Store (4K x 16 bits, 0.4 microsecond) and

interface to allow user's microprograms to be loaded and executed was
ordered from a separate supplier (Digital Development Corporation, Troy,
New York} for installation immediately after the main configuration.

Delivery of the main installation was quoted for the beginning
of November 1971, but in the event commissioning and trials were not
complete until February 1972, after much effort by all concerned.
As already mentioned, commissioning of the writable control store.
was seriously delayed, causing great anxiety and some inconvenience.
This situation was not resolved until the supplier arranged for a visit
by the designer of the equipment in late August 1972.

Since that date

the WCS has been functioning satisfactorily and no further hardware
remains to be commissioned.

A sophisticated programmable graphical terminal (on IMLAC PDS-1)
was purchased by the College from UGC funds and installed in March 1972.
It is interfaced to the Interdata machine for communication at 180
characters/second and is used at present as a fast alphanumeric console
as well as in the graphical work already mentioned.
A

need for high-speed printing facilities rapidly became apparent

once software development work commenced.

Fortunately, this coincided

with the availability of an unused Alpha lineprinter (300 lines/min,
75 characters/line) from a company that was about to cease tradinq.
Th,i.s was aquired at £450 and interfaced by Dr. Newman to the Interdata.

It has now performed reliably for over two months.

A high-quality

cathode ray oscilloscope has also very generously been made available
to the pro:Ject by International Computers Limited as a loan.
The Interdata installation is now available to those .engaged on
the Members project and related work (i.e. about twelve people) on a
24-hours-seven-days~a-week basis and utilisation ·has increased rapidly.
Utilisation has exceeded 40 hours in some weeks durimg the Summer
vacation and is expected to increase still further at the commencement
of the next academic year.

The equipment is proving itself a much-

needed and valuable research tool and after an initial bedding-down
period, .reliability of the hardware has been good.

·software
Software supplied by Interdata was minimal, and what was
available could .not exploit the large configuration that we have.
It was therefore necessary for us to develop a basic drum-based
executive and filing system for the Interdata 4.
MIFS (Members Initial filing System).

This was entitled

The system that has emerged was

designed and developed largely by M.S. Cole with related contributions
by Dr. Newman.

In a total of about six man-months of effort, a highly

interactive •single-user operating system (with .scope for simple extension
to a multi-user) with many facilities comparable to those of large timesharing systems has

been developed.

The user of MIFS is able to input,

edit, output, assemble and load stored files of text or binary data on

the drum in a convenient and high-level manner.
instantaneous to all connnands.
Maximop system on

Response is virtually

Communication between MIFS and the

the College Computer Centre's ICL 1904S is also

supported over a low-speed link but has been little used as yet.
Use of the MIFS filing facilities is limited by the capacity of

our drum (about 300K bytes allocated to files, the remainder to paging)
and the absence of any back-up medium to

event of hardware failures.

ensure file security in ·the

These limitations are expected to become

serious as use of the system: increases.
The MIFS system, a;though intended purely as a supporting system
to the main research, has demonstrated th2 potentialities of a low-cost
dedicated computer for interactive computing and has influenced thinking

within the project and the Computer Science Department significantly.
The implications of this type of system will no doubt continue to affect

the work done, but further developments in this direction would be
dependent on the extension of the Interdata installation to include a
disk for extended file storage and further development of links to other
machines.

PLUID System
The design of the FLUID language has been an interesting and
fruitful exe~cise with participation by several members of the research
group, with co-ordination and a major contribution by J.K. Broadbent.
FLUID has been designed as an interpretive language.

In other

words it implies an underlying interpretive mechanism and a minimum of
program translation before execution.

Our

original expectation that its

implementation by a micro-coded interpreter is a practical approach with
acceptable memory size

and

speed characteristics still stands.

This

expectation should be proven or disproven during the coming year.

Implementation tasks have been subdivided:
Microcoded interpreter
FLUID - internal representation translator
Microcoded input-output control
Storage management
for each task, target dates have been planned to provide for the
availability of a minimal FLUID system early in 1973.

Other Develop~nts
As can be seen from the progress reported above, active research
has been initiated which can now lead in several directions:
(i)

The design and implementation of a ~igh-level language (FLUID)
suitable for direct microprogrammed interpretation is well
under way.

Its evaluation and studies of its applicability

should be completed according to the original research
proposals, given satisfactory hardware performance.
{ii)

Experience gained through the design and implementation of
MIFS and work on interactive graphics has suggested a range
of new applications for mini-computers with high-level
interactive programming systems such as FLUID.

One is in

the control of a file system shared. by a number of computers
in a network.

Another is as a dedicated interactive computer

for problems requiring graphical facilities.
(iii)

The availability

of

a 'software and firmware workshop' offering

convenient facilities for microprogram development has prompted
or suggested work on the application of microprogramming in
several new areas, e.g. Graphical Languages, APL implementation,
Fast Fourier Transforms, Machine Intelligence and Theorem Proving.

The new topics mentioned in (ii) and (iii) are now of
considerable interest to us.

They are of a nature suitable for

investigation using the existing equipment with the provision of
a few additional components.

The provision of some of these

components will be the subject of a supplementary applicat:ions to

the

SRC

as our work progresses in those areas.

Reports and Publications

(a)

External Publications

M.S. Cole, 'An Operating System ~or Microprogram Development'
to be presented at Interuniversity Computer Science

Colloquium, Edinburgh, September 1972.
G.F. Coulouris and J.K. Broadbent, 'MEMBERS - A Microprogrammed
Experimental Machine and Basic Executive for Real-Time
Systems'
to be presented at BCS Datafair, April 1973.
Several further publications are planned for submission by the end of
1973.
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(b)

Internal Reports

MEMBERS Reports

A Small Microprogrannned
Experimental Machine

J.K. Broadbent
G.F. Coulouris

R2

Why Microprogramming?

J.K. Broadbent

17.12.70

R3

Front End Processors

J.K. Broadbent

20.1. 71

R4

Microprogrammed System
Organisation for Small
Computers - Project Proposal

J.K. Broadbent &

G.F. Coulouris

Jan. 71

RS

FLUID - Reference Manual

J.K.

May 1972

R6

Advanced Swmner Institute on
Microprogramming - a report

J.K. Broadbent

20.9.71

R7

u.s. Research in Microprogramming & Systems Research

G.F. Coulouris

5.10.71

RB

An Investigation of Time-

B. Neil

Jan. 72

Rl

Broadbent

&

1.9.70

Sharing System Behaviour
R9

The MIFS Operating System

M. Cole

August 72

RlO

Annual Report 1971/72

G.F. Coulouris

Sept. 72

Technical Notes
G.F. Coulouris

18.11. 71

J.K. Broadbent

1.12. 71

TNl

Microprogramming for the
MEMBERS Machine

TN2

MEMBERS

TN3

MIFS

M.S. Cole

TN4

Small Real Time Data Processing
App_lications (Proposals for a
Survey)

J.K. Broadbent

15.2.71

Formats.!

J.K • Broadbent

21.2.72

. TNS

roes

·specifications
Spec. 1/GFC

-

MIDS:

Preliminary Specification

20.1.72

Spec. 2/GFC

-

MEMBERS Document Circulation

Spec. 3/GFC

-

MILL - Members Intermediate Loader Language

Spec. 1/WMN

-

Interdata QED

Spec. 1/MSC

-

MIFS I/0 Facilities

5.S.72

Spec. 1/PMcM -

MIMS (Members Initial Macro System) 15.2.72

Spec. 2/PMcM -

PED (Paper Tape Editor)

Spec. 3/PMcM -

@EDIT

Spec. 1/PM

Store Management Survey and Proposals for PLUID
2.5.72

-

13.4.72

16.5.72

