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1.

Introciuction
A conceivable eoal for the designer of a computer system (laree
or small) is to provide the potential users with a securely implemented
interface with the system at the highest level of expression compatible
with the intended range of applications.
The secure implementation of high-level structures (i.e. functions
and data structures) in a sufficiently general form is costly in system
perf orman.~e when done by software and costly in development when done
by hardware. The increasing availability of micro-programmable logic
computers that are competitive with hard-wired machines of comparable
performance offers the system designer a new strategy for the accomplishment of this goal.
Microprogrammable computers have two levels of program interpretation
built-in to their hardware. The higher level correGponds to the 'machine
code' of conventional machines. Each instruction in a machine code
program is interpreted each time it 5s executed by anotl.ar progra!Il written
at the lower, 'microprogram' level.
Microprograms normally reside in a special fast memory and exercise
direct control over the use of hardware components in the central processo1'
of the computer. They can be designed so as to overlap many of their
activities with delays that occur in transferring machine code instructions
and data to and from the main memory.
Microprogramming was originally proposed (by Wilkes, Ref. 6) as
a technique for the systematic implementation of machine cod~s.
It has
since become apparent (refs. 7, 8) that microprograms can be used
to interpret functions more complex than those found in conventional
machine codes, resulting in faster execution of standard programming
language functions and
in the viability of machine functions
and data structures defined at a level more appropriate to users'
requirements. It is these consequences of microprogramming that have
stimulated the investigations proposed in this document.

2.

'

V

Technical Aims

(i)
The project will identify the properties of a specific
class of computer appl:..cations - small multi-programmed real-time
systems - and will investigate the design of a set of programming
and operating system facilities suitable for this purppse.
The facilities to be investigated include complex system functions as
well as more basicoornputational functions, and they will be defined
as an integrated set of functions and data structures largely
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independent of the hardware structure of the host computer.
(ii)
The resulting definition will be implemented on a
small rr.icro-programmable computer using· microprograms to
perforr,: certain functions and conventional software for the
remainder.
(iii)

Performance and detailed behaviour of the system

in o~e or more trial applications will be analysed using
system monitoring facilities that are a feature of the basic
system design.
Some work has already been dcne towards the first of
these goals and has resulted in a preliminary descriotion
of the most important parts of the proposed. system (Ref_e rerice 9J ..

3. Techniques.
. User Interface Design.
At this level, the investiga tion
is concerned with the definition of an adequate and convenient
set of facilities for use in the construction of application
systems. Any such design activity requires a firm Lase of
data derived both from first-ha nd experience a~d from
systematic studies of existing methods and con·,entions.

(i)

Some studies of existing applications of real-time
systems have already been undertaken and described
(ref. 1). Further work of this type is proposed as a
part of the project.
First-hand experience in the
design and use of high-level user interfaces has been
obtained in a collaborative project undertaken with the
Research and Development Organisa tion of ICL (Refs.2, 3, 4).
The programming interfa ce will be designed to provide
for the development of the system software by a bootstrapping
technique.
The basic application programmer's
interface will therefore be an extension of that
used for &ystem development. Other language interfaces can be
developed as application requirements demand. It is expected,
however, 'that the basic interface will provide a considerably
more convenient and powerful facility than conventional
languageso

(ii) System Organisation. The availability of microprogram facilities is
expected to allow the recognition of complex data structure representations.
For example, the user will see a store consisting of a number of arbitrarysized segments each containing elements of a specified type and access
mode, whilst the physical store will be allocated and overlayed by the
system in fixed-size pages. Special referencing structures such as stacks
and trees are also included in the proposals. The Gimultaneous processing
of multiple real-time activities calls for secure ruld efficient facilities
for communication and synchronisation between independent processes. It is
therefore intended that any segment of program or data should be potentially
sharable between several processes.
The segment descriptor is seen as the most suitable mechanism for the
implementation of a seg~ented store with all of these properties. Each
segment will be acces8ible only through a single segment descriptor. Fields
in each descriptor will be used to control access mode (read, write,
execute),
.synchronisation of access (lock-outs _
and semaphores) and interpretation (program, tree, stack, data element,,etc)
of the segment.
Clearly, the interpretation of segment descriptors will impose some
overheads. This is a cost that appears to be unavoidable if the enhanced
facilities proposed are to be obtained. The ase of microprogram for the
processing of descriptors is expected to contribute substantially to the
task of keeping the cost within acceptable limits.
(iii)System Performa nce Analvsis. On~ of the objectives of the project is to
provide means of obtaining the information required to optimise the system's
own performan(:e.
The method proposed allows for software or micropro~ram monit~ring of
accesses to any part of a data structure and of the execution of any progra~
segment. System functions will be provided for marking a segment descriptor
to cause interruption of the normal address evaluation procedure. It is
intended that these facilities will be available to every user for software
monitoring of his own programs and data structures. At the system level,
techniques will be developed to obtain specific and general infor~ation
about the use of system resources. This information will be of value in
deciding between software or direct microprogram implementation of functions
and in assessing store management s~rategies.

4.

Research Goals
The project will result in the specification of a system organisation
suitable for implementation in a class of small micnprograr.unable computers.
A pilot implementation of the system will be demonstrated and a preliminary
evaluation made of its performance in real-time applications. It is
expected that original results will be obtained in the following areas.

(i)

The design and implementation of real-time operating syste:ns,
particularly process structure, control and synchronisation, and
memory organisation.

(ii)

The use of microprogramming an a Bystem implementation technique.

(iii)

The design and implementation of facilities for the monitoring
of hardware and software performance.

5. ,Applications.
Because of the relatively simple system organisations of current small
real-time computer systems, applications are at present largely restricted to
the support of a single real time activity using~ single integrated set of
application programs. The proposed system structure is designed to support a
number of independent real-time activities with any requires degree of
·
interaction between the activities. In this respect it has something in common
with larger computers with real-time operating systemG such as Burroughs B6500
MCP system or the Univac 1108 Exec.8 system.

In its internal processing power, however, the proposed system has only a
fraction of the capability of these systems. Data transfer rates will also be
significantly power. It therefore appears that thP. most profitable range of
applications for the system would be in the areas where a variety of independent
or partially independent real-time activities are involved whose total processing
and data transfer requirements are relatively low.
Examples of such applications that mve arisen to date include:
(i)

time-sharing for computer-educational purposes.
On-line interpretive scientific and engineering computation.
Front-end processing in larger time sharing systems.
Process and plant control.
Small scale on-line information systems.
(vi) Small scale transa ction processing (Seat reservations, ticket selling,etc.)
. (vii) Computer-aided instruction.
(ii)
(iii)
(iv)
(v)

In principle, the system should be able to suppcrt any combination of these
activities simultaneously up to the limit of its har<l1,are capacity.
In some of the applica tions mentioned the system offers facilities that
could be exploited to advance the state of the art. For example, a facility
which allow.s independ ent processes to have secure acces s to shared data segments
could be exploited in computer aided instruction for communication between
teacher and students.
The research program calls for thestudy in depth of one or more 'trial
applications' selected from those listed above. The actual choice of trial
applications must ensure that a reasonably realistic load for the system can be
generated a-~d this will depend upon the research environment. Within the
University environment (ii)and (iii) seem likely candidates and consideration
is currently being given to (iill.
The use of the system in a front-end
processing role could go considerably further than existing schemes, so that
the main processor to which it is linked would be relieved of most activities
other than large-scale processing.
The cost of an applied system would be significantly lower than the
larger systems now required to perform these tasks and is expected to be
competitive with alternatives that are likely to be developed.

6.

Equipment

•
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We have used the t~rm 'small microprogrammed computer' to
describe the hardware that would support the proposed system.
A ·minimal configuration for a computer to support the system we
propose in applicutions of the type mentioned in section: 5 would
have the following characteristics:

1 (or more) micro-programmable processor (with about 4K bytes

of

control memory)

64K bytes of main memory

im

bytes of disk or drum backing store

Peripherals and peripheral interfaces depending on the application.
For system ~evelopment purposes, to ensure adequate testing

of the system logic and to obtain valid performance measurements,
a similar configuration is required. Specifically, the following
configuration is proposed as equipment for the research project:

1 Micro-proiramrnable processor

64K bytes of main memory

im.

byte drum

1 paper tape reader
1 paper tape punch

2 on-line teletypes
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