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Ian Gorton : Behavioural Specification and Simulation of
Minimum Configuration Computer Systems

Abstract

The ultimate goal of Computer-Aided Design research in the
area of digital circuits is the automatic synthesis of a
complete solution from a behavioural specification. This
thesis describes an attempt to attain this ideal in the
more limited realm of designing single-board control
systems, constructed from general-purpose microprocessor
components. The difficulties currently encountered in
designing and implementing microprocessor control systems
are outlined, and the architecture of an integrated,
knowledge-based design system is proposed as a method of
overcoming these difficulties. The design system
encompasses both behavioural and structural design
functions. However, only the tools and techniques required
to fulfil the behavioural design functions are considered
in detail in this project.

A review of previous work in the field of automated digital
circuit design and software and hardware specification
languages is presented. The major features of a novel
language for specifying and simulating control system
behaviour' are then described, together with an intermediate
design description notation, which facilitates the
generation of microprocessor assembly language code
directly from behavioural specifications. The design and
implementation of a fast, generalised microprocessor
simulation facility constructed from transputers is
discussed, and its performance potential analysed. The
simulation facility enables the complete design for a given
application to be tested, before any actual hardware
construction takes place. Finally, an evaluation of the
behavioural specification, synthesis and simulation
techniques developed in this project is presented, and the
benefits perceived from adopting such techniques are
summarised. Issues concerning the integration of these
techniques with the knowledge-based structural design tools
are also dealt with, and suggestions for further
developments and enhancements are identified.
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1l Project Overview

1.1 Minimum Configuration Systems

Microprocessors have made a significant impact on all
aspects of control systems[1.1]. Direct digital control of
machine processes has created production methods that are
more reliable, economic and generally more efficient. The
low cost, flexibility and processing speed of control
systems constructed from Large Scale Integration (LSI)
components enables them to be applied economically to even
the simplest control tasks[1.2], often replacing the need
for complex hard-wired logic[l1.3]. Such possibilities have
led to a move away from centralised mainframe or
minicomputer control systems, towards decentralised control
based upon many embedded microprocessors, each dedicated to
performing a simple part of the whole control task[l.4].

In order to be cost-effective, or when the microprocessor
is tightly coupled with other circuitry, it is often
desirable to design special printed circuit boards (PCBs)
to implement the different system functions. In these
cases, the microprocessor system can be viewed as merely
one set of components amongst others on the board. Such
systems do not normally require a disk system or visual
display unit, and are consequently difficult to develop and

test[1l.5].

Many microprocessor-based control systems, whether
sub-components of a large decentralised system, or a
stand-alone dedicated control system, are typified by
containing the minimum number of components required to
perform the control task. Systems in this category usually
comprise a microprocessor and clock, small amounts of
reéd-only and read-write memory and the capability to
interface with the physical process being controlled. For
this reason, such systems are referred to as minimﬁm
configuration systems (MCSs). Due to their small component
count, MCSs can virtually always be constructed on a single
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