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Abstract

It is usually considered an essential element of good prac-
tice in engineering to produce a specification for a system
before building it. However, it has been found to be quite
difficult to produce useful specifications of large software
systems. We have nearly completed a comprehensive spec-
ification for the computer control system of a cyclotron and
treatment facility that provides particle beams for cancer
treatments with fast neutrons, production of medical iso-
topes, and physics experiments. We describe the control
system as thoroughly as is practical using standard techni-
cal English, supplemented by tables, diagrams, and some
algebraic equations. This specification comprises over 300
single-spaced pages. A more precise and compact specifi-
cation might be achieved by making greater use of formal
mathematical notations instead of English. We have be-
gun work on a formal specification of our system, using the
Z and Petri net notations.

1 Introduction

The Clinical Neutron Therapy System {CNTS) at the Uni-
versity of Washington is a cyclotron and treatment facility
that provides particle beams for cancer treatments with
fast neutrons, production of medical isotopes, and physics
experiments [12,11]. The facility was installed in 1984,
and includes a computer control system provided by the
cyclotron vendor. Devices under computer control include
a 900 amp electromagnet and a 30 ton rotating gantry, as
well as four terminals at three operator consoles. The con-
trol system handles over one thousand input and output
signals, and includes six programmable processors as well
as some nonprogrammable (hard-wired) controls

The University is now developing a new, successor con-
trol system. This development project is motivated by re-
quirements to make the system easier and quicker to use,
easier to maintain, and able to accomodate future hard-
ware and software modifications.
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We have high reliability and safety requirements. There
is growing recognition that the development of software
which controls medical devices is not sufficiently system-
atic, that this is adversely affecting costs and safety, and
there is much room for improvement [6].

We are attempting to achieve high reliability and safety
by applying rigorous software development and quality as-
surance practices. We determined that our first step in
this project should be the production of a comprehensive
specification for the new control system, to serve as an au-
thontative and complete guide for software development,
testing, and instruction of facility users.

2 Why write a specification?

It is usually considered an essential element of good prac-
tice in engineering to produce a specification for a system
before building it. Modern recommendations for the de-
velopment of safety-critical computer-based systems [2,8]
emphasize the need for an explicit statement of functional
and safety requirements, and a development process that
can be shown to produce an implementation that meets
the requirements. A central idea is that developers should
provide a functional specification that allows system out-
puts to be predicted if system inputs are described.

However, it has been found to be quite difficult to create
useful specifications for large software systems. A com-
puter scientist has articulated the widely-held view that it
is not practical to produce them:

For many systems, it is simply not possible to
construct a compact, concise specification. There
are many different kinds of data and conditions,
and a complete specification would have to detail
the actions of the system for all of them. In prac-
tice such a specification is just a program. The
working out of the many details only occurs as
the system is being programmed. This has been
observed to be a common feature of real-time and
data processing systems [4].

Although we appreciate the difficulties, we do not agree
with this view. Our experience reviewing the program code
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for the existing control system has made it clear that pro-
grams are no substitute for specifications.

3 Why programs are no substi-
tute for specifications

We have been asked, “Why do you need to write a spec-
ification, when the program code that you write will tell
you everything that the system will do?” We have found
this attitude to be so widely held that it requires a detailed
answer.

We
would like to have the acceptance test procedure and the
instruction manuals for the users ready as soon as the pro-
gramming is finished. To enable the acceptance tests to be
designed and the manuals to be prepared while program-

Aun obvious answer concerns project scheduling.

ming is underway, it is necessary to have a description of
what the program will do, which is available before the
program is complete. If this information has to be ex-
tracted from the program after it is written, testing and
user instruction must be delayed.

Another answer is that there needs to be an indepen-
dent standard of accuracy that the program can be tested
against. This standard should be set by the users; in our
case these are the physicists, engineers, and therapy tech-
nologists who use and maintain the facility. These are not
the same people who will write the programs, and it is not
reasonable for them to review program code to determine
whether their needs will be met.

An answer that 1s less obvious to many software devel-
opers is that program code is not a suitable medium for
expressing the information that needs to be in a specifi-
cation. This is not merely a matter of the degree of ex-
pressivity provided by different notations. In fact, it is
generally impossible to invert program code to determine
the requirements that it is supposed to satisfy. When a
program is written, requirements information is lost, but
a great deal of information must be added that is not de-
termined by the requirements, but is needed to code the
program in the chosen programming language and get it
to run on the available facilities.

4 Our specification

We have nearly completed a specification for the new con-
trol system. We believe it is as comprehensive as is prac-
tical to express using standard technical English, supple-
mented by tables, diagrams, and some algebraic equations.

The specification consists of four parts. Part I is an
overview of the system that describes the facility, the hard-
ware organization of controls, and introduces much of the
vocabulary used in subsequent parts. It comprises almost
100 pages of single-spaced text. Part Il is a detailed spec-
ification of operations which users perform at video termi-
nals and control consoles. It comprises about 150 pages,

including many illustrations of displays. Part III will be a
detailed specifications of internal operations involving the
cyclotron and therapy apparatus itself, which are only in-
directly visible to users, and will comprise about 100 pages.
the Part IV will be a largely tabular presentation of nu-
merical operating parameters whose values can be changed
independently of the rest of the specification. We plan to
maintain these tables in a relational database.

Part I has been prepared for distribution outside our
department as a technical report [7] and we anticipate re-
leasing the other parts as they are completed in coming
months.

5 How the specification was writ-
ten

The specification is largely based on information gath-
ered during meetings with facility users. The code and
other documentation for the existing control system pro-
vide some useful information but have not been nearly as
important as the interviews. The documentation for the
existing system does not include a specification in the sense
used here.

Most of the information was gathered in meetings that
included the first two authors, a computer specialist (JJ)
and the chief engineer of the facility (RR). Some meetings
included other participants as well and there were meetings
that did not include these authors. Most meetings lasted 2
to 3 hours. Compnuter specialist(s) asked questions; facility
user(s) answered while a computer specialist took notes.

The first author drafted each chapter of the specifica-
tion based on information gathered in a series of meetings,
usually working from his own notes, sometimes from writ-
ten material contributed by others. The chief engineer
reviewed the chapter and the two met again. The review
and ensuing discussion invariably revealed important er-
rors, omissions and new information.

The first author then prepared a second draft. Second
drafts were circulated among all authors for review. This
review always resulted in some substantive revisions and
many stylistic ones.

The first author then prepared the final version.

We believe that this lengthy process is the minimum
necessary to achieve an acceptable specification because
significant changes were always made after each cycle of
review. In some cases more than two revisions were neces-
sary.

The speed of the process was limited by the amount of
time that facility users could spare from their other duties
to meet with computer specialists and review drafts.

Most effort was devoted to creating and reviewing writ-
ten material, but we also did some programming to ex-
periment with the appearance of video screen displays and
other aspects of the human-computer interface.
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6 Formal specifications

Our specification is written in standard technical English,
supplemented by tables, diagrams, and some algebraic
equations. It is organized to help facility users read and un-
derstand it, so they can offer meaningful reviews. However,
this organization is not necessarily the best for purposes
of programming and analysis. An alternative is to make
greater use of mathematical notations, annotated sparingly
with English. Such specifications are called formal specifi-
cations.

We believe that there may be advantages to developing
programs from formal specifications. They can be more
precise and compact than English specifications. The can
be checked by machine for certain kinds of errors. They can
be used to prove or calculate whether the specificted be-
havior is consistent with certain intended properties, such
as safety.

Formal specifications are distantly related to popular de-
sign notations based on data flow diagrams, which have
been applied to acclerators [10]. We are investigating no-
tations that provide more mathematical rigor, in the sense
that they allow more properties to be inferred or calcu-
lated. Our preliminary experiments using the Petri net
notation [9] are reported in [1], and some investigations
into the Z notation [3,13] appear in [5].

7 Further work

We are preparing to implement the system we have speci-
fied. We will determine whether our specifications actually
do provide sufficient information to build a useful system,
and will assess the usefulness of formal specifications.
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