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ABSTRACT

The 4importance of specifications in quality software production 1is
nowadays widely recognised. It is also recognised that conventional prog-
ramming Llanguages are not suitable for talking about properties of
programs, packages or, more in general, objects which we have to deal with
when building and maintaining complex systems. Lot of research is going on
on the subject. Techniques and formal languages are studied and compared in
order to find the best suitable ones to express specification.

The importance of integrated systems to support software development
is also widely recognised. Other considerations arise when observing the
process that start from the original idea of a project and ends with 1its
implementation, and observing how it nowadays evolves. ALl this leads us to
consider the case that the ‘integrated software development system® of the
future will be based around specification lLanguages. Three principles are
individuated which we believe are fundamental to a system to support
interactive development of specification, and which affect both the basic
specification language (BSL) of the system and its inteagrated tools.
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the future will present the same phases of design, development, test and
maintenance of software applications via specifications. In other words we
believe that software applications will be developed interactively at the
specification Llevel {whyle their correspondent implementations
(automatically produced) will be considered to be what nowadays 15 the
“compited wversion” of a program written in a conventional programming
languagel and that for that a suitable environment is necessary.

Three principles are individuated which we think are fundamental for a
system to support interactive development of specifications:

1. The ddeator of a project should be allowed and helped to develop the
specification of his own project.

2. The specifications should be given at different Levels of detail
("vertical combination’” - CAT-system [Burstall & Goguen {(1980>1).

3. The automatic generation of alternative models for incomplete
specifications should be provided ("horizontal combination” of CATSystem
[Burstall & Goguen (1980)1 and see also automatic generation of alternative
models in Balzer(1980b)).

We will analise how those principles arise Looking at the present
situation of the process of devloping whatscever project and how those
principles would affect language and tools of the future system to support
interactive development of specifications.

2. The Present Projects Development

Let us start considering in Fip 1, the PL (Programming Language’
modelling as it appears in [introduction of CACM (1980)] suggested by Mary
Shaw.
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We believe that reality could be represented more completely as in Fig.2
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ALL these considerations lead us to conclude that, the best person
entitled to deal with all the process of developing specification is the
one that has the idea, that is, because:

(i) He knows quite a Lot of the project he has in mind, he has the
understanding of the world the project is simulating or working on.
(Object involved, actions, laws, behaviour), and he would not need to
explain it to anybody else with all the complication that follow.

(ii) He could change his mind while the process goes on. Then it
should be possible to avoid to start the process from the beginning, and
make some differentiatiions from the original idea by some alternative
tentative solutions to the realization of the project.

(i1 He 1is the only one that can judge whether or not the final
product corresponds or satisfies the needs for which the product was
developed.

We can, at this point, fix the first principle of a system to develop
specifications that 1is: "the ideator should be allowed to develop the
specification of his own project, and he should be given tools which help
and guide him all the way throughh the process™.

Let us now consider the other points of the specifications development
process.

Nsmmmmmmmmmmmmmmv

Part B of the process shown in fig.2 deals with the process of
starting and carrying on the specifications of a project until the
implementation of the prototype. What does the specifier need, during
allthe process of developing the specification in so that it will be easy
for him: ,

(a) To modify specifications;

{(b) To think of the project or of 1its components;

(¢) Try different, alternative, specifications of the same object,

solutions or Law?

First of all, specifications are easy to express, to modify and
reconsider if they can be expressed at different levels of detail.
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particular kind of problems,

4.1 Fundamental aspects of BSL

The specification language should be the kernel Llanguage .in which it
should be possible to define extensions of it as application oriented
specification languages or specialised speifications .lLanguages. Those
specialised languages are not different Languages, they just correspond to
the kernel language plus some "set of abstractions” problem oriented. That

is:

mw&ﬂ; < wﬁmﬁmﬂmﬁw&xm
SpecificaTioy %@E@F&&& ]
Fa u Oy o Q,« n.m‘

fig.3

So that, for example, extensions of the BSL will be built to form an MSL
(Mathematical oriented specification language), or BKSL (Banking oriented
spec. language) etc. so that, in MSL it will be possible to deal with
functions domain and codomain, sets etc., if those concept were not already
given by BSL, while in BKSL it will be possible. To deal with Bank accounts
and customs etc. Because those specialized language are only extention of
the BSL, all the tools applicable to BSL will also be applicable to
specializations of it.

This characteristic of BSL or better this view of the world make it
possible to satisfy the 1st. principle previuosly seen, so that it would be
possible for the mathematician, the Bank manager or the nuclear engineer to
design their own projects. ALL this seem to be quite fair if we consider
that they are the best experts and judges of the final product; They are
the - peoplethat change their mind about the project, they are the people
that could benefit in ideas or could gain a better understanding of their
problems in a system which is supposed to work interactively with the user.

It is also clear that to encourage those people we have to find a way
of expressing and developing specifications so that it is easy fTor them to
deal with their own view of the problem. In other words specification
languages based on set theory might cause some problem to a person that has
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(d). It should provide syntactic constructs easy to use and meaningful.
The structure of a specification at a given level should be easy to
understand, with Llittle syntactic constraints, and Little concepts
specified at each Llevel.

(e). BSL must be an executable language.

Other characteristics are Lleft to a more detailed study of other
existing specification lLanguages, that should be compared having in mind
the previously mentioned characteristics.

Those languages should ‘include:
- HOPE

GIST

CLEAR

LCF

PROL.OG

1

b.NHummxmmme

We will +¢wmﬁ.ﬁﬁw to individuate the way in which the specifications
of a project should proceed and then we will the functions (tools) the
system should support ,

4.,2.1 An example of

The designer sits and, interacting with the system, gives a first
specification of his project. Starting from there and interacting with the
user (particularly asking him information about objects or relations not
completely specified yet) the system will try to derive a second level of
specifications. This second lLevel consists of a set of alternative models
that are shown to the user which, at that level and dsnmwmnﬁd:m with the
system, can reson about the generated models.

10
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work assisted in accordance to the methodology previously described.

In the second case the user finds himself in a more wide and powerful
environment in which he can do lots more than he might need, so there must
be a first environment from which to choose a suitable one. In this top
level environment it must be possible to deal about “what 1is the most
suitable language and tools configuration for a problem™; It involves the
ability of talking about the various extensions of BSL, tools suitable for
those extensions, goals of the particular configuration etc. Note that in
this case, the Kernel system is only a particular suitable environments
suitable to build extended environments.

let's suppose now that the user is in his suitable environment, what
he needs is:

2. A tool to guide him to give the specifications of his project. It
should be a tool that helps the user to understand more his problem in
general and to think of it in a more structured way; for example asking him
to individuate in the world he is going to deal with, the objects involved,
the sort of movement that is present in that world (actions), " what objects
are active and what are passive in what actions (relations), whether there
are laws and what those laws are (constraints).0f course this tool depends
on the language (BSL or its extensions) chosen, it reflects the concept and
philosophy of the Llanguage and we believe that the previous should be
considered as a good philosophy a language to give specification should
follow.

3. Tools .to test the behaviour (may be a symbolic interpreter [Batzer
(1980¢).

Specification should be given at different Levels of detail. At every
level alternative models should exist, so, the system should provide
features to investigate a model and derive new alternative models from it.

3. An interpreter of the language should be provided which exercise the
behaviour  of a model running the given models and Looking for
inconsistency, errors of all sorts and which derive new Llevel of
specifications when possible.

The system should keep track of all the models created, that it has keep
the generation tree of the models so that the following should be possible:

4. To decide the elimination of some models and of their derivations;

5. To eliminate all the generated models and start the process again from
the beginning;

6. To choose a particular model in the generation tree to operate on it.

After the process has gone on for a while the user may have got more
detailed ideas or information about his project. This new information can
be such that a model should be run with the new information added to it as
a particular example of behaviour of the prototype = in this case the
interpreter of the language should be given this information before running
a model =~ no problem arise if no successor of that model exists. New
information can be more fundamental and effect all the generation of models

12
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