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ABSTRACT

This paper describes the outline, the approach
and current status of the Software Creation
project. The main idea is to design software au-
tomatically by simulating human designers, and
reuse the design knowledge in a hierarchically or-
ganized work process. The presently implemented
system consists of a SDL-based software design
tool and an expert system. The performance
of this system is improved gradually by learning
from human design. Experiments on designing
switching software are reported. Presently, this
system converts the initial design input to 60-150
times source code.

1. INTRODUCTION

Switching software has been increasing at a rate
of around 20% per year. As the result, the soft-
ware size of most systems has reached to an or-
der of millions of lines, and the typical annual in-
crease has reached several hundreds kilo-lines of
code. Studies in (Advanced) Intelligent Network
has been started to enable service creation based
on reuse of existing services. Presently, reuse de-
pends on two factors: standardization of services
and customization for creating new services.
Besides these two factors, in our Software Cre-
ation project we have considered design knowl-
edge extraction, aiming at storing and reusing the
background knowledge required to reproduce the
design process in the same manner that human
design experts do. The main idea is to follow
design steps of human designers. Human design-
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Figure 1: Structure of the automatic design sys-
tem

ers’ knowledge is extracted from an actual design
and is reused by an expert system. The design
rules are extracted by comparing the design doc-
uments in successive design phases. This enables
one adding new features to the existing services
easily and smoothly. This is considered as a new
approach for creating software [1, 4, 5, 2]. We will
introduce the key concepts and basic approaches
of this project in the area of switching control and
switching administration programs.
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2. SOFTWARE CREATION SYSTEM

Figure 1 shows architecture of the Software Cre-
ation system [4]. The upper part shows the
progress of an initial human design. Each
flowchart indicates a set of documents produced
at a certain design step. From adjacent two sets of
documents, a conversion rule — from one flowchart
symbol in the preceding document to several sym-
bols in the following one — is extracted as a design
rule. Thus gained design rules are accumulated in
an expert system, named Creator, shown at the
lower part of Figure 1.

In reuse of this knowledge, if the same or a simi-
lar input is given, the system reproduces the same
design as long as design rules exist. If detailing
by the previously extracted design rules does not
work, new design rules particular to this new case
must be extracted and added. By repeating this
design many times the core of the design rules
which is common to many design cases is formed
and the performance of this system is improved
gradually by adding new design rules. After the
system has accumulated enough design rules, the
system can design software with a high degree of
automation.

The design documents at each step are pro-
duced by using a formal specification and de-
scription language, ITU (CCITT)-SDL [7]. In
SDL a system is viewed as a collection of ‘blocks’
embodying concurrent ‘processes’. Processes are
represented by an Fxtended Finite State Machines
(EFSM) that communicate with discrete signals.
SDL has both graphic (SDL/GR) and text-based
(SDL/PR) representations. The switching con-
trol program is developed using SDL.

3. REUSE OF DESIGN KNOWLEDGE IN
SWITCHING CONTROL PROGRAM

In the case of switching control program, the de-
tailing goes smoothly, as all detailings may be de-
rived from following the initial service specifica-
tion.

The switching control program is expressed by
a number of Finite State Machines (FSM) that
communicate with each other using discrete sig-
nals and behave together as a large and complex
FSM.

The detailing of a call service, POTS, goes as
follows [6]: In the initial phase of design a ser-
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Figure 2: Progress of detailing of a switching con-
trol program
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Figure 3: Abbreviated dial data structure

vice specification of a call FSM (‘process’ in SDL
terms) is given. In the next step, the call pro-
cess is split into calling and called processes, that
communicate with each other using discrete sig-
nals. A difference between two adjacent processes
is given by a design rule. Furthermore, a differ-
ence of thus defined two states in a process defines
the necessary state transition, that is associated
with a design rule. The state transition is repeat-
edly detailed by design rules to the most detailed
level. All these steps are expressed by SDL, and
SDL documents are converted to a frame struc-
ture inside the Creator Expert System, suitable
for reasoning and knowledge processing. The fi-
nal detailed design is transformed again to SDL,
and a SDL CASE tool converts the detailed de-
sign to C code. Figure 2 shows the results of such
detailing. Detailing factor by the expert system is
around 10-15 and the conversion from SDL to C is
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Figure 4: Design Process of switching administration program

around 6-10, thus giving 60-150 overall detailing.

4. REUSE OF DESIGN IN SWITCHING ADMIN-
ISTRATION PROGRAM

Switching administration program is for opera-
tion staff of a switching system. It enables or
disables a customer to use a service feature by
controlling various tables. Figure 3 shows data
structure for an abbreviated dialing service. It
consists of abbreviated dial lists in the right most
corner and several stages of access tables to reach
them. A subscriber’s telephone number is associ-
ated with an abbreviated dial list, and the abbre-
viated code specified is converted to a full digit
telephone number.

A central part of administration program en-
ables a subscriber to use the service as follows:
Upon the service order to allow a subscriber ab-
breviated dialing service, it tests a busy/idle bit
of the subscriber, and makes it busy if it is idle. It
also tests the service feature availability bit, and
proceeds further if the outcome of check is no. It
dequeues an idle abbreviated dialing list from the
resource control queue, and connects it to the ac-
cess table as shown in Figure 3. It then turns the
service feature availability bit to yes and restores
the busy/idle bit to idle.

Though administration program is rather non-
sequential in nature, it is also expressed by SDL
for keeping uniformity in the project. All ta-
bles are encapsulated in a table access process,

or FSM, having read/write/read-and-write func-
tions. Central parts of administration program
are programs performing respective logic opera-
tion as mentioned earlier and end with accessing
table access processes. Various ways of reusing
preceding design have been studied. The follow-
ing introduce some approaches.

4.1. Old method

A similar approach to reusing design knowledge in
switching control is followed and here design rules
are extracted from successive design documents
from human designed programs [3]. However, it
is found that the detailing here is not as evident
as the switching control program. This is mainly
because of having two many parameters and fac-
tors that must be considered when reusing the
design rules, and that they are included during
design by imitation.

4.2. New method

In order to reuse design knowledge more effec-
tively, another approach of reusing a higher level
design is considered.

Figure 4 shows a progress of the design in-
cluding its data/table design. First, service,
data and their relevant control date/table are de-
signed. Then control flow charts, specifying var-
ious data/table handling are derived from design
rules. The detailed design is made from control
flow charts. Design rules have been extracted
from the relevant designed date/table structure
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and process pattern of administration program.
A number of different kinds of data structures are
designed, and design rules are obtained. The dif-
ference of programs is adjusted by recursive use
of design rules. In order to use design rules ef-
fectively, design rules have been abstracted and
standardized.

4.8. Comparison and discussion

Figure 5 shows the results for the two methods.
This figure depicts the accumulated number of de-
sign rules (vertical axis) vs. the accumulated num-
ber of administration services (horizontal axis).
During the course of study, it was found that the
number of design rules grows gradually and then
saturates, showing a learning effect. This resem-
bles a learning effect appearing in various human
performance. At the flat area of the curve, full
automatic design is possible for adding additional
features.

100 T

"old-design-rule" —
"new-design-rule" -

Figure 5: Learning effect of accumulated design
rules

In the first method, it is found that designing
one command requires about 0.53 design rules
when 100 commands have been designed. This
means that half of the design can potentially be
done automatically.

Although design curves for the two approaches
introduced above are quite similar, in the new
method the degree of freedom and flexibility is
higher then old one.

5. CONCLUSION

The outline, the approach and current status of
the Software Creation project was introduced.

A novel view point on reuse of software design
knowledge was given and an implementation of
system composed of an expert system and a SDL
CASE tool was reported. Experiments on ex-
tracting and accumulating design rules in two ar-
eas of study: switching control- and switching
administrative- programs were given, along with
discussion on system performance. It was argued
that by accumulating design rules, extracted from
human design, it will be possible to increase the
automation degree of software design.
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