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Abstract

An approach towards developing a Knowledge Based Software Engineering (KBSE) tool by merging a conventional
CASE tool with the expert system technology is introduced. This is found useful in assisting human designers. Experimental
expert systems CREATOR2 and CREATOR3 are introduced and applied to the design of switching software. The
CREATOR? has the following features: representing software design knowledge, composed of design product knowledge
and design process knowledge, using frame technology; and integrating knowledge based reasoning techniques with a SDL
CASE tool. CREATOR3 is an extension of the CREATOR2 system. It enables one with additional design schemas for
splitting a process, adding events, etc., and additional representation power, such as using pictorial elements and designers’
comments in the frame representation. This leads to a uniform modeling and advanced reasoning environment for software
design. Experiments on designing switching software are reported.
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1. Introduction The CREATOR expert systems assist the designer
by efficient encoding and reusing the design knowl-
edge. The limited capacity of the short term memory
of human designer is enhanced by system’s stack,
queue and array that have a larger capacity, in
principle. In representing domain concepts and orga-
nization of design input/output, frame representa-
tion is found useful. Each graphic symbol, com-
monly used in CASE tools, is represented by a frame
and design refinement is nothing but a proper selec-
tion of such frames or their instances and inserting
message paths among them. Yet other frames are
used to control data access and selection, and the
whole structure can cope with the event-driven na-
" Corresponding author. Fax: +81-48-858-3716; E-mail: ture of the design process, ensuring high flexibility
far@cit.ics.saitama-u.ac.jp. of the design while maintaining its rationale.

In Software Creation project automatic software
design by the following design steps of human de-
signers is studied [11-15]. A family of software
CREATOR expert systems is developed [14,6-9].
An application of these systems is assisting a human
designer when using a conventional CASE tool.
Such CASE tools generally cannot support higher
level knowledge-intensive activities of design, in-
cluding knowledge selection, decision making and
evaluation. These design activities can be automated
using the software CREATOR expert systems.
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The CREATOR expert systems are applied to
designing switching software. In CREATORI1 the
idea of acquisition and application of design rules
was elaborated [1]. Then CREATOR2 was built us-
ing ES/KERNEL/2 expert system shell [5]. The
CREATOR? system now serves as the platform for
design experiments [6). Knowledge representation
and reasoning in CREATOR? is further elaborated in
the CREATOR3 system. Fig. 1 depicts the basic idea
and corresponding design phases in these two latter
systems. This paper describes the combined CRE-
ATOR2/3 system. Basic features and successive
design phases are introduced in detail in the follow-
ing sections.

System level

2. Knowledge representation in CREATOR2 /3

Software design involves two knowledge cate-
gories, namely, design product knowledge and de-
sign process knowledge. Here we concentrate on
representation of software design knowledge in
reusable form, in a structure that integrates these two
knowledge categories.

2.1. Design product knowledge
The design product knowledge relies on the per-

spective that the design system is viewed. It includes
domain-specific concepts and constraints. The Speci-
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Fig. 1. Successive design phases in CREATOR2 /3 systems.
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- SDL_GR

event #E1

@ case ¥D11

case #D12

task #T3

I task #T1 |Lmsk#’1'2]

- SDL_PR
11 STATE SO;
12 INPUT <event #E1>;
13 DECISION <decision #D1>;
14 (case #D11):
15 DECISION <decision #D2>;
16 (case #D22):
17 TASK <task #T1>;
18 NEXTSTATE S1;
19 {case #D21):
20 TASK <task #T2>;
21 STOP;
22 ENDDECISION;
23 (case $#D12):
24 TASK <task #T3>;
25 STOP;
26 ENDDECISION;
27 ENDSTATE;

Fig. 2. Example of SDL /GR and SDL /PR.

fication and Description Language (SDL) [3] is used
for representing the design product knowledge. In
SDL a system is viewed as a collection of ‘‘blocks’’
embodying concurrent ‘‘processes’’. A process is

represented by an Extended Finite State Machines

75

(EFSM) that communicates with other processes

through discrete signals. SDL has both graphic
(SDL/GR) and text-based (SDL /PR) versions. Fig.
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2 shows an example of SDL/GR and SDL/PR.
Some CASE tools using SDL have already been
appeared on the market, e.g., SDT [17].

A designer prepares an initial design sketch using
graphic symbols of the SDL CASE tool. In CRE-
ATOR2 /3, this design sketch is transformed to a
structure of class and instance frames automatically.
Each SDL/GR symbol is associated with a frame
that embodies all the information related to that
symbol, such as its class, function, name, connec-
tions, etc. As shown in Fig. 3, a design input file,
given in SDL, is represented by a structure of such
frames.

Frame representation of SDL /GR symbols in the
CREATOR? and CREATOR3 systems is also shown
in Fig. 3. Human designers usually use comments to
save important pieces of information, and retrieve
them in later design steps. Furthermore, there are
some pictorial elements that are used by the CASE
tools that simplify visual interface. For example, in
SDT CASE tool in order to represent a state symbol,
a number of pictorial elements is used [17]. Some of
those elements are shown in Fig. 3. The CREATOR3
system supports both comments and pictorial ele-
ments. The shaded part of Fig. 3 shows additional

Frame structurte

- Rule:input

Design Rules

SDL-GR form of the rule R1

slots that are used for saving data related to com-
ments and pictorial elements.

2.2. Design process knowledge

Design process is viewed as a progression to-
wards a goal by applying detailing patterns. The
design process knowledge involves ‘‘design rules’’
acquired from human design, and ‘‘tacit knowledge”’
to make such patterns operational.

2.2.1. Design rules

Design rules are used for replacing given symbols
with a number of other symbols in detailing the
function, generating a task from successive states,
etc. A method for deriving design rules has been
introduced in [1,12]. The main idea is to follow
design steps of human designers, extract their know!-
edge in an actual design case and reuse this knowl-
edge in similar cases. This requires proper documen-
tation of the design steps. SDL is used to generate
design documents. On the next step, design rules are
extracted by comparing the design documents in
successive design steps. This starts from the most
detailed design and goes upward hierarchically to
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Fig. 4. Example of frame representation of a design rule.
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derive all useful detailing patterns [1,12]. In CRE-
ATOR?2, the detailing design rules are classified in 4
groups defined by TASK-RULE, DECISION-RULE,
OUTPUT-RULE and INPUT-RULE. Fig. 4 shows
an example of such design rules. Each design rule is
composed of a parent frame for the pre-transforma-
tion symbol and a number of child frames for post-
transformation ones.

2.2.2. Tacit knowledge

A main activity in human design involves selec-
tion and application of design rules using the tacit
knowledge. Opposite to the design rules, tacit knowl-
edge does not depend on a particular design and can
be implemented independently. In the CREATOR3,
we have developed a collection of “‘design schemas’’
that embody the tacit knowledge. Each design schema
is a coded form of a human design activity. Those
schemas are collected and applied in three successive

phases. This is explained in more detail in Section
3.4.

3. Experimental expert system CREATOR2 /3
3.1. System overview

An overview of the CREATOR2/3 system is
shown in Fig. 5. The human designer prepares an
initial design sketch using graphic symbols by a SDL
CASE tool. This is converted to textual SDL /PR by
SDL Case Tool and is fed to the CREATOR2/3
system. Then SDL /PR is converted to frame struc-
ture, suitable for processing by the expert system.
The CREATOR?2/3 checks if this frame structure
can be detailed by either a design scheme or already
recorded design rules that can be customized to
exhibit the required function. The results of detailing
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Fig. 5. Experimental expert system CREATOR2 /3.
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and customization are recorded in the created frame
structure which is finally converted to SDL/PR.
This can be converted to C-code by the SDL. CASE
tool. The designer can check and modify the results,
if it is found necessary.

The system is implemented on Hitachi 3050
Workstation using ES/KERNEL/2 expert system
shell [5] that works together with the SDT CASE
Tool [17]. SDT is used for graphical input/output
and editing, translation between SDL/PR and
SDL/GR, and final conversion to the C-code. The
other design tasks, conversion, knowledge based rea-
soning and detailing are performed by
CREATOR2/3. The function of expert units in
CREATOR?2 /3 is explained below.

3.2. Input pre-processing unit

The PR_TO_FRAME unit is used for pre-
processing and converting the text based SDL /PR to
the frame structure suitable for processing by the
CREATOR2 /3. This is essentially a simple parser
for SDL/PR. Each word of the SDL/PR file is
analyzed and interpreted and added to the created
frames.

3.3. Rule pre-processing unit

The design rules are converted to the frame struc-
ture using the RULE_TO_FRAME unit. This is also a
parser for design rules. The RULE_TO_FRAME unit
receives as its input a design rule in the SDL /PR
format and converts it to the frame structure. Fig. 4
shows a design rule in SDL /PR form and the gener-
ated frames.

3.4. Creation and reasoning unit

This is the main part of the experimental expert
system. There are already two sets of frames for the
input file and design rules. The CREATION and
Phase#1—#3 units are responsible for checking the
input frame structure, splitting it and adding events,
fetching design rules and inserting the child frames
of the matched rules in the input frame structure, etc.

We have devised two methods for applying de-
sign rules, i.e. inter-process detailing and intra-pro-
cess detailing. In inter-process detailing, an instance
of a new SDL process is created and detailing is
performed based on the information obtained from
the initial process. In intra-process detailing, design
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TEu( TE
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TEL2 Splitting states

. ”T»EU@ | TELZ@

Initial Process Phase #1 Phase #2 Phase #3
Caller+Called Caller Called Caller Called Caller Called
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adding gvents
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Fig. 6. Process splitting procedure.
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rules are applied to a given SDL process. For in-
stance, a graphical SDL /GR symbol is replaced by a
collection of other symbols that exhibit the same
function in more detail within the same SDL process
with some elaboration or fine tuning to fit it into the
specific case.

Inter-process detailing is realized by a collection
of design schemas. Fig. 6 shows a SDL view of
splitting a process, creating new processes and adding
events. This is programmed in three successive
phases. The idea is moving from an existing process
to a more flexible one composed of mono functional
processes. As it is shown, PHASE#1 splits an input
process, ie., ‘‘Caller’” + ““Called’’, into two new
processes, i.e., ‘‘Caller’” and ‘‘Called’’. At the first
step, the STATE symbols are copied. As every state
must be followed by an event, the events of the
initial process are inserted in the newly created
processes. This is done in PHASE#2. Finally, in
PHASE#3 synchronizing events are added to make
the new processes compatible with the original one.
In this case, the ‘‘sync-i’’ message is sent by the
*“Caller’” and acknowledged by the ‘‘Called’’ pro-
cess.

Other steps of fetching and applying design rules
are coded in the methods of the CREATION unit.
There are methods for fetching a frame, fetching a
design rule, comparing, deciding upon accepting or
rejecting a rule, writing to the output frame structure
and optimizing the search. For example, a SDL
symbol, represented by a frame belonging to the
input frame structure, is examined against the al-
ready recorded design rules. If the matching at-
tributes are found, that frame is deleted from the
input frame structure and those child frames of the
matched rule are copied to the output frame struc-
ture. All design steps are recorded at the background
according to their order of appearance and the sys-
tem can explain each step, by popping up the de-
tailed reasoning record and log files, if asked to.

3.5. Customization unit

The results of creation and reasoning are deliv-
ered to the ADJUSTMENT expert which is responsi-
ble for customizing the candidate frames and adjust-
ing the links. This is the most time consuming task

of automatic design because every single slot of a
candidate frame must be checked and all the newly
created frames should be accounted for.

3.6. Learning unit

The LEARN unit keeps record of the design rules
that are already used and customized. This is neces-
sary for saving time in similar design cases and
when a design rule is applied repetitively.

3.7. Output post-processing unit

At the end of detailing, the FRAME_TO_PR ex-
pert converts the final frame structure to text based
SDL /PR that can be used by the SDL CASE tool.

4. Experimental results

Switching software is considered as the problem
domain and studied in three areas: switching control,
operational (administration) and protocol subsys-
tems, to cover the major spectrum of switching
software. The central part of switching control pro-
gram is chosen as a typical example. Experiments for
designing the switching control program for the Plain
Ordinary Telephone Service (POTS), Full-Call-
Back-Transfer (FCBT), etc., have already been re-
ported [16,14,6,7). During design by the CRE-
ATOR2/3 system, the input file is detailed around
6-10 times. Then the SDT converts it to C-codes of
10 times number of lines, resulting in 60-100 times
code expansion. Other experiments for designing a
switching administration program are reported in
[10] and [19].

5. Discussion

Opposite to the common knowledge engineering
method for knowledge acquisition, in this project, we
focus on knowledge documentation. This is neces-
sary to produce quality knowledge. Then, knowledge
is acquired, in the form of rules, by comparing the
documents in successive steps of design. Later, tacit
knowledge is used for selecting and applying such



80 B.H. Far et al. / Decision Support Systems 18 (1996) 7382

25 I~ o 4

20 4 4

No. of design rules
~

: L n n ' L L L
0 2 4 & 8 10 12 14 16 18

d

No. of administration service c

Fi

ga

. 7. Leaming effect of rules vs. service commands.

rules. In some other research on automatic software
design the need for distinguishing between the de-
sign product knowledge and design process knowl-
edge is mentioned [2,18]). We have proposed a uni-
fied framework for representing both the design pro-
cess and the design product knowledge. We have
distinguished between the design rules and the tacit
knowledge of the design process. The former is
domain oriented and derived from actual design. The
latter is general and can be used in design of soft-
ware other than switching software.

An interesting outcome of using SDL in docu-
mentation and acquisition of knowledge is the ability
to revise the knowledge-base dynamically while
maintaining its rationale. The syntax of SDL and its
semantics is rich enough to detect inconsistencies
and redundancies.

Another interesting point is the learning effect.
We have found that knowledge acquisition through
documentation shows a learning effect, therefore af-
ter accumulating enough rules, the implemented sys-
tem can perform the job almost automatically. For
instance, Fig. 7 shows the accumulated number of
design rules vs. administration service commands in
designing a switching administrative program [4]. As
is seen the accumulation curve shows a rapid in-
crease at first, then the rate decreases gradually
though the increase continues. This resembles a
learning curve that appears in various studies of
human behavior. At the flat area of the curve, full
automatic design is possible by using already ex-
tracted design rules. This is repeated when a new
group of commands with new features is added.
Using such a curve, extra resources required to solve
a similar problem can be estimated.

6. Conclusion

This paper presents an implementation of a soft-
ware design expert system that assists human design-
ers. The proposed system provides the user with
methods for acquiring design knowledge, represent-
ing both design comments and pictorial elements,
and reusing this knowledge in novel cases. Experi-
ments on developing switching software are re-
ported.

The CREATOR2/3 system is currently a do-
main-specific program synthesis system. It serves as
an experimental platform for the study of human
design. We are currently adding a user-friendly inter-
face to the system, developing a multi-agent design
system based on thus mentioned architecture, and
building similar systems for other areas of engineer-
ing design.
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