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The prime goals of this project are (1) developing an automatic software design system that aims at
reproducing human cognitive processes; (2) automating software design by shifting the prototyping
and modifications to higher design levels rather than source code. Particularly, this paper intro-
duces an experimental expert system CREATOR2 for automatic design of switching software. Basic
features of this system are: object-oriented (OO) representation of the design process knowledge,
composed of design rules for detailing, and tacit knowledge; using multiple strategies in applying this
knowledge; and integrating it with a SDL CASE tool. This leads to having a uniform modeling and
advanced reasoning environment for software design. Experiments on designing switching software
are reported. Presently, the CREATOR2 system together with an SDL CASE tool offers 60-100
times the code expansion rate.

1. Introduction

(1) Conventional CASE tools generally facilitate requirement analysis, detailed design and code
generation. Such CASE tools cannot support the higher level knowledge-intensive activities of design
unless incorporated with the knowledge representation and sophisticated reasoning methods [11].
Presently, higher level design activities, such as those related to selecting proper pieces of knowl-
edge, decision making and evaluation, are to be handled by human designers. The software design
knowledge can be captured and implemented in the CASE tools using Artificial Intelligence (AI)
techniques. This paper introduces an approach towards developing a Knowledge Based Software
Engineering (KBSE) tool using SDL-based CASE tool and object-oriented (OO) techniques.
(2) The main stream of software development involves implementation of the design using top-

down hierarchical decomposition and refinement [8, 3]. In some empirical studies of software design
it is observed that both expert and novice designers decompose their initial design goal in a top-
down manner until reaching a point that a portion of the decomposed structure or subgoals can
be converted to the code using an elementary program unit that has the same ‘function’, and is
represented by a collection of simple ‘graphic symbols’ used in the CASE tools.
Opposite to novice designers, experts can manage to develop many subgoals at the same level of

abstraction before further proceeding to the next level [3]. However, in designing complex systems,
as the number of subgoals increases, it becomes increasingly difficult to keep track of all of the active
and pending subgoals. A main problem is that even expert designers show rather poor performance
in considering all intermediate pieces of information and subgoals simultaneously. This is called
tunneling effect of the cognitive overload [5].
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The experimental expert system CREATOR2 aims at reproducing human cognitive processes
considering minimization of the cognitive overload. This is achieved by efficient encoding the design
knowledge. The limited capacity of the short term memory of human designer is replaced by stack,
queue and array that have a larger capacity, in principle. In representing the domain concepts and
organization of design input/output OO techniques are found useful. Each graphic symbol of the
CASE tool is represented by an object and design refinement is nothing but a proper selection of
such objects or their child instances and inserting message paths among them. Yet other objects are
used to control data access and selection, and the whole structure can cope with the event-driven
nature of design process, ensuring high flexibility of the design and maintaining its rationale.
(3) In Software Creation project [9, 10] automatic software design by simulating human designers

is studied. The main idea is to follow design steps of human designers. Human designers’ knowledge
is extracted from an actual design and is reused by an expert system. The design rules are extracted
by comparing the design documents in successive design phases. The research starts from the lowest
and the most detailed design and goes upward hierarchically to more knowledge intensive areas.
The CREATOR2 is built to demonstrate some of the results of this project [6]. Figure 1 depicts

the basic idea and corresponding design phases in this system. These design phases are introduced
in detail in the following sections.
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Figure 1. Successive design phases in CREATOR2.

(4) This paper is structured as follows: Section 2 presents the design knowledge representation
in the CREATOR2 system. Section 3 describes the CREATOR2 system in detail and Section 4
gives some experimental results. Finally, Section 5 concludes with a summary of achievements and
suggests some future research directions.

2. Software design knowledge

In CREATOR2 we intend to capture and reason with the sort of knowledge that software design
experts use in design. Software design knowledge includes design product knowledge and design
process knowledge. Here we concentrate on representation and support of software knowledge in
reusable form, by introducing an structure for integrating these two.
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2.1. Design product knowledge
The design product knowledge relies on the perspective that the design system is viewed. It in-

cludes domain-specific concepts, constraints and qualitative or quantitative models of the system.
We have used the Specification and Description Language (CCITT-SDL) [2] for representing the
design product knowledge. In CCITT-SDL a system is viewed as a collection of ‘blocks’ embodying
concurrent ‘processes’. Processes are represented by an Extended Finite State Machines (EFSM)
that communicate with discrete signals. An advantage of using CCITT-SDL is its ability to concen-
trate on the process as the basic module of design and exchange messages between processes that
corresponds with our OO view of the system. SDL has both graphic (SDL/GR) and text-based
(SDL/PR) versions. Figure 2 shows an example of SDL/GR and SDL/PR.

 11   STATE S0;
 12     INPUT off_hook;
 13       DECISION call_processing;
 14       (Accept dial):
 15         DECISION preparing_DR {DR};
 16         (Possible):
 17           TASK triggering_DR {DR};
 18           NEXTSTATE S1;
 19         (Impossible):
 20           TASK end_process;
 21           STOP;
 22         ENDDECISION;
 23       (other):
 24         TASK end_process;
 25         STOP;
 26       ENDDECISION;
 27     ENDSTATE; 

SDL/PRSDL/GR

accept_dialother

off_hook

call_
processing

trigger_DR

(DR,1)

end_process

end_process

impossible

possible

DR
self

Prepare DR
(DR)

Figure 2. Example of SDL-GR and SDL-PR.

In CREATOR2, the design product knowledge is represented by a structure of class and instance
objects (frames). Each SDL/GR symbol is associated with a frame that embodies all the information
related to that symbol, such as its class, function, name, connections, etc. Figure 3 shows frame
representation for the DECISION symbol. As shown in the same figure, in CREATOR2, a design
input file in SDL, is represented by a structure of such frames.

2.2. Design process knowledge
Design process is viewed as a progression towards a goal by applying detailing patterns. The design

process knowledge involves ‘design rules’ (detailing patterns) acquired from human design, and ‘tacit
knowledge’ to make such patterns operational.

2.2.1. Design rules
Design rules are used for replacing a given symbol with a number of other symbols in detailing

the function, generating a task from successive states, etc. A method for deriving design rules has
already been introduced [1, 9].
In CREATOR2, the detailing design rules are classified in 4 groups defined by TASK- RULE,

DECISION-RULE, OUTPUT-RULE and INPUT-RULE. Each design rule is composed of a parent
frame for pre-transformation symbol and a number of child frames for post-transformation ones.
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Figure 3. Frame representation of a typical SDL/GR symbol and a design input file.

2.2.2. Tacit knowledge
A main activity in human design involves selection and application of design rules using the tacit

knowledge. It is believed that tacit knowledge is neither declarative as in the design rules, nor
sequential as in the design product knowledge. Here each step may be triggered based on a certain
symptom. The need for a scheme that can integrate the pure top-down approach with the data
driven strategy has already been mentioned [3].
Opposite to the design rules, tacit knowledge does not depend on a particular design and can be

implemented independently. In the CREATOR2, we have developed a collection of ‘design schemas’
in the CREATION expert unit 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 (see
Figure 1). This is explained in more detail in Section 3.3.

3. Experimental Expert System

3.1. Overview
The CREATOR2 system is composed of 6 expert units. The system is shown in Figure 4. The

human designer prepares an initial design sketch using graphic symbols by an SDL CASE tool.
This is converted to SDL/PR and is fed to the CREATOR2 system. The SDL/PR is converted to
frame structure, suitable for processing by the expert system. The CREATOR2 checks if this frame
structure can be detailed by either a design scheme or an already recorded design rules that can be
customized to exhibit the required function. The results detailing and customization are recorded
in the created frame structure which is finally converted to SDL/PR. The designer can check and
modify the results, if it is necessary.
The CREATOR2 is implemented on Hitachi 3050Workstation using ES/KERNEL/2 expert system

shell [4] that works together with the SDT CASE Tool [15]. SDT is used for graphical input/output
and editing, translation between SDL/PR and SDL/GR, and converting the results to the C code.
The other design tasks, such as creation, conversion, knowledge based reasoning and detailing are
performed by CREATOR2.
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The expert units in CREATOR2 fall within three groups: conversion, reasoning and detailing, and
customization and learning experts. Their function is explained in the following paragraphs.
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*/
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Figure 4. Experimental expert system CREATOR2.

3.2. Conversion expert units
(1) The PR TO FRAME expert is used for parsing and converting the SDL/PR to the frame structure

suitable for processing by the CREATOR2. Presently, a set of frequently used SDL symbols and
pictorial elements are accounted for [6]. This is sufficient for most of the design cases and can be
extended if required.
(2) Design rules are converted to the frame structure using the RULE TO FRAME expert in the same

manner. Each design rule is composed of a parent frame representing the pre-transformation symbol
and a number of child frames for post-transformation ones. The RULE TO FRAME expert receives as
its input a design rule in the SDL/PR format and converts it to the frame structure.
(3) After detailing is finished, the FRAME TO PR expert converts the final frame structure to SDL/PR

that can be used by the SDT CASE tool.

3.3. Reasoning and detailing expert unit
The CREATION expert stays as the core of the CREATOR2. There are already two set of frames

for the input file and design rules. The CREATION expert is responsible for checking the input frame
structure, expanding it using design schemas, fetching design rules and inserting child frames of the
matched rules in the input frame structure.
In implementing tacit knowledge in the CREATOR2, we have distinguished between two strategies

for applying tacit knowledge, i.e. inter-process detailing and intra-process detailing. In inter-process
detailing, an instance of a new process is created and the detailing is performed based on the infor-
mation obtained from the original process. In intra-process detailing, the design rules are applied
to a given process. For instance, a graphical SDL/GR symbol is replaced by a collection of other
symbols that exhibit the same function in more detail within the process with some elaboration or
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fine tuning to fit it into the specific case.
In inter-process strategy a look-ahead (e.g., finding the succeeding state and finding match for the

events) or look-back (e.g., finding the preceding state, matching the events, add to the block, system,
etc.) search strategies are applied. However, in intra-process strategy, a local and limited search is
sufficient to find the proper design rule.
Inter-process detailing is realized by a collection of design schemas in three phases. The procedure

for these three phases is shown in Figure 5.
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YES

YES

YES

NO

NO

NO

Create <PROCESS> frame
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Add comments

Test existance <TEL(no.)>
or <LINE(no.)>
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Search for <STATE> 
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YES
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Path data changed ?

Search comments in upper 
<INPUT> frame; Decide the 
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#PHASE 3

YES

NO

NO

YES

Look-Back:

Figure 5. Inter-process detailing procedure.

Various steps of intra-process detailing is coded by the methods of the CREATION expert. Figure 6
shows an example of a method for intra-process detailing by the CREATION expert. Here the CREATION
expert fetches a frame of the input frame structure, matches its name and other attributes with a
design rule, and replaces the input frame with those child frames of the matched rules. All design
steps are recorded according to their order of appearance and the system can explain each step if
asked to.

3.4. Customization and learning expert units
(1) The results of creation are delivered to the ADJUSTMENT expert which is responsible for cus-

tomizing the candidate frames and adjusting 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.
(2) The LIBRARY expert keeps record of the design rules that are already used and customized.

This is necessary for saving time in similar design cases and when a design rule is applied repetitively.
The ADJUSTMENT and LIBRARY experts together realize the learning function of CREATOR2.

4. Experimental Results

Switching software is considered as the problem domain. The central part of switching control
program is chosen as a typical example. In an experiment for designing the Plain Ordinary Telephone
Service (POTS), we start with a single SDL process, describing ‘call’ (caller and called) behavior.



7

T
he

se
 f

ra
m

es
 w

ill
 b

e 
ad

de
d 

to
 th

e 
in

pu
t f

ra
m

e 
st

ru
ct

ur
e

T
hi

s 
fr

am
e 

w
ill

 b
e 

de
le

te
d 

fr
om

th
e 

in
pu

t f
ra

m
e 

st
ru

ct
ur

e

design_rule frames

(TASK_R1_1

  @task_name
)

data_acquisition

(DECISION_R1_1

  @decision_name 
  @case_1
  @case_2 
)

call_initiate
dial_accepted
other

( R1
    @super_class      {DEC_RULE}
    @rule_name         call_initiate_process
)

( CREATION

   (#method   detail
      if        symbol_name   =  rule_name 
     then   replace the input_frame with
                     child instances of design_rule;
                 delete input_frame;
    #method  end)
)

( DEC_1

    @symbol_name    call_initiate_process

)

input_frame

Figure 6. Intra-process detailing procedure by CREATION expert.

The system then splits it to two ‘caller’ and ‘called’ processes and inserts the design rules. It takes
about 12 minutes to design simplified POTS composed of about 50 SDL/GR symbols.
Similar experiments are performed for other switching services such as Full-Call-Back-Transfer

(FCBT) [13]. Figure 7 shows the overall progress of detailing for POTS and FCBT. During the
design by the CREATOR2 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 the code expansion.

Number of SDL /GR
SDL /PR symbols

25

Symbol
type

INPUT
symbol

STATE
symbol

Other
symbols

6 4
11

57

30

138

7

36

15
8 12

8

24

282

9684

(after detailing)

3

20
30
40
50

10

60
70
80
90

100

36
24

72

33

12
21

POTS

FCBT

(after)

(before)
(before)

TASK
symbol

DECISION
symbol

OUTPUT
symbol

POTS

FCBT

Figure 7. Detailing results for POTS and FCBT.

5. Related Works and Conclusion

This paper presents an implementation of an automated software design tool in the experimental
expert system, CREATOR2 that follows the design steps of human designers by extracting and
reusing the design process knowledge. Experiments on developing switching software is reported. In
this project we have applied Schema based design refinement and graphical symbol based detailing
rather than text-based one, which is more common in the other works, such as [12, 14, 7]. This allows
integration of the presently available CASE tools with the knowledge based reasoning techniques.
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In some works the need for distinguishing between the design product knowledge and design process
knowledge is mentioned [16]. We have proposed a unified framework for representing both the design
process and the design product knowledge using OO techniques. 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 software other than
switching software.
The CREATOR2 system is currently a domain-specific program synthesis system. It serves as an

experimental platform for the study of human design and lessons learned from its implementation
contributes to building a more sophisticated Knowledge Based Software Engineering (KBSE) system.
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