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Abstract

A knowledge based hybrid simulation environment has been established which
supports the simulation procedure from the modeling step to the experimentation
step by providing various tools, query, and advisory.

The knowledge base in the established environment uses the If-Then Rule to
transfer the fact input from the user to the act for the execution of the simulation
process. Simulation non-experts are the user target and non-specific area is the

I. Introduction

As it is shown in terms of cognitive simulation,

simulation based reasoning, the relationship between’

artificial intelligence and simulation can be classified
as artificial intelligence applied to simulation[1] and
simulation applied to artificial intelligence{2].

In the former case, the attempt of constructing
expert systems in the simulation field has been
active[ 3], but gradually the function of knowledge
processing for simulation is being observed carefully
(4] [51.

On the other hand, the tendency of the study
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on the simulation environment can be summarized
into advanced modeling environment, advanced
experimentation environment, mixed (hybrid) en-
vironment, and comprehensive environment[ 6 ],
This can be re-expressed by providing various
tools, the reinforcement of the ability of query and
advisory and intergrated simulation environment,
But

environment provide either intergrated support for

, most of previous developed simulation

specific application area or partial support for
general application area.
However, for the beginners of simulation, an

environment providing intergrated support for non-
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specific application areca and also various tools,

methods and sufficient knowledge is needed. From
this point of view, in this study, it is attempt to
construct a simulation environment for non-expert
and for general and so the

knowledge-based hybrid

which supports the simulation worksteps from the

application  area,

simulation environment
modeling to the experimentation has been designed
and constructed using the user-interface known as
query and advisory system and the knowledge-base.
is di-
the

experimentation environment. Each has its own

The constructed simulation environment

vided into the modeling environment and

knowledge base for processing rtasks. Figure 1

showes architectural overview, The whole process

of understanding of the target system as input from
users who have no special knowledge or experience
and takes charge of the task process from the
construction of graphic model to the computer
programming,

The process of model construction is divided nto
rwo  steps, conceprual model  specification  and
graphical model generation and is carried out by
two task modules, modeling advisor and graphic
model constructor.

First of all, the understanding of users about the
simulation target system is specified by the response
to the query provided by modeling advisor.

Query requires the contents of a model in a

hicrarchical structure as in the (ﬁgure 2>,
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(Figure 1) Architectural Overview

may be performed by query and advisory, However,
it can also be made through menu form and icon
and make various contents of interaction possible

by dividing the screen into windows,
[I. Modeling Environment /

The modeling environment receives the content

Activity 1 Activity 40

(Figure 2) Hierarchical Structure of Model

For each entity, all the activities from creation
to reduction are shown in order. The number of
activities allowed for one entity is limited to 40.
The number of types of activities are five as shown
in {figure 3.

The example system implemented is inspection
and adjustment stations on a TV production line
where vertical control setting on the TV set is
tested in the final stage of their production, If the
setting is proper, then pass otherwise route to an
adjustment station, After adjustment it is sended
back to the inspection system. Uniform distribution
interarrival time of TV

is adopted for sets,
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(Figure 3) Example : Conceptual Model Construction

inspection  time, and adjustment time, Average
adjustment rate is (.15,

As a response to a query, the names and the
types of entity and activities are defined or selected
and the values of necessary attributes for model
construction are input. The content of continuous
queries are determined by the knowledge base and
the response of the users. The names of entity and
activity input by users are used as they are when
the appropriate entity and activity are designated in
the continuous query.

Next, in the step of graphical model construction,
the user’s understanding of target system, that is
the conceptual model specified through query, is
transformed and proposed into graphical model. By
showing the activities of entities and the connection
between them, the precise contents of the system
can be confirmed to and modified by the users.
The graphic tool used at this point is the EPN
(Extended Petri Net)[7] which can express the
additional functions of inhibitor arc, probablilistic
path selection, and time delay in Petri- Net.

At this step as in (figure 4), icons of graphic
elements of Extended Petri-Net are shown contin-

uously at one side and the graphic model of the
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(Figure 4) Example : Graphical Model Construction

target svstem composed of these elements are shown
at the other side. For modification, retrial has to
be made from the conceptual model specification
because the construction of graphic model is made
automatically,

The constructed graphic model is transformed
into the simulation program by Language Selector
and Code Translaror,

The simulation languages used in programming
arc SMPL. and GPSS-Fortran, SMPL has simple
functions and brief form of expression but GPSS-
Fortran has the possibility of extending the function
arbitraily in case of users accustomed to Fortran.
Language selector analyzes the elements of prede-
fined system and determines the programming
languages appropriate for the systems,

Code  translator uses the instructions of each
language corresponding to ecach EPN graphical
elements and the inpur data from the conceptual
model specification step to generate programs, The
parameters needed at this point are known to the
users by query and the corresponding values are

made to be keyed-in.
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li. Experimentation Environment

Experimentation environment supports the ex-
perimental design[8] and the experimentation. Each
task process is carried out by the two task modules,
experimentation advisor and experimentation con-
ductor.

At first, for the experimental design, the selected
control variable list from the whole variable list
resulted from the previous task execution s
presented, Then the value range of the selected
control variables are input. Lastly the startfend
condition of the simulation and the
replication are determined.

During the whole process, through four windows
users get the direction of the work, necessory
advice, menu for selecting the input details and the
requests of input data which have to be keyed-in
directlv(see {figure 5)),

Then, experimentation advisor displays the pos-

sible experimentations through factorial design and
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{Figure 5) Example : Experimental Design

number of

requires to select among these and to input the
name of output file for ir,

Finally, cxperimentation conductor presents in
order the contents of the selected design, the list
of the modified simulation program(see {figurc 6)),

and the cxecution result,
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(Figure 6) Example : Experimentation

IV. Knowledge Base

The knowledge included in the knowledge base
are divided into the knowledge about the execution
order and the knowledge about the method and
tools{ 9], That is, the knowledge base is composed
of the detailed knowledge abour the execution
process of model construction and experimentation,
and the knowledge about functions. These functions
include the required input parameters, EPN graphical
model components, simulation language code cor-
responding to cach type of activity, the instruction
set of GPSS-Fortran[10] and SMPL{11], deter-
mination of control variables, value range, number
of experimentation and the management of start/end
conditions.

Because of these characteristics, the If-Then Rule
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is more functional in this aspect of compatibility
with task modules and knowledge presentation and
is used to construct the knowledge base.

result  of the
TMYCIN tried before this is in figure 7. The If-

Then production rule rakes the following form.

The comparison between  the

TMYCIN

| S

i A i f-Then ﬁule

comparibihy companble less comparible

J —
|
|
|

with task modules

|
|

knowledge flexible less Hexible

presentation
distinction less explicit explicit
between knowledge
and knowledge |

nrerpreter

convenience

|
I
fair good
of use

(Figure 7) Comparison With “If-Then Rule” and
“TMYCIN®

The action part, as shown in {figure 8) is
consisted of the dialogue management and the
internal  knowledge management, The dialogue
management handles the knowledge related to the
methods and tools and the internal knowledge
management handles the knowledge related to the
exXecution process.

These structures are all applied to each knowledge
base for the model construction, for the program
generation, and for the experimentation,

The six task modules for each simulation work
steps mentioned above carry out the task with the
knowledge obrained from the knowledge base and
the interaction with the user. This is made through
user interface. And the input data from every user
and the generated data throughout the whole

process are recorded in the database,
V. Conclusion
A simulation environment using knowledge base

which makes the performance of the continuous

procedures for several task steps of a simulation
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and the various types of interaction with users for
task execution possible as well as providing
necessary tools, methods, and knowledge for each
task step has been constructed.

The construction task has been done by Borland
C++ 3.0 and IBM PC 386 DX, VGA has been
chosen as a rtarget implementation system. The
required memory size is about 300KB.

The functional features of the implemented
system are the provision of graphic tool for
modeling, automatic code generation, interactive
cxperimental design and repetition of simulation
cxecution,

On the other hand, there are limitations at the
specification range of target system, the types of
simulation language, and the supported experimental
design methods.

Therefore, in the future studies, the range of
system specification , tool, methods, and knowledge
should be extended. Additionally, the function of

validation should be included.
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