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ABSTRACT

Three simulation experimentation environments, each
implemented on a Sun workstation, are reported. Each one
of them illustrates a different aspect of the computer-aided
support necessary in simulation experimentations. SimAd
(Simulation experimentation Advisor) is an environment
for statistical design of simulation experiments. It currently
supports Modsim IT and Voltaire languages and factorial de-
sign and fractional factorial design techniques. Its architec-
ture allows multilingual interface with users; a feature which
can easily be impiemented in any interactive software in
general and in interactive simulation environments, in par-
ticular. SimGest (Simulation experimentation eavironment
for Gest) allows automatic generation of simulation pro-
grams from high-level model specifications as well as com-
puter-aided specification of experimental conditions. E/Slam
(Elucidation of Slam II programs) is a knowledge-based
simulation experimentation environment for Slam II pro-
grams, It facilitates understanding of Slam II programs as
well as knowledge-based reliable editing of new experimental
conditions. E/Slam has a built-in Prolog-based component
to assure consistency in the specification of the experiments.

INTRODUCTION

Simulation experimentation environments provide facil-
ities to specify, design, and monitor experiments and to per-
form analyses of the generated model behavior. They can be
invoked from a comprehensive simulation environment.
However, their functionalities are distinct from modelling
environments. Some of the existing tools and environments
for simulation experimentations are developed by Birta and
So (1990); Blaisdell and Haddock (1992); Frederking (1991);
Hu and Rozenblit (1988); J4vor (1986); O'Keefe (1986);
Spiegel and LaVallée (1988), and Taylor and Hurrion
(1988).

In this article, three simulation experimentation envi-
ronments, namely SimAd, SimGest, and E/Slam are pre-
sented. They are conceived and implemented at the
University of Ottawa as part of the ongoing research to ad-
vance the statc-of-the-art of the simulation methodology and
knowledge-based simulation environments. Each one of
them illustrates a different aspect of the computer-aided sup-
port necessary in simulation experimentations. Some-of
their features can be useful in other advanced simulation ex-
perimentation environments.
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SIMAD

SimAd (Simulation -experimentation Advisor) is an
environment for statistical design of simulation experiments
(do Rego 1992). A source simulation program has to be
manually augmented to include a performance index (to al-
low comparison of the outcomes of different simulation
runs). As seen in Figure 1, SimAd system has access both
to an augmented source simulation program as well as its
compiled version. SimAd consists of six functional mod-
ules:

1. An analysis module identifies the factors (decision variz
ables) of the model. Currently, SimAd supports two
simulation languages: Voltaire, a Petri net based lan-
guage (Parent 1990) and Modsim II (Belanger and
Mullarney 1990).

2. Aa interactive module displays the factors to a user to
get their lower and upper levels.

3. A module generates the design matrix according to a
specified technique. Currently, two statistical design
techniques, i.e., factorial design and fractional factorial
design are implemented (Law and Keiton 1991).

4. A module monitors the execution of the simulation
runs. It provides each row of the design matrix to the
compiled version of the augmented simulation program
and takes back the corresponding value of the perfor-
mance measure (response) to the design matrix.

5. A module analyses the design matrix to generate the-
main and interaction effects.

6. ; A module —which is not yet implemented— can have
access to the factors, the design matrix, and the effects
and interactions to provide advice to the user.

Due to its modular architecture, SimAd can be extended
in four independent ways, to support the following func-
tions:

1. Ability to process simulation programs written in lan- '
guages other than Voltaire and Modsim.

2. Addition of statistical experimental design techniques
other than factorial design and fractional factorial design.
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Due to its modular architecture, SimAd can be extended
in four independent ways, to support the following func-
tions:

1. Ability to process simulation programs written in lan-
guages other than Voltaire and Modsim.

2. Addition of statistical experimental design techniques
other than factorial design and fractional factorial design.

3. Addition of a powerful advisor.

4. User/ System interface in natural languages other than
the currently available English and German. Due to the

conception of its implementation, this ability can be .

added even by a user without recompiling the SimAd
software. It is expected that this type of ability will be a
common place for other modelling and simulation envi-
ronments as well as other interactive software systems.

SIMGEST-

Gest (General system theory implementor) is the name
of a modelling and simulation language (Oren 1984) and an
environment to support it. The Gest environment consists
of MaGest and SimGest. MaGest (Modelling advisor for
Gest) which has already been reported in the literature al-
lows specification of models described by ordinary differen-
tial equations (Aytag and Oren 1986). A new version which
is being implemented allows graphical specifications of the
coupling of the component models.

SimGest (Simulation experimentation environment for
Gest) relies on two types of knowledge: the methodological
knowledge of the formalism used in the Gest language to
specify models and simulation experiments as well as the
knowledge gleaned from a Gest model. As seen in Figure 2,
SimGest consists of the following functional modules (Jin
1993):

1. An analyzer accepts a mathematical model expressed in
Gest to generate a simulation program expressed in C as
well as the templates of the data objects to be read be-
fore each simulation run. -

2. A module guides the user in providing the knowledge
necessary to specify sets of parameter values and the ex-
perimental conditions.

3. Another module is used for displaying the i'esults.

SimGest is an example of a table-driven simulation en- -

vironment. An important implication of SimGest is the fa-
cilities it provides to work with high level model specifica-
tions. Therefore, it supports the concept of model bases and
allows a user to perform any update of a model on its high
level specification rather than on a computer code.
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E/SLAM

E/Slam (Elucidation of Slam II programs) is a knowl-
edge-based simulation experimentation environment for
Slam II programs on a Sun Workstation (Oren et al. 1992,
Wendt 1993). It accepts as input a Slam II network program
(Pritsker 1986). The following functions are supported by
E/Slam (Figure 3):

1. In the analysis phase, an analyzer gleans knowiedge
from the source Slam II program. An internal model
builder stores the knowledge in an internal model which
is the essential part of this program understanding sys-
tem. :

2. In the synthesis phase, two types of documentation
templates, i.e., statement and program templates can be
generated. Contrary to the templates used in the
SLAMSYSTEM (O'Reilly and Ryan 1992) E/Slam's
templates have a vertical format which allows knowl-
edge about several statements of the same type (o be
displayed in the same statement template (Oren et al.
1992). All 43 statement templates are implemented.
Program templates provide vertical slicing of a program
according to an interest area. Several program templates
are designed and some are implemented. A program gen-
erator synthesizes an updated Slam program based on
the source Slam program and user's specifications of
new simulation run(s). A network graph generator is
also included to display the miodel's graph representa-
tion. Templates can also be generated by selecting graph
clements.

3. A knowledge-based editing module, named QA/Slam,
allows a user to edit the source Slam program through
the documentation templates (as opposed to a source
Slam program), to specify new simulation runs. Some
acceptability checks are also performed by this module.
Hence with the help of QA/Slam, the editor used to
specify new experiments become a knowledge-based re-
liable editor.

4. A knowledge-based quality assurance module checks the
acceptability and the consistency of the user's specifica-
tions against a rule base expressed in Prolog. It either
certifies the acceptability of the specifications or ad-
vises the user on the sources of the inconsistencies and
recommends possible remedies.

CONCLUSIONS

Computer aided environments for simulation studies are

, maturing. Already a good number of modelling and simula-

tion environments cxists. In this article, three simulation
experimentation environments which provide different cate-
gories of computerized assistance for simulation experimen-
tation are reported.
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