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Abstract: An innovative approach for the effective simulation of the complex real-word
phenomenons and systems 1s presented base on a three-level conceptual/mathematical model.
The implementation of the model is made possible by the new version of Mathematica, an
advanced mathematical software platform with numerical, symbolical and graphical, features
and high-level, expressive programming language, and remarkable abstraction capabilities,
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1. INTRODUCTION

In this work a simulation system is described allowing to study and analyse several
scientific experiments.

Such environment is the basis of Remote Scientific Museum (RSM) Project, approved
within the Furopean Community SOCRATES programme. RSM includes, among other
objectives, the realization ol a system leading the user to learn concepts and laws on which
natural phenomena are based and have remarkable applications on production process. The
last-named suthor is the sceintific supervisor of this project.

Main expected featurcs of the system are: the extensible modular architecture, allowing
low cost maintenance and a high factor of integration; the simmlation environment, based on
general purpose mathematical software tools; a graphic interface to manage interaction with
the user and finally a high degree of portability deriving [rom the compliance both with
market and de facto standards.

The syslem 15 based on a mathematical software environment with powerful, flexible and
highly expressive programming language and with suitable modules allowing to inter-operate
with other development tools.

The main modules of the system architecture should be the simulator module, the learning
module and the user interface module. Each of the mentioned modules is seen as a kind ol
component. It appears (o the rest of the system with its own interface and interacts with other
modules following a message passing philosophy.

The simulator module carries out its main processing functions with the help of an engine
for numerical, symbolic and graphical processing present in the mathematical software
environment, as above.



Interaction with simulation environment is reached through a graphical interface allowing
the user to modify the main parameters which form the phenomenon he is going to simulate,
and enable a cause-effect dynamic control on the simulation itself,

Modification of paramcters is in turn controlled by another module in charge of checking
evolution of the entire user’s learning process.

Design of the entire system is carried out taking into account the evolution’s features of the
information technology field, with reference, in particular, to the Internet/Intranet environment
and network computing.

The paper is organised in the following manner: in section 2 the conceptual mathematical
model for simulation is described, providing three different levels of simulation/description of
the phenomenon; in section 3 the system architecture is presented through the description of
the development platform and of the main modules of the system; section 4 describes as an
example the predator-prey system; finally in section 5 we outline some final considerations.

2, THE CONCEPTUAL/MATHEMATICAL MODEL

A first level of simulation 15 obtained by a verbal-informal deseription of the modelled
system. The quality relation among the parameters featuring the simulated system is going to
be described. including later the transformation into formulae (constant of proportionality of
various random relationships, differences-differential equations, elc.).

The simple numerical simulation, with animation, allows to visualise some important
aspects of modelled system behaviour, as its periodicity with respect to time, or the presence
of state attractors of the system.

Such features allow a multiple level of simulation. Besides the description, with varying
mathematical depth according to the user model, it is possible at first the classical numerical
simulation, keeping at the user’s disposition one o more initial or boundary condition, together
with the parameters ruling the system. This allows to verify the system sensitivity to these
paramcters, with simple numerical experiments.

A second level appeals to symbolic potentialities of suitable packages as Mathematica or
Maple V; this allows, from one side, to express, in a partially close way (and, then, more
gxpressive) i.e. with functional approximations [1], the solution.

On the other side, it allows to verify explicitly (demeonstrate, in the Latin sense of showing
fo someone who is then seeing by him/herself), and visuvally the dependence or independence
of the characters of the system from the various kind of parameters.

Finally, the possibility to carry out real “virtual mathematical experiments” is explored,
with effective simulation, for instance in the manner described below.

Adt first, the considered relevant quantities for the study of the system are chosen. Then we
co on choosing relationships, within a suitable menu, between the quantities themselves
considered significant (growth and decrease, direct and inverted proportionality etc.} and
eventual auxiliary quantities, obtaining then the formulation of a model ruled by clementary
laws tesled as described above.

All this exclude, and is largely independent from, research and study {in the classical,
analytic sense of the term) of the solution of the problem. The relative greater complexity in
term of data and relation structures - typical of the real phenomenon with respect to analytic
solutions - requires a flexible and powerful tool (mathematical software package), of high
level, with great expressive and abstraction power,

Finally, such a model can be compared either with a known maodel (in a classical sense) or
with results based on the models themsclves, or with experimental results. This allows, from
one side, to learn to build simple models of real situations, and from the other side to perceive















