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Introdu tion

The urrently most su essful hypermedia system is the World Wide Web (WWW),
wi h has many advantages on traditional hypertext appli ations. This has brought
around the urrent proliferation of edu ational ourses in the WWW, whi h run
from a simple transposition of le ture notes, to pages in luding more sophisti ated
elements, su h as animated graphi s, simulations and so forth.
We have been working for some time on the developement of advan ed simulation
tools, that simplify the generation of edu ational ourses on the WWW. The language we are using is an extension of the old CSMP (Continuous System Modelling
Program) language, sponsored by IBM [1℄. We all the new language OOCSMP
[2℄, for its main di eren e with CSMP is the addition of obje t-oriented onstru ts
whi h make mu h easier the simulation of omplex systems based on the mutual
intera tion of many similar agents (whi h an be modelled as olle tions of obje ts). We have used this language to build a ourse on Newton's gravitation and
the solar system [3℄, a ourse on e osystems [4℄, and a basi ourse on ele troni s
[5℄.
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The OOCSMP language

The OOCSMP language is a true extension of the old CSMP simulation language,
in the sense that CSMP programs an still be ompiled and exe uted by the
OOCSMP ompiler. The OOCSMP language in lude the following appabilities :
1. Obje t-oriented onstru ts : lasses, obje ts, methods, obje t olle tions,
et .
2. Solution of systems of bidimensional se ond order PDEs by the nite element method [6℄ and/or several s hemes of the nite di eren es method [7℄.
Equations an depend on time. Di erent resolution methods an be ombined when solving an equation. There are several primitives to de ne basi

domains. The domains have to be dis retized by means of a mesh generator.
In OOCSMP several mesh generators are available :
(a) Isoparametri methods.
(b) Delaunay triangulation.
( ) Ellipti generation.
An equation or system of equations has to be assigned to the resulting mesh,
together with a resolution method. Meshes an be on atenated, to obtain
more omplex meshes.
3. An algebra of ve tors and matrixes. The basi CSMP operations and blo ks
have been extended and spe i blo ks for ve tor and matrixes have been
added.
4. Instru tions to de ne di erent runs of the same model, all of them are a essibles from the same program.
5. Instru tions to handle dis rete events, similar to the IF . . . THEN and IF
. . . THEN . . . ELSE onstru tions of tradi ional programming languages.
When a dis rete event o urs, and a variable that has to be integrated is
modi ed, the integration method is reset, and the urrent value of this variable is set as the new \initial" ondition. Same thing happens if a dis ontinuous blo k ( su h as STEP, IMPULS, et ) appears inside an integral.
6. Primitives for using and syn hronizing multimedia elements.
7. In orporation of external parameters to the simulation.
8. Instru tions that make it possible the onstru tion of distributed simulations.
9. New graphi al output forms. The programmer an ombine several in the
same simulation. They in lude :
A graphi al mesh generator ( alled MGEN) for the resolution of PDEs.
2-D and 3-D animated graphi s, plots for ve tors.
I oni plots.
Outputs to view the model equations graphi ally, in the form of blo ks
and onne tions.
(e) Outputs to visualize the mesh nodes used to solve a PDE, and maps of
isosurfa es.

(a)
(b)
()
(d)

10. Spe ial omments instru tions, fot the automati generation of do umentation les for the model, in HTML format.
11. Instru tions to on gure the appearan e of the HTML page where the Java
applet generated by the ompiler will be pla ed. In this way the generation
of web simulation ourses is made easy.

Figure 1: S heme of the pro edure.
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The C-OOL

ompiler

Our ompiler is alled C-OOL ( a Compiler for the OOCSMP Language) and
generates Java ode for the Java Virtual Ma hine, or C++ ode for DOS, Unix
or Windows 95, using the Amulet [8℄ library, in the last two ases. Figure 1 shows
the C-OOL ar hite ture.
The ompiler generates a user interfa e that allows the user to explore and intera t
with the problem, making easy to answer \what if . . . ?" questions. The user
interfa e is on gurable by means of ompiler options and provides the following
features :
1. Add or delete simulation obje ts during the simulation exe ution.
2. Move simulation obje ts between obje t olle tions.
3. Change or view the model variables or the obje t attributes during exe ution.
4. Change the domain geometry or the mesh properties when solving a PDE,
if the tool MGEN is a tive.
5. Change between di erent simulation runs if available.
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The

ourses generated

The ourses we have generated with these tools an be found at :

http://www.ii.uam.es/~jlara/investiga ion
A pro edure for the ourse generation has been designed and used to onstru t
all the ourses. It has siz steps :
1. Design the ourse on paper.
2. Build the ne essary simulation models.

3. Adapt the main model to the ourse page.
4. De ide whi h outputs form will be used to display the results.
5. In lude multimedia elements.
6. Add OOCSMP instru tions to ontrol the HTML appearan e
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Con lusions

The extensions added to the CSMP language turn it into a powerful and exible
simulation language, apable of solving PDEs, generate distributed simulations
and syn hronize the simulation exe ution with multimedia elements.
The set of pro edures and tools we have developed makes it very easy to automati ally build web ourses based on simulation. The models used in the ourses
are automati ally do umented in form of HTML pages.
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