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ABSTRACT

SimStudio is an operational framework that mustveseto
capitalize theoretical advances in Modeling and uktion
(M&S) as well as to gather M&S tools and make tregoessible
through a web browser. From a software perspecBimStudio
is a middleware for the federation of simulatorsd athe
collaborative building of simulations. From a hasde
perspective, SimStudio is a mean to aggregate Siven
computing resources through the http protocol.

Categoriesand Subject Descriptors
1.6.7 [Simulation and Modding]: Simulation Support Systems —
Environments.

General Terms
Standardization, Design.

Keywords

Framework, Plug-in.

1. INTRODUCTION

Intensive efforts are done in North America to coagewith a
simulation-based engineering science whose Kkerreel ai
computation science made of a theory, an operdtidh&aS
framework and supporting computing infrastructurgg[2].
Meanwhile, in France and across Europe, many cuestare
raised about the integration of large scale hardweérastructures
and high-level software architectures [3][4]. Thpseoccupations
make clear the fact that there is a mutual infleebetween: (1)
gaining technological overhangs, (2) understandimg) mastering
M&S hardware and software architectures, and (3)iexing
mutual M&S knowledge and products. It's this imdérting that
SimStudio tries to crystallize, not by a pragmafiproach nor by
exclusive and specific manipulations of existingnew codes, but
by erecting an environment in which theoreticalragiens can be
mapped onto practical ones and any manipulation ban
symbolically tracked.

2. REQUIREMENTSFOR A NEXT
GENERATION M& SFRAMEWORK

Any problem solving process is the fruit of theidtt of a
decision making system. This latter makes use ofieis) and
data. Simulation is required to increase the caipacof such a
system, in particular when the problems to solee sar complex
that only computers can deal with them, i.e. thegiude various
objectives and often hide quantities of interactibetween their
components. Models that are built to figure thesblems and to
manipulate them through artifacts are inaccuratessence, and
their quality has an impact on the accuracy ofdbeision made.
Therefore, model design is a crucial process. Wdrat the
concepts required to drive such a process? Whathareffective
methodologies? Which kind of software system muestbhilt?
These are some major questions that the Simul#hieory must
answer in a generic way (i.e. application contex¢). We see this
theory as an axiomatic mathematical and computattiapproach
which must be supported by a technological oparatio
framework that allows rapid prototyping and canused for “in
silico” experimentations.

The main general issue that we deal with is theustaf a model
as an approximation. From our point of view, ttasuie federates
all major M&S aspects and bringing an answer toheafthe

questions it raises can drive to a complete Sinaratheory.

These questions are various variants of the saofstoncern:

simulation model properties. From there a metriasebcan be
built, including credibility (verification, validan and error

estimation), reuse (and by extension: substitutgbéquivalence,

composability), space-time complexity (speed-up amemory

consumption, for sequential and parallel and distad

simulations), interoperability (interface compditli compliance

to standardized communication protocols)... In¢betext of the

SimStudio project, all these concerns are split fiour research
axes:

¢ An algebraic axis (specification) : here, we dedhwhe
formal semantics of simulation models, iwhat are the

objects of the domain and what relationship do they
entertain? The increasing complexity of systems and the
existence of multiple perspectives (continuousteiscflows,
deterministic/stochastic =~ phenomena, variable scales
evolutionary/combinatorial approaches...) make hdne t
unification of M&S concepts and their universal
formalization. Moreover, the constant changes ofiefing

Simulation is coming to such a maturity that aroesatic theory
supported by an operational framework is very moekded to
break its complexity barriers. Current grand chajkes (model
interoperability, reuse...) raise the need to treatiation models
as algebraic entities which can be manipulated sjicdlly as
well as be easily translatable into operationaéots.



objectives for the same model makes it necessary to

formalize the context in which this model is usB [

A logical axis (analysis) : here, the matter is identify
underlying logical semantics that allow to reastwow the
structure and the behavior of simulation modelsw can a
simulation model be amenable to formal analysiE?te
classic post-simulation way to deal with such auéscan
face some operational qualities (speed-up, cordtimt with
real data...), while an ante-simulation approach ¢allow
to cope with algebraic qualities (formal verificati
applicability of a model in a given context,
composability, model equivalence...). This latter waya
novel and very hard one [6][7].

An executive axis (code generation) : here, we ddth
automatic code synthesis and automatic trajectarypud.
How transparency can be brought in the specificatio-
code process? And in the reverse procedse clear
separation of modeling activities from simulatiactivities
(code synthesis, mapping to hardware, trajectonegsion,
communication and interoperability  of
components...) is still a challenge in M&S, espeygidtr
large scale problems (federation of huge codesploay of
non contemporary existing simulators...). The issagt be

model

software

tackled both at algorithmic and technological level

¢ An application axis (use)how to support the scale crossing
of application codes™ one hand, it is necessary to define
generic simulation-based problem solving schemed, in
the other hand, there is a need to integrate softwa
components in real-time environments.

A unique operational framework has to concretizé the
theoretical efforts presented above. This framewasrknamed
SimStudio. To summarize, the SimStudio project aims at lgd
a next generation modeling and simulation (M&S)nfeavork,
which must serve both as:

A virtual lab for the experimentation and the stuafy
M&S advanced concepts.

A collaborative and community-focused platform floe
mutualization of M&S resources.

Therefore, SimStudio would drive to the erectiorstaindards in

simulation

models design, implementation, analysisid

integration. Like similar projects in other domairfd2EE,
Apache...), it takes advantage of concurrent cortiobs from its
users communities, including:

M&S research teams: the framework is a way for them
to experiment with their new M&S tools and to fhem
using the other tools available in the framework
(assuming that their tools comply to the plug-in
principle of SimStudio). Also, it becomes very eéay
them (especially for teams not really specialized i
M&S or scientific computing) to design, analyze and
experiment with simulation models without being
obliged to deal with long and costly prototypingapés.

A third interest of the framework is the potenttal
access to large models libraries.

M&S consuming business and public institutionseyth
deal specifically with de facto standards, graphicser
interfaces, and computing performances.

Education: the framework is a pedagogic tool for
establishments that involve M&S in their curricult.
can gain from the feed-back provided by these
establishments through study cases and trainingsesu

The concept of M&S framework (in the meaning of Apa and
J2EE) drives to a concentration of knowledge, whgla factor
for the emergence of a widely accepted theoryr@fsearchers and
users). Today, we're far from this situation: greugre formed
apart according to the type of M&S approach theypador real
system/problem they study (communities for DEVS ltMagents
and Artificial Intelligence, manufacturing systeraspsystems...),
and they convey different views of the same agtivihaking it
hard to come up with a fundamental transversal nsfie
recognition of M&S. We state that the building efch design,
implementation, experimentation, archiving and esfitameworks
is inescapable in the very near future, as sugdésti].

3. SIMSTUDIO

The framework is a multi-layer platform composed the
following parts (figure 1):

A Modeling layer to integrate and use graphical and
textual specification plug-ins, opening the waythe
building of large models and frames libraries.

An Analysis layer to integrate and use formal analysis
plug-ins, allowing the evaluation of model algebrand
simulator operational metrics (uncertainty vs. aacy
of simulations, models properties within a frame...).

A Simulation layer, a middleware for the unified
execution and the transparent deployment of sinaulat
codes over mutualized resources (grid, intern&ci§ip
clusters...).

A Visualization layer to integrate and use simulation
visualization and animation plug-ins, with the @pito
link together users, simulations and animationg (fo
training purposes, virtual reality...).

APIs to offer managing services (user's account,
authentication, workspace customization, collalieeat
tools, models archiving and extraction, plug-in
installation and management). Any authorized user ¢
add his own plug-ins to the platform and make it
accessible or not to the community.

An Automation layer for translation and interfacing,
allowing to map multi-perspective models into the
universal formal semantics of the platform, to gatee
simulation codes and trajectories and, to allowyais
and visualization plug-ins to operate on models,
simulators and simulation traces.

Containers for the platform key entities. A generic
model component technology allows to build
standardized models and model libraries and to
aggregate existing models. In a similar way, thsra
technology for building standardized simulators
components and another one for building standaddize
trajectories.

To be effective, the framework requires that irdees be defined
to glue its different layers. In this paper, we whwow a specific
modeling plug-in is interfaced with specific innsimulation



components, and how these latter are interfaceld aispecific
visualization plug-in. The plug-ins and the simidatcomponents
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Figure 1. SimStudio M & S Framework

3.1 Modeling Plug-in

This tool allows to get from an intuitive graphicahd textual
specification, an XML document, ready for use bydation and
visualization tools. It combines Flash and XML teclogies and
uses the object-oriented programming paradigm. appication

was created with version 8 of Adobe Flash. It isrely based on
the DEVS formalism [9]. Each specification elemeist a

graphical object on which it is possible to actngsthe mouse
(figure 2). To create a model, one must click orle*> New..."

and then type in the name of the model. A first Bpgpears for the
system to model. It may contain sub models that lwareither
"coupled” (i.e., containing other sub models), atomic" (with

no sub models). To add a sub model, simply cIickIm@ icon
and choose the type of model as desired. Modelg leavtain
characteristics in common: each model can be reddwe

clicking on the
input and/or output ports by clicking on t@ icon. An input

port is associated with a variable type acceptetheynodel at its
entrance. These ports can be either a simple tygfe &s a string,
a Boolean... or a complex type (mixing simple and/omplex

types). Coupled models can be enlarged by cIickinghe
icon. This allows to add sub models to them. Fomit models,
it is required to specify their state, internaldaxternal transition
functions, and output and time advance functionb. Bodels can
be connected through their input and output p@&isiply click
on one of the ports of a model, drag and drop poré of another
model. The link creation fails if the ports typesin{ple or
complex) and their natures (Boolean, string...) daratch.

Once the entire system is modeled, the user canishy clicking
on "File" then "Save As...", which results in thesation of an
XML file format, according to the DTD presentedRigure 3. He
can also load an existing model by clicking on éFiind "Open"

icon, and each model can have one or more and select the XML-formatted model.
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Figure 2. Screenshot of the DEVS M odeling Plug-in

<?xml version="1.0" encoding="UTF8"?>
<IELEMENT plugin (type, model)>
<IELEMENT type (simple, complex)>
<IELEMENT simple (item*)>
<IELEMENT complex (item*)>

upPort IDREF #REQUIRED
upPortMain CDATA #REQUIRED
downPort IDREF #REQUIRED
downPortMain CDATA #REQUIRED>
<IELEMENT models (model*)>

<IELEMENT item EMPTY>
<IATTLIST item id ID #REQUIRED
name CDATA #REQUIRED
naturePortType IDREF #IMPLIED
PortType (0|1) #IMPLIED >
<IELEMENT model (ports, links?, models?)>
<IATTLIST model id ID #REQUIRED
name CDATA #REQUIRED

type (atomic|coupled) #REQUIRED
posX CDATA #REQUIRED

posY CDATA #REQUIRED

state CDATA #IMPLIED

internalT CDATA #IMPLIED
externalT CDATA #IMPLIED
outputF CDATA #IMPLIED

timeA CDATA #IMPLIED>
<IELEMENT ports (input,output)>
<IELEMENT input (item*)>
<IELEMENT output (item*)>
<IELEMENT links (link*)>
<IELEMENT link EMPTY>
<IATTLIST link id ID #REQUIRED
name CDATA #REQUIRED

Figure3. DTD for the XML Files Generated

3.2 Visualization Plug-in

A viewer has been realized, resulting in a graphiaresentation
of the traces of DEVS simulation models. It is insg by the
work done byHongyan Songduring his Master of Science at
McGill University (under the direction of Professddans
Vangheluwg who defined an XML format that can represent
simulation results. Our viewer is using a modifigsion of this
XML format. It is based on the combination of SV6&célable
Vector Graphics) and XSLT transformations. The thett these
two languages use an XML syntax provides maximum
compatibility. The resulting DTD is given in Figude The input
and output files for the viewer are both in XML fiwat. Therefore
the XSLT transformation scheme can be appliedansiate one
in another. This transformation is made using ti$¢ Xbrary and
the PHP language. The use of scripts ECMAScriptvides
access to the DOM SVG document, and allows to aeirtiee
image created. This solution has the good tasteorx with all
browsers supporting the display of an SVG documértbol tip
system has been put in place in order to give Sofoemation on
the key parts of the image, all with a simple click

There is a hierarchy among the sub models of aaglotodel, in
accordance with DEVS paradigm. Atomic sub modelsspes
state variables whose values evolve during the seowf the
simulation, and coupled sub models are composethef atomic
and/or coupled sub models. The selection menued tesdisplay
this hierarchy. If a model is atomic, its state ialales are
displayed. For example in Figure 5, the atomic rhddeU has
two variables COULEUR and VOITURE. A click on thame of
a variable displays in a new window the trajectmirthis variable.



<?xml version="1.0" encoding="UTF8"?>
<IELEMENT trace (modelfile,event+) >
<IELEMENT modelfile EMPTY>

<IATTLIST modelfile file CDATA #REQUIRED>
<IELEMENT event (model ,eventtime ,port*,state)>
<IELEMENT model (#PCDATA)>

<IELEMENT eventtime (#PCDATA)>
<IATTLIST event kind (IN | EX) #/REQUIRED>
<IELEMENT port (message)>

<IELEMENT message (#PCDATA)>
<IELEMENT state (variable+)>

<IELEMENT variable (name,type,value+)>
<IELEMENT name (#PCDATA)>

<IELEMENT type (#PCDATA)>

<IELEMENT value (#PCDATA|variable )*>

<IATTLIST port name CDATA #IMPLIED>
<IATTLIST port category (1/O) #REQUIRED>
<IATTLIST variable category (P|C|PC|CC) #REQUIRED>

Figure4. DTD for the XML Trace Files

The display of the trace of a model is only avddator atomic

models (the visualization of a coupled model isea &f visual

frames, each for one of the atomic models that ca@mpthe

coupled model). This is represented in two ways Mbrizontal

axis gives the possible values of a variable (seteby the user),
the vertical axis representing time. On figure ® @an see the
arrows representing the transitions that took piacthe model.

The green arrows represent internal transitiondlewted ones
represent external transitions.

An HTML page is generated with the help of PHPadsembles
all the graphical elements. The scroll bar of thewser allows
moving along the axis of time to see the entirgttary.
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Figure5. Screenshot of the Visualization Plug-in

3.3 Simulation Cement

The DEVS formalism is well established and muchlengented
[10], and still a standard for its implementatia @an opened
issue. A library of DEVS simulation components basn built in
SimStudio. For portability and easy integration s, this
library has been developed in Java.

The library is divided into 6 different packagesiethare: Model
(where are defined DEVS basic models, i.e. atomit eoupled
models, as well as all the elements that are glosédted to them,
such as ports and state variables), Simulator @mphting the
executable components associated to atomic andezbompdels),
Type (simple and complex predefined types), Exocepti
(predefined  exception handlers), Message (initéin,
scheduling, input and output messages) and Utilicua useful



classes). Each package has a particular role tratpresent
hereafter:

Automating the link between modeling and simulati®mealized
by a script that gets as input the name of the XNl created by
the modeling plug-in, then generate the files coing the
definition of Java classes, and then compiles thama, finally
opens a window for simulation sessions. The ougduhe Java
classes is a set of XML file, one for each atomib snodel’s
trajectory. The user can decide whether or not laatsvto
generate a record for a given sub model.

4. CONCLUSION

There is a tremendous number of M&S tools, a fewhem takes
benefit of the Internet, which would allow to shaheir use in a
common platform. To meet this increasingly impottaaed, the
concept of a framework composed of modeling, amlys
simulation and visualization plug-ins has been wered. It aims
at combining several M&S tools and at making thesoeasible
through a Web browser. In addition, many managenoais can
be added for the benefit of the users. At a sofwlawvel, it
becomes possible to federate applications codes standardized
global middleware. At an hardware level, it becormpessible to
provide access to computing farms, via the httptqua.
Therefore, SimStudio is a vast lab for experiméotatand
capitalization of scientific insights, whose coriterand
development are the work of the community (one @¢odb
comparisons in terms of contribution and philosophygoncepts
such as the wiki web in the domain of collaboraletforms, the
J2EE and DOT NET frameworks in the domain of sofeva
engineering...). We believe it belongs to the nexhegation
M&S tools.

One of the major technological locks lies in thegin based
solutions integration principle, because it raiseth the issue of
standard (not yet resolved neither at specificaterel, nor at
middleware level) and separation of concerns (net fully

implemented for a better understanding of the fi€lthese locks
are integral parts of the complexity barriers th&#&S must face
today. As a matter of fact, SimStudio is an effortconvergence
towards M&S standards, through the consolidatiom cbmplete
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theory. Because it is a generic and ambitious strfoature, it
could be a catalyst for further progress in M&Sathed aspects.
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