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SynDEx: System-Level CAD Software
for Optimizing Distributed Real-Time
Embedded Systems

by Yves Sorel

Distributed real-time embedded systems are of crucial importance in application
domains such as avionics, automobiles, telecommunication and mobile robotics.
Principally based on digital electronics, which includes software, this aspect of
the various applications is rapidly growing. Because they must meet constraints
on resource distribution and optimization, as well as time, the design of such
systems is particularly complex. In order to assist the designers, scientists at
INRIA are proposing a methodology called AAA (Algorithm Architecture
Adequation) and its associated system-level CAD software called SynDEx. These
cover the whole development cycle, from the specification of the application
functions, to their implementation running in real time on a distributed architecture
composed of processors and specific integrated circuits.
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The results of these predict the real-time¢he ability to easily interface AAA/ Figure 2 shows the SynDEx graphical
behaviour of the application functions SynDEx with domain-oriented specifica- user interface used to design a manual
executed on the various resources, i&on languages such as the Synchronougriving application with joystick for the
processors, integrated circuits andanguages, AIL for automobile, CyCab modelled and simulated with
communication media. This approachScilab/Scicos for automatic control, AVS Scicos. The CyCab is an intelligent and
conforms to the typical hardware/soft-for image processing and so on. Thignodular electric vehicle designed at
ware codesign process. Finally, for themeans a link can be provided to usersINRIA Rocquencourt by the IMARA
software part of the application, code ismost commonly used tools, and wherteam and industrialized by Robosoft. Its
automatically generated as a dedicatethese languages guarantee timing propearchitecture is based on four MPC555
real-time executive, or as a configuratiorties, that these will be maintained duringmicrocontrollers and an embedded PC,
file for a resident real-time operatingthe distributed real-time implementation.all of which communicate through a
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system such as Osek or RTlinux. This is particularly important in the caseCAN bus.

of safety-critical applications found in the
This approach will improve the designfield of avionics and automobiles. Since the early nineties, there has been a
safety provided by formal models, and significant amount of research on

decrease the development cycle thankBigure 1 shows the principles of SynDEXAAA/SynDEXx at INRIA Rocquencourt,
to timing simulation and automatic codeinterfaced with the hybrid dynamic firstly by the SOSSO, then the OSTRE,
generation. Another interesting feature isystems modeller and simulator Scicosand now the AOSTE team. As time has
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INRIA copyright at
http://mww.syndex.org.

Future work will focus on the following
aspects, from high to low levels of the
design flow: the integration of
AAA/SynDEx with the MDA (Model
Design Architecture) approach by
proposing successive model transforma-
tions; the extension of currently static
optimization techniques to more dynamic
schemes in order to better support event
handling and dynamic creation of func-
tions; and finally, the tight coupling of

i . system-level and circuit-level CAD tools
Figure 2: SynDEx GUI used to design a manual driving application with a joystick for in order to actually provide automatic
the CyCab. hardware/software partitioning in the co-
design process.

passed, it has increased in popularitprovided by Robosoft, MBDA, Linke:
with industrial users, and has thereforeMitsubishi-ITE, and PSA. s
) http://www.syndex.org
be_en evaluate_d by _several companies. o http:/Avww.scilab.org
This occurred firstly in France and threeAAA/SynDEXx runs under Unix/Linux, http://www-rocq.inria.fr/imara,
years ago in Europe, through ITEAWindows and MacOS and comes with http://www.robosoft.fr
projects launched in automobile andfull documentation, including a reference ol et
telecommunications research. It is alsananual, a user manual and a tutorial. Itic., e o4
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Large-Scale Simulations
of Diffusion in Cell Biology

by Ivo F. Sbalzarini, Anna Mezzacasa, Ari Helenius and Petros
Koumoutsakos

Molecular transport within the intracellular structures of live biological cells is
dominated by diffusion in confined compartments with complex geometries.
Quantitative evaluations of standard experimental assays in cell biology (eg, to
measure diffusion coefficients of proteins in vivo) require knowledge of the
solution of the diffusion equation in such geometries. We present a high-
performance parallel implementation of a particle method to solve the diffusion
equation in 3D reconstructions of real samples obtained by fluorescence confocal
microscopy.

Due to the high structural organization ofiWwe propose the deterministic particleDue to the complex shape of the compu-
the intracellular space, diffusion is method of Particle Strength Exchangedational domain, a large number of parti-
always restricted to the specific shape ofPSE) for simulations of diffusion in cles is usually needed to resolve the
the organelle under consideration. Tacellular geometries of realistic concentration field. We implemented an
determine and quantify the diffusive complexity. PSE was introduced as arefficient parallel PSE code, which is
mobility of substances within live cells alternative to the method of random walkbased on a general- purpose Parallel
the technique of fluorescence recoveryenabling higher- order simulations of Particle Mesh (PPM) Library currently
after photobleaching (FRAP) is widely convection-diffusion processes. PSE is ainder development. The code provides
employed. grid-free, deterministic particle method different domain decomposition tech-
and thus combines the advantages afiques, dynamic load balancing among
From a practical point of view a method ishigh- order convergence and geometricnhomogeneous processor clusters,
needed to deduce molecular (micro{lexibility. It enables efficient simulations parallel file 1/O and efficient network
scopic) solute diffusion constants fromof solute diffusion in biological structures communication. It was tested and opti-
measured fluorescence recovery dataising the geometry of real samples. mized both on distributed memory and
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