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passed, it has increased in popularity
with industrial users, and has therefore
been evaluated by several companies.
This occurred firstly in France and three
years ago in Europe, through ITEA
projects launched in automobile and
telecommunications research. It is also
currently used in real-world applications

provided by Robosoft, MBDA,
Mitsubishi-ITE, and PSA.

AAA/SynDEx runs under Unix/Linux,
Windows and MacOS and comes with
full documentation, including a reference
manual, a user manual and a tutorial. It is
downloadable free of charge under

INRIA copyright at
http://www.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
system-level and circuit-level CAD tools
in order to actually provide automatic
hardware/software partitioning in the co-
design process.

Links: 
http://www.syndex.org
http://www.scilab.org
http://www-rocq.inria.fr/imara,
http://www.robosoft.fr

Please contact:
Yves Sorel, INRIA, France
Tel: +33 1 39 63 52 60
E-mail: yves.sorel@inria.fr

Figure 2: SynDEx GUI used to design a manual driving application with a joystick for
the CyCab.

Due to the high structural organization of
the intracellular space, diffusion is
always restricted to the specific shape of
the organelle under consideration. To
determine and quantify the diffusive
mobility of substances within live cells
the technique of fluorescence recovery
after photobleaching (FRAP) is widely
employed.

From a practical point of view a method
is needed to deduce molecular (micro-
scopic) solute diffusion constants from
measured fluorescence recovery data.

We propose the deterministic particle
method of Particle Strength Exchange
(PSE) for simulations of diffusion in
cellular geometries of realistic
complexity. PSE was introduced as an
alternative to the method of random
walk, enabling higher-order simulations
of convection-diffusion processes. PSE
is a grid-free, deterministic particle
method and thus combines the advan-
tages of high-order convergence and
geometric flexibility. It enables efficient
simulations of solute diffusion in biolog-

ical structures using the geometry of real
samples.

Due to the complex shape of the compu-
tational domain, a large number of parti-
cles is usually needed to resolve the
concentration field. We implemented an
efficient parallel PSE code based on a
general-purpose Parallel Particle Mesh
(PPM) Library currently under develop-
ment. The code provides different
domain decomposition techniques,
dynamic load balancing among inhomo-
geneous processor clusters, parallel file

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.
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I/O and efficient network communica-
tion. It was tested and optimized both on
distributed memory and shared memory
systems with either scalar or vector
processors. Arbitrary geometries can be
read in as triangulated surfaces and parti-
cles are initialized inside it. (Using a
particle method, there is no need for grid
generation.) 

The method was successfully applied to
diffusion in the Endoplasmic Reticulum
(ER), which is the most prevalent
example of a highly convoluted and
interconnected structure in three dimen-
sions. The geometry of several ER
samples was reconstructed by recording
the shape of the ER samples from live
cells using stacks of serial sections
obtained by confocal fluorescence light
microscopy. It was checked that the
reconstructed 3D geometry of the
organelle was connected and exhibited
all the topological properties of a real
ER. It could thus be used directly as a
computational domain.  Figure 1 shows
3D visualizations of the evolving
concentration field inside a sample ER
geometry. Using reconstructions from
real samples allowed direct comparisons
between simulation results and experi-
mental data from the same ER.

Fitting simulated and experimentally
measured diffusion curves using time
stretching enabled us to determine the
unknown molecular diffusion constant in
live cells. By using the same geometry
both for experiment and simulation, all
need for modelling its effect on the
apparent diffusion constant is eliminated

and the only parameter left is the molec-
ular diffusion constant itself, taking the
influences of the specific geometry at
hand into full account.
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Petros Koumoutsakos, 
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E-mail: petros@inf.ethz.ch

With the establishment of the IEEE-
802.11a/b/g standards, wireless
computer networks have started to grad-
ually replace regular wired Internet
access in homes, offices, and public
areas, such as train stations and airports.
However, as only limited bandwidth is
allocated to be used by such systems,
data rates need to be shared. As the
number of users grows and applications

become more demanding in terms of
throughput and link reliability (quality of
service), current standards can no longer
meet the requirements. 

Multiantenna (MIMO) systems are a
means to increase the data rate, link reli-
ability, and range of all kinds of wireless
networks and mobile communication
systems, without increasing bandwidth

and/or transmit power. Three main
effects are responsible for this perfor-
mance gain: The 'diversity gain' stabi-
lizes the link, as the additional antennas
can be used to compensate for a weak
connection on any of the other antennas.
The 'array gain' allows the receiver to
pick up more of the energy that was radi-
ated from the transmitter, effectively
increasing the range of the system. The

At ETH Zurich, a MIMO-WLAN (Multiple-Input Multiple-Output Wireless Local Area
Network) system has been developed and demonstrated successfully in a test
setup. Four antennas at the transmitter and at the receiver boost the data rate
from 54 million bits per second (Mbps) in a regular 802.11g-based WLAN to up
to 216 Mbps. In addition to the higher throughput, the system provides increased
link reliability and better coverage. 

Real-Time MIMO Testbed 
for Next Generation Wireless LANs 
by Andreas Burg and Helmut Bölcskei

Snapshots of the concentration distribution from a sample PSE simulation. The ER
membrane is visualized as a transparent surface, and the concentration of the protein
under consideration as a volume density cloud inside it. The initial concentration field
was 1 everywhere outside the cubic box shown, and 0 inside it. The region of interest
around the box is enlarged. 


