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The Life Sciences, and in particular Molecular Biology, are a rather new ap-
plication area for advanced computational concepts. Living systems, from cells
to entire organisms, function by the complex, dynamic interaction of a large
number of components (proteins, nucleic acids, metabolites). The set of molec-
ular players continues to be explored in genome sequencing projects and related
experiments.

Their physical and regulatory relationships are determined in detailed molec-
ular studies and represented in cellular wiring diagrams and flow charts. Such
schematic pictures are used by biologists to reason about the expected behavior
of biological systems, e.g. in response to disease processes or drug treatment.
They can also be translated into quantitative mathematical descriptions of the
system. With the recent explosion of biological knowledge, such approaches need
to become more common and more formalized.

Formal logical models play an increasing role in the newly emerging field of
Systems Biology. Compared to the classical, well-established approach of mod-
eling biological processes using continuous and stochastic differential equations,
formal logical models offer a number of important advantages:

– Easy compositionality, which allows the generation and management of large
cellular models from a number of pre-defined and reliably manipulated build-
ing blocks.

– Powerful analysis techniques including model checking for the rigorous ex-
ploration of model consistency, including the comprehensive exploration of
state-space and the identification of necessary additions to an existing system
description.

– Unambiguous visualization based on the strictly enforced syntax of the mod-
eling language.

In addition, a number of recent studies have explored the combination of
formal logical models with continuous and stochastic differential equation mod-

Dagstuhl Seminar Proceedings 09091 
Formal Methods in Molecular Biology  
http://drops.dagstuhl.de/opus/volltexte/2009/1996



II

els, showing important relationships between the two approaches and further
expanding the expressivity of the resulting models.

Many different formal modeling paradigms have been applied to molecular
biology, each with its own community, formalisms and tools. In this seminar
we brought together modelers from various backgrounds to stimulate closer in-
teraction within the field and to create a common platform for discussion. The
program covered a large fraction of the diversity of formal modeling in molecular
biology, including sessions on

– ordinary differential equation models,
– process calculi,
– state machines
– process algebras,
– logics,
– constraints-based modeling.

A major area of interest was the debate over the relative merits of the different
approaches to modeling that were presented in the meeting, and the emerging
interest in directly executable specifications in terms of the analytical techniques
that can be used.

In addition to computational modelers, the participants also included a num-
ber of high-profile systems biologists who presented important new developments
at the experimental side of the life sciences in keynote speeches and provided cru-
cial critical feedback on the validity of the formal modeling concepts. The meet-
ing was particularly friendly and productive, and had a good mix of young and
established researchers. Numerous new collaborations were established across
the fields and are now followed up in longer-term research projects.

Modeling Competition A central feature of the seminar was a modeling
competition (with a highly collaborative flavor) of various modeling paradigms.
This provided a unique opportunity for participants to directly compare their
approaches and find common ground. It turned out that Dagstuhl is an ideal
place to encourage this kind of productive and challenging interaction: new teams
started to form already on the first day and many new analyses or collaborations
took place during intense personal interactions and in small groups in front of
the computer.

All contributions to the competition were evaluated by a committee of judges,
supplemented by a public vote, based on informal presentations during the con-
ference. This turned out to be a challenging task, as many contributions were of
excellent quality, including some by teams that had just met for the first time
at the seminar.

All votes were statistically evaluated with software based on the algorithm
presented in [BAAH04], revealing an extremly good correlation between the total
assessment by the committee of judges and the total assessment by the public
vote.
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The following contributions were awarded main prizes:

– Alessandro Romanel, Heike Siebert, Sylvain Soliman, Denis Thieffry:
Cell-cycle and circadian cycle link;

– Simon Hardy:
Petri Net Motif Visulizer;

– Elzbieta Krepska, Nicola Bonzanni, Wan Fokkink, Carsten Maus, Adelinde
Uhrmacher:
Petri Net Modelling of C.elegans Vulval Development;

The following contributions got a Certificate of Participation:

– Federica Ciocchetta, Andrea Degasperi, John Heath, Jane Hillston:
with special mention for
Illustrating the power of a process algebra approach

for the contribution entitled
NFkappaB pathway in Bio-PEPA;

– Johnrob Bantang, Maria Pamela David, Eduardo Mendoza, Simon Youssef:
with special mention for
Formal Language Design and Implementation

for the contribution entitled
Developing a Projective Brane Calculus based on Activate, Bud and Mate

Primitive Actions;

– Anna Gambin:
with special mention for
Development of an Analytical Approch in an Integrative Framework

for the contribution entitled
JAK-STAT signalling pathway;

– Sampsa Hautaniemi:
with special mention for
Data-driven Approach to Modelling

for the contribution entitled
On using a NF-kB pathway Petri net model;

– Andrzej Kierzek, Cline Kuttler, Marek Kwiatkowski, Tauqeer Alam, Joachim
Niehren:
with special mention for
Examplary Dagstuhl Teamwork

for the contribution entitled
Constraint based modelling of eukaryotic cell cycle dynamics;
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– Ina Koch, Haluk Resat, Heike Assmus:
with special mention for
Application of Formal Methods to Biomedical Research

for the contribution entitled
A Petri Net Approach to Duchenne Muscular Dystrophy;
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