François Boulier 
  
Anne J Shiu 
email: annejls@math.uchicago.edu
  
Andreas Weber 
email: weber@cs.uni-bonn.de
  
Thomas Sturm 
email: sturm@mpi-inf.mpg.de
  
Francois Boulier 
email: francois.boulier@univ-lille1.fr
  
Francois Boulier 
  
Francois Boulier 
  
Alicia Dickenstein 
  
Andreas Eggers 
  
Hassan Errami 
  
Francois Boulier 
  
Francois Fages 
  
Elisenda Feliu 
  
Vladimir Gerdt 
  
Manoj Gopalkrishnan 
  
Dima Grigoriev 
  
Francois Boulier 
  
Daniel Kaschek 
  
Francois Lemaire 
  
Sabine Peres 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Symbolic Methods for Chemical Reaction Networks (Dagstuhl Seminar 12462)

Keywords: Algebraic Manipulation), J.2 Physical Sciences and Engineering (Computer Applications), J.3 Life and Medical Sciences (Computer Applications chemical reaction network theory, differential algebra, Hopf bifurcation, mass-action kinetics, model inference, model reduction, molecular interaction network, multistationarity, parameter estimation, quantifier elimination, stoichiometric network analysis, symbolic computation Digital Object Identifier 10.4230/DagRep.2.11.66 6 Computing Hopf bifurcations in chemical reaction networks Using Reaction Coordinates

come  

L'archive ouverte

theory and stoichiometric network analysis. Our Dagstuhl seminar brought together researchers from both of these research areas, as well as researchers in symbolic computation and those on the application side (chemical engineering and systems biology). The aim of our seminar was twofold: to introduce practitioners to existing relevant theory and software from symbolic computation, and to allow participants to pose current computational challenges in this area, in order to spur development of symbolic computation methods to resolve these problems. To this end, collaborative working groups on various related topics were held throughout the week.

On Monday during the seminar, most of the participants gave short talks introducing their research interests. On Tuesday, long talks were given by Gheorghe Craciun and Francois Fages. A long talk on Wednesday was given by Stefan Schuster. Markus Eiswirth and Holger Fröhlich gave long talks on Thursday. Discussion groups met throughout the week.

The three-way catalytic monolithic converter (TWC) used for automobile emission control is the most common reactor. The processes in the TWC include mass transport coupled with simultaneous heterogeneous catalytic oxidation of CO and hydrocarbons, and reduction of NOx in a monolith -a multichannel flow-through reactor. In the first step, we focus on the analysis of complex dynamical modes stemming from the complexity of the chemical and adsorption processes involved. Therefore we take the simplest approximation of the systeman isothermal continuous stirred tank reactor (CSTR). The model exhibits various types of dynamics characteristic of nonlinear systems including multiple steady states, oscillations and chaos. These dynamical features are found via bifurcation diagrams constructed by numerical continuation techniques. Such phenomena are caused by interactions among various reaction and adsorption steps, not by the thermokinetic effect. To account for these dynamical modes, we analyze the reaction mechanism taken from the literature with the use of the stoichiometric network analysis -a tool for decomposition of the reaction network and determination of unstable subnetworks. Such reaction subnetworks may possess positive and negative feedback loops, which may imply periodic oscillations. This analysis is crucial for interpretation of the chemical nature of oscillations observed within certain region of parameters in the oxygen inflow vs. temperature bifurcation diagrams.

Symbolic computations for control and system theory of biochemical reaction systems

Jan H. van Schuppen (VSCR -Amsterdam, NL)

License

Creative Commons BY-NC-ND 3.0 Unported license © Jan H. van Schuppen Biochemical reaction systems are mostly polynomial or rational systems with inputs and outputs as considered in system theory. System identification and system reduction algorithms often require the knowledge of whether a system satisfies particular system theoretic properties and those properties are best determined by symbolic computations. Controllability, observability, and structural identifiability are system properties for which symbolic computations are needed. The lecture contains examples of biochemical reaction systems and a summary of system theory of rational systems. The lecturer hopes to raise the interest of researchers in symbolic computations for the problems of differential algebra of rational systems and of biochemical reaction systems.

Chemical reaction networks: equilibria, Hopf bifurcations, and algorithms

Andreas Weber (Universität Bonn, DE)

License

Creative Commons BY-NC-ND 3.0 Unported license © Andreas Weber For large-scale systems arising from chemical reaction networks, already the parametric computation of equilibria and singularities in the positive orthant is a major challenge-but also of great importance for applications by understanding properties of the reaction networks. We have implemented a newly developed algorithm by Dima Grigoriev, by which we could solve equilibria for most examples from the BIOMOD database and also for the examples showing "absolute concentration robustness" (Shinar and Feinberg, 2010).

As the existence of Hopf bifurcations points yield oscillations we build on previous work with M. El Kahoui and T. Sturm that yield reductions to quantifier elimination over the reals (and computations using REDLOG). In recent joint work with H. Errami, W. Seiler, M. Eiswirth we could compute larger examples fully algorithmically using reaction coordinates.

On the systems side we have built PoCaB -a platform to explore bio-chemical reaction networks by algebraic methods. It not only provides the software framework for automated computations involving different systems, but also contains a database for the algebraic entities computed from the models of chemical reaction networks.

Overview of Long Talks

This section contains abstracts of the five long talks.

Chemical reaction network theory: classical results and recent advances

Gheorghe Craciun (University of Wisconsin Madison, US)

The essential complexity parameter for existential decision problems over the reals is the number of variables n in contrast to the number of constraints k. Dima Grigoriev has published theoretical complexity results for the special case of quadratic constraints, which comprise a satisfiability-preserving transformation for decreasing the number of variables. Essentially, after the transformation there are 2k variables instead of n, where k is the number of constraints in the input problem. It turns out that the existing real decision problems arising from chemical reaction systems contain few constraints in comparison to the number of variables; i.e. k n. This makes an implementation and its application to chemical reaction systems appear quite appealing. On the other hand most of these examples have high degrees so that it is important to understand to what extent the existing approach could be generalized. Furthermore, although the existing result for the quadratic case is of algorithmic nature it is not straightforward to create corresponding software. Throughout the technical part of our discussions we analyzed the procedure both from a theoretical and from a software engineering point of view.

Holger Fröhlich recalled the classical numerical approaches for this problem (frequentist and Bayesian approaches). Jan van Schuppen exposed the procedure which is traditional, in control theory, for tackling it. Francois Boulier presented differential algebra techniques related to this question together with a new algorithm which might help transforming differential equations into integral ones and thereby be helpful in the presence of noise. Nicole Radde presented a real problem she is concerned with and Daniel Kaschek started to try to solve it using his methods. Jan van Schuppen exposed computer algebra problems he would like to solve, related to observability, input design and system reduction. Gheorghe Craciun talked about theoretical difficulties which arise when trying to infer chemical reaction systems from the ODE models. However it was poined out that these difficulties might be sometimes turned into advantages. There were various questions by Andreas Weber and Werner Seiler.

This discussion group met on Tuesday and Wednesday.
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