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Introduction

Nowadays a systems biology approach is essential to understand complex biological processes, such as cell cycle regulation
[1]. This approach relies on mathematical models used to describe biological systems and makes useful predictions. Due to
the lack of experimental measurements, experimental errors and biological variability, the value of many parameters of the
models is yet unknown or uncertain [2]. A possible computational solution is the parameter estimation, which can be
informally stated as the identification of the parameter values such that the model best fits the experimental data. Considering
models based on a system of non-linear Ordinary Differential Equations (ODEs) the problem of parameter estimation is
represented by a non-convex non-linear programming (NLP) problem. Since the global optimization (GO) is NP-hard [3], large
instances of the problem cannot be solved in a reasonable time, even considering stochastic approaches. We have already
developed a automated system to face the problem of parameter estimation of systems biology ODE models based on grid
computing [4] and on cluster of processors [5]. Here we present a distributed approach to compute an Evolution Strategy
algorithm for parameter estimation of ODEs models.

Methods

Considering a system of n non-linear ODEs f=(dx/dt,x,p,t), where p are real-valued constants (parameters), and
experimental data for T temporal points for each variable of the ODE system, the parameter estimation is stated as the
minimization of the cost function J=D(A,Y(p)) by varying p, where A is the matrix of experimental data, Y(p) is the matrix of
the solutions of the ODE system at the same time of A, D(X,Y)->[0,1] is the operator which measures the distance from two
real-valued matrices. Here the constraints are the ODE system, the initial conditions x (t,)=x, and boundaries on parameter
values pt < p < p". To solve the GO problem we use an Evolution Strategy (ES), a sub-class of nature-inspired optimization
methods belonging to the class of Evolutionary Algorithms (EAs). EAs apply mutation, recombination, and selection operators
to a population of individuals representing candidate solutions in order to evolve iteratively better and better solutions. In
particular, we chose the Stochastic Ranking Evolution Strategy algorithm (SRES) [6], which has shown good performance
when applied to parameter estimation in biochemical pathways [7]. Although this algorithm is very efficient, it can take long
time to compute a sufficiently high number of iterations in order to find a satisfying solution. An interesting approach to
reduce the execution time relies in running different instances of the algorithm simultaneously, swapping periodically the best
results among the processes. Using this method, the convergence to the optimal solution speed up thanks to a wider search
on the solution space. To accomplish this task, we have developed an environment to distribute each run of the evolution
algorithm on a different computational resource. The core feature of the implementation is a relational database that allows
the user to swap the individuals (i.e. solutions of the GO) among the working nodes during the computations.
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Results

We have developed an automated system to
manage the parameter estimation of ODE
models which enables a distributed approach of
computing. The system is made of two
components: the application for parameter
estimation and the infrastructure which
manages the distribution over the
computational resources relying on a relation
database. The system accepts as input models
encoded in the SBML standard. Preliminary
results indicate that this approach can
successfully lead to the parameter estimation of -
more complex ODE models, overcoming both * K kt+1
the computational load and the difficulty of the
GO problem for large instances of the
parameter estimation problem.
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Figure 1. The framework of the parameter estimation which relyes on the distributed

approach. The system accepts as input a ODE based model (fomatted as plain text or

encoded in the SBML standard) and the experimental data and ouputs the best fitting

parametres. During the computation candidate solutions of seperated evolution
REfe rences processes are swapped every k iterations thanks to a relational database.
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