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1 Introduction

We have developed an efficient algorithm based on the Genetic Algorithm (GA) for esitimating param-
eters of S-system [4]. The S-system belongs to power-law formalism, and is rich enough in structure to
capture all relevant dynamics. For example, it is known that S-system can express genetic networks
or metabolic pathways.

In this work, we propose a method which can not only approximate time-courses but also find
skeletal pathways. Our method is adopted by E-CELL project [5].

2 Method and Results

2.1 S-system

S-system [2] is a type of power-law formalism. It is based on a particular type of ordinary differential
equation in which the component process are characterized by power-law functions;
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where n is the number of state variables or reactants X;, 7,7 (1 < 4,7 < n) are suffixes of state
variables. The terms g;; and h;; are interactive effectivity of X; to X;. In a biological engineering
context, the non-negative parameters a; and 3; are called rate constants, and real valued exponents
gij and h;; are referred to as kinetic orders.

It is known that S-system is rich enough in structure to capture all relevant dynamics. However,
its formalism includes a large number of parameters that must be estimated (o, 5, ¢i; and h;;). The
number of estimated parameters in S-system formalism is 2n(n + 1), where n is the number of state
valuables X;.

2.2 Optimization using GA

We employ GA [1] for estimating parameters of S-system. For optimization problems, ease set of
parameter values to be estimated is evaluated using the following procedure; Suppose that X .4 is
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numerically calculated time-course at time ¢ of state variable X;, and X; c;,; represents the experi-
mentally observed time-course at time ¢ of X;. Sum the relative error between X; .q;+ and Xj ¢zp s to
get the error. Add the cost function of wasteful parameters to the error. Calculate the total error
function E.
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where ¢ is the weighted coefficient for the additional term. Using the second term of E, wasteful

parameters become 0. That is to say, skeletal pathway can be discovered.

2.3 Experimental results

Our proposed method is applied to determine a set of parameters of the S-system which represents
a typical model of a genetic network. As a case study, we create time-course data artificially, which
is numerically calculated using the scheme [3]. Here, n = 5 and 38 out of 60 paramters are 0. As
computer simulation results, wasteful parameters become 0 and skeletal network is obtained using 25
time-courses.

3 Discussions

Because cost function to obtain skeletal networks is employed, a priori information that genetic net-
works are sparse combination can be used for parameter estimation. Using the function, our method
can not only obtain skeletal structures but also raise convergence success rate and learning time. It is
thought that this technique will be effective in pathway prediction.
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