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Introduction
The present research program is devoted to automatic creation of mathematical
models. The models are intended for dynamic systems behavior analysis in
biology and medicine. The theory and practice of the inductive-generated models
will be investigated. The mathematical modeling in biology has two issues: first,
to create a model of dynamic biological process using knowledge and second,
to discover model and knowledge using measured data. So there are the model-
driven and the data-driven approaches, and each one has its own strengths and
weaknesses. The first one gives models which could be interpreted by experts in
a field of application but usually they have poor prediction quality. The second
one gives models of good quality but often too complex and non-interpretable
by experts. The proposed approach gathers strong sides of these two: the result
model could be explained and it relies on measured data. It allows getting model
with fair quality and generalization ability in comparison to universal models.

A model is selected from inductive generated set of models according to
the notion of adequacy: the model must be simple, stable and precise. These
criterions are target functions and they are assigned according to given data. It
is supposed that given data carries the information on the searched model and
a noise as well. The hypothesis of the probability distribution function defines
a data generation hypothesis and as follows, the target functions.

The outline of the automatic model creation is the following. A sample
data, which consist of several independent variables and one dependent variable
are given. An expert makes set of basic function. These models are arbitrary
superposition, inductively generated using basic functions. They are parametric
ones. When generated trial models are tuned, the most adequate model is
selected. Since the number of generated models is infinite, additional restrictions
and model generated algorithms are applied.

This method combines principles of machine learning and mathematical
modeling. In the present the proposed methods are novel.

Proposed research programme
The research programme concerns the theory and practice of automatic model
generation. The methods of inductive superposition generation and model
selection will be developed. The theory of these methods will be justified and
the novel results will be published. Together with the theory sample data will
be collected and numerical experiments will be held so that the computational
results could be used in biological or medical experiments, which are held by
laboratories.

The main steps of the research programme are the following.
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1. The connections between data space and parameter’s are analyzed by
specialists on Two-level Bayesian Inference and results are published
widely. However there are no publications about dependences between
target functions and probability distribution functions of data generation
hypothesis. This problem will be investigated from the Testing Statistical
Hypothesis point-of-view.

2. If data sample are relatively, small it is difficult to specify the probability
distribution functions. In this case one can use the method of External
Criterion of Group Method of Data Handling. This method could be
generalized to the Cross-Validation method for the regression modeling
problem. However this could cope only for a fixed probability distribution
function on the whole data space. For random variable with volatile
variance a method of Dynamic Time Warping could be used. So, the
problem of volatile variance of the random variable on small samples will
be investigated.

3. The inductive generation algorithm has to be improved. (Now the model
generation software could be freely downloaded from http://strijov.com).
To do this the topological spaces of data and model parameters will be
described and methods of model structures comparison in these spaces
will be created. The inductive superposition and the problem itself will be
described using the language of category theory.

4. The structures of superposition will be analyzed in the following sense.
During model generation similar of the same models with different
structures could be created. It is needed to create methods if isomorphic
models discovering. On the other hand, it could be shown that a single
model could have symmetric probability distribution function in the space
of parameters. So the methods of invariants in the model (here the model
maps equivalence classes) will be worked out.

5. The target functions define strategies of optimization of model parameters
and in the long run the most adequate model selection. The certain job
must be devoted to the proper choice of the target functions, especially of
functions, which defines stability and complexity of models. The following
method is proposed. A model is a vector in its criterions space. Since a
metrization of this space in general case is impossible (except of the cases
when one could use Kullback-Leibler divergence for such metrization) the
whole set of models could be sliced and Pareto-optimal Front of the models
could be analyzed. As the result one has non-dominated subset of models
to investigate them in detail.

6. As an application of the theory, the model generation methods could
be used in Support Vector Machines for the solution of classification
and regression problems. Here the different kernel functions play roles of
models. Since, according to the Mercer’s theorem, the kernel function must
satisfy a number of conditions, the inductive generation will require series
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http://strijov.com/mvr5.zip
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of restrictions. The development of Kernel inductive generation method is
planned.

7. As an application of the practice, these methods could be used for
classification and modeling of samples of patients or organisms in biology
and medicine. The proposed algorithms was used in different projects
of mathematical modeling, for example in the immunopathology, where
feature generation and Support Vector Machines were used. The further
inquiry of such applications is planned.

The algorithm and methods mentioned above will be implemented in
the codes of Matlab and Mathematica software tools. The software tool for
automatical model generation will be developed. This tool will be used for
modeling of various dynamic system in biology and medicine.
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http://strijov.com/papers/strijov07mathmodelling.pdf 

