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Identifiability analysis of nonlinear dynamical system
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Motivation and Aim: As it is known mathematical modeling plays a huge role in the
research of various scientific areas of our life, so ordinary differential equations are
a powerful tool for modeling the dynamic processes of biomedicine, especially in
modeling the processes of pharmacokinetics, epidemiology and immunology. In practice,
it is necessary to determine unknown parameters in the ODE models on the basis of
experimental data. Identifiability analysis is the first step in determining them.
Methods and Algorithms: There was considered different approaches of identifiability
analysis like drawing contours of the cost functions of least squares (Jy,) or (log-)
likelihood functions (J;;) by pairs of parameters. This will help to determine strong
correlation between parameters, non-identifiability for some parameters if the contours
extend to infinity. Another approach is the Crammer-Rao inequality based on the
relationship between so called Fisher Information Matrix and the covariance matrix. The
robust identifiability gives the Monte Carlo based sampling method, which simulates
the possibility of performing hundreds of replicates of the same experimental scheme
for a given experimental error. Also to solve the inverse problem and restore unknown
parameters by the additional information such as experimental data, the algorithm of
differential evolution was used.
Results: For the complex two-chamber kinetic model of the C-peptide model with four
observables and 8 unknown parameters the mentioned above methods were applied and
the next results like lack of identifiability for some of parameters, presence of optimal
solutions and good restoration of parameters were obtained.
Conclusion: The results obtained in the model suggest that only two parameters showed
practical identifiability, while other parameters were structural and two others illustrated
strong correlation and weak identifiability.
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