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Fuzzy-optimal control of cancer by considering bifurcation and age of the patients by using mixed immune-chemotherapy

Mostafa Nazari Department of mechatronics and mechanical Engineering, Shahrood university of technology, Shahrood, Iran

Mahnaz Ghasemi Department of mechatronics and mechanical Engineering, Shahrood university of technology, Shahrood, Iran

Morteza Nazari Department of mathematical science, Shahrood university of technology, Shahrood, Iran

Abstract

Due to side effects of cancer drugs, it is impossible to impose a long term treatment. In order to finite duration treatment with as less as side
effects a mixed chemo-immunotherapy treatment has been presented. The mathematical model has been extended based on this new
treatment protocol. The immunotherapy modifies the dynamics of the system and the chemotherapy guides the trajectory of the system
toward the preferred equilibrium point. For identifying which parameters are effective on the dynamics of the system, the stability of the
equilibrium points and the bifurcation of the system has been studied. In order to consider the age condition of the patients a Mamdani fuzzy
system for adjusting the maximum chemo-dose and the elements of the weighting matrix has been considered. Moreover, for deriving the
best pseudo-linear form of the system for maximum controllability degree an optimization problem by regarding a new cost function has
been solved. The simulation results show that modifying the dynamics of the system in essential for finite duration treatment.

Keywords : Finite duration treatment, SDRE, chemotherapy, immunotherapy, bifurcation.
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