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Even for sufficiently simple single-input control-affine systems without state constraints the
subject of analytical and qualitative investigation of global optimal control synthesis is developed
rather poorly in the literature on optimal control theory and its applications. This talk presents
numerical-analytical and qualitative methods to construct global optimal control synthesis with
reference to a nonlinear mathematical model describing interactions between the production
of a company, its technology stock and R&D investments on a fixed time interval. Here the
control is the R&D investments’ intensity. The problem is to maximize the production at a fixed
time horizon. These methods use the extension of classical Cauchy’s characteristics method for
first-order partial differential equations. An important feature of the developed approach is a
simultaneous use of the following two types of qualitative data:
• analytical representations providing local solutions of the Cauchy problem for the HamiltonJacobi-Bellman equation, which correspond to boundary constant controls;
• the results of bang-bang and singular controls’ global investigation by Pontryagin’s maximum principle.
Hence, dynamic programming method (sufficient optimality conditions) is combined with Pontryagin’s maximum principle (necessary optimality conditions). Furthermore, the stated approach is related to the cumulative experience acquired during the construction of optimal
control synthesis for some biomedical and mechanical mathematical models. This talk gives
the description of all possible geometric portraits for global optimal control synthesis in the
considered mathematical model of economic growth under R&D investments. Some sufficient
conditions for the smoothness of the value function are also introduced.

References
1. Yegorov, I., Bratus, A., Todorov, Y. Synthesis of optimal control in a mathematical model of
economic growth under R&D investments. Applied Mathematical Sciences 2015; 9(91):4523–
4564.
2. Yegorov, I., Todorov, Y. Synthesis of optimal control in a mathematical model of tumourimmune dynamics. Optimal Control Applications and Methods 2015; 36:93–108.
3. Yegorov, I. Generalization of Cauchy’s characteristics method to construct smooth solutions to
Hamilton-Jacobi-Bellman equations in optimal control problems with singular regimes. Moscow
University Computational Mathematics and Cybernetics 2014; 38(3):118–127.
4. Bratus, A., Todorov, Y., Yegorov, I., Yurchenko, D. Solution of the feedback control problem in the mathematical model of leukaemia therapy. Journal of Optimization Theory and
Applications 2013; 159(3):590–605.
1

5. Bratus, A., Yegorov, I., Yurchenko, D. Optimal investment strategies in a certain class of
stochastic Merton’s terminal wealth problems. Under review in International Journal of Dynamics and Control.
6. Pontryagin, L. S., Boltyansky, V. G., Gamkrelidze, R. V., Mishchenko, E. F. The Mathematical
Theory of Optimal Processes. Macmillan: New York, 1964.
7. Subbotin, A. I. Generalized Solutions of First-Order PDEs: The Dynamical Optimization
Perspective. Birkhauser: Boston, 1995.
8. Subbotina, N. N. The method of characteristics for Hamilton-Jacobi equations and applications to dynamical optimization. Journal of Mathematical Sciences 2006; 135(3):2955–3091.
9. Melikyan, A. A. Generalized Characteristics of First Order PDEs: Application in Optimal
Control and Differential Games. Birkhauser: Boston, 1998.
10. Schattler, H., Ledzewicz, U. Geometric Optimal Control: Theory, Methods and Examples.
Springer: New York, 2012.
11. Zelikin, M. I., Borisov, V. F. Singular optimal regimes in problems of mathematical economics. Journal of Mathematical Sciences 2005; 130(1):4409–4570.
12. Grigorieva, E. V., Khailov, E. N. Optimal control of a nonlinear model of economic growth.
Discrete and Continuous Dynamical Systems — Series B 2007; supplement volume:456–466.

2

