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[ABSTRACT]

This study develops a fast and flexible holomorphic embedding method for solv-
ing differential Riccati equations. Differential Riccati equations are a kind of classical
quadratic nonlinear differential equations which are equivalent to a set of parametrized
differential algebraic equations When the unknown is a matrix but not a scalar. It has been
proved that there is no general elementary solution for this kind of equations. FFHE is
short for the“Fast and Flexible Holomorphic Embedding” method, which consists of ma-
jor steps such as deriving power series expansions for solution functions of the parametrized
equations, computing rational approximants, and partitioning the interval of the parame-
ter in an adaptive manner. The method works well on solving parametrized differential-
algebraic equations and can be extended to deal with differential Ricati equations. Using
the process described above, this study tailors the FFHE method for solving parametrized
differential Riccati equations with the unknown being a matrix of free dimension. More-
over, this study proposes some novel approaches to improve the efficiency of the clas-
sical FFHE method. For example, one can promisingly initiate the length of the current
interval by the actual final length of the previous interval and estimate the relative error
using a single or few values in large matrices. The experimental results show that FFHE
can achieve very high accuracy with an outstanding computing speed significantly higher
than the Lyapunov method and other traditional iterative methods (e.g., the Runge-Kutta
method). Furthermore, FFHE enjoys even better computational efficiency and stability

when the unknowns are matrices of higher dimensions.

[Keywords] differential Riccati equations, parametrized equation, Lyapunov method,

FFHE
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