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ABSTRACT
Matrix Di�erential Riccati Equations (MDREs)

X0 = A21 �XA11 + A22X �XA12X; X(0) = X0;

where Aij � Aij(t), appear frequently throughout applied mathematics, science, and

engineering. MDREs play particularly important roles in optimal control, �ltering,

estimation, and in two-point linear boundary value problems. In the past a number

of unconventional numerical methods that are suited only for time-invariant MDREs

have been designed, but despite their special structure, no unconventional methods

that are suited for time-varying MDREs have been constructed, except (carefully) re-

designed conventional linear multistep methods and Runge-Kutta methods. Implicit

conventional methods which are preferred to explicit ones for sti� systems require

solving nonlinear systems of equations (of possibly much higher dimensions than the

original problem itself for Runge-Kutta methods) which not only pose implementation

di�culties but also may be expensive because they require solving non-linear matrix

equations which may be costly. We propose new unconventional re
exive methods

which are suited for both time-invariant and time-varying MDREs and which requires

solving no nonlinear systems but linear ones like one Sylvester equation per time-step

or linear matrix systems with the same size as the MDRE. The new methods are

semi-implicit and thus have much better stability properties than explicit methods

and more importantly, they can be easily tailored for engineering applications, for

example, some new methods can be easily coded for large sparse MDREs without much

programming complications. The new methods are re
exive and thus allow simple

and easily implementable palindromic compositions or extrapolations to achieve highly

accurate numerical solutions whenever necessary.
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