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A Comparison Study of main Analaytical Methods for
Solving the
Martix lyapunov Equation

Bakr Salh ! Dr. Sameh Arjeh 2 Dr. Hiba Aslan *

Abstract

In this research, we study the analytical solution of the continuous matrix
Lyapunov equation AP + PA=- Q using five structurally different

methods (Kronecker product, spectral analysis, integral solution, Jordan form,
Hadamard product). These methods are compared in terms of mathematical
formulation, computational complexity, and scope of application. The five
methods are applied to six cases (real stable matrix, complex stable matrix,
non-diagonalizable matrix, unstable matrix, time-varying matrix, matrix with
eigenvalues on the imaginary axis). We implemented the aforementioned
methods using MATLAB and compared them in terms of execution time,
accuracy, and storage requirements for  dimensions ranging
from n=3n=3 to n=500n=500. The optimal method for solving the matrix
Lyapunov equation, according to the studied cases, was determined using a
decision tree. The results indicate that each method has a specific practical
range beyond which it cannot be applied.”

Keywords: matrix Lyapunov equation, Kronecker product, Spectral
decomposition, Jordan form, Hadamard product.
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Why Integral Method Fails for Unstable Matrices

Unstable Matrix: ||e*'| -+ « (Integral diverges)
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P(t) element
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Time-Varying Lyapunov — Analytical Solution P(t)

—— pu(t) = 1/2 [constant]
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| —— pa(t) — quadratic growth
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Operations (log scale)
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