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x=congruence Sylvester equation
AX + X*B =C Applications :

N Palindromic eigenvalue problems [1] arising from
» Vvibration analysis of fast trains

e simulations of surface acoustic wave filter
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A€eC™" BeC™™M CeC™™: given matrices,
X € CV*™M: unknown Mmatrix

(-)*: conjugate transpose of matrix
o

_/
« can be regarded as an extension of the T-congruence Sylvester equation

AX +XTB =C ()T: transpose of matrix

Study for the T-congruence Sylvester equation

The T-congruence Sylvester equation is equivalent to a generalized Sylvester equation under certain conditions [2]

S satisfies BT = SA » S:=B'D (D satisfies I, = AD)
Aidj # 1for Ay, ..., A (A2 eigenvalue of §) Aid; #= 1for Ay, ..., Ay (A, eigenvalue of §)

AY — BTysST = Q [ Whenm>nvY:=X0:=C- (0T
Whenm <n,Y =X (X satisfiesX =X —DX'B),Q :=C

 The generalized Sylvester equation does not contain the transpose of the unknown matrix
=) |t may lead to efficient numerical algorithms of the T-Sylvester equation

Approach

1. Apply the vec operator (Vectorization) T-Sylvestereq. & Gen. Sylvester eq.

2. Transform an equivalent linear system into another linear system l 1 I 3

3. Return to matrix equation Linear systern ==  |inear system
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Purpose
Extend the above previous study to the *-congruence Sylvester equation

T-Sylvester eq. <& Gen. Sylvester eq. EXtenSionl ? x-Sylvester eq. &

Extension to the *-congruence Sylvester equation
Problem:

- . L.: m X midentity matrix
The same approach cannot be utilized for the x-congruence Sylvester equation | e
i P: permutatlon Matrix

vectorization  ®: Kronecker product
T-SylveSter €J. —— Linear system {Im ® A+ P(Im ® BT)}X = C o= vec(X)

vectorization . ¢ := vec(()

*-Sylvester €. mmmmm——  Non-linear system (I, ® A)x + P(Im X B )x =C - (): conjugate

| —xl—

Idea: '

Separate the real & imaginary parts respectively
 The non-linear system becomes a real linear system

Im®Ag + P(L,®BR) —{n®A; — P(I,, @B )}] [xR] B [cR]
[n®A; + P(I,®BF)  I1,®A4g — P(I,®BL) [tx1] Lla

(I, ®ADx +P(I, ®BN)x=¢c <&

Main results:

Whenm = n: - Whenm < n:
S satisfies BT =S4 » S:=B'D (D satisfies I, = AD)
Ai/Tj # 1for Ay, ..., Ay (Ax: €eigenvalue of S) | . Ai/Tj *+ 1for Ay, ..., A, (1. elgenvalue of S)

AY — B*YST — Q fWheann,Y:X,Q::C—(S(f)T
Whenm <n,Y =X (X satisfiesX =X —DX*B),Q =C
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