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A method for solving Silvester type parametric matrix equations is proposed. The method 

is a generalization of  Bartels-Stuard’s algorithm for solving Silvester type autonomous matrix 

equations. The method is based on differential transformations and is called D-analogue of 

Bartels-Stuard’s algorithm. A model example is also presented. 
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There are many common problems in science and technology which are reduced 

to the solution of linear autonomous matrix equations. The problems become more 

complicated when the system is described by nonlinear and/or nonautonomous 

equations. There are a lot of methods for solving autonomous matrix equations [1-3] 

but the nonautonomous case is almost not investigated. The efficiency of differential 

transformations [4] for solving many problems of nonautonomous systems was shown 

in many investigations by many authors [5,6]. Taking into account the efficiency of 

using differential transformations for nonautonomous cases, in this paper, differential 

transformations are applied for solving Sylvester type non-autonomous matrix 

equations. 

Considering the Silvester parametric matrix equation:  

          .tCtBtXtXtA mxnnxnmxnmxnmxm   (1) 

According to Bartels-Stuard’s algorithm [1], the equation (1) is reduced to: 

                  ,tCtUtTtUtXtXtUtTtU T

bbb

T

aaa   (2) 

where  tUa
 and  tUb

 are unitary matrices [4,5] (    tUtU a
T
a

1  and     tUtU b
T
b

1 ), 

 tTa
 and  tTb

 are the upper triangular matrices computed as Schure decomposition 

[1]: 
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Taking into account the unitarity of U matrices and multiplying (2) by  tU T

a
 the 

left side and by  tU b
 the right side (2) becomes: 

                      .tUtCtUtTtUtXtUtUtXtUtT b

T

abb

T

ab

T

aa   (5) 

Denoted by 

        ,
~

tUtCtUtC b

T

a    (6) 

        ,tUtXtUtY b

T

a    (7) 

(5) becomes: 

          .
~

tCtTtYtYtT ba    (8) 

The solution of equation (1) can be computed as: 

        .tUtYtUtX T
ba    (9) 

The differential transformations[4-6] will serve as a main mathematical apparatus 

for solving this parametric matrix equation, so let us introduce the main expression of 

differential transormations and some of their important properties: 
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where  KX  is the image (discrete) of the original  tX ; H  - the known constant 

(scale coefficient);    – the known function  of the variant for  reconstruction of the 

original  tX ; t - the center of approximation. The left side of the expression is called 

forward transformations, and the right side – the reverse transformation or reconstruction. 

Here are some of the properties of differential transformations, which will be used for 

the future computations. 

According to differential transformation algebra, the matrix equation (8) in image 

space will be [4-6]: 
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are the matrix discrete or images of (3), (4) and (6) accordingly. 

From (11) it follows: 
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For each iteration (  ,0K ) the elements of Y are computed as: 
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The  KU a  and  KUb  (  ,0K ) discretes can be calculated as the Eigen 

vectors’ matrices of A(t) and B(t) previously orthogonalized by D-analogue of the 

Gramm-Schmitdt process [6]. 

The  KX  discretes can be calculated from the image of (9): 
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The original  tX  can be reconstructed as the second part of (10). 

Example. Now consider the following matrix equation: 
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According to (10) the discretes of A(t), B(t) and C(t) (at ;5.1t ;1H ) are as 

follows: 
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According to D-analogue of orthogonalization of the Gram-Schmitdt process [6], 

the discretes of  tU a  and  tU b   are as follows: 
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For  tTa  and  tTb  from (12) and (13), the matrix discretes are: 
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The  KC
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 discretes are calculated from (14): 
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The  KY  discrete is collected from (16): 
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The  KX  discretes are calculated from (17): 
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The original  tX  is reconstructed using diferential Taylor’s transformation [4-6]: 
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Conclusion. The solution of the model example by using the developed D-analogue 

of Bartels-Stuard’s method analytically, satisfies the considered Silvester type 

nonautonomous matrix equation.  
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Ա.Գ. ԱՎԵՏԻՍՅԱՆ, Վ.Ռ. ԱՎԻՆՅԱՆ, Դ.Ա. ՂԱԶԱՐՅԱՆ 

ՍԻԼՎԵՍՏՐԻ ՏԻՊԻ ՊԱՐԱՄԵՏՐԱԿԱՆ ՄԱՏՐԻՑԱՅԻՆ ՀԱՎԱՍԱՐՈՒՄՆԵՐԻ 

ԼՈՒԾՄԱՆ ԵՂԱՆԱԿ 

Առաջարկված է Սիլվեստրի տիպի պարամետրական մատրիցային հավասարումների 

լուծման եղանակ` հիմնված Պուխովի դիֆերենցիալ ձևափոխությունների վրա, որը Սիլվեստրի 

տիպի ավտոնոմ մատրիցային հավասարումների լուծման Բարտելս-Ստյուարտի եղանակի 

ընդհանրացումն է և կոչվում է Բարտելս-Ստյուարտի եղանակի Դ-նմանակ: Ներկայացված է 

մոդելային օրինակ: 

Առանցքային բառեր. մատրիցային հավասարում, ոչ-ավտոնոմ մատրից, դիֆերենցիալ 

ձևափոխություններ, Բարտելս-Ստյուարտի եղանակ, Շուրի դեկոմպոզիցիա: 

А.Г. АВЕТИСЯН, В.Р. АВИНЯН, Д.А. КАЗАРЯН 

МЕТОД РЕШЕНИЯ ПАРАМЕТРИЧЕСКИХ МАТРИЧНЫХ УРАВНЕНИЙ  

ТИПА СИЛЬВЕСТРА 

Предложен метод решения параметрических матричных уравнений типа Сильвестра, 

который является обобщением метода Бартельса-Стюарта для решения автономных 

матричных уравнений типа Сильвестра. Метод основан на дифференциальных преобразо-

ваниях Пухова и назван Д-аналогом метода Бартельса-Стюарта. Представлен модельный 

пример.  

Ключевые слова: матричное уравнение, неавтономная матрица, дифференциальные 

преобразования, метод Бартельса-Стюарта, декомпозиция Шура. 

 

 

 

 

 

 

 

 

 

 




