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Abstract: Matrix Eigenvalues Have Important Application Value in Modern Scientific Research
and Engineering Calculation. Studying the Matrix Eigenvalue Calculation Method and Giving Its
Corresponding Inclusion Domain Helps Matrix Analysis. Based on This, This Paper Briefly
Summarizes the Distribution of Eigenvalues of the Block Composite Matrix, the Eigenvalue
Inclusion Domain and So on. in the Research Process, the Concept of Block Composite Matrix and
Block Composite Matrix Eigenvalues is Introduced. the Domain Eigenvalues of the Block
Eigenvalues of the Bipartition Complex Matrix Are Studied to Provide a Reference for the Study of
the Bipartition Composite Matrix.

1. Introduction
1.1 Literature Review

Li Yaotang and Chen Gang clearly defined the block double al-matrix and the block double
a2-matrix, and considered that compared with the Gerschgorin and Brauer eigenvalue inclusion
regions, the eigenvalue inclusion regions of the double al-matrix and the double a2-matrix can be
more Accurately determine the location of matrix eigenvalues (Li and Chen, 2013). In the research,
Xu Changling used the block composite matrix and block eigenvalue definition, and used the
common eigenvalue inclusion domain theory in the calculation process to study the block
eigenvalue inclusion domain of the block composite matrix. At the same time, by combining the
local block double diagonal dominant definition and the application containing domain theory, Xu
Changling clearly defines the domain range of the block eigenvalues (Xu, 2015). Matrix
eigenvalues play a key role in the calculation and research process. Traditional algorithms generally
use circular or elliptical regions to represent the range of regions. Cao Haisong and Wu Junliang
sought a new method to represent the domain range of the complex matrix eigenvalues, and
proposed that any eigenvalues of the matrix of the nth order with real coefficient feature
polynomials are included ina, (X —trA/n)2+ B,y, <a,f, ,and a,(X—trAIn)2+ By, <a,p, is the
given ellipse region ( Cao and Wu, 2012). H-matrix is a kind of matrix which is more common and
very special in calculation. It plays a very important role in the field of linear algebra calculation.
And H-matrices also play an important role in the study of block composite matrices. Cui Lina
made a brief statement on the concept of nonsingular H-matrices, and gave sufficient conditions for
the calculation of nonsingular H-matrices. It is proposed that this condition should be widely
promoted and continuously improved in algebra (Cui, 2013). . Li Yanyan studied the new bounds of
eigenvalues of M-matrices. By setting the eigenvalues of the matrix eigenvalues to include the
upper bounds of the non-primitive diagonal elements of A-1, the inverse matrix A of strictly
diagonally dominant M-matrices A is proposed. New Territories of -1 element (Li, 2014).

1.2 Purpose of the Study

With the continuous development of mathematical theory, the research of composite matrix has
developed rapidly, and its position in the fields of engineering technology and natural science is
rising. In the study of block composite matrix theory, data operation is a key link. At this stage,
matrix-related problems often occur in actual production work and engineering technology
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calculations, and these problems can be solved by the composite matrix. Therefore, studying
composite matrices is of great significance for solving real problems. In this paper, the theoretical
basis of block composite matrix and block eigenvalue inclusion domain is discussed in detail. The
eigenvalue inclusion domain of block composite matrix is preliminarily conditioned, in order to
provide the eigenvalue inclusion domain study of block composite matrix block under two parts.
The new theoretical basis promotes the in-depth development of composite matrix research.

2. Theoretical Basis

In the field of linear algebra research, eigenvalues are one of the core concepts. In the fields of
computer, mathematics, physics, etc., eigenvalues are widely used. The basic definition is as
follows: Suppose A is an n-order matrix. If there is a constant k and an n-dimensional column vector
X, and AX=kX can be made, then k can be called the eigenvalue of matrix A (Zhang and Shang,
2018).

The so-called matrix refers to a set of real or complex numbers arranged according to the array,
which is the earliest from the matrix of equations and constants (Cao et al, 2013). The emergence of
matrices has a great impact on scientific computing, and its technology specifically includes
addition, subtraction, multiplication, division, transposition, and conjugate. According to specific
characteristics, the matrix can be divided into various types, such as a symmetric matrix, an
orthogonal matrix, a composite matrix, a triangular matrix, and the like. Among them, the
composite matrix has a strong application space in the qualitative theory of differential equations.

In this paper, we use the idea of blocking to focus on the eigenvalue inclusion domain of the

block-composite matrix block of the two parts. A,(C) represents all n-order composite squares that
can be exchanged in pairs..M,,(P,) is divided into p*d block, each sub-block belongs to
the P,(c) matrix set.

3. Preparatory Lemma

In the proof process, the following two lemmas are used.
Lemma 1:B=(B;)eM,(p,),a Bare <M> bipartitions,|a|=p,|f|=m-p..If B, iem
is not singular, B is singular and satisfied :

”Bi}l” >max{R(,(B)}Viea, (1)

85| > max{R/}, (B)}vj € 5, @

Then there exists X = (X, X,,..., X, )" eC™\{0}, X, eC" sothat BX=0.
Let X [|=max, {X:[}, X/ = maxjeﬂ{“Xj”}, max;._. {| X[} =1,

then ¥ =Y(Yjj2) € Quunp) :{(al,...ap(m—p))T € Rp(m_p)’ai €[0,1],ie< p(m-p) >},
In the formula, (j1, j2eQ={(i, ]):ie€a, j € S},

Iad " -ren(B -REBY< Y |BeallBic] Vinie.
(j1,j2)eQ

Proof: BX =0 will be expanded according to the Kth line:
By X, + B, X, +...+ By Xy, =0,

then BKKXK:' Z BKJlXJl_ z BKJZXJZ'

jlea{K} j2ep{K}
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By« is not strange, there is X = -ZJlea\{K} B Baos X1 - ZJZ ca K} BB Xa:
Further known:

”XK””BEK”-lS z ||BK‘]1||||XK||+Jzz€ﬁ”BKJ2“||XL“

Jlea\{K}

<REB)X, |+ RLMBX | -

Similarly, BX =0 expands by line L:

B X B X
”X ””Al” < Z ” LJ1|||| Jl||+J2§\{L}” KJ2|||| J2||

Jea\{K}

<RB|X |+ REBX,| 4

then||X, [0, X_[’0,Otherwise if |X_[=0, |X|=max_..[X]=1.
Known by (3), B <R(B),K e« this contradicts the known (1).

Similarly, |X,||>0,Assume 1=[X,[>|X,]>0.
Known by (1), (2), (3) and (4):

51" -re (o)) -0

|
ij Xh
{EJB ||xk||][h§"5'h"'|x.||J

ki

X, | X
< 2Bl lB s iy
make
Xl
SN

Then there exist Y, ;, €[0,1],V(J,, J,) €€ and

(14 R (@) 8- R(8))< - s

Kz

By, ” Yii,

Lemma 2:B=(B;)e M, (R,),
then there exists y = (yhlz) Qpm (jl,jz)eQ

SO:
5 el v, s e <)

prove: Because BX =0,Viea

a,B are <m> bipartitions,|a| = p,|s|=m-p,

B, X, :_Z- BiX; :_Zjea\{i} By, X, _Z,-zeﬂ By, X,
]1” le

Because B; (i € (m)) is not singular, so ||X ||”B.. “ Z
Further available:

'h i, I
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XA -2 2B

Iea ica jpepll i J2 ,
Which is :
> bellecd - ,-k@,cﬁf%B) L C @]
> (el e e))x, ] X i e
hee (5)
Similarly:

(”81212” C12 )||X12|| Z,l Jl )”X”” (6)

From (5), (6) there are:

(j2 J)Q\

_ X X
[(”Bun” _Cll )(“81212” _ngﬂ)_cﬁf)cﬁ?}%

<ciret (el -ct) e <)

||X11””X1_2” (i B)e\@f(k,)} , v;=0  Then there exists

XX

Y., €[0.1],V(J;, J,)€Q ,and the conditions of the theorem are satisfied, and the proof is
completed.

Make vy, =

4. The Study on Block Compound Matrix Inclusion Region of Inhomogeneous Block
Eigenvalue under Bipartition

Theorem 1:B=(B;)eM,, (P,),« and pare<m> bipartitions,|a|=p,|8|=m-p,
If it is arbitrary (K, )0 Q,(S_l‘ms_g)me (mp =@, Then B is Non-singular.
Theorem 2:B=(B;)e M, (P,),a« and B are <m> bipartitions,
avupf=<m>anpf=>0

If J,(B={iea| B ['>R“}I, (B)={je BB} ['>R/| =
And Vv (i, pDeQ,

Q1B = RO(IB I R ) > RPR(™. @)

Then B is Non-singular.
Proof: by (7) J,(B)=® ,and J,(B)=® .Otherwise, if J, (B)=® ,then Viea ,and

B <R

From (7) the right side is greater than or equal to zero, Vje # Must have |Bj‘j1||‘l < ijﬂ) ,which
is J,(B)=® contradictory with known.J, correspondsto «, J, correspondsto g,s0 J, and
Jyare<m> bipartitions.

Also because J,(B)uJ(B)=®

Thismeans J (B)=a,J,(B)=4.Andthen V (i, jDeQ,thereis
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B -RO(IB I -R”) > ) Z) Q||Bij2||||5jjl|| z(_ Z; Q”Bijz””Bm” Y + i €[0,1] then
i lz)E i lz)E

S_l‘me (mpy = @ .It can be seen from Lemma 1 that it is Non-singular.
Theorem 3:B=(B)eM (R) , a, pare <m> bipartitions, If there is te<m> make:
(IIB“‘lII‘l—Rﬁ)(llsjﬁll‘l—R;f’“)>Ri"”R}“)y (i, j)eQ1 ®)
(a) -1 B e (@)
—c(B - > Z CCi vT cQ, )
(. J2)eT, (i1 J2)€

Then B is Non-singular.
Proof: Define the hyperplane:

P= {y (thZ)EQ p(m-p), (Jllz)EQ zyhjz_t 1}

(iriz JeQ

Then p divides Q, . intotwo closed convex sets:

Q[;r(m-p) = {y = (yjljZ) € Qp (m-p) ,(jljz) € Q: Zy1Y2 > t_l}?

(jhjpeQ

Q;;(m-p) = {y = (yjljZ) € Qp (m-p) ,(jljz) € Q: Zy1Y2 <t _1}?

(hipe0

Then, there is at Ieast 1s in any one of Qi) , and the rest is 0; ther? |13 at most 1sin

any one of Qo) and the rest is 0.
For each determined (k, DeQ ,Take Tac Q\{(k’ I)} to meet:

> [BallBul =, max, > [BelBy]
(€T Tt (Jy B2)eTyy
So for each point Y=Wiin Qo there are:
ABLIM = RO(IAM -R?)>RPR( > > ||Bk,2||||B.,1||> Z BB yise

I B2)eTy,

Then Q;(m_p) cS/ .

For each determined (k,1)eQ and T;_lcQ\{(k,I)},Iet T;l meet:

cOlgL[F—c®)|_cWc®
2 [(| hh j1 )(| szjz _Cjz )_Cj1 Cjz ]
(s JZ)ETtl
a - -1 B B a
- min = (8] -c)(lB ] ) -crein
TacQRklY

For each point y=(y,; ) inAQy,

s (Bl -cr)(snl ) £ crer,

(I j2)eTa (ki) (I J2)eTea(k.1)

537



Then:

h l2

2 (el (e e}y, =

5 N[(||Bﬁ1||_l— “)(les

( k2 )ETI -1

el ~{Je ot ) v -t

_C(ﬁ))_C(_ﬂ)C(_“)]

12 h 12

Thereby Q;(mfp) cS,.

In summary, Q. ,, =Qpn ) Y Q) S S VS,
Known by Theorem 1, B is non-singular.

Theorem 4: B=(Bij)eMm(Pn),a and pBare <m> bipartitions, 4 (B) is a set of block
eigenvalues of B, then:

A (B)cT,ul,uT,ul,.

T
sRY’)}uU{AeP HA B,)"
jea

- Riw)j(u( A-B,)"

AeP,(C): Y. U(A_th)l - j(” A B
1"3 — (hiz2)eT;
. 3 cey

(j1d2)eT;

<R()

-1

r,=|J{AePR,(C):Det(A-B,;)=0};

ie<m>

Proof: For either A e 4, (B),if Bgl“lul“2 ul,uTl’,, It can be known from theorems 2 and 3.
I, ® A—Bis Non-singular. This conclusion contradicts the conclusions reached by the lemma,
which explains Bel,ul,ul;ul', , According to the arbitrariness of A
2 (B)elul,UT,UT,.
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