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Introduction

n+1 _ n
Bw)——¥

T

+Ay"=f, n>0, (2)

where f, yp € H,H is n-dimensional real Hilbert space, f is the right
part of (1), A, B(w) are linear operators (matrices) in H, A is given by
equation (1), B(w) is invertible, yp is an initial guess, yi is the k-th
approach, 7,w > 0 are iterative parameters, U is the solution that has
been obtained.

G=E - 1B (w)A )
G=E-1F,F =B (w)A.
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Introduction

Skew-symmetric decomposition

A=Ay + A,
Ag=(A+A%)/2, (4)
Al =5 (A-AY) = A,

L.A. Krukier (1979)

A = KL+ Ky, KL = =K, (5)

Z.7Z. Bai, L. Wang (2004)

Ai :NKL+HO+KU~_H0:RL+RU;
KL = KL+ Ho, Ku = Ku — Ho
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Introduction

Skew-symmetric iterative methods - main idea

B(w) = (B¢ + wKy)Bg' (B + wKy), (8)

where Be = B, can be chosen arbitrarily, but has to be symmetric.

B=By+Bi,By=B],By=—-B] (9)

B(w) = Be + w((1 + )KL + (1 — j)Ky), j=+1, Bo= B} <7>J
By = Be + w(Ky — Ka) (10>J

By = B; + w?KyB; 'Kz (11)

B1 - wA1 (12)J
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Introduction

Definitions
The linear system (1) is called strongly non-symmetric if

SSC = [|Aoll / [|A4]l ~ O(1), (13)

where ||*|| is one of matrix norms.

The field of values
H(A) = {x*Ax: x e C",x*'x =1}
SP(A) C H(A)

Field of values of the matrix W through R(V).
a = a(Ay) = LX) ¢ R(A)

B

B = B(BO) = Txx) S R(BO)

iy = in(Ay) = {25, € iR(AY)
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Localization of a spectrum of an iterative matrix

Let \; be eigenvalue of a matrix F = B~'A and
Aj = Re\j +ilm);. )
Then
1 —7A] <1,
Vj,\j € Sp(F),F = B7'A,7 > 0, A2 = (Re)))? + (Im)))2.
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Localization of a spectrum of an iterative matrix

Let the matrix F be stable. Then exist such value 7 < 2MNAGA ;).

which method (2) converges.

Corollary

If matrix A is positive real (Ao = % (A + AT) > 0), and matrix
B = BT > 0 is SPD then method (2) converges.

Remark

| A\

Unfortunately, it can’t be expended on SSIM, since matrix B isn’t SPD
in our case.
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Loc ation of a spectrum of an iterative matrix

Generalized eigenvalue problem

Fx = Ax = B7'Ax = Ax

= Ax = \Bx (15)

(Ao + A1)x = A(Bo + wA1)x

(Ao — )\Bo)X = ()\w — 1)A1X. (16)
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Localization of a spectrum of an iterative matrix

Localizaton of spectrum

R(Ao) € [ag, a1], @0 = Amin(Ao), 1 = Amax(Ao)
R(Bo) € [Bo, B1], Bo = Amin(Bo), B1 = Amax(Bo) (18)
R(A1) € [=71,71], 71 = [Amax(A1)] )
a— A8 =(Aw—1)iy J
By — wyA =«
{ wyAg + BA =7y (19)
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ation of a spectrum of an iterative matrix

Jjonnection between spectrum and field of values

Theorem

Let conditions (14) and (18) be satisfied and Sy > 0. Then for the real
and imaginary parts of eigenvalues A matrices F = B~' A equality (20)
is carried out.
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Convergence of SSIM

Chl = wy? + af (21) |
a € [ag, aq],
€ [Bo, B1], B0 > 0 (22)

Y2 € [v3,73),7% >0

Chil e [w’yg + aoﬁo,w’y? + a1 1]

A\

So Ag > 0 and the method converges.

v

Theorem

Let matrix A be positive real. Then an iterative method (2) with
positive real matrix B, for which it is carried out (12), converges.

.
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If A and B are positive real matrices and By = wAy; is realized then AB
and BA are stable matrices.




Convergence of SSIM

Case: ag < 0

Ch1 € [wr§ — |ao|B1, wi§ + a1 Bi]. (23)

ChiL = wr — |a|B1 > 0

vl B1

%

w > (24)

v

Theorem

Let the matrices A and Ay be nonsingulars, the conditions (14) and
(18) are carried out. Then if an initial matrix A isn’t positive real (in
formulas (22) ag < 0) iterative method (2) with positive real matrix B
(in formulas (22) By > 0), for which the condition (12) is satisfied,
converges, if the inequality (24) for parameter w is carried out.
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