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Abstract

Assuming under the condition that the coefficient matrix A in linear equations Az = b
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is an nonsingular M-matrix, by comparing the spectral radius of the iterative matrix
of the Gauss-Seidel iterative method under preconditions with the spectral radius of
the iterative matrix of the classical Gauss-Seidel iterative method, it is obtained that
the convergence speed of the Gauss-Seidel iterative method under preconditions is
faster than that of the classical Gauss-Seidel iterative method, and the effectiveness
of the preconditioning is obtained. Finally, a numerical example is used to verify the

conclusion.
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Az = b, (1)
T T AR St T R A I R R

A=I1-L-T, (2)

Horh A & n W AERR AR, T2 n BT BALAERE, —U 2 A B7H E=ARERE, —L 2 A R R =
FHFEAEC 3], RARLMETTFEA (1) I i Gauss-SeideliEAHFE A

G=(I-L)'U=M""'N. (3)

KM =T1—-L,N=U. N7 IEEAIE RS, 5 5 B AL % [4], okt rid il id 54k
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—MNEMIAEE R P, Az = b R N MR
PAz = Pb. (4)

X R RAR 2 B 22 3 B XA RS AT 5 T AR PSR 5] (6] (7] [8] [9].3C [10] [11] [12]
[13]iF 38 T F2 T Gauss-SeideliB AUk U S ME A SO Bt 2 T R 4L R BOE R N AR & 7+ M-8
Wi RHEEIRA P = T+ S p, FAELLHUEAT T Gauss-SeidelIE AR S, He i S, 558

FEFE T
0 —aj(aiz+ 1) —a(ais+P2) -+ —ap_1(ai, + Bn1)
0 0 0 0
S 0 0 0 ,
0 0 0 0

IALETGAE P =1+ So 5, ERAT,

As =T+ 8Sap5)A=I—-Es)—L—(U—=Sap5+F;)=Ds—Ls —Ugs = Mg — N

ot By Fu 5 S0 (L + U 350 0098 B AR B b = Fi 5D, = (I — E), Ly = L,U, =
(U — Sup + Fu) 5 BT A, 195X FAREE, PR R = AR B 7 b = 0 5

AT J5 R AT R Gauss-SeidelIE A AR
Gs - Ms_lNQ' (4)

H¥M, = (D, - Ly),N, = U,.

2. EARENKRG|IE

EX1[14] #HF A€ R ARRRNA=sI— B, I Nn¥NFE B> 0,2 s> p(B) I, i
AN M—FE 2 s > p(B) I, B A NAERT - M —FE. 2 s = p(B) B, Bk AR5 73 M—[E.

EX 208 #Aezm AFWH A~ >0, WAK A N5 7 M.

EX 38 wARNETME &M AEFRERE WRA=M-N2Z2ARN—"T0R &
p(M7IN) < 1L,MFRTH A= M — NS IR

(1) M 5%, Rk M Z24EER M HEEH N > 0;

(2) IEMAE, W M- >0 H N >0;
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(3) WIEMAH, R M >0 H M N >0.

BIEE 1 [14] # A NFEHARALIE, )

(1) #E42 p(A)H AR SRS

(2) A FEE R p(A) MR SR o i
(3) A HIE—TEZRIE, p(A) TR,

SIEE 28] A=M— NZARGIIER MR8 BRI p(M 1) < IR FRERAEAT > 0.

SIFE 3 (8] WA € (0,1],Hz € (—00,0),Q € (2242, —2) N (0, —2), B2 LA QIEZ.

Yy )

SIFE4[10] & A= M, — Ny = My — Noj& ARSI IER 2 R A~ > 0, B F 8 %A oL
Z—

(1) Ny < No; (2) My > My ' Ny > 05 (3) Myt > My ' Ny > 0;
WA p(M; ' Ny) < p(My ' No).
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EE BT RAN REGERE A A K M, #2240 < apri1101641, 85 €
(Rt gy ) N(0, —an k), i € (0 1],ni1 o <1, (k=1,2, -, n=1) 0, WHG,GH
Efi H p(M7IN,) < p(M~IN) < 1. Hrh M;lN:,Zjl\/[—lNéj\%lJEE (3)5 (. p(M7IN,), p(M~1N)
Oy ZBOERE A, AN Gauss-Seideli% ARk AIIEACHERE i1 4%

IERR W1 A RARERE ML (3)X0F
M?l'=(I-L) ' '=[1+L+L*+ - +L"Y>0,N=U>0

G=M'N>0 BCGRIFENMNHEMHRIHEE X 3,4 =M— NNAKIEM 752, BF D, > 0,L, >
0,F, >0 LLEE, > 0. REATAMN G REGEMAN

n—1 n—1

1- Z akak+171(a1,k+1 + 5k) crt Qlp — Z akak+1,n(a1,k+1 + 5k)
k=1 k=1
A, = 21 ce a2 n
an,l .« . 1

%Dy = diag(4As) = diag(dy, 1, -+ ,1),Es = diag(Sa.(L + U)) = diag(ey,0,- - ,0),

n—1 n—1
Hbdy =13 apagyr1(arpr1+Be),e1 = > agapira(ar g1+ Bk), HFEMO < ari1101 k41, Bk €
i=1 =1

n—1

(M; _al,k+1) N (Oa _al,k+1)7ak S (07 1}) E (73 S 17 (k - ]-7 2) e, N — 1>7ﬂ%ﬂ
k=1

ak+41,1
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k=1
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=1- E [6%%
k=1
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k=1
n—1
= ak}
k=1
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FTbl Dy > 0,E, > 0.3
0 0 cee 0 0 0 U192 - U1,n—1 Utn
—a21 0 s 0 0 0 —Q2n—1 —Qa2.n
LS = L = [Jv‘5 =
—Qp-1,1 —Qp-12 0 0 —An—-1,n
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n—1 n—1
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k=1 k=1

(.7 = 2737 e 7”)7FﬁuLs 2 O7Fs 2 Ost - (U - Sa,ﬁ + Fs) Z OaEE(4)%D
Gs=(Ds— L) 'Uy=[I + Dg'Ly+ (D;'Ly)*> +---|1D;'U,s > 0.
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DA K b T B AT R0
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LMy = (I 4 So5) *My,Ny = (I 4+ S,5) ' Ng, B4
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BEE,

Mt =M™ = M7V (I 4 Sag) =M™ > M7V I + Sap) = M~ = M8, 5 >0

S

fitLA,
5 F 4, 7] 50
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N AN HETT 5 M —HE B TR SR AR AR 5] 22

AP >0,p(M7'N) <1

Zi b,
p(M;'N,) < p(M~'N) < 1
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i,p(G) = 0.4396. IBALETFRAM P =1+ S sMERT, 2 aq = 0.95, an = 0.005, a3 = 0.005, 81 =
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A, e A .
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