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TEA SRR, BUE £(0) = 0, f(2) R IEBILEE f(00) = oo, f'(c0) > 0 B,
AT USRI
f(Z) — Zeg(z)+ih(2)’ 2eD=D+ C1+ Cs, (2.1)

g(2) /& Dirichlet %447 7] @

V2g(z) =0, z €D,
9(z) = —log|z|, z € Ch, (2.2)
g(z) =logpu —loglz|, z¢€Cy

I, h(z) R g(z) BISEHEIR AR & M. gl Ak T g(2) ATRAHT Cy M Gy TR AR
DRAMEREC B N A A s A F R B A i — ks &

N
G(z):—ZQilog|z—Ci\,z€D (2.3)
i=1
E L. BRI g(2) FEXIE D A EHETRFI R L h(2) WTEAH
N
H(z) = *ZQi arg(z — (;),z € D (2.4)
i=1

L F35b, ot MOGEAL. (i = 1,2, -+, N) YRS D AFESS E XTSRS, B N/2 4
RAAGIEIL S Cy WIS, 38k NJ2 A i AfEIL S Cy BTN ER. R4 (2.2) 2, UOEIE X
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S PN O A7 78 30 S Sk A 5 AN AR A AR i AR A . RN Q, AT LA A Bk
LI AT 2, 7E5 2 Dirichlet A4 HHIS HEAT SR AR, BT

N
> Qiloglz; — Gl =loglzl, 2 € Cy, (2.5)

i=1
N
ZQi log |z; — ;| + log M = log |2;], z; € Cs. (2.6)

i=1

NHIT g(oo) =0, h(co) = 0, 24 (2.3) F1 (2.4) AT HETH

N
> Qi=o. (2.7)
i=N/241
Eik (25) Kbz, (j =1,2,---  N/2) BRUEL R C; b KB, (2.6) Kb 2, (j = N/2 +
1,N/2+2,---  N) WHELR C, L.
PKAZ (2.5)—(2.7) =, A N + 1 4EL9 0 T7 12

an G1,N/2+1 ai,N 0 Q1 log |21
anj2+1,1 0 GNJ241,N/241 0 GNj241,N L Qn/241 - logzn/2+41]
anN1 te aN,N/2+1 e aNN 1 Qn log |ZN|
0 e 1 o 1 0 log M 0

(2.8)
;E\:EF' a;; = log |Zj - Q‘ Eai)ﬁ, %Uﬁﬁ Zi,Ci,Qi,M ﬁ‘ﬁﬂ@ﬁﬁﬂ%ﬁﬁ%@
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FAEE A BN E L L —. ERAE Krylov T2 [H]

K., (A, 1) = span{ro, Aro, Arg, e ,Argl_l}

(LR b ok A SR By, I TR R 20, € 20 + Ko (A, o), FIEBIE LR GFE (2.8) Witk
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IEARE R I R RKIGIN. A T @ RIX G O, B m P AT 3, X2 GMRES(m)
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Algorithm 1 GMRES(m) Algorithm
Input: A,b, zg,c.

Initialize ro = Azo — b and pg = ||ro]|.
define Hm = (hij)(m+1)><m and Qm = ((I17Q27 e 7Qm)
while stopping criterion is not satisfied do
forj=1:m
TE = Agy;
fori=1:j
hij = q4i r5;
rj =15 — hijg;
end for
hjt15 = lIrjllz, if hj1,; =0, set m = j;
Q1 = T/ Pit1 k3
end for
compute Ym, Hpoel - Hmy'm”Q - min, set Tm+1 = Lo + mema
r=0b— ATmi1;
if error = norm(r)< €; 9 = x,; end if
end while

return z,,.

EREER, xo REE NPT, BOYEIE, ro = b — Az AVIRFE, ¢ Z45E
M.

4 HESKW

7E£ MATLAB 7.0 85T, LU it 70 ROEE X3 Oy« 22/a? + 2 /b2 = 1, Cs -
22/a2 +y? /b3 = 1 MBI, Cy A Cy i Fb. FIHAALL A 206 00UZE 368 [X 3 11 £ A A0 i3k 47 2K
ESEEG, PRAA IR ZE ]

error = max <max||f(z)| — 1|, max||f(2)| — M|>

Wi, i GMRES(m) A %, BB BT
FB1 WERMA GG =1,2,--- ,N), L5 2(i=1,2,--- ,N) UEZKANSH;
B 2 WYL TR e R TN Qi = 1,2,--- | N) FAR#A2 M LR T7

HU 3 JH3E GMRES (m) WRBLFTRE, BB Q,(i = 1,2, | N) Ay
& M, WTTHE L LR A AR 2 £ (2).

Bl1 ar=7,b1=5,a, =5, by =1 751 Method 1 M Method 2 7 K EFE I
T GMRES (m) ¥ XU X SO AA ST 0% F 2 45 Hh R R T ROy v MO (A7 2 4
22, W 2 R SOSOR AN, 2 B A AT RN, 2 AR T 90
i, Method 2 IR A5 % 2 T Method 1. L AUH N = 200 I, Method 2 fIf%f %2
iR 28 4.1729 x 1079, i Method 1 [ AAR IR %4 8.7557 x 1075, BiHIASCHT R )



1032 g0 = S & Vol. 36

SR LA B b FE B AT @ (i = 1,2, | N) FIARHEAE M. 1 3 45 B
il s B N 0A 200 B, R, LA s FR) 2 A AR DL

—>— Method 1
—*— Method 2

. . s . . -
++++++ ++++++ + charge points
L+ -

+4 4+
‘ Tttt ‘
-8 -6 -4 -2 0 2 4 6 8

number of charge points

2: HUE R A AR HAIRZE (B 1) 3: R AT S AT (6] 1)
N — IR A SO A R, B
Cr:2?)T*+y2)5% =1, Cy:2?/5* +y* =1

NIL T AR X A 2k B 4, SR ECROR I AR, AR RO A Rk AT R RO
200, FIH] GMRES(m) 5RAFLIHRTTRE, AIMALIE A e s £ &1 5 D X3 B HL A5 e 2 1) S5
R, ATLUE W, X Gy A Gy BFT R REH DX AT AT 2y, Zead DR AR e fHe, XL 598 1
AR A i T ] ol DX 3P P . L3 it R A7 AR et L D ][5 th A AR i R BRI 5, AT
BAIE T 3+ GMRES (1) 12 (004 18 [X 38 PR 1 22 e 1 TSR AT 200k

R N T A |
1o A @ M = o = N @ s a

K 4: T 5 e X3S 2 (61 1) K 5: T 5 R XIS 2 AR A H (1] 1)

512 a; =8, b, =4, ay =4, by =2 B FLTE 2 FE 3, B 6 FIE 7 73545 H T
TV B A A1 28 B 25 RTARAUL LT s 20 A . R 6 R AT LA ), BT S B 2, w5 ik
AR A AR i 22 N, (A 24 BT A B0 T 180 B, Method 2 AR f AR ik 2 B B BN T
Method 1. A7 SECH 300, Method 2 HILR A AR 17 2 L&A F 3.7814 x 10713, & 8 14

Cy: 2?8+ 92 /4% =1, Cy:2?/4* +y*/22 =1



No. 5 BB T GMRES(m) V5 XGEE X EUE - A R T 5% 1033

AT A B IX I 25 v 2k, FHZRRRIL F. I 9 W LA Y, Method 2 RJ LA 21 T 1R U1
TRAMAHREG R

o
10 T T T T 6 T T
T+
——+— Method 1 +++++++ ++++++ + charge points
0 —*— Method 2 | ot e
4 + + ]

L T 5 R R o
number of charge points - B
6: HERMAAZHIRE (6] 2) 7: B REAT A5 00 (1] 2)

K 8: i 5 R X3S 2 (61 2) B 9: 105 R XIS 2 R A H (1] 2)

5 45R1E

ASCAIH GMRES (m) 53R H 17004 38 DX OR A1 AR AL 0L B A 92 o B 20 0RO A2, 3T
St 73T GMRES (m) 1002 X CEE PR A AR KT 5. IRl BUE Se 96 30 E 158
FLRIA R, HAE R Al 1 R A AR e T B4 R ARBEF R AT U2 -k e i 2
38 [X S A R A AR 8 [

R

WA, R AR B IG KIS [M]. b LIRS AR SCk AL, 1988.

ORI . HUME R A A2 ML AE R REER P I (D). P2 P2 LT RHER S, 2008.

MONT. W B 5 HOR M]. dbnt: Bhediht, 1979.

Singer H. A charge simulation method for calculation of high voltage field [J]. IEEE Trans. Power
App. Sys., 1974, 9(3): 1660-1668.

N =

ORI



1034 g0 = S & Vol. 36

Amano K. Numerical conformal mappings of exterior domains based on the charge simulation
method [J]. Trans. Inform. Proc. Soc. Japan, 1998, 29(1): 62-72 (in Japanese).

Amano K. Numerical conformal mappings of interior domains based on the charge simulation method
[J]. Trans. Inform. Proc. Soc. Japan, 1988, 29(7): 697—699 (in Japanese).

Amano K. A bidirectional method for numerical conformal mapping based on the charge simulation
method [J]. Trans. Inform. Proc. Soc. Japan, 1991, 28(4): 473-482 (in Japanese).

Amano K. Numerical conformal mapping of doubly-connected domains based on the charge simu-
lation method [J]. Trans. Inform. Proc. Soc. Japan, 1988, 29(7): 914-919 (in Japanese).

Golub G H, Van Loan C F. Matrix computation (4th ed.)[M]. dbxi: ARHEH tHktt, 2014.

2R, SR, 25T GMRES B2 DRl 38 SRR ZET [J]. THEH#, 2006(4): 365-376.
R, EAE, &R, —F R MR xR R SO R R stk A0 [J]. #4038, 2011, 31(3):
569-574.

Amano K. A charge simulation method for numerical conformal mapping of interior,exterior and
doubly-connected domains[J]. Comput. Appl. Math., 1994, 53(30): 353-370.

Lu Y, Wu D, Wang Y, et al. The accuracy improvement of numerical conformal mapping using
the modified Gram -Schmidt method[C]. 19th Intern. Confer. Indus. Engin. Engin. Manag., Berlin
Heidelberg: Springer, 2013: 555-56.

Bt RE, Ao, S I Riemann W4 108 [J]. #2240 &, 2006, 26(5): 579-584.

Saad Y. A Flexible inner-outer preconditioned GMRES algorithm [J]. SIAM J. Sci. Comp., 1993,
14(2): 461-469.

Habu M, Nodera F. GMRES(m) algorithm with changing the restart cycle adaptively [C]. Proc.
Alg. 2000 Confer. Sci. Comp., 2000: 254-263.

THE GMRES(M) METHOD FOR NUMERICAL CONFORMAL
MAPPING OF DOUBLY-CONNECTED DOMAIN

LU Yi-bin', LAI Fu-ming!, WANG Ying-zi?, WU De-an®
(I.School of Science, Kunming University of Science and Technology, Kunming 650500, China)

(2. Computer Center, Kunming University of Science and Technology, Kunming 650500, C’hina)
(B.School of Mathematical Sciences, University of Electronic Science and Technology,

Chengdu 611731, China)

Abstract: In this paper, we study the GMRES(m) method for numerical conformal mapping

based on charge simulation method of doubly-connected domain. In this method, using the

GMRES(m) method which limited the number of Krylov subspace’s maximum dimension, the

linear equation of charge simulation method is solved, and the approximate conformal mapping

function is constructed by using the charges and conformal mapping radius. Numerical results

show that the proposed method is effective.

Keywords: charge simulation method; doubly-connected domains; Krylov subspace;

GMRES(m) method
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