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The fast multipole method is applied to the boundary element method to reduce both the

computational complexity and the memory requirement. The fast multipole algorithm is used

to compute matrix-vector product in solving the discretized linear equations iteratively. This

reduces both the computing time and the memory requirement. This method is implemented

for the two-dimensional potential problem, then a numerical experiment is performed and two
application problems are demonstrated. The experiment shows that both the time complexity
and the memory requirement are O(N)in 1,000 < N < 200,000, and that, if the leaf cell of the
clustered tree includes 16-32 elements, the perfomance is ten times improved than the case that
the leaf cell includes only one element. Two applications, one is to determine Wiener capacity

of a region bounded by a fractal curve and the other is to compute the flow field by the vortex

sheet tracking method, confirm the wide applicability of this method.
Key Words : Boundary element method, Fast multipole algorithm, Complexity, Memory re-

quirement, Vortex sheet method
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T, 75AR-SHORETE, BERARADY — K
EITROTVWAN, ZONBIETAEHIOTNTH
%, HOOFHETIHTFING MVEDFHEN—E, HE
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Number of Elements

K7 WAEAR

X2 BEO—EORE Y E L FHETIFITHINRY MVIE
DFENREUT RIS, 1FFINT N IVED FHERERE
NERS DR, B TE—EROESRS, LT TEZ
BEOBSBMEDN BV THE, BOHDEVE
FEEROHEREORWVCENS, X5, BADF
B, BN k2 BEREICHT 2 BE D175
RY NVEHEL 22 DT, ZORETEEIVICHT
LEHFEEOREREERLTVS, LENRST, B0
YR UHEBRE L Y DRSOLEE L TWEZ IR
5, =B, ZOMETIAEROBNMNET 5 TOR
YR UERIE 2~3 ETH o=,
A EDBHEERIER LY, ROZE WG o7,
o HEE  BEBAREILDICOWN) DEETH S,
o BINENICEENZBEROEREN 16~32 D&
ZILROIEYRENR D,
o 75 AR —NEOFEREIIMICEThS Y,

F-1 AFEBREIC BV 5 EERRE: M =32, BfL

AIVEEL B N=10* N =10°
75 AR —51E] 0.48 6.82
FHLDFE 14.32 169.22
—E DR YEL 15.26 174.27

BN VOBARERBOBEEIL, BHEROHER
PHEEBROHER L DHFLI>TRESNEDT,
MEOEEYBROBRREIC L TAERSNE E
A5N5, EEROBITICBW T, BROKEZIONT
NHIBEEH-STVEDT, BWNEROARZ I UT
BRERDAZ XN 15~50 FFREIC2D L DICERSY
HRBAT, BNEVORZSERREROKREZSICE
YRHEDOHRENWTHS D,

5. R

5.1 YHAERERO RSO

FEEEERAT O—Bl & UT, BB R R R DR
DFEF EfT o THE, ZZ2THRY BFEMEL, 75
7 RANVREROBRRRETOHETHY, vy
VRIS B 2 AW REED—D TH B M) FRIIH
B Dirichlet [#E

mn B
on JB

RIEE BRED Ju/on EESLT
1 du
W = 5; ./aB 0_71— dS
MOHETED, 2RFTFERICBWTINBARER C =
exp(—1/W) THEALND, —RIC, BEDHEI, RF
VYUY IVDBENSHT B EEROBMEHEES LT
RFYURIVDEEICE > THRESH S, TE& LIS,
MBARIT-BR (B | BES FEOEIARE L&
BIDIKAT =T INEER) BRETENT A~
ArediroTWb,

Z Z T EERRIE Koch HRRIC X 2 BE—FHH
W C3H B, Koch HfflE, A=Y T —ReMIN2%E
BEFEDEDLE T 2R U — R ERINEEEDAMND
RABFIFETEENZ, SHKEONEREORKIDE
HPRY 22 V- R THEEVAD WV OBERREYE
LTSNS, BRE U TESHBERRORIuE 1~2
DORNCH B, RIFOXGE LEDIE, ED Koch H#RD
AFEREOEBEOHETH Y, EEDSIRTH .
Thbb, BEORGE & BEC_ BT TR Z TRl
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RAW, Aoy —2EEE 0.1 OFICAETHES
A, Vox U— R 2 4OFNFELEDLDT, 75
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K-8 Koch HEfREER

7 BIIRTGIE 1.2618 THd, BIRB Ik, f=VT— %
208 02 DEFE, Voxb—3% §0HFhie
LEBDT, 757 ZNVKR5EE 1.5 THb, BidnwT
ANBHHEREREEOE 4 BEERLTWS,
R2ICHBRERDERBEEIC BT 2HETHEONER
BEREEZRT. EORSDH Yy IRNTBROBRERT
»3, BROEIIEHTE <i§i<‘?‘673‘, REIXE
FAEARD HEBH R VB B —E DR T WS,
INSOENSTFRINB-ERE, B A OBEIE
PRI 2R 116, BRBIIW T RHLEDDTHS.,

-2 HREREROLBIEICET 2 XPAR

A B R eIk A IR B
1 0.08427 (0.693) 0.1179 (0.8)
2 0.08823 (0.924) 0.1380 (1.6)
3 0.08964 (1.232) 0.1435 (3.2)
4 0.09022 (1.642) 0.1450 (6.4)
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KT, ZOREORIEDY 70V — &E X EHE
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DEMNERAL 25, HTIBREAICEET2ERE
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BT, HERREREREDEDBRBEICE WY, REEIC

RRLAEEDL RV, 2ENRREOSHIRELH
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N
o

I

I

Normal Derivative

Ll
| ;
E )
I I
f :

\:E

‘ |

N B ] q : i
| i : i E
Kl ALK ﬂ_uv J’!]n’»lx

i

|
r?
|
1
\li“ Ly |

20 i |
Type B (level 4)

15
(9]
i
I2
=
8 10
o
£
(=
Z 5 i

|

Normalized Boundary Length
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(LA, ZOMEE —EREOYEN D DRGRH D
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BUEFATIC B W T3 R0 % 5~20 ERICHE L,
BERBT, R-90BEICBWT, IR A B 7,680, &
R BN 10,240 THo k., HFEXDBEIHLE D=
WA IELRER: (Bi-CGSTAB %) 2HWE, Z 0/
BIIBO TRENE L BEHOEVEETH L., EE,
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5.2 EEIZL RN
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D—D2DEAL LT, B Rb VICERREFH
HEEERO RRELTEE, Zh T TORBEEDME
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U, BEROBIFEHET2ZEPERERZ L TCH- 1=,
ZOMEIEESEREEFHAT I TCRETE 2
EHFREE 5 1Y DT T, BEEICBIT 2 ERSE
7 IVIV XLDSERICONWTHRANSE, ZhitE =,
BRERE TN . T 0B HBRNERY B
WE—=DDRTHH 5,
(1) REX
BEERICOWT Z L{HERICHIE T 2. 2 IRTvERME
BHICHENEEL, FOPEN SEESREA L TW
3L ZDRNDBICOVTE XS (B-10), FtkDIk

H-10 #fEEbH Y OBPEEESTHEL

FEARERAET 2 L, B (21, 2y) B EORNEE
Y=do+9 BAVWT v =V x gk THEADNSE, Z
ZIC, o B TEALNETRENTH Y, ¢ 13EN
FETHZLICXBHNDOWES L RN SRET 2
BROFEEIC X DHhOHES L OFTHE, =,k
iZ o3 BARIOBAR Y NUTH 5, BEDERN 53
ETRREEICEGSHTELHMEL, TORBE L
35, ZOLE, NOXEHENS L UEREMtT
Vi = — in B
Y= —y+ec on 0B
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Kelvin OfEBREHE

—ds=— s 21
/33 5, 45 /F")/(lb (23)

ERWTHETZ ZEATES, &R, BEEESEN
DOREEIE Poisson FEADAES Dirichlet RAERIE
(22) ICATINSRE: (23) b > =RE e 25,

WE, BIE T BLUFDOLEOBEEE « NEZOSHT
WBETBE, 0y/on ICBET 2BARS HEAN

1 d
ic—/&)BG(m;y)%(y) dsy = AG(%,y}‘y(y) ds,

(22)

L [ 9G(ziy) )
+ Ean(l)-+tnp~/23 Tn(y) Yo(y)dsy (24)

MELND, REEH ¢ WFERDOFICASTWSE Z e
IKEBRSINEY, 1 (23) 2SRt L 3228 TH
ETED, BRABESHENIEEDOFETHHIL S
5, ZOEEIC, BIRDERER L ARICERLT 5.
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DNTEBROBUTEMU T DT, FRATAHEA RS
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B To ICH LTS + = 90Ty S CHERTR-E,
BERHEE Vo 1d, AREDRE « LEEREBICLT,
Vo = Lsa/Ty &L TW3, BT TIXBOME R ki
BEZLICEUHEDREBRL TS, YT 3
Reynolds #1349 200 TH 5, BTOEEREEN T T, /4
ELE,
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