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Abstract

In this paper, for the Laplace model for fluid-solid vibrations we establish the local finite element
discretization scheme. We give the local a priori error estimate and the error analysis of the pro-
posed scheme. We also provide the numerical experiment to show the efficiency of our scheme.
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1. 5|15

JR SRS TR A FRT T VE R IR TN Y, TR R SR I8 A5 T ()R B AT B R SR AR R T oy R
MR 12— . 2000 FFHEE AN ZHESE & R 5 AL IE R T 0 RS B B 7%, 3R T BRI
JRESAIFRAT RS, R TSR I AR RAAE (S WSCER[L)) . 2S5, W2 5E R, B2k
DI T Stokes 75 F#(Z W.[2] [3]), & FHRHIEAE M E(ZW[4]), R EO7 (2 W5]), &% AT e
B2 I[6]), MBI AE AR 10 3 (2 W[ 7] [8]), Steklov HRAEAR 7] & (2 WL[9] [10]) A% Hns AE AR v 5 (= W,
[11])%.

Wt HRSN Laplace #5578 jr] R 5 T2 B AEA 1] R4 fk b (1) — HOPATE IR S, 2% LR B A 24
BN (S W CHR[12] [13] [14]), HEE 7 552 21 2 223 58, 10 Armentano 258858 1 1%
) hp PREA PR CE K& AN R, R T R E MG TR KR ZE A (2 W[15]), Tk EE
PR BRICINERETE T I E RSN RFAEAE P ORAE R (2 W[16]). A SCHE LU 4R 3) Laplace A8 J&i#8
SeIB R AT BRI E TR, e R R e Al T, T RIS T S A
BRTCRESTH R T 5, B R T BIAT R ZE T, 55 45 HBUE 5550 e R R A I FAT T R A% .

ST PR ICIERIRE & T A PG 2 WSCBR[17] [18]. A fl C Fom SRR R BRI 3
EAEA R BT BT R om B T REAN R . AT R WA F 5 a <b&Rxa<Ch.

2. A

X e TR E YRS Laplace BEAY(VE WL[12] [14] [19]): R o >0 (IRZIHE), u=0 @ildEH)EE
Au=0 7rQm,
au )
n 0 Ao @.1)

u_ pat
on  u-ma?

XHE O c R Z2HAASENA R LRI, T, &R Qlshiast, I (i=1- K)ZREANE 5N

(A G, IR p, BRI m, R SR AR RS A% N p» n=(n,n,) & QLA L

frsMEAE. i =T, Ur,U--Ur, (21K 1).

2 H'Y(Q) #om Q E@H thi Sobolev ZX ], It EYSHAIEEE A HIA |-, , |-, H®(Q)=L,(Q)

HO(M) =L, (D) # & |, - 2V =H'(Q)/R, HEWHHN||, . iTi=po’/(u-mo®). DK

KR N: KAieR, ueV L

(Jri unds)-n T b, i=12,,K,

{a(u,v):ﬂb(u,v) vveV, 2.2)

b(u,u)=1,

=

a(u,v)=IQVu-Vv,

b(u,v)ziZKll(J'ri un)-(J‘ri vn), |ul, :b(u,u)%.
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Figure 1. Schematic diagram of 2D area model
1 ZHXEERREE

BRa(,) 2V xV LB, X BEREEMIEIER, b(,-) &V =V B3R, &S XFRE L
e HSCHRI9] P %A, (2. 2)fIfE2 i 2K /l\f%ﬁﬁ(/lj,uj)éﬁtljﬁﬁﬁﬁu, HAPRAILE A B8 IE, BBERAIE
HAZEIEHET: 0< A << Ay o MINTHRFAEAE A; IRAERR R U, eV 515 {uy, - U,y | D EPETE RS

L7, (Q) £ QKW R=MIEHI 7>, h(x) A x FIESIT T REAE, h, =max,, h(x) Z2#l7 7, (Q)
B 2 ¢ (T)={e} &mr z, (Q) TAL TR, ERILHBKES,

&, (0)=¢,(T,)Usg, (T,)U-Usg, (T )« %S, (Q) = C(Q) s LAz, (Q) L5 )7 m RE T,
V, (Q)=S,(Q)/R -
FHRLT (2. 2) M BB BN : 3R 4, e R Ay, eV, (Q) T2
{a(uh,vh)z b (U, V) Wy, €V, (Q),
b(u,,u,)=1.

I SCHER[L9T P %0, B HI R @(2.3) HAT 2K M IERIRHEE, RIARHEESEIHETF: 0< A, < <Ay s
FANLFHRFALAE 2, , FRFERR By, eV, (Q) 13 {ul‘h RS u2K‘h} e MM R

AN T (2.2) U 1) 55 A0 N (2. 3) FRY A BRI i gt 5 ) 4

RKweV, 3

2.3)

a(wv)=b(f,v), WweV; (2.4)
Rw, <V, (Q). 7
a(w,v)=b(1,v), WeV,(Q). 25)
i
f:(jri fn)-n onT,i=1--K; f=0onT,,
AT

£l <CH o (2.6)
T, Mfel®(N)fA
‘[fzdS:iJ'

I=lr

(Iri fn) . n(J'ri fn)~ nds
(J;, m)-(J, m)as=cltf <[,

IN

D3

1
K
i=1
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W] f e l’(0). Bk, H Neumann [l 5G54T (2 W OCHR[20], BSCHR[21]6 A 4.4)FT 01, (2.4) A

weH 2 (Q) Hili &

Wl

e S| Tl SIS 1l S 27)
Shr <2 0RHLQ MBI, TR HFH < Q2RI WU e H 2 (Q) . TR, HT R

AEDARFMET, WZARXIEQ, BA0>n, JH;—<5<10

14 Lax-Milgram 5ERERTRI, (2.4)RIQ8) 5 BAAAEME—fif, T RAESURGETFT,T, -V 5V -

feVieTfeV,
a(Tf,v)=b(f,v) weV;

feVisT, feV, (Q)cv,
a(T,f.v,)=b(f,v,) Wy, eV, (Q).

T, (22MERI)nHNEA FREMFE T HEA:

Tu = uu, (2.8)
ToU, = 24Uy, (2.9)
ﬁ*ﬂ=%¢%=iw
aye SNy SIflLg BEHT T
H(2.6)H
T, f| =a(T, £, T, f)=b(f. T ) S[F| Tl <[ o flia
AT ] S or SIFlg BIT, HRF 75T

M () R BrA MR TR A BRPAE R 50K i) 2 1] o
5 X Ritz B B, 1V -V, (Q) Wi 2
a(w-Pw,v)=0 vveV,(Q).
BRE
Pw,, <, vweV.
HHUEWT, =RT .

FIH Cea %Iiﬁﬁﬂ Aubin-Nische £33 A 45 LA N 2518
FIE 21 4w Mw, 352 RAHMEREME, WRweH™ (Q)(0<o<1), NI

w=PRw,, <Ch™w| . (2.10)

w- Phw||0‘Q <Ch? |w— PhW|m , (2.11)
r

w— Phw||0’r <Ch?|w- Phw|m . (2.12)

BB 22 HFTREM, HXh—-> 0
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[ =Tl —>0.
WEB: ANdw=TE, w, =T,f, FEEHT, =PT, H(210), INEERNE

T, f —Tf ||0vr Ch2 [T, f —Tf |m

T, Tl = sup
" h ”o,r 0 te2(r) "f"o,r 0% el2(r) "f"o,r

Ch" [Tt |«
< sup ———2<Ch" >0 (h—0).
T L
IEEE,
FH U & T H VS (S I SCHER L7 SCRR[ 5]+ dr it 3.1), A LA T 51 #E,

51323 & M(A)cH™ (Q)(0<o<1), Xj‘ﬁﬁﬁaﬁm— TAAEIEHHL C Ml (5 2 h < x I

|Uj —U,-.h|m Shme (2.13)
b, _uj'h|b S h%|“i ‘“LhL,Q' (2.14)
T T T (2.15)
|’11' _Zj,h| §|uj _Uj.h|m- (2.16)

FIE 2.4 BL(A,u) (2.2 MRHEXT, WXEREveV, b(vv)=0, A

a(v,v)_ :|V—U|m_ b(v-u,v-u)
b(v,v) b(v,v) b(v,v)

EW: 2 LSCHR[17]51 22 9.1,
3. EEpsRiREMI

HFDcGcQ, HAHFFS D cc G Fxdist(D\I,0G\TI) > 0. A& G < Q, & X 7, (G) 1V, (G)
BB m, (Q) IV, (Q) £ G LB i suppv={x:v(x) =0}, VO(G)={veV,(Q 0} fu
Vy' (G)={veV,(Q):(suppv\T) cc G} -

2 Q< Q, BRA S A% AN R TG 2 ) A2 BA T 261402 WSCHR[1]) -

(A0) fFfty>1, fiife

):V|ae\r =

h; <h(x), vxeQ.
(A1) XfweH™ (Q), fFEmM>1, {5

VE'\/Tf ("h (w— v|| +|w— v| )<h5||w||1+svQ 0<s<m.

(A2) SHEEveV,(Q,), B

Mea, SII7 (99, -

(A3) WG cQy: #weC”(Q)H (suppo\T)ccG. MHERweV, (G). fFtEveV, (G) i3
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7 (x)(w-v)], , <|wl-

XGcQ, HETRIEELAAE R .
Ay =g inG,
w=0 onodG\T, (3.1)

3_1//:0 on dGT.
on
@UIIEAN: Ky, e HE(G)={ve H'(G):v],, =0} fEd
a(v,l//g)=(g,v), wv e H; (G),

b (fv) =] fudx.

Xt(3.1), BAWE MBS
R(G) MfEE gel,(G), Ay, e HE' (G) e

a(v.yy )=(9.v), WeH.(G)

<Clalys -

1+r,G

"‘/’9

FHOCHER[1] [10], FATE Nk 5l
5|# 31 4DccQ,cQ, a)eCw(S_)), (suppo\I')cc Q,» WFH

a(ow,ow) < a(w, a)zw)+||w||§’90 , Ywe H'(Q).
512 3.2 W(A0), (A2)K(AMSL, HDccQ,. & FeH (Q)flweV, (Q,)HL
a(w,v)=F(v) YeV, (Q).
IES)
Wo S [Whg, +17 110,
EHE31 #weV, DccQ,, (A0), (Al), (A2)FI(A3)MAL, NI
R, o S g, +[RWl g,
UEM: € X Ritz BEE R 1V (Q)) -V, () i 2
a(w—PhQOW,v)zo, wWeV, (Q).
B D cQififf DccD ccQ,, M weC”(Q) H 7 D, L w=1H (suppo\I'ccQ, . &
W=ow, MWXEZEveV) (D)H
a(PhQOW—PhW,v)za(PhQO (a)w)—a;w,v)—a(Phw—a)W,v)=0.
T, mEE32fh

Rw-Rw| S|RPew-Rw| .
1D 0,0,

PRI, ) PR e 2 ) S5 A P L
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Rw, < |Ph“°v”v

+| R — R w
1,D 1,D

S[Rew

+[Riew—Rw|
1,D 0,D,

S[Rew

o, HIRW +|Riew

0,D;
S|Rieow

1D +”P“W"0,D1 +||Phgow 1.D;

S[Rew

o +[Rwl, o, +|Ph90w

1Dy

f, |V~V|1,Q0 +||PhW||O,D1 S |W|1,QO +" PhW"O,QO )

I
EH32 ®weV, DccQ,, (A0), (Al), (A2)FI(A3)ML, I

|W_ PhW|1,D 5 vJVT{Q)'W_VLxQo + "W_ PhW"o,Q '

UEW]: MEEveV, (Q), HEM3LA

[Rw=v},, =[Rw=R|,, S| o, +[Rw=v], .

|W_ PhW|1,D S |W_V|1,D +|V_ PhW|1,D
S |W_V|1,QO + "V - Phw"o,QO

S |W N V|1,QO + "V - W”o,go + "W -R W"o,Q0

S |W_V|1,QO +||V_W||1,QO +"W_ PhW”o,Q0

S |W_v|1,(zO +"W_ F,hW”o,QO !
EJia

|W_ PhW|1,D 5 vein:.(fQ)|W_v|l:QD + "W_ PhW"o,Q '

I,
33 MR 32 MR, 4 (4,U,) BRI | MR, 1 RQ2)MH | M, Wi
Ue M (2) {53 T FI% 2 it er

|U — Uy |1,D S vJVT{Q)'u _V|1,QO + "U N Phu"o,g + "ﬂ’u — Ay "o,r :

UEWT: H1(2.8)F1(2.9) At
u-u, =ATu-A4Tu,
=ATu-AT,u+ AT, u—- AT, U,
=u—-ARTu+T, (Au—Au,)
=u—-Ru+T, (Au—-Au,),
ESJia
|u _uh|1,D N |u - Phu|1,D +|Th (AU =2y, )|1,D

S |U N Phu|1,D +||/7,U _ﬂﬁuhuo,r '

FIF € # 3.2 W45
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|U _uh|1,D 5 |U - Phu|1,D +||/1U _ﬂ‘nuh"o,r

S It lu=vlyg, +u=Rufq +|Au =20, ..

k.
4. BWMMHTARTAER

Wz, (Q) R QW—MEIEMMIE, MiEEEHe(01), DcQREETMMN—TE, HF&Q, 2
—ANH D AREI TR D cc Q). 2 7, (Q) AE 7, (Q) Fefik ISR 2R RIt%, 7, (Q,) &AE
7 () At L L 5 HIN A 25 2 )R A AR, M B AL h <k < H o

HTR1L(FBHHETR):
W LE AR 7, (Q) LARER.3): KA, eR, Uy eV, (Q) 1 |u, ], =1H

a(uy,v)=4,b(u,,v), YweV,(Q).

AYR 2 A4 RPN 1 (Q) BB R Ku* eV, (Q) 15
a(u,v)=Ayb(uy.v), VeV, (Q).

AYR 3 FEJR IS A 7, (Qq ) ERENEDE I E: Ke eV (Q,) 13

a(e",v)=A,b(u,,v)-a(u*,v), eV, (Q,).

fr

a4

N

S u“+e" onQ,
U inQ\Q,
4 Rayleigh
a(uk'h,uk'h)
b(uk,h’uk,h)'
SEH 4.1 Buc TR LTSS, HR(Q,) Ml AQ)~AR)HAL. 47
M(2)c HY(Q)NH™ (Q)NH™(Q\D) (1<m+o HO0<o<1), Ml

ﬂk'h —

ju—u] SR ™, @)
|1 _ﬂk,h| < p2MH20-2 4 |2m | L 2me20-2+r (4.2)

EH: 4G c Qi DccGecc Q. HT

|Phu—uk'“| £|Phu—u"'“| +|Phu—u"'“| ,+|Phu—u"*h| ,,
1,Q 1,D 1,G\D 1,0\G

Tﬁ‘@*ﬁiﬂ&u —uk’h|1D , |Phu —uk’hLG\IS i |Phu —uk'h| “° Hit, MFcQffffDcc FcecGac Q.

Ho, BT
a(Pku—u“,v):/ib(u,v)—/iHb(uH V) WveV, (Q)

Ab(u,v)=Ab(uy,v)=(4- 4, )b(u,v)+A4,b(u-uy,v), (4.3)
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Hlv=Pu—u*, MIAHEH
|Pku—uk|1‘Q §|/1—/1H|+||u—uH||oyr. (4.4)
Wy R 1B®3, A
a(uk'“—Phu,v):/iHb(uH,v)—lb(u,v), v eV, (Q). (4.5)
A F (V)= A,b(uy,v)-2b(u,v), WXHERE VeV, (Q,)H
|7 W) =[2 = 2)b(uv) + Ab (U UV £ (1A= A +]u =ty [y, )M

10, !
T
1710y 1A= 20l +u =t
M, Hi(4.3), (4.5)RI5HE 3.2 FH
|Phu —uk’hL‘D < ||Phu —ykn oo |4 = |+ u=up - (4.6)
Ep5]
[Po-ul, g, <IRu-ulg, <L,

<|Ru- Pku||0’QO + |Pku —u* oo, + |eh oo,

SlRu-Rulyg, #[Ru-v'l, +[e'],,

<|Ru- Pku||0’QO +|Pku - uk|1yQ +||eh b0y’

HXR(4.4)M(4.6), 55
|Phu _uk'hL,D SA= Al +u=u], .+ [Ru=PRul,, +”eh

4.7)

0,00

F@ﬂ%Amemmm%%wmﬁﬁk%%oﬁ&%¢eum”,@EWeHHQJﬁE
a(v,w)=(g,v) YveH(Q).

Bwy eV, (Q,) Flwg, eVl (Q,) L TiFE
a(v,w—w,?):o eV, (Q),
a(v,w-w)=0 wveVy(Q).

DT HE Hy

(¢".9)=

a(e" W) (e Wh) a(uk’h—uk,wﬁ):a(Phu—uk+uk'h—Phu,Wﬁ)

a
a(Pu u,wl - )+a(Phu—u",w)+AHb(uH,W,?)—/lb(u,wﬁ)
(

a(Ru—u*,w) —w)+a(Ru-u,w—wj )+a(Ru—uwh )+ 2,b(u,, W) ) - Ab(u,wp)
= (Phu—u ,wh—W)+a(Phu—uk,w—wﬂ)+(/1—/1H)b(u,wf,)
+/1Hb(u—uH,Wﬁ,)—(ﬂb(u,wﬁ)—/le(uH,wﬁ))
=a(Ru—-u*,w) —w)+a(Ru—u,w—wp )+ (A=A )b(u,wy —wp )+ Ayb(u—u,, W —w).
A BTG R f HRUR  ER BE R () AT
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|WE| _W|1,Qo SH ' "¢"0,Qo ! |Wﬁ _W|1,90 S h’ "¢"0»Qo '
TR, MMEREge L’ (Q) A

(e g) < (HrRu=u| +12=2ul o=l I,

H1 LA

ﬂu—uﬂ .
1,Q

le'

o S,

Hi(4.4)F1 = A A5

_ukl < — —uk
|Phu u |m~|PhU Pku|m+|Pku u |va

e, 1A= 2|+ =+ HT[RU= Rl (48)

FIF Aubin-Nitsche JLHEiS1IE ] 73
[Ru- PkU"w <k'[Pu- Pku|m .
¥ R TER@8) R N@.T), 15
|Phu —u"*h|l’D SA= A+ u=uy, . +H"[RU-Ru| , +k"[Ru-PRul,
S A=Ay | +|u-uy ||0’r +H"|Ru- PkU|1,Q ,

BER T B 2.1 1 2.3 fH15

m+a—1+L m+g,1+L
Ru—ut" SHAM YL H T e HKT T S H T, 4.9)

1,
HU, T (G\D) o 0, AT LU i3t

r
m+o—1+—

Ru-u] g SHT (4.10)
R Ru-u| . v 1
[Ru—u""] g, =[RU=]
M
|Phu _uk’hL,mé N |Phu _uk|1,mfzo +|Phu -u* 1.00\G | " 1.00\G
N |Phu _uk|m\6 +|eh 100\G
[Al ik
|Phu —uk'“LQ\G SIRU-Y 6 +|u —u* |1,mé +|eh . (4.11)
SuHA
a(e",v) = Aub(uy,v)-Ab(u,v)—a(u* —u,v), VeV, (Q,\F). (4.12)

HUF (v) = Agb(uy,v) - b(u,v)—a(u* —u,v) . TIa]
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”‘7:"71,(10“E S |/7’_/1H |+||U ~Uy ||0,r +|uk -u

1,00\F '

TR, H@12)f5 3 3.2 18

|eh oG < ||eh|0’90\ﬁ +|A =2y |+ [u-uy ||0‘r +|uk Ul e (4.13)
M
|Phu —uk’h|m\é < "eh”QQO A= 2|+ u=ualy - +|uk —u|m\ﬁ +[RU =], e - (4.14)
(4.4 =AmA%R
U 0] SR g +{RU-U
4
] e S =Pt #A= Aol
T, K48 @.19)
R o S Al R Rl Rl - Rul @19
A (Q\F)cc (Q\D), HiEM 324
R £ Al el H R Rl i oV
Hu=Ruloq + nf U=Vl g5 +u=Reulyq.
R 513 2.1 F1 2.3 #3
[Pu—u] oS TR ) (4.16)

Ik £ (4.16), (4.10), (4.9)F1(2.10)fH75(4.1).

FIFHGIHE 2.4, JHERD(2.14), H15(4.2). UEEE.

ML E AR T LI, PTRARTHRERTE TR 1 AT IR
5. #{ELIE

ARG H — LB SRR R R AN ATV T R E . BB SR R E R 2.6 GHZ CPU 18
GB RAM [f] DESKTOP-81QI2I0 PC |, 7 MATLAB2015a 353 iH (& B {40 IFEM (S W SCHR[22]) 34T
(o FRATE TR P X3 55.(2.2) A AR A -

Q,: TIHHE(-4,4)", HOE ALK 22 BRI 2):

Q,: JTIE (~4,4)", WEE ALK 2 DT (LA 4).

X Q. HEQ, Hil K 22 532 BIZEE 2 A X AE R X R OL I 3). xfQ,, wkHL
Q, =([(-35,-05)x(~1.5,15)/(-3,~1)x(-1,1) | L[ (05,35)x(~1.5,15)/ (1,3)x(~1,1) |) {F Ju = i 2 [X 4k
(WF] 5) AT T % 1 23 k5 @ A Q, s/ INRFEAE IR AL, S8 J5 R AT THE 7 R0 il B Q, T Q,
FRIRHEAE IR M . BUESE RANER 1-5 1, FAEHRA TR

Ny TERLRIA 7, (Q) b ELHRMRRAIEE il R B R

N : FEHIRS 7 (Q) L sRARILAE IR R R
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Figure 2. ©,: a rhomboidal tube with edge side
length 2+/2 immersed in the square (—4,4)2

2. Q : WKR 22 WERERRESME
(-4,4)" &

Figure 3. Q,: local correction domain on Q,
3. Q,: 0, FHMBIKRERSE
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Figure 4. Q, : two square tubes with side length 2

immersed in a square cavity (—4,4)"
4. Q,: FmMEKA 2 WHEERSESFEE
(a0 o

Figure 5. Q, : local correction domainon Q,

5. Q,: 0, FHERERE

Table 1. The approximation of the smallest eigenvalue obtained by Scheme 1 on Q,
1. AR 1RGN Q Es/IMFEEMIRME

N, Ay Time (s) N, A¥ Time (s) N, AN Time (s)
263 0.08668015 0.003877 3743 0.08009836  0.021036 2720 0.07961758  0.023424
975 0.08188310 0.007789 14,655 0.07940823  0.088040 10,560 0.07918671  0.077672
3743 0.08009836 0.023588 57,983 0.07913731  0.441871 41,600 0.07904224  0.372385
14,655 0.07940823 0.023588 230,655 0.07903030  2.187125 165,120  0.07899085  2.038742
57,983 0.07913731 2.473322 920,063  0.07898792 10.421100 657,920 0.07897184  11.05059
230,655  0.07903030 17.95245 3,675,135 0.07898792 359.00245 2,626,560 0.07896464  59.86877
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Table 2. The approximation of the first eigenvalue on Q, obtained by parallel scheme
2. AHTIHEARKREN Q, EH/NFHEENIEE

N, Ay Time (s) N, AX Time (s) N, AN Time (s)
270 0.14298801  0.00476 990 0.13200588 0.08260 800 0.13035699 0.08176
990 0.13197681 0.00877 3774 0.12776886 0.03125 2880 0.12671323 0.28809
3774 0.12776864  0.03339 14,718  0.12612674 0.14493 10,880  0.12561088 1.45685
14,718 0.12612138 0.30708 58,110 0.12547110 0.85073 42,240 0.12524546 6.36782
58,110  0.12546979  2.96287 230,910 0.12521146 559041 166,400 0.12511681  23.42462
230,910 0.12521113  28.17039 920,574  0.12510845 38.34539 660,480  0.12506963  122.21808
Table 3. The approximation of the second eigenvalue on (, obtained by parallel scheme
3. \AFHTIHEARKREN , EE - MHEEREE
N, Ay Time (s) N, X Time (s) N, Ak Time (s)
270 0.17936173 0.00476 990 0.16440895  0.08260 800 0.16238148  0.08176
990 0.16438533 0.00877 3774 0.15877723  0.03125 2880 0.15739621  0.28809
3774 0.15877833 0.03339 14718 0.15659090 0.14493 10,880 0.15591577 1.45685
14,718 0.1565909 0.30708 58,110  0.15572512  0.85073 422,405  0.15542725 6.36782
58,110  0.15572513 2.96287 230,910  0.15538095 5.59041 166,400  0.15525541  23.42462
230,910 0.15538095  28.17039 920,574  0.15524403  38.34539 660,480  0.15519240  122.21808
Table 4. The approximation of the third eigenvalue on ©, obtained by parallel scheme
4. AHTHEARKREN Q, LE=/MFHEEMIAIE
N, An Time (s) Ny A Time (s) N, Ak Time (s)
270 0.20838115 0.00476 990 0.19162497 0.08260 800 0.18954881 0.08176
990 0.19168744  0.00877 3774 0.18547488 0.03125 2880 0.18398973 0.28809
3774 0.18547966 0.03339 14,718 0.18307113 0.14493 10,880 0.18234059 1.45685
14,718  0.18307161  0.30708 58,110 0.18212220 0.85073 42,240  0.18179911 6.36782
58,110  0.18212231 2.96287 230,910  0.18174596 559041 166,400 0.18160963  23.42462
230,910 0.18174599  28.17039 920,574 0.18159655 38.34539 660,480 0.18154044  122.21808
Table 5. The approximation of the fourth eigenvalue on Q, obtained by parallel scheme
F 5. HHTIHEARKREN Q, EEM/MHEEMIEIE
N, A Time (s) N, A¥ Time () N, Ak Time ()
270 0.23836023 0.00476 990 0.21945546 0.08260 800 0.21712036  0.08176
990 0.21949337 0.00877 3774 0.21250795 0.03125 2880 0.21085307 0.28809
3774 0.21251320 0.03339 14,718 0.20977968 0.14493 10,880 0.20899700 1.45685
14,718 0.20981238 0.30708 58,110 0.20874109 0.85073 42,240  0.20838833  6.36782
58,110  0.20874912 2.96287 230,910  0.20832594 559041 166,400 0.20817563  23.42462
230,910  0.20832793 28.17039 920,574  0.20816026 38.34539 660,480 0.20809806 122.21808
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