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f(x;8) := sup {2s'u — u' K(x)u}
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M(X,Y) = sup ! (1)
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minimize  Amax(M(z), K(z))
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Amax (M (z), K (x) + €I). (4)
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L7eRBEZRAWT WS 720, &IEZ CICRBTEXOIERER 2 [ HE XD D, FEHMHE,
RHCZER 3 KOTHIEAN OB I3EH FEE O B CHED R A MR E o T, COFELRIRS
BHEMEME e LTEE R, 3 XA D 7 — KGR OVHIER S EREICN L, ZoiEe AT b
JGERTEIZ K 2 BERULIC K D 7 vy B —FE O REBATA 2 Fody — R IEAZEH L, 25612
BiCG RfEZICH T 2 2 & TRl itz R L7z [1]. 7238 BICG RAREITENT — XTI
5 REMETDH 205, KT ABERLICERBETD 2:ZBRELZHONTWS 2 h 6 “EEN &
AT TWS.

ABFFLD BENZ, SRS 5 1 o wI R ER SHER N LR FIEZINR T 52 2 1Tk b, s
BB 2 REICN T 2 mEBIEO AT T 58 TH L. QCR” (n=2,3) 13, 1D
FEHTREMR Y U, B2 Lipschitz S §5. u e R" ZZX27 b, e(u), o(u) € R"*" %
ENFNOTAT VI TV L, e(u) = (Vu+Vul)/2, o(u) = 2ue(u)+Mtre(u)l, 23
RO TWB 2T 5. 2T, tridfihlo b L—2, [, & n RENATHITH S, F72\, u€ L>®(Q)
& Lamé ORI TH 2. ZDL X, AKX THRE T 2 DIFROMPEHELE TEXTH 5!

pu=Vio(u)+f inQx(0,T).

772U, WMES X OREE u(-,0)|q = uwo, dwu(-,0)|q =vo, REER LR ulr, 0,1 =9,
oWV ryxor) =g BPEZLNTVEHDET S, TITHIF0/0t ZERL, 00 =TpUTy,
IpNTNy =055, $/zpe L) IEE, T >0 XBHKHNOEZITHD, ug, vo, f, 9, q
BETNCEZ 5N BBTH 5.

2 ART MILES-BREFRZEICSK 3 EERNBIERE

MR T ZMEOBEULTFEL LT, ARZ MVESER B MBSV 3 2 & TR AT
DB EEATREIC LIz AT MLER-ENTE [ O7 A4 74 7 2RHAT 5. ZZHA R O#EHULIC
X, FREFAESRIEANDICHZZ R LT, ARERELHRATS. dfemErzeAtlL, ARESR
FErBAT 2281k D, RO XS RPHBIAERZHE2 2 TE 3.

d2uh duh

th(t) + AhUh(t) = Fh(t) , te (0, T), U}L(O) = U, h, F(O) = vo,p - (1)
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2L, up(t) = (w(@xWt), ..., u@™N, )T, wop = (uo(zM), ..., uo(x™))T, vy =
(vo(xM), ..., vo(™MNT TH D, T2 2@ (i = 1,2,..., N) ZHREREDENC X 5 His,
My, Ay € RPNV Nz zh 2V EEITH, BIETHITH 5.

FEEEE AR (1) ORI ARl LT, Newmark {EI2AFR S 12 BUERE 9 TEHS — NI W
LNTWVWAS. L2 LINSDHETE, BIEMRZ MLERDTWL 2o, REAHEIETIET 2
CEDNEETH B, AWIFETE, BERFRICK DR TR 2L 5 2 & TRIBE — X%
BHL, 2ohBEX2 AT 2 e TEELOEREZHET I LITT2. ZITERKEELT
1%, Gauss-Lobatto # 5% i\ 7z Chebyshev ZIHRUT X 2 AR PVERIL 2] 28T 5. (1) &
LB EMD TREACZRL, € ORANERE Ny + 1 ORART MVERTRZEAT 5 2 2Tk
D, XD 2nNNp ROEHEILTERXZGT2 N TE 5.

(;Dt®Mh+INT ®Ah> w=F.

72721, Dy € RNTXNT 13 227+ )LBEERIC X BMTTHTH D,

o InN OnN i OnN —4inN

Mh_(OnN ]\4h>7 Ah_(Ah OnN)
QUITHID 7 vy H—FETH 5. REATHIOMEE % MR AT RE 23, — RGOk e L TRE
B2 e LTE, SOR xR ¥ OEH KIEMES BiCG ik ¥ OIEEF NIERENRH 5. —1, 1%
BATHNIBR 3 W2, Dy DEEM x A OBEERZRNT 2 X BV BREL D KBRS 2 0%
3 RB AR S pDOMUEEE Z R TFIUTR SV, I TAFETIE, KiES [3] AMRE L

vec EHIZRZ W7 A 74 7 2R T 5. #¥ivec (EHREZ 2MALTEICEHR T2 Z21C&D,
ROFUELATIN R E T2 Z e TE 5.

M,UD} + AU =F.

772 L, U=vec (i) € R2"NXNr [ — yec ! (F) € R¥N*Nrt D, = 2D, THBH. DL
WD, FREBATINCN T 2R X Y B, MOREEFEBREICRS. ZofffrEicn LT, 26k
B A ERICZE GPBICG 7 [4) 7 vV X a Wi vec fEfRZEHT 2 2 T2 70
TV ALZHEHT S TEMEEZR2 2N TE S, BUEERHRIZE, FEERRITRT.

BiEE  ARFZEIX JSPS BHFEE 23K03236 OB EZ 3 7-d D TT.
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[2] J. Shen, T. Tang, and L. Wang, Spectral Methods: Algorithms, Analysis and Applica-
tions, Springer Series in Computational Mathematics 41, Springer, 2011.

[3] A. Ohashi and T. Sogabe, On computing maximum/minimum singular values of a gener-
alized tensor sum, Electronic Transactions on Numerical Anaysis, Vol.43 (2015), 244-254.

[4] K. Abe and G. Sleijpen, Solving linear equations with a stabilized GPBiCG method,
Applied Numerical Mathematics, Vol.67 (2013), 4-16.
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Mze T BB B L CIFEER - EfEtE (ML A 2 VX8 Rz o WENH L1290,
JEAEME Navier—Stokes FEEAMNKEC R E LTELLFIH DR, B W - 22/ Mo
EREE B L 2 TR T A ER H DDA X MR E 72D, 2T, HoEakal 21T
I BRIZIE, FEMETE Navier-Stokes SRR L g U CRPAE 2 X M2l 5 2 L 3 Alag7e, X
(D) IZFER LTV B JEHENE Euler FREOFIHN X TH 5.

dp dpu dpE
E+V-(pu) = 0,7+v-(pu®u) +Vp = O,W+V-{(pE+p)u} =0.(1)

Z DJEMEMETR 28 9 B, FEEAMENERIA & bl U T, BRRRERICEMEZIS D s AR L,
JOFTHNC B EENE R T W RN AET H. 2O L) RGEITIE, BRI A &R I
DV D DT, FUH Z EAE MG D T & AR AR A IRIAE O N E R A T — 1k
e O T2 ZZRBEBAL M TN 508, TRARREL 217 9 BRICIINERETZ T T < iR 2 i
SRERHDOT N ZALNEFITHMEL 0D ENTRIND.

2 BEETIL

WA, Multi Fidelity R A2ZBB L-7 Fe—F N EAZED>OH L. 22T, JEfEME
Navier-Stokes FFazu% IV =543t % High-Fidelity i3t &4 %. —F, EMEME Euler HH&
RAZxt LT B 0O FH R EEIT o BRI O N D5 T T v &2 ikt &
Low—Fidelity &t 4252 & T (WEIZEMENME Euler HRXAFBENTWRND), KRG
HaX N L o0 Y Rl RNGEoNs B2 b5, 2 2 TlE, Low Fidelity 3%
HEITOBEOIE SRR E LTR@ICFEER LTS F. De Vuyst MER L TV A EFELET
N EIERTLZ LI 5.

2% v 0,02 4 py 0,2% 4y 0.(2
Dt u=0ppp+pvay =05 +yV-u=0.02)

ZOHEET V@)X, BELIESEX LT log BHAE1TH & CHEBEMTHICHIT 55E 7
7w AR LTS ZENHFSATVDS.

a, =log(p),a, =log(p)

7o, BEEET V(D) ERBROAANEEu, u — c,u + A HEK
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1 1 1
Dlp _C_ZDlp = 0,D2u+p—cD2p = 0,D3u _p_CD3p =0

PEFLND ZENFNoTEY, REAMIITY —~ U AERES —HT 2. MRS, Zo%
B 70 )12 Z0HHE TV (1) & RFEORFAIMEE 25 ST D EEZX LS.

3 EHEETIL
IR 7 N R LT A BT, R dERE & O T 2 BB A L 2T 5
LR E T DL, FTROL I IZa,u a,llBT S RES TEREADHTOND.

Dal(x)
n-1 P n-1 ny —
_p7 V- =0,
e TP (Weuh)
Du™(x)
Dt
pn-i Day(x) N
Dt

n

1
+ Vp™ — EAtV {(VpMHu} =0,

yp" (V- ut) =0,

4 FEOH

JERRPEVRIAS OBUEFHEICIE, ZHETRIFRZHND Z LRI THY, FERIERT
FLR SNDEHET NV QT AEIEHEA X —LTIFEAEGFE LW, 22T, 4%
ITRFERT A FEE TH HSod Shock Tube ProblemS°NACAO012JE V) Wil & A x5 & LT,
BUEHAEREROZYMEZRAE LW E B X TN D.

HIEE AHFSCI JSPS BHIFE 23K03659 DBhRK A2 1T 7 6 DT

SE 3Rk
[1] De Vuyst, HAL Id : cel-00842234, ver. 1.
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