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Procedure time_develop(level)
do singlestep(level)
better_boundary(level)
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default_boundary(next_level)
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WAY Y2 DREREFFLTVWH L LTH, BEEMEEAETICTD 2D ERFEREZLICH
WAV Y2 LHIMNAY Y aDETHREOEBEZ L > TELEND S,

FEICHMORAY VaMEREINESAE. BYLRRBFEREEAVWT BEDIHVWAY Yo
DFEREMAOVA Y V2l BXBETALEND S, ZONBEFREXE. BRARKMOBEGLERE 21—
P-PREETRETH S,

VR L DRFTERERT DERFMG L OHIRM 2RO OFRE 2L DD L,

(i) BRENVEEBETEIUNN L - 1 OBTF LOEISERNIFL T, VAV CHESICERLEh
%185,

(i) BERSIE BRI WEROBEES

(iii) VAR IR T 2 X SICHM W TR IE. (1) hDELhEE EEET 3,

WS ZLilrB,

233 RRE#Y

BRI 217556, REREHOWRE LERL2ThRTNERLRW,
PERDZ K DEETI. FrABERAL & ZRIBEBAL ORISR OBIREFIE L T2,

& _ Atp_4 . . Aty
Az, Azey  Axzg

ZORR. BAOBRAD—DTHY, #idT 2, {2 2) ROLD AL TOFBRTE W
bW3 CFL F#ETHESL, —MUC, EHRAF-LERDNE. Aty D ERIZED SN,



MHE HBE BT M

S UHMVEERNRWES, R (2) 1
At At
U}?'Ll = Ui,,lj - A_z (Fz’+1/2,j - Fi—l/z,j) - A_y (Gi,j+1/2 - Gi,j-—l/z) (3)
DEIICESEENDG, ZHORBELEERMEE. Firyo; BEV G, jor1 OFHBEHETHRES, Z
AN, WhWEERAF—LTHD,
BROBTF DD L E, BREXEDZDMIMZICKHERET S, D58 FR t+ At TTH
BEEETIC, KYHMWEFIEL ¢ £ TROSATWRITRE 252, IZUHIEK (3) A
HHZNS, UTOB/EBE*RIT 5,

(i) BB YHEIVRFICEDA TV S,
(i) ENVAHPWEFOBERIELTWAA, ZhEFITEDhTHARWN,

() DEAEE. VARV E—1 OBRFTOREILTOUR L — 1 TOREMNLTERD S TAD VAL
| DETFOEOREEETEERA D,

—1r-1
1 r
coarse fine
Ui,j — 7_5 E : E :Uk+p,m+q
p=0 q=0

Zhid, HOBTFOFEREHEDOVEFORKDOZRH ATy TOfE LTEAT. HOWETFTESR
DEERBEBI ZL LASEN. ZOFEDFNRATY) -0 25,
(il) DA, 3) BUTDLDIBIET S,

At i 1 r—1r—1
Ui,j(t + Atccoa.rse) = Ui,j(t) - X; = F:H—l/2,j(t) - ;'2— Z Z Fk+1/2,m+p(t + thﬁne)

g=0p=0

(G j+1/2(t) — Gs j—1/2(2)]

_ Atcoarse
Ay
BIEDFATOEF IR FTDE DI THD., HIHETHLITLYHMNVETT (3) DREOREIWMTD
h, HMAVETTORENLTHLNATWE LTS, HOETTOTEMN (3) ICTHEShEEK,
SF BIRR TRt 2 h 3,

o coarse
0F 1725 = —F315;

MMV TERHRATY T T UE#, 0F IUTOEBIER*ZITS,

1 r—1 ;
0Fit1/2,5 = 0Fiqay05 + 2 > Fyii/2,m+p
p=0

u BOMMNNVEF ORI T Y TWET UED, 6F 112 BRAVWTHWERFOREZBIET 5,

tcoa.rse

Az coarse

coarse ,__ coarse
Uls; =UZT; + 0F;y1/2,5

i+2,5 VP refine TRTWEDL, UTOBELREL RS,
At coarse

[jeoarse . rycoarse _
AZcoarse

i+1,7 41,5 61?’12—}-3/2,_7’

%P, BRTE OF [SHMWEFICHEHET R MV UTREZ N D,
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234 FERVV v ROAR L BEt

—ENHRBICEEMET D VS LEESES, OHOELETIE, BUHVWITERFT 10 BHREE
ORFFEFRICKH UT—BERE. HEMILETOBEERMTDATWE, B4l BEEEFMGL
BFEREIT-oTWS, BADERBE/ETH S, rewind LIFINSZFEOELEDE=HICE. 8
BIOEEFHEILHTH 5,

ZOFHRETRELIHMVETE2LELTEIRTICTS T2 ETEFREL. ERYDOIRT
¥BuMC. REIC refine 28T HEB/MNI. Ny FOREB/NMNCTZ Y, FHERERXRHELT
LEDICRERFREICHTONDG,

BFERICBEL T, UTOREXRHET 5.

B 6: BFEROBEER. O TRUEAY Va3BREhTRVWEA. X TRUESBITERK
DV—=VICKTBHEEERLTWS, ZHOA Yy VanHidlk., AUHRIH-> TV
BEOBRTFHFBELTWS., Zhid. AHILV - (i) KRT 5. BROAY Y 20ETAR.
MDA Y Y 2 DMV FOBRICH > ThWiaWwWeEs, RAXHIV—)V (i) IKRT 5.

(i) MAWEFOBEFRIKRICHWVETOATHS, 6 DEMD/NNY FOETD & D LETIHMES
N,

(i) VR L VRV L -2 DRI, HEFILAEL R LD —DTDDOUNNVL-1ILET St
WhH b, HU. ZFORIVHFERROYHLERATHIEETZORY Tidkw., K6 D
ERDINY FDO—FHMNRA Y ¥ 2 IS Rlev, BRICD R L B—D>DHREIDRED A v
VaMAd, ME. ZOHE % proper nesting & FES,



e BE, 5T H

ZOERBI, () ZAYVaBATORESHERELCTTIEDDEDTHY., WESDHE
FREBSBEICIFICED TH D, (i) FEEBCENSBIEN T LI BBEDET &5
REDOEETH S,

B A Y Va2 EROFFEZIE. UTFDOLDIRS,

L Ny 77 —fHEBOER £TORTFICT ST DESTWRWNY 77 —HE RT3, KD
regridding £ TIC, B|EDRE WIHEPRERA, MIMWVEFOMSLHOWEFAKITTTLUES
DEF L. VR TIHBROGRIIERRERDT. Ny I77 V-V ERRETLHET. B
WMKTTLUED Z L EPRZENTE S, 2 V- UBNHEWNTH S, Ny 77 —HEkiTER
EDTITTEDFEHEED T EL DRICTS TR DTBZLICIVERTEZLHTESL
Bl AvVadERUERICHREERT 22 TETRTH D, HEEXENDIETZDT
BAREICTSTHEBERIEALTL B ZL T, HEVERTITRERF a5z N
TE5,

2. UL L+ 2 ODREICHHE T B2 TO UL DEICTS TR ET S, proper nesting % f£af
35, ACEET, G, DIPHHRBRIZTZS V2= T2AMBRWTSEL,

3. RAEBDHMEFE2ERLT D, RTDT7STDDODVEREAINT VAN L+ 1 ORFED
AREICT S, FHTEATIC,

4. proper nesting ¥ffif335. ¥ U proper nesting ICZ2> TWaiThid., BAHEEHIH <
T35, 757 %7=TEEE proper nesting IZ2>TWBIXTEND, ZDFREX THEIIC
proper nesting ¥{RIETE 3,

BROBFEL. Berger & Colella[3] DFEEETIE. bisection & mergins DATY TMBE Y- T
w3,

WU, BE2VRNVDT7STDOWEENVDEVIETNNYFMESHK S, efficiency &, #HL
WEFDELVOREL 75 7020 EE VOBORTRHEINS, ZOUNEX D h=REME (B
Z60%) LU/hane, RABORWANDE SIS, ENENDONY F TREMENMEES =
EZAT, BENIKT T3, Zhif bisection AT v 7 TH 5,

RIC, merging #4375, merging IX3 X FEBODFEMIC L VITD. m ¥ n ORFETIE (m+1)
X (n+ 1) OWEMNFHE S, BRERITROBUIZIIHH T2, B REOLIE, BRRM.
BLVARNVITY Y ROEOBEE|R R EDIR MBEETSL, X7 MUIRREDERL, aX b
B OUDFDHTERTE S,

235 AT

BU(z,y) D ToELMeb, ZHEEREE L LT, ZEOXF—LE2H5DTRERBEAXV —
Z—-Q W

U(z,t +k) — QU(z,t) = k(ci(z,y)k? + ca(z, )h?) + kO(KT + ATHY)
= 7(z,t) + kO(KTT 4 R



Adaptive Mesh Refinement /% & % DB

THEHIIZLE, ZOEDAXF—LIF qIRBESTHD VWD, ZOE,
Ulz,t +2k) — Q*U(z,t) = 27 + kO 4 patl)

THb, DI, Qop AV YV aEMN 28 L 2k TH5 Q LAELEDAF-LETE L,
Uz, t + 2k) — QapU(z,t) =297 + O(h7H?)

- T,

2U(z,t) — QanU(z,t
¢ ($23+1 ?2; @ ):T+O(hq+2)

MY ILD, AMRBDFEETIE. ZOXREHEBEL UTEEFAERZ/NRD Z MW —BIIITbh
W5,

ZOFEOFREIR. BRI ANEEERAS R TH, $EELDETOERFHTIEHED
BTEIEL 2 Th, BETISAOMEEANE ICROEGVAINEZ I3, 2] ICk
52, ZOMEREED HEE Richardson SMFLIFATWS £S5 TH S, TSR, 7IC
AN

T T T T T T T T T T T T T T T

Illllllll‘lllllllll

|

0 X x x

1 [ 1 1 i 1 b A | 1 1 1 I ] 1 L l 1 ] 1 l i

o) 2 4 6 8 10

B 7: Richardson #MEDELER. EDfEL 02 HEH L >TWS, AMRICBWTIR VAL
IS TENSA—R -2 L 5, ZONSA—FZ =L, BEEOEANEShEL
T35, BETI-SOMEERZ L, POSICBWTH, HEOBRWSFORBIIEE - SoER
BEORETEDREL—HBLTWaZLhbhs,

FIERAT Y T T HB V)V ORBRFEOEE R u HOVEBERFICHESI A TWS, B2
OBFE u ATy 7, HELET: 1 X7y TRARBET 2. HRILETOH 5K TROBEEN
HEBEEEBAES, DeOBRTO W HOBRTEL DTS T RETSE, 22T, dXEROKT
THd, REROEDLY T, ZOFEIRERBEELEX D, ZEDAF—LOHEIC &> T

=B Z DRBLER ¢ + LREELIHEINS Z ¥ WA ZZ Tl Berger & Colella[3] 14> T, ZhieRICHE
T3,



WE EaE, 5T

Yav 7 OHE. O(l) DARERFRDOEHEDEZITEBR L THEW. /b b refine THHENRWE
Y55, slip HPEAAER 2 SOEERIERTERY,

BOWYay 7 EEUREE. O(1) DBREREAR. Rk kI 7= FHHREEICHRET 2 O(1) oBEd
RET S, BT, ZOBIEVOHETFYy > ENVT S, HEXOEDLZET, YavyZ7iiK
U, BENERT S,

2.4 BFHEIRBRAOERE

FANRAE LU BB T OBE{LFAIL. Berger& Colella[3] ICH/T S D, bisection & IR
NEFIRAETH D, ZOHETE. RBBEINSLRETFEE-TLE D FRHESNH L. 22
T. Berger& Colella[3] Tl merging LFHEND HEEPEH L TW S,

L YTE N =FH L UT, Friedel b [12] id sawup LT 2 HEERRLTWS,

BOBENE DY > TVIHA, IDIHEORVWFENEXSNINELARY, ZO5F
. SROERMIRFENDILZETH D,

3 a—KBIRRNI Y —

AMR ik, FEBEICZBORA Y VaDARIETH Y, YHEOBGHCRADREL, SRRt
DRERY, HHELFREDNSHEETS. HIFEHINHEROV I NV T 7 THI2 WO UHEER
BRI, ERDDBMERT —ZAN—XTHBLWOHUEELFHD. & BEOM L EITHREER
LRITHERSRWEWDERE, HHRT - ZBEEED EHDbMYPTnIar/SI v I
HFEhdLEYERLHY., ZOZDDERIBIHR T 2DDE 25,

ZDRATDSATS5Y DB, Bk, BtHEEL. SATS5VERE O3 >OSHICEL
TENETNRVWEMER AR > = ET. TALThOEROZBEEERL T RITHIE RS2
Vo ZOZERFIARTICROEFBARE DO, BHICROTShAW, S TTOb&A
TORFBICBEVT, BRETHLIBAAR L DICYHEOEMRTH S L LIS, ILBIIFEHEY
BZICBT S BRHEBROFE R ETHEEOEMAB 2 F->TH Y., ¥EETIE emacs 2
T2HADYV T NI THRICEDLERRIND S A TS5 VRN T 2 EMNAR 2 FoTw
o DY, ZALEREDDHBFDDIEODRFICBWTHMRTHY, HEBNH THIHH
EVWIHMDB LI, $I—D0EMTHIPEIERE. HEWESA 75V —FEHNT5HF
DERETDHMETLZLT. 20ROV MIBWTEE, ZHhETSA TS5V O
SICELTIE. ZAPERLTABRTAZLICEYRHADEDSNTET. ZOZ LW FHEHE
FESATSURHLDRPTEBNT VADAVRI EEBRL T,

2T, BADSA TS VRO R, BREAHELZIYERIITOIZLTHS. BERER
TRICWEHHEMAENET S kv L, FELYVAEEOREVWEDEHEIGEL- VAV E -T2~
AR RFARA YTV av W EEREDBEL RS, ZOHDE. BELTEFENEDboTWa
W, BAZANL—H AV EZ =Tz —APHBULDOS A TS VHERICEEDEZ L. SAT5Y
T0US5 LEEOHRGENSE o TEE LW I L TRV, AEOFEOHT, a— REFET
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ZHhHVS. FFarXyF—yaryPaitsSA 7S5 —DERREEHEL T A2 VN
i, EESLLTIEATH S,
FaDa— FREFICIE. FICUTOEMNEEHINATWS,

(A) BINREHBREHDFER, £k Z0EDDOHERAX LMD, 5475V IIERITMIE
LEBRINCT S, REBAARTARTHLETH, BB {LIE (abstraction layer) % H&
L. ENEOEREERTS EDICT S,

(B) SATSVDOFEHEFL. HHEOREICEHLU TEBREINEHERAF —LMCE D LERDa—
RIEDIEREGICERTEZ EDICT S, DY, HEAF-LRU, ERILOFE RO
HEICE S SO OREETINHLEL N2 LI B2y - 2%, —BtEiE
DRWEETRET 5,

(C) 8. B&LV. E DR (scalability) 2B TS, % component &, HR2 ET%IRD
BWEEFERBRTE, &, WIHEICOWTHERUTRIILTSEY., & object DHE
REMEE R ETHRT 2 LD ICREFTLTWS, EBE BHRT. POSIX thread library i
HOL, WIUENEEENT WS, /=, thread model ICHED MFHLET T2 <, message
passing model ICED < WMiFUL L ERHPTH S,

(D) (C) KERE*RIFILWEHET, FitE*ERT 2. R0 a— Rid. ANSIC++ B&
U, ANSI C OBEREHR L2V E DICEMTB Y., KD machine architecture N\DH
FIITRICHR I TWS, £, a2 NA)EED GNU autoconf ¥ FfWTHFHE > &5
TEY., —B7% POSIX system ICIE. BHICBHETLIZLAERS LD hoTWS, &
7=. Windows ET% Visual C++TEHET B &SI RkoTWS,

(A) DMNZERET D=8, Ttk HZE, FHYEY, HEBE RBNERY, SEIERhIAF—
LR TS LWFETETHS. LKL, (A) ORETAFSHE. ISHAWEREEXERE LEDD
T2, WETREIREDL LTOVWTL 50D THS, ZO&dR BERIOISIVY
KBOTIE. DETERLOEINEL. MENAETERLTEAMRTAE. I— KON %
HBRTEZZLPELIHECR>TLESDTH S,

(C) DBEFHINSG Y AMEATH 2, - FEEHShEDDICTZZ LICEY, EITR\EMS
K25E>RI e, BHEITOS, ZOZEN, F—AMECHSBOMBEMATLE DS
BHH5d, LML, FENBEL ZH, D OMRIFEBICEDL ML TIE. ZhdPLE[RV,
¥, ERRICGTE RS ERR. WHLHRELIEFICEVWZ 2SN o=, 2E, POSIX thread
library 123D < ML 247> TW5 =8, thread DEKFICKTT 24— N—~y KRk EL, #E
AEY —HID Simmetric Multi Processing(SMP) BIDFEBLANA TORIRIZ. DL ZAFH L
TRV,

N7 M AEEIRICDOWT, T4 D Mesh base DEEEWL TIL Adaptive BEL N7 M VL IZBIER
B, A=Y -=N54 TS5V —-DFICHEET B%5 03— RART MuitshTovhid, 20OHBET
N7 MBIRITA B, EE. EBICE C++ & Fortran O linkage I XRIEZRWIZ T AN, POSIX
thread library IC & 2 Wi5ft & Fortran OMEMREVNEEAHH, F2. C++% C OABERNHE



IHE B#&, = F

EREEDT XL THROBEWARY MUfba— REHEALRWEERHZ, ZOHHDE
BARRICEZ - 256, N7 MULLHFtoEIZREETH 5, Thbb. LOZD>OFEHEMN
Hro2HBEI0E. CH+TEAY MURIERMNH S, Fortran ¥t 32 L iFULICKEND 3 1=
H. N7 MVEFIBTIEEBERTZeNTERY, HOPFDRA-N—-arEa—F -3, EL
C++/C TOHERY MUbE B ALY R—-RLTWEEEEVWE, HIB->TW3,

(D) OBFFFEDBMT T, BIFE Linux, FreeBSD. IRIX. Digital Unix ETEI{EL TW3,
A=N=A2¥a—-Z—-0FHEMNDED. EMDFHKR OS 2ELRITAITRShnwe LTH,
BH#Er e POSIX METHNE, BHEMEIEIMN R YE W, autoconf ITITFH- TWaWA, BIFEMNLIC
Windows D OS D _LT Visual C++AEET 2BETHNIL ZDE=HD Makefile & FERFICHE
HELTWD,

4 FEEDOHETmE TR DHE A
4.1 BTy T OFERLL

%K%ﬁﬁtiéu‘%<@:—FMAQ=A%%%&ﬁﬁLTm5Oit\AuﬂmHJZQ
THEDODETHS, BAEX. ZONFA—RX—IMEKETEETEZLZNEHDTH D LN
FWBDT, YREEETH 5.

BAT Y I 2 ENRY TIRRVWZ 2id. AL ATERBERERE ¥ E2X THaNEH
HTHE, A7y 78 VRIVEBITMYIC CFLEHR2FEITNRETH 5,

EADMEENABELEI—- REFIFETAEEV VWO ERYH S, LA L., BOTEELTH
2N 3— FOEBPRAICOWTERNT A V. Adaptive Mesh ICBL T, BEMNHES
EHRWENIEZIERBRENDHD LD EN, BENERVWETNIEDWOEBZOMN. Fh
B TRARDONERTEZENTEE DT, EELTHDIM Aa—-REFEHET3ICL
TH. P eHTHATHREITA- REEBLUTWIHENRD S, MADI—-RETHTHRE CH
BT, FD2-FOHRIPKIFLEIIRFTITEELL, BOTI-FEZEVWEEIONBRWZ L
BZ45H5, £ BREIVOHRENERETAZ LK. bhbho a— RFFHRREKRT
DA— FREFFFRICUENR > TES A TWA Z 2R L THL, I—REAHETZ VWO DR,
ZF5WD URNVTIThhEDTRIThIE. HEBEU LOMEFICER LW,

BTy TORKHEE. EEELOEFEOESVWTERE, v/ F—2lETH 2, BERED
PNV XAN, REBEBOAY Y MK DEMZRNV— T TRRL, RN S0 D8 R
=T, HBENVRV -V TIREBEETHD,

42 BB AF—LOWE

X8I, HERDEFHFRE L BADOHE UARRRES 27T, MPoHFL. BERESR=
MIONBIEFETH S, FERETIE. 1,2, 3 DEEBREToERICEETME L, BEMNRRE
LTWhiE, 1 BEU 3 OHEMKD > ERBATHONWAY Va2 ER L, Z2ZMhHHERIUD
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HEEORERBAX— LA HFLOVEEBREA X -4
level level
10 11 6 7
/l\3 W 3W
) 6 7l 9 12 AV
7 % . S
ettt e,
0= ! & 4 B 0y L N
t ' t
—_— —

X 8: rewind OEEER : ZRTO0 2 1 DO URNVET, EEHNFEEBX DL LA 2 8-
TRA LT 2., FROFORICHEZICE VANV ERRBRIES, FiC, 1220 V~LET
EENBMEEBAD L, FICH- TV 3 2MALITS, Z0&EDICLT, EENFEEE
ARWEDICHERERITD. BP0 1,2,3,... 3. EFEOXTy TREOEFERLTY
3. ERBOVAVEREZAMEOWEICER,

5, ZOBA. 2,3 OHERT o EERILETIIBEAR+2THS, FLT. 6 DIHELEKRT
SEDICHBEI NS THEEE. 3 ORTRHROT—EAMLH/LNE, DF Y. 6 DFFEDOWIHEKM
KT TICRELRBEENGENTVWS, LEARST, ZOWDOEEIFOH L DHETHESN
SHBEMEE. BRIEL WRICHM D BAMCEH Y B, TZTHRAG. BEMIOEREA YV
DFERENLETH S LB L EBAICIE. ZhFhOHENEETE %417 - EBZ0—o8NCH
HUEREICZADIEST, HELHEEF IO LB 2O 2LICLE, Zh%E, rewind 24
St 5.

Berger & Oliger DWILREINT WA 7 NVTY XLZIFRHMT, EE5 2L hdDEMN,
Berger & Oliger DI T — ZBENREINTHY., ZOTF—ABETERETRA7 VIV X
LiE, BANERTHEREZEL L TLHULEEDETNTH S, Berger & Oliger DIWIXETBIHL
THRL2DEBEMF UL RWEERETLION. HYTHS, EE ZLLOPRENZODH L DHET
BHRPR7ZIVIYXLERLTEY (M5 %). IRNTHERAVREREL LTRLEDDICRSTW
%, BADHBEAF—L%, HIITRT,

Frld, ZORMNAMREBEORBEICKREI MDD >TWEDTIRRWMEERX, BEFzv I %
To7=. ZOHFEOEBEHIE. EUNEREDF 2y 7 B oMTbhTwa, LL, Z
NSOBEF oy 7L <3 TUMFebhTuwiwy, LML, EBOYIalL—YaryTik 10
BIS BEVWS EFEBICRERVANEAVEFEMIDATVSICEEOLL T, ZORERDEY
PICBHL Tk, BYURBEORENEThbh VT EBRVEHIATVWS, FAE. EBRET
BURNVEN 3 BEETUMIFSAIBENMIONT, VAVOREEDTES. BeDRRL
EHFUWKHRBEA X - LA2EbRiThidadbhnwZ e d, BEAEMICEREETSE Y Burgers 5
BEROBMEERICE Y SMILUE,



IH BE BT &

Procedure time_develop(level)
if (! stored(next_level)) then
save (next_level)
while(need)
do singlestep(level)
better_boundary(level)
if next_level exist; then
default_boundary(next_level)
time_develop(next_level)
save(next_level)
if (level > 0); then
need = check_criterion(level)
if (need)
restore(level)
reconfigure_meshes(level)
store(level)
else

reconfigure_meshes(level)

B9: MAMNBRUE, HUWEHBRAF— A,

43 HLWAF—LDEEE

BERFERBAX —LTE. REERETEDIC. NHBBOBEE* B TWAILERDH L, |BA
. ZOEDICT—ABEEDEE2IToTWS, AEY —FHRER., FEMICEHLDAXF—L0D
AT R EN DN, ERICIE 2 f5REEICRE > TWB, ZOFEYR, FAcld rewind L 46173,
Zhid, REROAF—LATREEENERSN, LOVANVDRAY Va2 ERT 2 HEND S L HE
SNDEHENEN DN, HEREAF—-LEBBELEZ L ORERATRA v ¥ a2 MRS I 5 EEE VN
S o EZLILEDBDEEZITWS,

4.4 S MGE

BEFMD=HDT A ML UT, HBAIEHRBEHL Burgers FEXRBALE, 2o
F<HAWLNETF A MEEL LT, XAS5—BHEAFEIDRLEN. ZhICHETHEEIIMbOR
RLERIYPHAHZDT. ZZTHERT 5.

MRERIRDERE L LTI, BHMoABERIRSE TS, H2VWIEIRERPBICRET 28680
THEBIEETLIZ ., YWHBEHE CREL 23HEE2FBOZ L, B—XAyYVanitHL Dl
BB RIERE TH I Z L 2 EHLE, UTIK. ThETNOMEOERAFEREEL,

HRGERIEIE. Sod RIHE [28]. $ 5 W id Riemann RIESZ X HIEEN. HER L HIREITLL
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o [P E) pu
Zl™ +6— pu+P | =0
E T \u(E + P)

1
m = pu, E:pe+§pu2, 7:1.4, P:(’)/—l)E

(£)-(5)-()-(%)

ZZT. BB LT REETHIBELEER, TXVF AL TV, Zhid. &
BRSO BEICEDIRARDIANEXYIWLRBICINK T E2D0F%M4L LT, FREEBEHEW
BZENBETHEZEMNFHEINTVWS 22] EHTH S, b, HREOHUDMEL LTI,
SOD DIRALEMERZDEEAVTWS, ZOMETI. TRIERER. SRR, BERR
E. Buler AR HMENICHE L LTEINWHEENRH 5 F DERE, AKICEATVWS, ZOM
BEERBERHBIZLNTESMEIMNE. FEOBREEELRERY 2D, BEHICH, BV
Foy 7EE UTE L OMEENZOREEE-TEE,
Burgers R [6] &, UTOROFEXTH S,

TFTORATIRS,

%u-{-(u-V)u:,uV?u

ZOHBERRIE. ERRTTERERD, M OEERYFED, Ko T, ZRTDHEDERBHE
Fxy VMBL 25, T2, R L A0 TRWBATORERVEETHDT, AF—LICH
FET MO REIMET HICEEUT WS, #IHIRMEL LTI

0 (Ir] <)
u(r,0)=1Q hopp (1 <[rj <72 (4)
0 (Ir] =)

2HWE,
B L MBI N EREICOWTIE. BATICZ2D O sub section 2{E-> TR Z 21T 5,

45 FHOIHERE

SOD [ [28] IKDWT k. MEBEELHOATWAIDOTIZTIHEKTS. ZOMEICDW

T. A
u=2:ut=8~512,u=4:uf =16 ~ 1024

DNSA—=Z =B, FEHEDEDDNS A —X—L LT CFL ¥=0.9. 8L refinement
ratio u EBR VNN Lo BEEILICESHEEAV. ZOREHEEML . Z0XF— L
Roe ¥ [27] IC " ¥FEEE MUSCLE[36, 35, 34, 33, 32] OF&ER®HE LEAERBEVWE, BRIBES
HiE rewind / no rewind TRUE, rewind D3R4 DEE, no rewind MERDEETH 3,

HETMEREL LTI, ROEOSRINVLEERZETIONEE LW EEDbNMS,

/((Ipe—m—1|)2+ (|me—me—1|)2+ ([Ez—Ee_1|)2> i
Pmax Mmax FErax



e & 5T 6

BEBRNDD > TWDD T, Pmax, Mmax, Bmax EREFEAREN, EhbA—F— 0(1) DREA2D
T, ZZ2THERETIZRLS | THBLUEUTOR B WE,

/ (lpz — pea |+ |me —me_1)? + |Ep — Ee_1|2) dz

AV aDEE. BEOSWETFROBNLED 0.6 LD LRTNEIERER2TD LDICULE,
BRE, BATEELATY —DHBRBHL VW EHEY Y —ADOWHERL ORBTRTZ LIC
T2, LWIDIK BAMKLUODIZEERLRHENT A -S4 —TidR, HEBEOHEXITD
DICES WO FENGRHITH WL WO EMETHIMSTH D, FREK 10 I1TRT,

II\L!HUI IIIHIII] ITIHIIW T TTTIT TIT* I\]‘llli T T T T TIIII l_‘
AR i i i
L 4 L (u:2) 4

~ =4
0.001 - 0001 | Sa o lush)
. - 1w » ) ]
) r 1 9 B 1

& =

~ B E S ' 1
[} L 4 (3] L o
0.0001 = \3 0.0001 E =
a N a ]
o N - CFL=0.9 .
|l||l|||| |||||H|| llHlllll |l|H|||| | \l]l[ i 1 S lll! i

1 10 100 1000 105 108

time(sec) memory(Byte)

B 10: SOD RRICHIT 5. ATV —B L UGHHER L HEDBR, ZTHICW R EFHEN
SVWHETHEZZLERLTWS, BRI L? ) NVALATHELEZ. HOZARIKIE. AMR %
FRWRWEROA Y VagtE T, A v afid 800, 1600, 3200, 6400, 12800, 25600 T
3. nonadaptive LB\ =—HE8RRIT. best fit DEBTH S, BATEVEDODIL, AMR
HEICEZ2DDTH B, ERIL. rewind 24T-=258. BHERIE rewind 2 VWb - =84
TdH5. u DOfEIE. upper level factor THd. HWIUAKIE u = 2 DHE. BVWEAEIE
u=4 DBAICFAFNHYETE., BFHIL. leveld = 0 DAY Y2 T 100, Lpas W u =2
DBEN3,4,5,6,7,8,9, u=4DBEM2,34,5 ThHs,

ZOBERERPTTEEDIC. K (5) T/RT error equivalent levell,, L WOHERR*EAT S
LTS, Zhik B2y YanitERROBEEND. HEEHLEEUNTITD EDICHE
BE—AYYVaHEDAY VaBEFEHYHEL, ZhE VANV EWIESTHEEELEDDTH S,
X 10 ® nonadaptive DEMR LICEWTHZZ2ADHB O, A v ¥ a xS HBEBHNIC B
LSS, H5WIIRTHEE Az 2BHBBMICHES LESEDDDTH S, ZHANZOTIEF
ZRFBICRAZLEDO ZiE. BEIAY YV aBOBE L hNETETLZ L 2 EKT 5. SOD
BDFE < DFEFITIE, 1EIF

€ =4.14 x 1072 Ag1-007234

T74y hTED, ZOMEIREREFSHBETHDLED 2L TH D, Rt 24O MWHDE
&, WG R OBMERE TILEN D =D REREATIE - REETHEL, ZONER1ITE



Adaptive Mesh Refinement % & o

WEE L 5> TVEDI. HEAX—-LAD0EWTIRRL, WHELFEXNTHIU LT DhRVWERE

IKEk2HDTH5,

ZOAMND, HICEZERRDHDI L. FOERETHETMBRE—X Y Y B TORFHBNHE
TX3, ZORFEEE AMR HELTOBDHLVANVDEWA Y Y 2 TORTFRERIC X2 U

NIICHITIT T2 28258, UTDEDLRITRS,

error equivalent level

Az 23.6 x £0-993
eequjv = — logu A—E‘O— ~ —lo " ——A—Z—O——‘— (5)
10 I [ I 1T I 11

TA rewind(uzZB 7
B A u:2 7
5 o rewind(u=4) B
. = u=4 ﬁ
non adaptive g
6 L —
4 - —
2 & " .
i | T 11 1 ] [ | | { i 1 ‘ 1 | l_
2 4 6 8 10

used level

11: ##d. rewind ¥4T-oEHEB X OThah->=HEIC. AMR HETHRELE Lnas
BRT. BENE. HEEZLRT. o, AXHTRUER (5) K- T, EEN DS FHE
LEETHZ. ZORTE. ZEVDRLEEORVWIE., ATIHRLEEOEVGETH
5, BFEMD, nonadaptive DFHETCIIER TR VE =y I3,

BU1LIC, HERRICES = VRV L, L THHE L 7= error equivalent level £ DR E/RLTH
5, HENLRHETE., AR—0ERICESZTEN, IERETIR VAN 3 BETEENIGE
L. ZhL EHERREIBE L RVWZ L ERLTWS, —FHRADE TR, IZIEHAENRIEIC
ST 2ERICESTVWS,

4.6 Burgers FERDHERRE

Burgers HER

%u+(u-V)u:uV2u



IWH BE&E, BT M

B, @HSROWEEEL, EERRT YUYV ¢ = Ve #FE LT, Cole[7] Hopi[l5] 2

u=V¢, v=exp (—%)

&Y v OFBERICERLTHS, T5&. ZDv i, BEEFEXERBETZENDIS., B
HhERE.

v&y%=wp65%/yw0y)dy)

_[ =-v _G
u(t,a:)—/Rn ; exp( 2V)dy

Yy .
Gt y,z) = / w(0,y') - dy' + 2=
0

ORI ORERERDOZENHLNTVS,
BEALWEET S Z ICHWTIE, BEAAERICL Y,

0= au-i-(u V)u—puViu

ot
gt'u,+ V]u|2—ux(qu) uViu
6u+ V['u,|2 Viu
ot
HNEMIMD, ZZT,
(*)
u =
v
‘t\‘&éﬂ
Ou 0 u?+9? o + 2
ot "oz 2 Fogzt T Ha2"
Ov o ul+v: O 4 21}
Bt 3y 2 Fagz? ™ oy

ZOABXIE. IR LR 2H-BIIERORA TR RLTHEZEAHLNT WS,

Z24tid. Cranck Nikolson 2% —24 [9] EHWE,

121, R (4) TRINDYPRHEL ¢t = 0.7 TOBFHE u OBERD OBELTE. LG
HRTHORA Y VantiDkFemlE. BOBELMICYYy—Taony b &b, MUA
Mo TR AL TDEDEN. FHEDOYY—TR70Y MBEEICHR> T HIDWETFIRESNATH
W, HEVY-AEEHIESTVEZENbS,

SOD MEDEE LAk FTEREE X EY —3ROHEEZ21T> TS, no rewind FHE T,
nonadaptive FHE L Y& UAZIRNEL, +HIEITEREMN LN > T, —7% rewind HET
i Lee ZRELILTWICHEVY, nonadaptive HHEIYETHICKX BN AEAIL, T—44
AL TBY., FRORVWHENTETVWEZ L ADbM3,



Adaptive Mesh Refinement 1 & # Dt

Burgers
_I T T l_- T T T T ’ T T T T ] T
tor t=0 B
s t=0.7
5 - —
O I i) 1 l/ 1 1 1 1 Il 1 1 1 1 i L
0 1 2 3
r

B 12: Burgers AEADOWHRG L B () &, Ay Vo Bifl. RERORT. tik. Z
DFBATOBAERT, u, . v OHERSFERT. Btk o OMIZ 0011057, Ay

C VaBEAiR. FAERDEFEN—DDR Y Y aDBICHET 5. BAEOKED h—>
. VAN EBRARZIWELEL 2oTWS, VA5 BRLULTWVWS, LAL0 L 11k, HE
FHEEE->TWS,

rewind 2 FIVWRWHET, HEBENMHETOWARVWEDIKRAZDE., Yvy—T Oy T
DHBEBEDETICFEENH 5, HREOBEDEI XBHRF L 2L DIC, 4l Crank-
Nicholson #BHUEN, AF—LL L TH- L robust 72 TVD AF—LxFHVWHIE, ZDERF
ol RELD, Ay YVaitETR BHELEEDED, Z0 &S LARERE DR TSR
MAZZLEET hin, #-T, Yv—7R70Y bOEEIE. TVD AF—LTIERETES
MEABNhBZLICRS, 20702 ML, EERER TRERE T2V, RERmLEXT
70Y bOBEEE R HMET L. ZNIBTROYEERORUTHRES., 70V MAMEIHSAD
hBLES>0E. 702 bOBEEEXNHETSZLIC0eA5, 70V bOMERIELF
flicEanwe, L? ) I)VATOEREFMIFEFFICARERER->TLED,

Zhid, BEEEHEPBENVLWIEIEHZ LS. LML, 702 NOBEOLERY FHNE
EREE WO DR, Alallewn, ERATREELRE 2 Y2V -V a v 5808 EWE
DIENY B/, B ORLRIBOBEROBE*EICT S, BEOMELLEREDBRHRERD
BENEOBRED DM EFANGEEE. FIIERHOETRARIEL < HMiEiT 24BN H 5. R
BRICEET 258, SENSESICERIMIRDMSRVWEED AL, ZOTERFIIEEIC
VET7RBDICRD, LW DI, B#EEOBE /NS T BRI OBERENNE
SHICHEA SN, FIBREBEREOEN IBATE L CTHEU LICHET 2 L WO BHRAH Y E
ENBTHD. (o T, FEREOMEREDRELERE KD L REEZFMHED. HEDOE
BEEZ25ET. RUTHENRBDO TRV,



AMR(Rewind) “s.0.001 & AMR(Re -
AMR(No rewind) AMR(NO% 5,0.001
107 1 10} -
5 g
LE m
107 4 102k i
:0.001 4,3.001
0001 “5.0.001
1 1 1 1 | . ; '
10! 10 10° 10* 10° 107
Time(sec.) Memory(bytes)

B 13: FREBe S (£) BLUGHERRE A=Y — (B) 0BfRERT. RFHIE. AMR
FHE T £ = 0 T 30 x 30, nonadaptive FFE TIX. 120 x 120, 240 x 240, 360 x 360,
600 x 600, 900 x 900 * ZhFhf\ /=, nonadaptive HEDIEEIIMTRATHS. AMR
FHEORRI. lnes CEEZOBRAEERTINSGA—X—%, HOBICHELE.

5 WHEHIZEADIH

ZOETI. AMREDGAAL LT, 2KTIEREME T T BIA R 04 B RO Wt
EHENEDT, ZOERIODWTHENTS. ZOFEEHWS L 1 Rt FRICEK 22! HICHY T
BEHAY V2 RHOEHENTR TS5, ZORE. EEAR L BEOMIHEDBAEANENZ
Nt — )2 (to— 1)~ TRETH L 2RNTHRELBE, BROTIICILEEBBATER
IhBEN, ZhidH42HRBEBNEKRETH D, 20%. BOREZRILICHR TS L Bhbh o2
WEBNRX S &SIy, HRSEREGERICBTT S L EXOND,

51 JFUHIC

HROEEMEE., aNVEIDT7ORAEARBRICE I AR — FERICE > THEHEND XD
Koz, ZORRTE, TRVF—BEREEEINMZITH L LTS, FEREHERRICBWT
HZOEHMNBNLT B EDICIE. TUA AT —REBRTZZ LD, ZOZeh s, FEREH
TOROFEBIGANE S A DEBEINTRE, T FOBROBRMEHEICBVWTH, HARM
ES O HOHEW SRR OFEEMUE S h, JERMEEIRTH 54 1 5 — HERDOHEEWE & o B
THBEINTWD, BED& SIS, EROESEHIHTE & IEREROBDE IRIFRF K & OBFEM»
5, ZOFRBHEERIMAEIED RV, LALANS, HEESE OB & BRI LBMATNED
MW Z W SIENRERITHETWRY, XI5, BIOEEY I aV—YyaryEHWEELTEE
DFHRBRICE Y, BEUDSHD -2 UTHETRENDOEENZBEIINS VW EBI DN D &



Adaptive Mesh Refinement # & % D

- TEE,

2 Ko7 U REPF A DELG & IERME T ORRMEDFEBRBHEICOWTIE, BufBE MR SRS
DT IV—7T [30, 29] THERBNTWS, ZZTik. SHICAMREET, ZORTFEFHELINDESE
WLz B THD, ZOEOWEIL. (LHEH. 5F. B A0 4 AOXAEHRTH
5, 2RTT VR BER (AT 2DFC LBET) ik, UTORICBHHDAEME R ZERT TV %
EREAWEELEESMEGLTVWS :

O | o VT = AT, (6)
ot
ov
N +v-Vv=-Vp-agTe, + vAv. (M)

ZZT. v ¥k RENTNERER L RIERIRT. o ¢ LRRIRE L EAREOAS X &
KU, e, ® yMAADBMNNY ML THLEADHF L y TS 25, —MEEERIZ L
Blagk1LTES, £, BICEHBE po . 1 LEWVWTWS,

R BT B hc. BTy MUK x = (gT—y,—%) AT B, FEE ZORY MU
THE LIS, T BB BEOR> FRRIL. BFOL>Ichs,

%+v-Vx=x-Vv+nAx, (8)

ow or
—a—t~+'v-Vw——£+VAw.

THREDFESK (9)1F. 3&wFIET A=V % (BAF 3DNS LB&T) DMWBEDHESIALH
HTHd, ZOZLhD, THREDERIAFTIv 7 ACBWTHEEOBRE 2R3 Z L WS
h3, EHR. 3DNS RELT CHZE SO 2 WHBRFREEICE:. MM T G L ENS T i
BAERENG, TOBEBBEZFINVEIOTED 10 f5RE. BINTRINY -ERE LM
PHREBBEITWS, FIS, N—H— BB LEEON—H—X T BREEBIAEEL. MHkF
T HREEDEY IR 2o TWE,

PHREARMNEL, BEENTEERS TR T2 Z 2 THR S —RELR TR, =V b
OE— (S =7T2%/2) R&EEBIN AR —REhd, ZZT, TV hOE—#H&ERey 2LATFD X
DICEHET B,

ds

€9 =~ = 2nflxl2dS = 2xkR.

I0EIAT7HROEFHEAVD &, FERMEETHTY PO —BERNERTH D ZEHNEFX

ha:
g9 = 2R < o00.

bLhaall, BHERTIE. T -2 TR NVF—AXR7 MUIBAFORANCEES,
S(k) = Csk™7/5,
E(k) = Cgk™11/5,

a BIC, 2DFC LR T ORRUNSEE L. HRMEE & BT T SEEVERICEEL TWS
ZEMNENLNTVS,



IHE RE, 5T ™

PAE. 2DFC #&& 3DNS ROEFFFEIIIEBIBTVWE Z L 2B E, £ ZA T, Pumir &
Siggia i [25]. FEERDBAAELIL UTHA 5 —FREAMN SIERME 2 K5 7Y REEF BN EE
HFDHZeERUE. ZiX EHEIUTTRERNZ &I 3ReA A T —HERDAE RS
LN ENT. M2 R TV RELHER 2B - TS,

5.2 FEREHEIERME 7Y R} AR OB BRI H I aEME
521 ZEREEREREFSHE

3RITTEL - A M= AFBRARVA A T —HEAD A PRI RIF TR BT O R TR
P RERD S FEMICHEANO A THREN, SEERIB/OhTWaY, F4ld. 3DNS glike
FEIDHE % #5> 2DFC ELIEARE D ESER DI TH S 2 Kudekitt 7V 2 HFRRDOE
FREFFIFSHAT BN 28 U WEBHERTEL (AMR) 2HWTHARATWI N, Z2OBEHEDOTRME LM R
®T 3, ,

HEBESERE, UTDEOICRK (6). (7) TRHEERWEIERMNT U RELHFEXNTHS ¢

or
4t u-VT =
ot " 0

0
% +v-Vv=-Vp—agTe,.

FaM. FIEREME 2DFC HFEROFEMICEE 2FODIZLATO 3 DOMEMDTH S, (1) K4l
DBRDIERHERBIR (v — 0) TREERRLTWS, (2) FAMIIGREREBL LThY, A
BERSRL S hOBENDH S, (3) FERMEnk,

ZABICDOWTIL, BIETRREDTERYEX 2V, 3D A4 S5 —HBR LI 2DFC HRER
DREBERRELHEOMIC, Pumir & Siggia IC& Y EENLRBEGAZEMMTWS, HOIXIERM 3
R REEITE AR FTICIEREME 2DFC SRR THEBTE 22 L 2R LE. BANRREHAR
BHBRUNT A, ZhIEEICER T 220NN EMNT EBHLRACHREFE O ZLICK S,
ok, FEREE 2DFC AR OE RFRFEHEFANEOTBEL TR T IHEREE . LIL,
BEODHWERAX—LE, HEROAT — )V EEHEICE D  EEERY HVWE 4256° OFR%ME
AvYakHWEbDOTHY, FOBEICITREBIFENATVWS S, BRICHT2EHETEL
AN

522 HEBEOAF—VT

BRTA A T —FBARDERSHARBBICEHL T, TOHEERFET IR0 (¢ =t ; FHHE
). UTDOHELRAERXNNKILT S ( Beale, Kato & Majda [1]),
. t.

|w|mazdt = +00.
0

*4 CMI Millennium problem, http://www.claymath.org/

— 100 —
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FERGE 2DFC AR T, ZhiSmA. UTOREARICET 2 ASEREARKICKYID (E &

Shu [11]), o
i

BE L REANROBREICEUTUATOL D REHLFERENET S L. BAFRANSHEEICKHL
UTFOREFANMEOHN D,

or
oz

dsdt = +00.
maxr

|wlmaa: ~ (tc - t)—a’ a>1, (9)
or .
0| ~t-p77 p>2 (10)

P UBEAHEERS, o bR a=1, f=22FHIN3,

523 ZhFETOIHELDHE

3 k7t NS FRAPA A 5 —HHEADHRBMIE T oWRIZHH LA UTICEEDHZED
IKDOWTELICEEHE, Kerr OEFE. RAHRTER 2 FIHIFMAFICH WK TREND 3 (18]

DR | EEAF-L | BT | BARTH | BE |
Kerr AR | Chebyshev | FE—&f 192 M
Brachet et al TG flow Fourier —kk 864 BEHEK
Grauer et al e AMR JE—HR 2048 rir Sk

£ 3RAA S - FBRXOERFIRBICET 5. BERoftFo—R. BFHIL. 1KRTH
HORBFHRAY Y a BERT, BRIE-BL TR,

ZOESD, BRULERSHBAYVa (Fxyzyanh—vay IR 2EWsZ ERE
By, HEHDWAY Va2 THERBE TREEOEEN IR NS, FREDOHRICHAVT,
YHWEBENBEETHLI L ERTHATH S,

Brachet i, T4 55—+ FU -Vl FIBVNFEE L OWEIRMEE AT MVEEHWT
WA= [5]. FERIE. BABBHEROBEE CUMBA 2ok, ZOBRETIK. B THEWERE
MRS NI, SR EORERMAHIBRBEEEZ T BRTNWS,

Grauer %, T CTHPETSZ AMREZHWTHBEDGHLZ L2 RRTIEREEE 13, £
EU. FEEECIFICREEOBBIZRRT 2 XD RSENRRZEEIRS KT deitith
W, i BRBRICV DAY ROFEEAOTES T BEMEWEDEBOD VVO#A BT
LMThhTWwWinE DI Ebh 3,

FEREE 2DFC A ERDOFHFREEOBRRIL 3D A1 5 —FBAICHADW, Zhid. JICEBRE
Pumir & Siggia DLFF [25] ICHi< E & Shu DOLE [11] T, FENGESINELEXDHAEMN
ZNWZEILEBERDbNS,

FEFICHBRRV DL, Pumir & Siggia IX4FEM DO HBIN Brachet & & RIS, BRI NE T-15
BoAREEMICEZ2EX)=. LAL, E & Shu BRERILMES 2V EERMATITVWS, B4
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WHE RE&, 25T ™

DR, BICFRRRIAMNEZ D Z e 2R UTH Y, BTHNRFENFENDS, WTHhICE &,
BHECHEEERRT 22010, T+ RERBERENBETH S,

MR | BEAF—L | BT | BARTH | &SR

P&S NT W Oz | R 256 i 3EH

E & Shu INT ) Fourier —kk 1500 RYEX
F4 & AMR FE—hr 22 I FHK

# 2: TRHENRMET O, SEOHFELBRA DHEFEDLE.

524 ¥EHBEAF—L

F2E, BREORMBGE2EB5-9IC. AMR (AMR) &BEEEWE, MA T, BREIFREC
HUBELEDSED, VIR (rewind ; BRLU) LIESFEEAWE, DT, HEICFEE
2T 5.

AMR ETRHEL 2 EAFMEBICE. BED 2®EAVWE, Zhid. BEOEEEBIIS
SYVLDBRTHRERTH N, AF—LIXZOEDEFEZFEL VWML TH S,

B 14: VAR)WERDO—H : 15 BO UV ERAZERE. HROKBTHO NS 2IEAL
THERRUTWS, BW 70 MDEEIATWSFICHEIWA YV aRNEHRLTWS,

ERT TORFMBRER X — L. BEFMOZENC TVD &%= 2 KD MUSCLE # [36]
B, FEEBEBBICE 2ROV - 7y REERWE, K7V VHRROBERICE. 2 REED
SCGHEERWT WS, BHESOBEY B BLEDIE. BREDEAVIHENRHD, L
MU, 4 RBETHERZBERLEN, BHEREVIESARD Sk, £E. BV LULOEEN
BEWLARNVICT 4 =N 7 2NERROBYANDIBENDHZ 0B LAV, SEIZERL
F=o BEREME o, y FlE BEH 2r OFBRRMAEZHVE, EAR yBARTHEICERS T
w3,
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53 #ER
ZOETH. ZhE CREIE RO NERRERNT 5. BEORREVODDT —2 %

Tok. SEEICHET I —RFIEIE. 0A%DHEZERNICHY ZOBHTHFOBELRAHZ LS
2D,

531 RF—=ury

BI151C, |VT| & w OBRKEOREREX R UE, B15 1. 2 <t <4 OREH TR
ABABETVWEZLERLTWS, 208, BRIMHEINE, 15 Tl WETHALE, 3F
itk 2DFC FBRXORBHERELELEDRAr =Y VT (9). (10) HWTT7 4y bULE, R
. BB to OBUOHIKETS, LAL, BRIP4 EORBERE VRN L3R
BLTVD, o T ZORBEIEREERBHEERRL TV L RHBEETHED,

t
0123 4 5

_l T T T | T T T } T T T 1 : e T Illllll\lllllll\ll]l|l|l T T :
- Error = 2x107%(4) . r t, = 6.085 1o
o 100 & -8
10 RS E e
g 1T, : 1
3 . E r 7 £
L I o_E
L 1 E i 10F ERES
3 - 3 E 3
1 :—// = S - L ]
- £ LE e
O']'E[Ll ol e - 0'1? vyl I 1_5‘_‘
0 2 4 6 0.1 1
t 1/ (t, -t

B 15: W@EORKME L REAROBAMOBEREE, log-linear 70y b (%) LERBBIC
£%74957 427 (4). loglinear T, BFRTEMREIVWTWVEA, k OEMBFIFENITHK
BWAERT. BRAOHERRE. HONCZOEBIMDEATVS, FRXEHRTIE, & (9)
BLU(10) THEMENRYIZIOHED, a=1,0 =2 OEMHEY. HBEOEDIGRLE, B4
DRERE. ZOEBRITTEVDOTHAS.

THRE TREREENEANEZTVWEY, ZREUTISRT LIS, T BBOFRE L 3H
T35, ZOZ i FHEBHEEMEVEERBIBASHRWZI L ERLTWS, FETDT4Y
T4 VTR BEOBKBETADRI 2N, YIab—yaryoREDREND D WVTERD
BERERMLTHWEDOMNTbAMALRW, R7Y VABROREDRBEX L5, ZoMmidsas
58, ZORRIEBROBRFERML TS LEX LN,
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LE BE. BT 4

532 ZFERBEDHRE
TR, BTOEO RPRABET, TOHBICEE7OY ML 2REBEHWE,

z <7 Dl
T, = m/2 — asin(y),
w = 0.1exp{—0.5 * [(z — zc)/w]?},
T = 0.5{1.0 + erf[(z — z.)/V2w]}.
T > DR

z. = 37/2 + asin(y),
w= —0.lexp{—0.5 * [(z — z.) /w}]?},
T = 0.5{1.0 + erf[(z, — z)/V2w]}.

1:T\aﬁ?U)b@Eﬁ@ﬁ%ﬁﬁ@ﬁ@\w@?DVﬁ@ﬁ%i?Nﬁ%&—T‘%ﬂ?ﬂ
&&OAXLE,it\mmﬂzé%K:wﬂ—ﬁﬁf?&é°%§u~N—ﬁfXTﬁgﬁwm
BREWET & ICEDE,

B 16(%) ICHRID T SEDOHMEDSEER LR T, BOLW T BENHHICEIMTWS, K
16(F) ICiE. Bt =4 TORERXRLUE. THRERIXIYVY—TIlhoTWd, ZORREIIHE
BEBHHEARRAT -V THY, 3RAAA S —HABRDBEDBRBORRLMIGLTWD EEXD

 16: ZOMEOESE. |VT| O8FERT. t=0(£) B LT t=4(F).

BI17(Z) IS, Bt =5.9 TORBEERT. THEBEIEICHETIN. Z0ORIIIWEIHE-T
—RTRW, B17(H) IR T IR EIEAR U GRUE. LM TBRERSELTSY, Bk
ORBBIBHRBR TR I T BEARZRIL L. SOICIHIERRE L TRAICoRLE
BEICHET L EDIBDbNG, ZOELMTO T BEORELEICLAEDORBEN, hHEHAT—
VICHILTWS,
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B 17: |VT|: t=5.9 D24 (£) L. ZAOFESAFEOERE (H). BAERTEHEGRN
=D TRRLVWLOMDNIVBRICHRE LU TWBRFHION S, FIXHEXh, HRTIH
BEEVELRAS, RAKEEIROMEEREL L. HBISESWTWS WS V)%
TRTHHDTH5.

X 18(£) & 19(£) . t=15.82 & t=5.90 D T \WEDMIMEDSEMER LB LE., Zh
i, K17(R) OBAEOESEFIHERLEEDTH S, H17(£) TR 6 KOBI L LT
T W HRITES, LAL, E2D 3AKEOMD 2IER LA 19(£) TH. FfR T \BHIFE
—RBICHTHL, HBOBSIPSEREINTVWEZ RSN S, B 18(£) 3D LEidREERLT
WA, EESRIFETII W, #-oT, THEBORLEIEIAT — VBN LA DY &
- LEE, 2 UTHOMHEMR TS 7 AVEEER LTS EOKBLRA 2, #oT, MHEK
FEMERE TSP R RWEEDbN S,

B 18: t=5.82 TORF-OIEAR. REAE |VT|(£) LBE T(R) OaFHERT.

B 18(4) & 19(A) IS, t =5.82 ¥ t = 5.90 TOWREDESEMREFE W, HEMIIZEH 1 AT
HBETHEOIBEDbIE, ZorE, BEARNZOETHEETZ LD THS. EE SEBEN1
RICBHFLDDH 2, Constantin Fid, 2 RITREEMET (SQG) TOH RIS O WEEH
EHEAEDN, FESENY FVRBOSEE BEHEREEVNZ L 2RULE 8. LAL. BAxD5
A3, SEHICEY Bz rny N THY. ESOERIGEETERY,
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B 19: t=5.90 TORFOILAR. |VT|(%) & T(H)

54 ¥roHLHIH

2 IRTEIERGTE 7Y R IEEIF R OE REF RO T 2 R 5 2. AMR & HWEBZHRE
BEDY2IV—VvariiTok, BRIE. THCHEEOBRRENMIMICHE TS Z L 2RBL.,
¥ =B PRR RO TR 2 T 5. BRI, 22DAF =V bh5b, BiBRETIR. T8
BORBICHG L., HFRIIBEEEWICHEATZ, BIROBETIE. BELE T BEIRELE
LU RREMNEZ 5. ZORLELERITESHEMIC K YN — )V THRYELEZ
Y, THEEBD 757 ZANVEEELI XDIBDLIS, LML, 757 Z)fER. FERRSHTED
FRBICT Ehv, HEEORBIL, WREHTORRENEERIHNG & & RBTHRED
W3, —BUCIERATII R ARERICHE S B, SRTRICHRBEALFL, FELZOBEN TS 7 X
VIR HOHEHE R B D Z AL ATV BN, B2 DA D H B R RE e LB L BEMN
HBEMH L,

T BREDARLEIEMNEELBREHAERELTWAN, ZOFRKBENHICEENHEICLSD
D HBEWEAF—ACHRT ZHHEORBEZLOMIBRTIERIITE 2V, 4%, REEL
BELFMICENLZZ LS, REOWHEAZBEBEHOLMILTWFETH S, AFETHY
EAF—LZEBETRATHIN, AXHTERRELDIICKRY vV U HBROBEICE T OR
ERHD, LEHLANVOBER TSI 4 — KNy 7 SBAHBEMBEMBANRVWNR. Zhilo
WTIESHOFTEEL LW,

IR TCOREMNEETH L LT, ARBEHEET I LTEEN L WO RN EICHDA
5, Baid, PR ECBLHERMOBBICIENTH SO LEXTWS, £ BEUA ) VIXETIRK
TSI REEEN BT 2 L WO HE L H I BAOBELHENT /NS Wb, RN
HoTHERERIMNEZ B Z e AFHTES, ZhH. ELRFFEARBEh S ARt E TER
W WTFNICE X, FHRMREALETH S,
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6 FLHITHZAT

FAd, ZOO—-FEREBEU T, #RD AMR EOBEABRAEHES ML, HEORBRICES
T KYABHOE W AMR Si0EERERTLZ LN TEE,

FEHZADISHF T, EF KT THEEDTRIEVRBENES THD. FhTH, KL
Ebh TS AVS A W5 T35 IBM @ OpenDX Tk, SREEFOHSIHEBHESIC
RETEDN, HTADEDRBEHLRT — AELFOBAIC. D ELTRET 2 HFETREZILTY
B LRVWARY, ERFAE. BFREREOMAEME IS TARL TW3 triangle £V,
BESGYZARLET IV 7 N7 EHAGDLET. I5IKF— ARATHEBHIMEICEHNT
w3,

EHIC, ZAMNZRFTHEIC - 255G, MRt E0 LS RETEHTHLELVOD, DL
ZHBEHPTH D, ZRARGRUEGRER, SEEED I JNEESIETEZ 200, NEESE
LERTY EKYHEBORRNTEZOMNE. ZhYSOFHTH S, RXLLIRBETIEHD
Blid. BEBEAISHEEREEN HE2VWEYHETORAERDTHAI0D, BT,
UL, BMEEDF 2y 7 EWEBRICED LD RBIENBZ o TW AW EEITT 2010, A=
RIGHBULY AT L HABEDEDZBENH D TIERVINLEEITWS,

Y3al—varEAVWEHERRICBVW TR AT 10 ABED oY 7 FIREN
ZATHOHhTWS, 5V EHRBEFHICHR L. MEICHRLVARAVORER LT3 EDHICiE.
BaenTaIxy NRFRAZAIVERY ANDZBHENRDZ LERLTWS, Z0L5 7YV
7 MIBIRER 2 A VT, B2 — RREFEDROMIESTH Y. FOEIICUTHREREH
23— FIIEEIGABENAVWDDICRE LA EREANELTWS, 9%, R4n7avzy
MCEL DEF L (WHEEMAEL LT, BLUa— REELILWOHEHFOERICBVT) HiEE
MEML. SYRBERAEVWY I 2V—Yarya—-REZEL T ZERNTENTRVWEES,

o v
AFREE < & o MT &% ERPTHIRATCOY 37— R BW L, KFMES 2L 2
LT EE ok, WARBORARI A, FlHEOFEFTOREEREL, FREON- KD

PREDREERITH>TLEE ok, BEHIAB I UHEREREEYHBEDOWE T IV — T DH
RIAIREHEWELE T,

1% A 53R L EDERBOBRFICE T 2452

BEREDED, (2) D—KITDF.
ou + af (u)

ot o 0 (11)
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DHT, BEROKEEHEBET LD, ZOFBRADIFREDO O bTHRIGELRLOLLT, 4

flu) =u?/2 DBE \
BHICEZ LD, _

—C. X (12) OROFEN TR HEA L RN, BERICIEREICHE RO
TULMREERERW, ZZTREVWD DR, u(z,t) ¥ o DB L BT, BNt % - =9
Mt u(z,0) E5EXEBE. H2 IS U TESREREER2FD z BROELEAD—D L LT u(z, t)
PEShBLWDEKRTH S,

ZORDHERDL., PHTIRES SATRND OIS, EY LR CERFREXBELRVWEE
SORRBEHICES M Lk, WHEMICE. ZOFRBEIROEIDIICEVRRIZZLNTES,
HEBAETZOFEREEDTIL. HIBEORERNRET S0, RITEFR TIE R 2
5.] DEY, YavIMBETILVWOIZLTHD, FI T, FEHRAHIBEIC. HEAVER
TR2HDRMANLNWD Z L 2EX, BOMREBAELON, BRTH S,

ZOHBERORHE UT, FEHRVEET S, FER2 I 2O ETHREN—RITRS &S
RTHY. ThERTHRT L .

@0

THd, WODIFFNEETELIREIC T2 FO@HETIE. X

4o _ 04

dt  Ou
A FHERROW =T AREFERL WD Z 2105, BENICERBRUMENERETEhWZ L %
ATEDIC, K<AVWLHDZDIE.

u(0,z) = —th (%) (13)

R (12) O LOFHERBTTH S, THREITEREDR. ZOMBRG TR BT t <2 TOH
BET S, ZOBEGIL. B TETE ¢t < 2e TEERARboTLES Z L 2#BHRLTWS,
FEFENEET 54, A (1) 3PHEBICZESBERENINEEHTFL TR LD, ZORE. u
EWOHHBORFENTH S, DV,

/ udz — f(u)dt =0 (14)
r

b, OB EET ZHEETE,. ZOZ O 0SFEANAETH L Z e NTHENTWS
(16, 17], % R0 M 2BEICE CHE L ESEIC. EAFERER (11) O BRRIEIEL L
T, R (14) WELNZZ LIld, Zhhd, REFHRO LTI

i{ _ f(u1) = flus) (15)

dt U — Uy
PR LU TWBRHENRD D, ZIZT u & up ik, ZhEAREGROBRUOETH S, Zhid.
ELZEFHED Y ay 7 TEAE. Yav s OmiloYWEENDINEY av I ORENEIT S, v
b5 Rankine Hugoniot BfRICHST 5.
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ST A (12) . T ot 2 FHORE T,

0 [(u? 0 [(u®

2 (7) +2 (?) ~0 (16)
EERTED, R (12) &R (16) I2WT. FHAFHR (15) RESIWD Vay VFEEERT LD
MERTA5., R (12) Tk

dz _ u}/2-u}/2  ui+tup
dt U1 — Us 2

ey, & (16) Tik

dz ul/3—ud/3 guf + ugug + u3

dt u3/2-u2/2 3  uitu
Y, AUTRARY. Zhid, u MEEERRODN, u? MEEZEBRODNE WD BWICHIGT
5. FEEETIHAIR X (12) &K (16) DBEfRIE. REOERAERNITEW T, Euler 5EX
TOEHBEOHEENEZHWE DM, ZhE2EEORRMDORICEEE L= Navier-Stokes 72
KU)*&‘TE‘EJE’EEZ‘)ﬁotﬁ%mv\émh\mﬁv\L:f@&"973:»‘«\1&'6‘2560 o¥ Y., EHEEER
PHWAIRLEHEMIERTHIMELBENV TS Z LI Y, Navier-Stokes 7R DRHEEHE
RHELLEREFAWS D RELWORER] OFEEREL THEEZRRLTWVWS Z LR
5, YavIMRETLEILREATE. ZOZ20RXFACTRRVDTH S, B, ZOID
. HOFBERL UTHRALUABRICRA SN, BOROR (14) OBICEHEWEL IR RSKX
TH3.

Lax ¥ Wendroff i3, BYRENR, ThDHHIBETHDHEANEZDHENICRD LDIC
EMpEhER (11) 0EHRIT. FERADZBEICE. ZOHBRTH LK (14) HSHINDHH
FRICIURT 22 R LE [22), Thbb, REFRAHIBEICE. REERLERE LEESR
PEMrFAIE. BUERIEROZIEUWRIC D v, ZHik, Navier-Stokes HFER & AW T
RSRVWEESTWADTIERY, Navier-Stokes HFRERIL. REDBETRERAFERICED
WOT, Btk R ST EIC Navier-Stokes AR EHED Z LIFEY Tidkw,

6% B FHEXLRL TVD HICEET 2/

FZEDETFNVAER (11) 2HBEEEX S, ZOHERL. B+ 2o
Tk FERER. SHERICH S THER—RR2OT. ®2

/ lulda

FEEICE ST —RMEICR D, BARERLEVHEER. WY ay 7 BRSNS, §iE
TRULELBY., REfiL: = SYHEOROBRIE. L WO ROIBRICKYREZNS, L
MU, TBAREREND 2L LD, BOFPTRERNRBETIB8ELON. 4. 2207
bGP S LS

ui{z) = Lif z <0,u1(z) =~1,iff 2 > 0

uz(z) = —1L,if £ < 0,uqz(z) = 1,if £ > 0
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¥EXD, ZhHOHA. (z,t) = (0,0) 2ELERB—D UMW WS F{ERFTE, Fid—
BICRBES, LML, ZOEMD 3 RORERFARNHTWD L THE, TN D OREHHRO B DAE
OFROEEEICE Y, BIIEICERETES, = THRME u0,2) = ua(z) XBEALESA.
z—t=0%,zc+t=0DHAEEHRMEILTELORBEZZIOND, .

ZOE DI, BREHIE, FEREEFUHEOBIRETHD. VWo AR b2 L, 2
DOBRICE D& D BRERE Z AR L THEARE T ME. FEEMICER (EREE) O D 5,
ZOHT, DL RBENYHICERD LB THEIEERH LD, TV MO —HARITHS
ZENHLNTWS,

R ¥ = SIS o ERERIFICOWT, T hOY—WAHIRET L. &Y

/|u|dz

BHRARTEZ IRV Z AN, ZOFRGEE2ESRISERELEDOD,
TV(t,) = Z |u(tn)ivs — u(tn)i]

TV (tnt1) STV (tn)--- <TV(0)

M. TVD %44 (Total Variation Diminishing condition) L FEHIN 5, 42 DEBHEFETH, X—
AR BEFAF — KIS I DR ERL TV S,

FBR ZORMERIRVEDAF-LEBEATIL, HDELIHLILEBEBANENT. Zh
SMMNZICHERTEZ LIl d, ZHEBIERERTH Y. EROWHHIARLRE TIERW,
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