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WaAERXDOTY ¥ vt
(Digitalization of Differential Equations)
B E RS TR uREs 8
B K

1 L sic

AFad 2000 4E 11 A ISR RFEHERBTFERT Cirbn - R [
FRXOEUNHER L ZOHRBIT OB TBII2EEOEEROANEZ T L
Db DTHAH., FOLEDHEHRI A MVL [MEFERDOFTY VL] THo
7205, TITEIELIADFVIMELERMASFRRCEINEITRTOEK Y
BEELT 2 FMEDT L ABRL, FICBERILL LT FEIIOVWTORBH
iro 7.

WM HFRROBMILTEICAMONTVEDIZIVDLYWEEMETHY, HERAD
ff % BB IR B 7o I AR & BERL (ZEE) L, BHERTH OIS
FRAXLABMEEET A2 LIELIEfTbhd. ZOBRASCREE R DI, £
SRR (R TG 2%0 ORmER, ¥ 7%2bbEfEERRE CESHEROBIETOMS
HRADOBIZEEIIPRT 25 TH b, FERBHERTIE—RICPEMEE RIS
LONELL, FRAOHHMEBLRIELZY, BEERICLIIVBOLZTVEH
AL S BT ETPRBEELRIET 5 2 &%\,

—7%, A — b=k (Cellular Automaton, CA) ® & ) (ZH - LB DEZ
BB 2R ER RS, LITLISERMNLZERY L 32— T 5DICAV
LNb (1. ZOBERIEBREHK (REER OB#HIcL), BROEFLVES
B HBEAEZHERILT AL VW) T Tu—FR3Ab%L, G LABEEDOA I =X A
HEZEZEERT 22 E0HFHPE . b5 5 ABTRMA (lattice gas) EFLD &
I, KT BB RDOBE TOMETHFEH % & % L Navier-Stokese FEERAE 5
NEEIRHEEDIHAED, FOLH)RBIIINTHA)H. LEALENESLAHN=X
LEBBREBEBTADTHE22LE ZETORBOBFHMEI L, 208
HIZE DEIERMIITHILEIEZONS.

ETidma RN - 2R CA & 3EEOHER (CA bHER LIRS
EWT D) SN, RORPITOERESVIIBREOFIZEE., MOHER
IHYT - EBEBSTRTERTH ), EGHERIMIEEDOERD 5V IT—
OB CIRBERVERTH Y, CA ZEEEI RN THL. #LC, BE
DRBIUIFLTEFDETNERABLILZIDEZHETEA I ETHE, LIZLIT
ENTHRIIL, 2OBEICEBOLELZFTVHREVIIZIMUTVS, £ T2
CHREVOLEEONHEIENLEAATFESNG. KBTI, BESLFEL
BETDHILIZE ST, EROEUPREMREL V) BEREVTORRLEKRE LD

213
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AN TR %L, ZEIHEICEHERIZOEZFoTWBEIELHB LVl
KOHPRL, FERXOBBILIZOVTHEFH LVERFZRETHIILEL (AT,

2 AR OBREAL
REME RPN o105, T TIRHARR

gt = Gz (1)

¥EZAH, o, t TFNFNER  BEICETAIEGOMIERTH Y, ERLitE
B gEFNLIKEL TS, COFBRROEMLL LTRLBELLODD
Lol

AU = 1) = g =207+ ) 2

Whh, ZIT AL Az ZENENEER - ZHBTHEBETH L. f7 = g(jAz,nAt)
ELT Az, At — 0 OBBRE L 2 &, (2) OWMBRAFBAAN (1) 12hb, 51
At/(Az)? < 1/2 2 51E (2) OfEDS (1) DRRICIBRT A Z bR TS, F/:
(1) b (2) DHWBOHEXTHY, MOEREGHLENTES. UEnLHiz (1) &
(2) BRI AERX - BOW LNV TEREIIIRT I ENTE, BRELAESVS
THHPMBRIFELFEUDOVTVES, BBESNTEZL L, (1) TERTH -/
WMAEEAT, (2) THEMICZ>TWS,

T, 8512 (2) ODREBEK f 2BERILT 21213 EITHIELWTH 2 ) ».
COBBLIZ O WA VAL FENEZONLH, I TIE [BERL] Th
TWAEEZH2 [3,2]. BEEHILL ZARK
limoslog(eA/e + e/ +...) =max(4,B,---)

e—+

(lim)alog(eA/E-eB/E....)=A+B+...

e—+0

(3)

YRR TH S, ROBEMBEICLTRELE L T57:0, (2) TAt/(Az): =
1/2 DFEIZOVTDAEZDL., 0L E (2) i

n 1 n 7
fj = 5( J+1 +fj—1) (4)
Kb, ZIT =it LT EEEIRADL
= elog(ef7+1/¢ 4 efi-1/%) — glog 2 (5)
2B, SHLIINT A=Y e DIER e » +02EFER D L, ZORAPH 3) THAWVT

FP* = max(Ffyy, FJ) (6)
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HEONDL. (6) IHEEBEHRLEFRERN LTI, 4) OELDOE LED max HE
WEBEHBboTWwA, (6) ZHIZ 1) DEEFEATHLOT, EFHERTH S
CLIIREDLYPLRL, FEERERZLEZTELI ARV, LIADF OW
HEFBERTHL 2 HIXEEOBRTHIERTHL I LIIHLO»THAE, &HIC
MPEN /2L 2130 & 1 DEZTTHEREIN TSR LT EE, FEORATH 0
N1OELIELRV. DE D) (6) DRBEK F ITEREY, BEHELKOLLS
2b%0 ) EHTHA.

EHIT (1), (4 TRULHE, BEED (6) TEER-TWE. 7272 LD
BE max, MOWBEL + LEX 2. % G}, H} #° (6) DBTHHLTHE, *
DRI F} = max(G} + A, H} + B) &

an+1 :max(G’;‘“ +A Hn+1 +B)

b, RIIY (6) xi-LTV5.
T, (4) Db (6) THEERS. & z2iE

ff=1+€¥%"  w=logcoshk

i3 (4) DETH2H, k=K/e,w=Q/e L L, ff =T/ e— +0 xBUAV
g

= EEIEOslog(l + eKitan/ey — max(0, Kj + Qn), Q= I|K|

& 7% o T non-trivial ZHEVHEOLND. SDLDIZZOFE (6) ILRAT A L

max(0, Kj + Qn + Q) = max(max(0, Kj + Qn + K), max(0, Kj + Qn — K))
= max(0, Kj + Qn+ K, Kj + Qn — K) = max(0, Kj + Qn + |K|)

EoT Q= |K| THNIII LD I EHHERTE .

BEDEHIZ(6) BFIE (4) DEMABETHLN, BIRBOBBTFICA
D, BEHEDLRINTND. (1), (4), (6) PEFEZRNAMICELEUTOLS 122
b, ZRARREDRLELT, FEX - BIERICL > THEICEEMICEDD
WTWBHDTHA.

EDIEARR 77 = c(ffa + 1)

At EE**M t
fi =9(jAz,nA = exp(F}'[e)
Az, At — O 6 ~—> +0

HHAEX g = goo BEEBILHOS R FP = max(FF,,, F1.,)
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3 Burgers AEXDHEREAIL
BB OB BRROBEMILE ST 2T, 2EAEREHERTH 5 Burgers
HREAD :
Vp = 200Uz + Uy (7)

BEESAL %47 [2]. Burgers FRER IS BRR (1) 55 Cole—Hopf £t v =
(logg)e KL > THBBIEMNTES. 2F hERAMIZE L

gt = Gzx
} v = (logg): (8)

Uy = 20V + Vgy

b, COHAEFRRILUTORTEFEZHMLEns.

n 1 n n
it = 5( T+ )
N U .
+uj = —(log ffy; —log f7') ©)

u}-‘“ —ul+ zl;{log(e—mu; + AT log(emAmui 4 eAzu;‘)}
ZOALDORA ¥ NI, ENEFNROREMIICEMET E2DOTIE %L, T2
3, Cole-Hopf Z¥ixZHfbL, 2% b L2 Burgers SRR BT,
RICFEPELBZVEICTAILTHSE. At/(Az)? =1/2 #FEH2D Az — 0
DBBELIB &, (9) DEREFZRE LT (8) #¥EON 5.

S 61T f} = exp(F}'/e), Azuj = (U} —1/2) /e DEBERELH, e 5 +0 D
WRE &5 E, BERLIN KK

Fpt = max(Ffy, FL)
VU =F} —FP+1/2 (10)
U;z+1 = U7 + min(U_},1 = U}) — min(U},1 - Up,,)

BEONSL. 29 LT, max & F X THRIEALT AE %2 B BERL Burgers 52X
((10) D& TR) 2B ons. bLAA, BHREERSOM L FMRICBEERILTIET
HY, TRTCIBESILEFER, LB ZE)TE L, T/, BEERL Burgers 5
BRAIOPESAE 0, LICRET AL, EEOEBATOL 1 DELL2DEL
6, ZORIRFEGEDOT TN —VES 184 O ECA (Elementary CA) IZ%fi T
HY, KBROETNE L TLOIRXIBRICL > TR I ERFRLTEL.
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4 EEEAEDERR

BL, 22wfITo20BHEBILIBET 262 R L. TiE, VoWl
BALL T2 LTw2DTHA ) H. SO TIIBESILOZ% * B OMEA H
CHEMBIRTAZ L ERALS.

TTYWERMIIEZD &, El_i*x-lgo5—:log(e"‘/e+e’8/5+-~~)=max(A,B,---) \&, #EEt
NEIBIT 2 BHT R F— ORERHER

— ~En/KT _ -
Tl_lgrlo kT log Z e min E,

ZE LV LA, AR min(—A,—B,---) = —max(4, B,---) £ ) bhh. Thb
LEEREUL ) 2 LildoT, BARHERD [KEEE] 2R TVw20TH 5,
£iX, $TREEFARTROFH CRBESBRL £ R UBEIELATVT, %
55 TId 7 1) A ¥ VAL (crystalization) LIFENTE Y, ZOWRBHRISZ0F
HETVWDE, BADT 70—F LDENE LTI, BFUES R statistics TH
LD L, FADHIE dynamics THEZ L THWT, FRTHELRLTWEE
FERLLRDTHA.

“HEEOBRE LT, EFEOHAMEEOREA, S max—plus fSHANDEHRIEIE
PEEEILTH B t%‘ié Z &b TE5 [4]. max—plus R &iE, A% max, &
T+ IZEBREBTHY, BEOWANEE L LT L) 2xfls% 2.

a+b “« max(A, B),
ab “ A+ B,
+(b+c)=(a+b)+c + max(A4, max(B,C)) = max(max(4, B),C)
=max(4, B,C),
a(bc) = (ab)c © A+(B+C)=(A+ B)+C,

a(b+c) = ab+ ac < A+ max(B+ C)=max(A+ B, A+ C).

Fa - Rk max—plus RETIHIZL->TWBHDT, MAKEE THR SN
AKX (E5HER) (ZHEKXPHBE) Oty F¥HHL, BHEHYIC max-plus
REUEIRTES &5 L BR 5. &£ZAHD5, & (max—plus fRET +) OFEE (78)
B - IZEoTERTEZHDIIH L, F (max—plus fi3 T max) OFEE () »°
ERTERV, 2T

B =max(A,0)

*E25HL, B>0DLEIIA=B L%5), B=00DLEIZA<0 ThHh
EMTHh IV, 25D ERE A= OETEFTLZVDOTHS., LIrLurs,
ZOFAICER L2 CTTEMEIZOWTIE, BifiITTORLALIIC, E5%
% max-plus fLEICEIRRT A Z & AT X, TEBHEEITEVANAIT LD
THh5bh.
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oI, BEHEULIRENOBITTHLLBRTAZI LI TEDL, ZOBRY,
RANRY T RS ZESFHER (Quispel RO—FI) THEAL LS [5).

Tni1ZoTn g = Tp + 1 (11)

WE, §F 0 WXEVIINEE L, COFBROWYEL z2o=1,2, =6 I2k 572
EEIBOND z, DY — U REEFEMT A E, LWTFTOL 12253,

To|Z1 | X2 |23 |4 |T5|Tg|T7| X8| X9
1 210702
A 8 TI DNy — V3D REN, BEN 21, 3, 76 12, BELEH Tq, Ty, T7

RENTV D, BRER 2, = X/ 10k o T (11) OBBEBILEIT &
X’n+1 + 2Xn + X, -1 = ma.x(O, Xn) (12)

VHROND. EHI 6= (K>0) LEXLT, 2g=1, 2, =6 2T 240
M Xo=0,X,=-K #BvbL, X, Dy —VidUTOEI 2%k 5.
XO Xl X2 X3 X4 X5 XG X‘? XS XQ

0 |-K|2K|-K| 0 |K|-K|K|0]|-K
DFD, (12) THRMED/ XY — 257 (11) TRES - RS E S L85 — 2 12006
TE2DTHEH., TOZLIIERER ¢, =X/ 2 EZNLL- VI TH B, L7t
B0 TREILEITOROBRALBITLTVL I LIRS,

PEoZ ens, BEEIFEH LVRENERAE - A% REL-OTIR 2
WIEHDLDD, LELEYS, BROLDIZHTIEDLILIITELY, 20
RBUONEREETIILZVIDTHY, ILVWLDDRFRIBEL TS 82
EEZ T3,

5 HEEstorH

BEEHILIZAR 3) AV THER - ME2LHRT 27T 0®RETH Y, HER
ORFIHEZRRICL V., 22T, BOLD T WIHBMNLEEY D 2518
RIBHBILEZBAL, 20BErBHOCEE €3I LIZEoTHLVWES
BTERZVTHAID. TDLIBEZIZDEDTVTHFDORERASE 2 DTS
BT 5.

51 H*AIXFR
PLEVHBELLT, AROTBS< v VY V4% 1 3.

Tn h + Tn+1

==r = Yy 13
Tnt1 un Ynt1 y"h+1/xn+1 (13)
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T hREHETHS., COYYEY7YOMERIBITAHEIL, XMDOLS I
MEEIZ L >TERWIZOBEL TV 5,

Bz, =X/ y, ="/ h=€eV 12k oT, ZORFBRROBEEHEILE LD L
Xn+1 =X, — Yna Kz-f-l =Y, + max(l, Xn+1) - ma.x(l, _Xn+1) (14)

PROLN, HEAOHEIZAKDL )RS,

sigma = 1
4 sl i :
K . 7’ )
2 '
_ e / ...................... :
= z S e e | '
= 0 R i —g

ZDRIEY T 20 (Xn), to (Ya) D 2 EREEGLDT, TRATHLE VS 2
LREERESOEORET S LIS, (14) ORERE, LOROSATE
PEEL, £AHE max TEHETLILICLY,

max(X, ~-Y,, Y, — X,, 1+Y,, 1-Y,, X,, —X,) = const. (15)

THLZEDNBHIIGDA. #2T, BHEEILOBOEREZEIC-ELZLICE
D, COREEETDO (13) D z,, y, TETE,

Tn | Yn 1 I
;;+E;+h(y"+§;) +xn+—-; = const. (16)
b, 1220, 72k 2id max(0, 4) = max(0,A —1,4/2,4) L) ki, O
EDD max IZIFFMAERBELF - SAFEL, BREHICELEHE—ENT
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v, ETiTo7: (15) 226 (16) D7z ) Fid, EEXFA—T2LDTH
b, EZAHD, (16) #* (13) OBRFEICR > TWE I ELPBHICHETE L. L
CEHBERT (14) ORFEICL BV M2 LI, (13) OREEXEHTAI LI
AR TH Y, [H2E)| OF A —TEEZEELTH, BEHRILEBEHAT LHE
BEOREFERANTHL L) ICER S,

COFEESEEI NI AT YEL T

Tn h + Tnt1

Tnt+1 = ':l;g:’ Yn+1 = Un mn_}.l (17)
CHEAT 6,7, EORZRRTTE70, 7 2,/02° = 20, Yo = Ya ®
BREREIT- T,
T (htz, y P\ 32 _ hta
o+l = 5 (h n y3/2/wn) v Yntl = Yn ;:;gf{/”‘;: (18)

*1BA. TOLEOPEIXRKD LIRS,

RICEW z, = Xn/e y, =¥/ h=ef/e |2k ) BEEE L ETS &,
Xns1 = X — 3Y, — g{ max(H, X, — gy,,) — max(H, 3v, - Xn)}
o 3 2 (19)
Yors = Yo + max(H, X, — 3Y,) - max(H, 3Y, — X,)

PHONE, ZOBEIIRETHS.
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(18) & (19) DEE VMM ILIEH 1258, 2 LT (19) O#LE IR EHEBRHF S AT
LEoTRYLNTVAE I LD DAE. INLEAKE max & X, Y, BT
FHTLIERFBICTRETH), Fhrs (18) OHEO KB LMK EL Z L
NTELDTHA.

5.2 1M

ROFUIFEHREEICETA2LDTHB. T3 Jacobi DA cn E¥EH T —
FEBICIE, 72 2IRR0 L) LEEREH S,

cniw = 60(0)6a(v)/62(0)o(v)

Z 2T u=n(000)), k = (0(0)/63(0))?, T = w /w3 THD (FEHFDFELVEHH
F7e 28 #BM) . 61, T SBBIIHLTUTOL I RTXA—F ¢
YBATL. BB, Gv) TOVTOARFEBEEITH P, o7 — 5 BEEIIONWTD
FCH5. 7T, YICOEREEBROAK

i e .
Bo(v) = \/; Z et (v=(+1/2))%/7

j=—o0

£0 r=den/p ETHIT

Bo(v) = /W% S emrloGrare

j=—o0

BELSNE, T5HL e~+0 DEEIC

2
(Bofe))” ~ % (ehp({”}'” D%e 4 e"’({”}+1/2)2/6)

LR CTE S, 72720, {v} iE {v}=v—|v] TERIN, v DNEHTEERT.
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07— BBUZ DOV T L ABROFHEE LT &, MK cn 2oV T
sl_iff()e: log cn’(pu/e) = egxiloelog(e"2p{”}/e + e~ 2P(1-{v})/ey
— —2pmin({v},1 - {v})
BRIALT S, ZOWBAREHVS L, XKD Quispel %
Ty 1ZoTn 1 = o + B, (20)
& DR
T, = a+ ben®(En;k) (21)
DEMBILEIT) LN TE, 2, =/ SOEREHRIC LY, HER
Xnt1 +2X, + Xpo1 = min(2p, X, + 29) (22)
L DR
X =pmin(, 2y n}, 2~ 2{n)) (23)

Dy bEBONDL FELIZ (9 28R) . 727U, pgid 2/3<q/p<1 %ii
PRI NT A= THbH, COLEIZp q kBABICLD L, X, 3RKEL 2
DEKEREKICLE. DTl p=8,¢g=TDLEDEO SOy F%2RT.

10

8
6
4
2
0

0 5 10 15 20 25 30
. n

EREO BB EROBHBEE, SEX B ENDDIZHEEKEY:. BHPBHR
HROTHETLIILIEEE TS mod MBI INL ) LEMHEBR OB L
LTEBRIZEND LS, #FNO0HTHLVWERNFEIEOLNEDTIEZWES
3 .
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