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Dynamics of Pattern Formation Equations

SH EE, B K
Atsuhiko Shida, Daisuke Takahashi
iR EARFE LA EA R
Department of Mathematical Sciences,
School of Science and Engineering, Waseda University

0 F

BIE, PIESROHFRICBNTIL, [BEEEIL] OFiEr AVTERRD O BRERR~DR B
DER Y BFEELFREN, MONF~ORRLDIELVLORSH S (1, 2, SEIOHFEL, =
DBEEBALE RICILBOA X, BCRBRISHTIEZENL L bDOTHS, AHESRICRT
LM CITERRDB ETHoT, TINLHBCR, BEERREEL TV 2, T2 Tl @
BURD D BRI D TV TEDTVL,

9, AHORICEBIT S (@Bt OFEE, KAV FRREZ 6L L CHBET 5,

KdV FER
U + 120y + Ugpy = 0

T u; =1+ 2c%u(e(j — 26t),£36t/3)
,6 =0

BB Lotka—Volterra (LV) FHER

u§’+l — “; ¢t
et = WU — U

)

t+1_ t+1
i Ui+l

l u; = exp(U;/E),é = exp(—1/e)
e =40

EEER LV 51X (max-plus HEX)
L@”—Lq=nmmmU;1—n—nquUg}—n
EHSRTO KAV AL, 245 LV SRR EL CBES LV FRAL BELBEVEKF-T1S
eI B, EBIT, KAV HFERLE BEE LV FRXNOEEEE %, FoBEHSERE ¢ BRIt
FAZENFETHBI L BHLNTNS 3],

Il FRROFE FUSMLRFRRUIX L TEXBZ R, AREOHNTH S, ELEED L
5, DX ITER> GBS, BEBOL—FEZE DI LITITRIILTWVRY, Fhig, =2
TITBBERCR D b W BER, EFE~BITL TV A — b 2RBETS, EDLZ A, Thb IR
WIEE STV, BHD&EEL L CHERRIC LY EER & Rk %8277 max-plus
FRRXEEEREL, Thic >0 TEHERLEZV,
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— e 72 BUSTEBROF2sUT,
du
T = D, Au+ f(u,v),
dv
i D,Av + g(u,v)

DX DIz, YEBEE DyAu, DyAv & KISHE f(u,v), g(u,v) ZFD, u,v D 2 HRIsrELRHKS HFERA
DOFELTWD [4, 5, FHIZHL, TABESERTT S max—plus FBADT 7 I ¥ —iX
w1 Jmax(ut BEIUEOES) )0

max(u® 3 LOREDITE, v') vt 4 u
t+1 t

v = u

EWIHIEELTWS, &R L TERNKEMTHDZ LITBITk, £#L T, max DIEIZ L
DILHEIRE KIEPRE, REROBERETCERRTILICLE, UTFTRET1IKRE, 2KRTEOF
BRITHOWT, ERRE SR BOMOEE 288 T 5,

u
t ’

1 1REDH/E
1.1 xH# (Pair annihilation)

F9°, XEP (Pair annihilation) 22 37— 2 BT 5, EFERTORINLIEFREALE L
T, KD (2)#EZX5 [5],

(2)

Tur = DyAu+ f(u) —v
v = Dy,Av+u

flu) = %[tanh((u — a)/5) + tanh(a/6)] — u
=030, D,=10, D,=10.0
a=01, §=005

TOFBRRA(2) T, K1OXLSICHERRRICLVBEOIMERIES 5,

~ <

~ ‘

.J"{h ﬁ‘ll&.
N v

X 1: Pair annihilation

ZHZHL, D) DI7F7RADOFRAD I BRADLDEEXTAHAL S, (BAETIE, ZoX%2A
BERREZ LTS, )

(3)

U;

t+1 _ ¢ t ot t ¢
{”i = max(U; 4, Uj, Uj_1,V;) — V;
1

t+1 _ ¢
v =
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BYCYHELZ RS L, ZORTHELRL AROMEBAKEBHATE S (K 2),

A A

2: Ultradiscrete Pair annihilation

1.2 VU 2RGHEEER (Soliton-like interaction)

Wiz, IMEDY V bR T 0RITREEZ TS, EHERTORGILBFRRE LT, %
FED2)Da%a=0097T L L72bDERNDE, H3DXIZTEOTVIRITEERRALNS,

MR A N
v v N

w =

X 3: Soliton-like interaction

ThIZHL, 1) DI7F7ADILTRAOEOLDEEZ DL, Y MHRERLIBEVH RGN
5, (LLTFTHE, ®RDFA7%B REEER, )

t+1 __ ¢ t ot ¢
{”i = max(u;1, U, U_1) — V;

t+1 __
v; = u;

(4)

BHICHPELZ RS L, ZORTHELERE AROBEOTVRIRZEHFERTE S (K 4),

hA (-

X 4: Ultradiscrete soliton—like interaction

1.3 HZMARERR (Reproduction)

WIZ, LD B SHERBR (reproduction) E X X H, ERR TORIGIERFRERE LT,
FHEED(2)Da%a=00966 L LIZbDEANVEE, 50X 5CERBERAZNR LN 3,
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A M\ A
< AVl

zz%;zz(

Ny

X 5: Reproduction
ZRHL, () DI/F7ADIENLRADLDEZZ L, CORBEPERT I LR TE S,
(BRRADZATEB B L IEE)

Hl ()

t+l _ t t t t t
m"*x(ui+1’ui’ui—l) —U; — Y
u

EUHICMHELBEL, ZORTHERAL REOEDENRSYEBRTE 5 (K6),

b -

X 6: Ultradiscrete reproduction

1.4 BCHEERR (Pulse generator)

Wi, HOERFERSRE BT 5, SR TORMLEARERL LT, BEED (2)Da% a = 0.096
ELbDERAVNDE, RTOXHCHCHEBERENAONS,

f?\ FQ* "’

M;p(

7: Pulse generator

EHICHEMEZ BS L, max-plus FTHEFR & A B OHERS L FERTE 5 (K8),
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8: Ultradiscrete pulse generator

UE11I~14HTRTERLL I, BERTRONDIRHEE (1) ODRORXTHEBEL >3 L
MBS,

2 2RTDIFE
2.1 BZ /\&8—>

WIZ2IRITLTORRBEEZZ X D, 2IRTTF —2 OB B IEEABHADH & LT, H472 Belousov-
Zhyabotinsky (BZ) RIGHZT b b, Z O RISE FBRT 5 ST F RO —212, RO HON
BHD5(AraER—% [4)]).

(6)

Tur = DyAu+ f(u,v) —v
v =D,Av+u—v

pv(u — q)

, = ul(l — N S V4
flu,v) = u(l —u) s

D,, = 0.00000060, D,, = 0.6D,,

p = 1.2, = 0.00080, 7 = 0.040

ZORFIZHENTEEHELITIE, K9 10D L HICERMICEBRI SN S (Z—F v k&2 —1
[ZNNATGNNRE = | LV BRPFERLTWAIZ LS,

THCHLTA B (7) 2R EDOBMEZ BATKEHET S LR 1I~14 D X 27 —4 v |
WRE— L ANRALFGNNRE— EHBRTAZENTX S,
{u§§1 = max(uﬁﬂ)j, Ué,j«}-la“f',j,u:'—l,jauz,j—la'v:,j) - Uf,j

B gt @)

Yij i.j

BB, BHTIBLELEZ IR, ERORGIERFBEATER 2 E2 52 LIZHEL T, max-plus
FRADF T uov DHEEZRWVZO ANTZY L=, Z0OHWEY AR YT 38REIERE T2

ZDEIE, BPRVEIOTERZOMNEREDRLEPLLARWDE, 053 W 1 ZRAEERNTND
DEDENZONWT NS L BT, EROEZEZ AT THRTZADTIREVMNEEILND,

2.2 max—plus ARRICEFT DI 72— OHFE

R HFBRAR L L TORGIEEFIBRROBD S B E VT, £ OHEFICL>THLA T
% [4le €I THA B max-plus TR THRKOMITRENILEF TEEDESL I 0% EL< 5D
7258, EERE ORRITOE EPHICEBVT, max-plus FRREE O#EEE BITL THE,
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9: =S v b g —v
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BN, BEF—F o b, RRNAGANRE—UREERONLNIZEIZOVTEXTHL D,
UTIBRRBE911C, ZREOFER (NIZHTEIZ—F v b, AL TANRY - OREEE M
BRI ENRTED, 7, @Frbr R3320, vl vDIZTEADK (7)) ZRD LI
u—ARTEEET,

t—1 t—1

1 _ ¢ ¢ t .t t _
= max(ui 1,5, U, j 415 Urygo Wimt o Uijo10 Uy ) — Uqj (8)

.7
THLZOX(B)iITuiCEL THEH2EOZELFBRRNTHI10, 28RO v OFEHES AEThH
ERMRBREZBIZENTES, Z0LXIL, UTRRBRBLHIRERT a7 ¥ —r | BEE
T3, 22T a7Ry—r) Lz, AEOECEEINTICHMBICRERET 2 BRI\ F —
YDZETHB,

U

2.2.1 LRz RL—E—DI7F (3x3 lattice)

FTIRINAY 2RV —F—0aT Thd, FIHO 2L TUTOL 23 X 3DHEIR (27 #
B)IZ1 L 0ZBEEL, TNUAOERTIZON 1T OEEREEICIESETNTRL TS, T5
&, FRANLEELIE, AEOMECERRIIa7TEES DX HICKREIRET S Z L2 RTEN
T& 3, 20 ZOFEBIKET D 4B NNZ =T RoTWVWDB, ZhEFZF—Fy hRF—r D
DR —EL T35,

t—1 t t+1
1101 0100 110

Oy — (010 — 11011

0 0j0|0 0}1]0

t+2 t+3 t+4
111 1(0}1 000

- [1(0|1] — |JO]1|O| — |O|1]O
1{1]1 1(0]1 0/0]0

2.2,.2 RIAFNWNRE—2DATF (3x2 lattice)

WIZANRALGNNRE = DaFTZHOWTHAT S, A0 2BATUTOLICIX 20 TH
W12 0%2EBT S, ¥5¢, FEXDOEELI, AEOEICEBRICEFOEENR - DX i
HEREBTAIILERTIENTED, 2V F—Fy bRF -V, ZOFEBIIXETS4H
HAREZ— o TWD, TNH AL FTANRNEZ—DORLEHE —FHL T3,

t—1 t t+1
0(0]1 0(0]0 11110
— -
0j1]1 1111 11040
t+2 t+3 t+4
1111 0101 01010
- — -
0(0|0 01171 1

UEDXSIZL T, #—F 9 b, AL TGARF—OaT7R—FEHRENTLES L, BE®
ES3ThbnF—F v b, ARLINNRE—VEELHLET DD, TNHRETETHDHI LNE
»ha,
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2.3 2 &5t max—plus FERAD 1 RExADIVFH L 3y

REiOX 2 F—F o bR —r « AL FNRE— R BT AR, EERR OITHREET
EZDONBERTHA S, £Z T, max-plus FRRAUZH L THBEED L 5 72 85017 FEFE %38 A
LTHEI, EFTHEI—FT v bRE-CDEEEEZ2 D, FERIXB #Ho (9) 24# 5,

{“f;l = max(u:+l,j,u$,j+l’uzt',j’ugfl,j’uE,j—l) - Ufj — v,

p 2y
Ch ©)

v iJ

1,7
I TERBETORIEEZD, LT, OXS5CHLEARBLEFEOMHROES Y EL D,
LT, FIMEIZSWT, ZEREFhOHBICBT 2 RCBWVTIE u,v DEBRELWEIRET S, T
5L, HRAXOMHMEN DLEDOREL TR Y ZNEFNOHMBT u,v DEPZEL VI & 2 3CITFRE
Enb, £k, ZOLFInBEOWMBREDO uDEE fLLT5E, TORND fICHT S 1 KT
FHER (10) BEI N D, ZHIT n i OWTHERKRFOFERNTH S,

t t t t t—1 s
t+1 max(fn—l:fn’fn+l)_fn_ n ifn>0

10
" {maX(fé,ff)—fé— - ifn=0 ae

X 15: target pattern

WIZ AN GNNRE = ZONTTH BN, Bt RCFER9) 2HVS, SEEZRI6 DX 572
RIATNT A HBAL, EARLTAVT A Tu,v DEPZELWERET S E, FIZBEALTK
DHFBRAN EIN B,

= max(fay, fas fhen) = o= i (11)

INHIEOFRAENLICITEZIDZ LT, 2KRADD L RITE~DIF 7 a|iiioTnN5,
FEK (11) i niZBL TAS 4 OFBRE FoN, ThANA RS FANRE— TSl TS, B
E, TOLIREERZEHILOBIZRATE A0 52RATVS,
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16: spiral pattern

3 1Rt max-—plus HEXOHBEEILE

wic, BRI [6) % 5% 5, IW@BMBIL) LIXEETRNBHBILOPRIETH B2,
—EBHTRRVWI &2 EEL T, U@EMBILORE T, @52 0BK TR FRO%81% R
L2, I HBEBILEIT VWD TH B,

7, 1KRTOB BEBXEZ v —ARHELLER(12) 2E2 5,

t

t+1 -
u; i

= max(ufﬂ,uf,uf_l) - u: —uf! (12)

EITEME LT ul = fin ZIRETHE, KRADIDICEXETI LR TE 3,
firr + fi+ fioy = max(fiy1, fi, fi-1) (13)

IIT, TaDBEEBILOBIEF = ¢t e — +0 [3] R ATICET ERBHILY TS L, K
®Bohsd,
FaFF 1 =F,+F+F_ (14)
EHIZ Fy=tanf; LB Z EIZL-T, (15) BE5R 5,
Ois1 +0;+0;11 =0 (15)
LD 300K, (15) Th=1, 7 “5471, T T &3 3R, (14) T F = 1, oo,
L1, 00,... £7229, (13)Tfi=0,1,0,0,1,... L R3BBH5, 2O Lhb, ®KEEL Tt
B9 % 3 BHES B R, BEBRTELNAS,
Hid “exact WKB” OXIRTH, (14) &2 AUHOFBANENS (SR [7] (40) K, SAmEH

RICXD4HEH), ZO—ENHERIBRTHION, Thié b IVBROEENEEORBRTHED
DL, RSN DR/ TIIA LA TR,
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4 JRi&IC

FHETIL, ERR TORGIB SRR EMRR 55 VATV 5 max-plus HRXE BE
Lic, ZZTH -7 max-plus FRRIFFICHEREE L TWEDT, BOSEE V%D SHEE
BEICBRT DN TE, HCZhbDithbEL L, TD RSB FERO RZIIHER
CENWREEEZ R ST b ORH DO TIZROD S ISR ER B,

Tz, BRAE LTI,

o ROV~ E CREBIAN IR DR D B2 NDD?

o BREEBLIZZEDORNB Y THRA LHEETZDH 2

o RE—UTRRRDIRIL L Tp B R L 13w 2
REBHFTONB,

BREE OB, KRR (13) 5330 [7) 10 BN 5 T & % ZHRI 72720 Vs SR R SE A1 B L
£,

&E 3K
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