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Logistic 7

{ up = aAu+ulm(z) —u] in Qx(0,00),

Ju =0 on 90 x (0,00).

o u(x,t): FHEEHE

o a: ¥HLE

o m(x): AEKE

o O RN FLXI, o0 T4
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{ aAu+um(xz) —u] =0 in Q,

%:0 on 0f).

o W m(z) > 0 NIIFMAEFEREL, WX o > 0,
/u>/m—hm u = lim u
a—0 a—oo [o

o T o> 0 FAFBLRERLNT a=0,00 NFHEE.
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gelis et al. 2016

Figure 1. Model configuration, showing that five containers with gradient in nutrient
supply (in the proportions 0:0.5:1:1.5:2, from compartment 1 to compartment 5) with
rates of diffusion (M). Half of the biomass removed from each container was
transferred to the container on the right and half to the container on the left (this
included moving plant biomass between containers 1 and 5).
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Duckweed Experiment and Simulation
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Figure. Mean and standard deviation of total dry biomass as functions of diffusion
coefficient from experiment and model simulation. The dark dots show the total dry
weight under heterogeneous condition with different diffusion rates (0%, 20%) from
first experiment. The empty dots show the total dry weight under heterogeneous
conditions with different diffusion rates (0%, 6%, 10%) from the second experiment.
P<0.05 indicates significant differences between treatments. The solid line shows
results for dry mass as a function of diffusion coefficient (from 0% to 25%) from the

simulation model.
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FH <13 R

o JEM: (W.-M. Ni): fFFAEREANEFHE C(N) i3

};‘; < C(N).

e Bai et al. (Proc AMS 2015) iE#H C(1) = 3 AyspetE 5 X
EYENE T W ANIE 2
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FH <13 R

o JEM: (W.-M. Ni): fFFAEREANEFHE C(N) i3

};‘; < C(N).

e Bai et al. (Proc AMS 2015) iE#H C(1) = 3 AyspetE 5 X
EYENE T W ANIE 2

o MELEENIMN: L, JDE 2006; He & Ni, CPAM 2016
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o [AlE: At AMIRETTL A BERS AT, 1A PR Kb AE ?

@ Speirs Ffll Gourney 574 (2001)

uy = Dugy — qug +u(r —u) in (0, L),
(13)
Du,(0,t) = qu(0,t), wu(L,t)=0.

u(z, t): WM

D, q > 0: ¥ BN ZR 5L
>0 YR A ER

L > 0: MK
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o i Ay WLLT Il ) i/ MRF LA

Doy —qoe+(r+XN)e=0, 0<z<L,

(1.4)
Dy (0) — qp(0) = (L) = 0.
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o i Ay WLLT Il ) i/ MRF LA

Doy —qoe+(r+XN)e=0, 0<z<L,

(1.4)
Dy (0) — qp(0) = (L) = 0.

o ME: WFhIETE
& ViR u=0 ~MaE
< A\ < 0.
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e it

L := inf L*(D)
D>0

o MR L < L, MXMEM P HURE D, WM TCIEAF T

o WH L > L, MAFAE 0 < D < D 15 YA 4 ALY
D€ (D,D). (HJE-AED)
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IR !

e iC
L := inf L*(D)
D>0

o MR L < L, MXMEM P HURE D, WM TCIEAF T

o WIR L > L, MAFAE 0 < D < D fA3WA A5 2 HAL
D€ (D,D). (HJE-AED)

o JEM: FFAEME—IIY BURE D 2R RIQRIEA PR
IR EUE D*, IBAAE(T HAR Y A HEA REAR R 12

e D*: Nash ¥ fi.
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o [EJRR: QTR E" Fe L I HSK N ?
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e HE AR IS

o [EJRR: QTR E" Fe L I HSK N ?

o H1bAaE S (Evolutionary stable strategy, fi 5 BCESS): 4
SR AL R ZE MR IR SRR e S, IR AN RAR
HEARTCIER AN BIZANEER (J.-M. Smith & N. Price)

Some reaction diffusion models in spatial ecology



ey

e HE AR IS

o [EJRR: QTR E" Fe L I HSK N ?

o H1bAaE S (Evolutionary stable strategy, fi 5 BCESS): 4
SR AL R ZE MR IR SRR e S, IR AN RAR
HEARTCIER AN BIZANEER (J.-M. Smith & N. Price)

o ESS: M™% Nash 17 5
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Logistic 7

{ ur = aAu+u[m(x) —u] in Q x (0,00),

g—Z:O on 90 x (0,00).

o u(x,t): PHFEE

o m(x): AKE

o a: FHILFE M)

o O RN WAy FIXI, BN FM
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Dockery et al. (1998, JMB)

up = a1 Au+ufm(z) —u—v] in Qx (0,00),
v = awAv +vm(xz) —u—o] in Qx(0,00), (2.2)

%:%:O on 909 x (0, 00).

o u(x,t): KGN ay K" 12" Yrkp
o v(x,t): KUK ap KIRAYII
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Dockery et al. (1998, JMB)

up = a1 Au+ufm(z) —u—v] in Qx (0,00),
v = awAv +vm(xz) —u—o] in Qx(0,00), (2.2)

gu =258 =0 on 90 x (0,00).
o u(x,t): KWK ag WY 135" Pk
o v(x,t): HIEN ap IIRAHFH
o [ER: W a1 # g, ZRAM A2
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DL 2f: Evolution of slow movement
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o R
DL 2f: Evolution of slow movement

EIE (Dockery et al. 1998)

B m > 0 AELLAFERE. WHR as < ar, WP PR

(0,v*) A RWITFEER, Hod v* > 002
asAv+v(m(z) —v) =0 in £,
(23)

g:’l =0 on 9.
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o R
DL 2f: Evolution of slow movement

EIE (Dockery et al. 1998)
B m > 0 AELLAFERE. WHR as < ar, WP PR
(0,v*) REEJFHEFEER, FHrh vt > 0 e
asAv+v(m(z) —v) =0 in £,
(23)

g:’l =0 on 9.

o JHKmE: RuREE !

VAN
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o WWFh Lotka-Volterra 4+ 22 4t 7 BRI o

o HUZN 11 RSt 1L: Hirsch, Matano, Polacik, Takac, Thieme
& Smith, Jiang, Dancer & Hess, Hsu, Smith & Waltman,
Jiang, 2 & Zhao, J7fE & Zhao...
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iRz RS

o WWFh Lotka-Volterra 4+ 22 4t 7 BRI o

o HUZN 11 RSt 1L: Hirsch, Matano, Polacik, Takac, Thieme
& Smith, Jiang, Dancer & Hess, Hsu, Smith & Waltman,
Jiang, 2 & Zhao, J7fE & Zhao...

o P UM (u*,0) A (0,0%)
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o WWFh Lotka-Volterra 4+ 22 4t 7 BRI o

o HUZN 11 RSt 1L: Hirsch, Matano, Polacik, Takac, Thieme
& Smith, Jiang, Dancer & Hess, Hsu, Smith & Waltman,
Jiang, 2 & Zhao, J7fE & Zhao...

o YV P fd:  (u*,0) 1 (0,v%)

o WIRAGAMFAIAE T, Wa R FasEr=1 L1
i 2 RS E 1 o
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522 38 SR

L& K-YIR e g R4

i = o Au; + uy <m - Zfil ul) in Q x (0,00),
(2.4)
% =0 on 990 x (0,00)

o [Af: MR m >0 NENIEQ LMAEEERE. Wik
ol <oy < ...<ag HK >3, ?@jﬁg (U*,O,...,O) é}%ﬁﬁﬁ
FaE g ?

GNP E A ARG, =ANBCE 2 YR 58 S R GTAR A
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T A ) 5 AR

Ut = Uy — quz +u(m —u—v) 0<z <L, t>0,
Vp = Uz — qUz + (M —u—v) 0<z <L, t>0,

Uy —qu = vy, —qu =0 at =z =0,L.

(2.5)

BIRR: IR o) # o, EREHA?
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PLBN I {#: Evolution of fast movement

B m WIEHH BSHED H oy > ag. IIREF LT
(u",0) FP4E, MLRAREE, Jihu > 0 L

{ QUgy — quy +u(m—u) =0 0<z <L,

a1uz(0) — qu(0) = ajug (L) — qu(L) = 0.
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PLBN I {#: Evolution of fast movement

B m WIEHH BSHED H oy > ag. IIREF LT
(u",0) FP4E, MLRAREE, Jihu > 0 L

a1uz(0) — qu(0) = ajug (L) — qu(L) = 0.

{ QUgy — quy +u(m—u) =0 0<z <L,

o ALY HIKMG: JEAIAER— 5!
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PLBN I {#: Evolution of fast movement

B m WIERH CBSIHED H oy > ag. IHREF LTHR
(u",0) FP4E, MLRAREE, Jihu > 0 L

a1uz(0) — qu(0) = ajug (L) — qu(L) = 0.

{ QUgy — quy +u(m—u) =0 0<z <L,

o HfEY MU RAREPR— Rl
o L. & Lutscher (JMB 2014); L. & J&# /I (JDE 2015)
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EQ/MEFE’J A

Ut = QQUgy — quz +u(m—u—v) 0<z <L, t>0,

V= QoUpy — quz +0(m—u—v) 0<xz <L, t>0,

Q1Uy —qu =V, —qu =0 at =z =0,

 u=v=0 at z=L.
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Ut = QQUgy — quz +u(m—u—v) 0<z <L, t>0,
V= QoUpy — quz +0(m—u—v) 0<xz <L, t>0,

Q1Uy —qu =V, —qu =0 at =z =0,

 u=v=0 at z=L.

B B m NIEHES (YSIARED , WAFELE o > 0 155
o1 = o Hoap # of, BV JUPEE (v, 0) &2 RHiie e m.
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Ut = QQUgy — quz +u(m—u—v) 0<z <L, t>0,
V= QoUpy — quz +0(m—u—v) 0<xz <L, t>0,

Q1Uy —qu =V, —qu =0 at =z =0,

 u=v=0 at z=L.

B B m NIEHES (YSIARED , WAFELE o > 0 155
o1 = o Hoap # of, BV JUPEE (v, 0) &2 RHiie e m.

o IRYHUEAK/NBIKN, YR IR
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Ut = QQUgy — quz +u(m—u—v) 0<z <L, t>0,
V= QoUpy — quz +0(m—u—v) 0<xz <L, t>0,

Q1Uy —qu =V, —qu =0 at =z =0,

 u=v=0 at z=L.

B BB m NIEFER Y535, MAELE o > 0 (54
o1 = o Hoap # of, BV JUPEE (v, 0) &2 RHiie e m.

o WA B A A NI K, WIHTEE AT .
o a* Mk {LRasE FWs (ESS).
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HAE H 43 40: |deal free distribution (IFD)

Fretwell & Lucas (1970): EMG S, W0 R 1% 44mT 73 A7 ?
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AR H B 4347 Ideal free distribution (IFD)

Fretwell & Lucas (1970): EMG S, W0 R 1% 44mT 73 A7 ?

o UL 1: WA WIS LI TEfL /2« BRAR”
o flRiL2: MFAILL “H " #3h
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AR H B 4347 Ideal free distribution (IFD)

Fretwell & Lucas (1970): EMG S, W0 R 1% 44mT 73 A7 ?

o UL 1: WA WIS LI TEfL /2« BRAR”
o flRiL2: MFAILL “H " #3h

o FIUM: WA 5 BEIR o A R A LA 1




,uﬁﬁa Mii ( IFD)

o Milinski (1979), i ta (1)t A 52 5E 177 SKlE Z. Tierosychol
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Water fleas u

(Daphnia)

5 sticklebacks 1 stickleback
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o Logistic 17

u = aAu+um(z) —u] in Qx(0,00),
(2.6)
% =0 on 990 x (0,00).
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o Logistic 17

u = aAu+um(z) —u] in Qx(0,00),
(2.6)
% =0 on 990 x (0,00).

o #iu(z,0) AIE, MAaMt— oo B, wu(z,t) — u*(z;a)
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o Logistic 17

u = aAu+um(z) —u] in Qx(0,00),
(2.6)
% =0 on 990 x (0,00).

o #iu(z,0) AIE, MAaMt— oo B, wu(z,t) — u*(z;a)
o [O)f: u* MM AMHHME? R

= W

u*(z; o)
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Logistic #%7: DLl 5l

Logistic #&7Y

aAu* +u*(m(x) —u*) =0 in Q,
(2.7)
%Ln* =0 on 00O
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Logistic #%7: DLl 5l

Logistic &7

aAu* +u*(m(x) —u*) =0 in Q,
(2.7)
%Ln* =0 on 00O

o A o> 0 EHBEMAMM: 2L 2 WM. (.
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Logistic #%7: DLl 5l

Logistic 1574
aAu* +u*(m(x) —u*) =0 in Q,
(2.7)
%Ln* =0 on 00O
o Xt o >0 BEMAHM: 05 m p # WAL H2.

m(z)

a—0 u*(x; a)
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Logistic 7@% . LA Bh

Logistic 1574

aAu* +u*(m(x) —u*) =0 in Q,
(2.7)
%Ln* =0 on 00O

o Xfa >0 TBHAA MM T 2 WA, (AR

m(z)

a—0 u*(x; a) B

o Wy HuE AN, H o AT R BEAE A




ey

AR T DL 5 il 7

u* > 0 i 2
aul, —qui +u*(m—u*)=0 in (0,L),

au’(0) — qu*(0) = aul(L) — qu*(L) = 0.
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AR T DL 5 il 7

u* > 0 ¥ L

oaur, —qut +u*(m—u*)=0 in (0,L),
(2.8)
aur(0) — qu*(0) = aul(L) — qu*(L) = 0.

o Xt a >0 LEE AWM imgy 7 WAL & m NEEL W

u* (z;00)
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AR T DL 5 il 7

u* > 0 ¥ L

auy, — quy +ut(m—u*) =0 in (0,L),
(2.8)
aur(0) — qu*(0) = aul(L) — qu*(L) = 0.

o Xt o >0 LHAEHEMB;

£ W BHm NEEL N

u*( ma)

m

00 u*(z; o)
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u* > 0 ¥ L

{ aut, —qui +u*(m—u*)=0 in (0,L),
(2.8)
i3 (0) — qu*(0) = awrh (L) — qu(L) = 0.

o Xt a >0 LEE AWM imgy 7 WAL & m NEEL W

*(z;00)

m

00 u*(z; o)

o WIRPYHUE AR, HA At BT F AR B th A
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S WL,

@

Competition <

d,

PR BAEAR: 84 AR 3 9o
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S WL,

] Mutation

PR BAEAD: 85 AR 7 O or
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Competition
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PR BUEAL: T4 AL BT
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Perthame-Souganidis % £L 52 7Y

up = algu + um(x) — 4] + uge in Q x (@) x (0,00),
9u — 0 on 9N x (a,@) x (0,00),

U =0 a=q,a.

(3.1)

o u(z,a,t): N o MVIMEE
eacual0<a<a

0 Cugq: MEFARR

o THMMKLAEL: i(x,t) = [Ju(z, o, t) da’




ERE: e — 00, U u (e, a) FHHLTITA?

AU+ gy + U [m(m) — / u(x, o) do/] = 0.
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ERE: e — 00, U u (e, a) FHHLTITA?

AU+ gy + U [m(m) — / u(x, o) do/] = 0.

[o%
o m=C I u(zr,a) =C/(a—a), Ve > 0.
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ERE: e — 00, U u (e, a) FHHLTITA?

Al + Uy + U [m(m) — /a u(x, o) do/] = 0.
[B]%:
o m=C I u(zr,a) =C/(a—a), Ve > 0.
o m AEWEKE: Ye— 0B, FEDMENLT

Ue(z, ) = u*(x,a) - §a — )
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ERE: e — 00, U u (e, a) FHHLTITA?

B+ e +u [m(m) - / u(x, o) do/] =0.

%
o m=CH: ulr,a) =C/(@- a), Ve > 0.
o m AFHERE: He— 0M, MBI
ue(z,0) = u*(z,0) - §(a - a)

o e=0: {EE ap € [a, @], u*(z,0) - §(a — ag) & PATE
o >0 Hin/h: TH# ue 2ME—HJ (Lam, 2017 CVPDE).
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EH (Lam & L., JFA 2017)
715 Cy > 0, LT € > 0, ffif5

ue(z, o) < Cie P exp <_c12—/304> .
€

jfl:ﬂi ‘_i'IG%OHﬂ',

Bue(z,a) — u*(z,a) - n* <a€2_/3a) =0

Lo (Qx (@)

HA n*(s) = Oy Airy(Css — Cy), C; > 0.
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EH (Lam & L., JFA 2017)
715 Cy > 0, LT € > 0, ffif5

ue(z, o) < Cie P exp <_c12—/304> .
€

jfl:ﬂi ‘_i'IG%OHﬂ',

Bue(z,a) — u*(z,a) - n* <a€2_/3a) =0

Lo (Qx (@)

HA n*(s) = Oy Airy(Css — Cy), C; > 0.

o TEAMMENT, He— 0K

ue(z, ) = u*(z, ) - d(a — a).
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Perthame & Souganidis (2016)

oT)Apu + Eurr +u(m(z) —a) =0 in Qx [0,1],
% =0 ondQx|0,1],

u is 1-periodic in 7,

Q: HIOGEMKIE: o(r) BRT 7 AN 1 KRR

ot
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Perthame & Souganidis (2016)

a(T)Apu + Eurr +ulm(z) —a) =0 in Qx[0,1],
% =0 ondQx][0,1],
u is 1-periodic in 7,
Q: BHHFOLEMNMKIE: of(r) KT 7 R 1 IR
@ Perthame & Souganidis UFBATED M E XL T, X e — 0 K
u(z, ) = u(x, o) - (T — aTy)),

Hi a(r) = ming<r<1 o7).

ot
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Ut = QUgy — Uy + EUga +u(m —a)  z € (0,1),a € (0.5,1.5)
auy —u =10 xr=0,1,t>0
u = a=0.5,1.5,t>0

B [ w(z, o, t)de XF o HIHKHIE:

_ 2 _
m(z) = el=Wo+az® e — 1073 4= —1/4
5 ol 3 16
45} 11
. o 14
35 i 12
= 3 i Hio
Ez.s i
3 A L,
2
3 e
1.5 L
1 3
05/ 2 4
1

o s s
05 06 07 08 09 1 11 12 18 14 15 05 06 07 08 09 1 14 12 13 14 15



ER

AR A i&@’f%i‘l

FIEIN TR,

Up = QUgy — Uy + EUne + u(m

au, —u=0
u=0

L [ u(

m(x) =e

5
45
4
35
_ 9
éz.s
8
2
1.5
1

05/

9
05 06 07 08 09

1

(1—a)z+azx?

)

1112 13 14 15

BT

“m2

11
10

x, o, t)de KT o PIHHM:

05 06 07 08 09

— Q) € (0,1), € (0.5,1.5)
r=0,1,t>0
a=05,15,t>0

e=10"3, a=1/4

111 12 13 14 15
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1w =u(z,a,t):
Up = QUgy — Uy +u(m(z) —4) + Etpe z€[0,L],a €
au, —u =0 r=0,L,ael

u=20 z€(0,L),a=qa,a

a

HA T = (o), a(z,t) = / u(z, a,t) da.

67
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RS

1w =u(z,a,t):
Up = QUgy — Uy +u(m(z) —4) + Etpe z€[0,L],a €
au, —u =0 r=0,L,ael

u=20 z€(0,L),a=qa,a

a

HA T = (o), a(z,t) = / u(z, a,t) da.

67

o XMIER € K uo(z, ) € O([0, L] x [a, @), fRERFLE
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RS

1w =u(z,a,t):
Up = QUgy — Uy +u(m(z) —4) + Etpe z€[0,L],a €
au, —u =0 r=0,L,ael

u=20 z€(0,L),a=qa,a

a

HA T = (o), a(z,t) = / u(z, a,t) da.

67

o XMIER € K uo(z, ) € O([0, L] x [a, @), fRERFLE

o [BIF: Me— 0N, VHIME u(r,o) KBTI N?
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L) A Y
O = alypy — 0y +0(m(x) —0) 0<z<L,t>0

alf, —0=0 r=0,L,t>0
e m(x) > 0: Holder JE4:

o XMER a > 0, FAFEME— I IEFR MR 04 ()
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P A 5 A T

Up = Uy — Uz +u(m —u—v) x€(0,L),t>0
Vp = QUzy — Uy Fv(m—u—v) x€(0,L),t>0

dab DI 5 2% AF
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Up = Uy — Uz +u(m —u—v) x€(0,L),t>0
Vp = QUzy — Uy Fv(m—u—v) x€(0,L),t>0
EaNEipR TS ux

o (0n,,0) MIFREME: TRHEM X = Ma, ao) RS,

Q2Prr — Pz + (m - 9041)90 = )‘SD T e (07 L)7
a2y —p =0 x=0,L
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Up = Uy — Uz +u(m —u—v) x€(0,L),t>0
Vp = QUzy — Uy Fv(m—u—v) x€(0,L),t>0
B P T AT

o (0u,,0) HIFREME: FHHEE N = Mo, a2) HIFF S,

Q2Prr — Pz + (m - 9041)90 = )‘SD T e (07 L)7
a2y —p =0 x=0,L

o XMHIH Gr @, a) =




Mar, ag): K& ag EIHR, =P
o Mm% HE (H.34 Dirac Mass)

O\
Doy

(6,) 0

o BEALEEEKME (M Dirac Mass)

O\
Das

=0

H 2)(64,6) <0

o Ak A (XA Dirac Mass)

O\
Doy

=0

ot

H 2)(4,6) >0

Some reaction diffusion models in spatial ecology



Case 1: aA 7é 0 -

EIE (Hao, Lam & L., Indiana Univ. Math J.)

g 2 2(4,6) <0, a €T = (a,@), H|Z| /D, WEREF
@Iﬁ#ue.QxI%RTﬁ\?ﬁ%\XT%E

ue(z, ) = dpla— a) - 0u(x) H e —0;
B, 7 R Bk o

o ZMlity, WU 2 (4,a) >0, WIEME v £h T @, By HuER
NS
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PR & A& — NS ARSI (convergence stable strategy), U3
2 (6,0)=0 A4 [2(s,9)]| _ <0

daa

Some reaction diffusion models in spatial ecology



Case 2: &

PR & A& — NS ARSI (convergence stable strategy), U3
2(a,6)=0H &[22, S)H <.

Do O s—a

PR DL
o Case 2A: AL EEE SKHE (ESS):

2(6,6) =0, & [ (5.9)]

92X
E)ag

<0, H

s=&

(&, &) < 0.

o Case 2B: @4t 733 i (BP):




o Tk & 4 ESS, MR EANREFUEITAF IS o # & TR,

. ST o~ & fH o £ &8 Ad,a) < 0.
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o Tk & 4 ESS, MR EANREFUEITAF IS o # & TR,

. ST o~ & fH o £ &8 Ad,a) < 0.

o [EF: & RETRAELIRZ Mg o A AR
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Case 2A: #E{EE € 5% (ESS)

o 7 G A ESS, MIE AR MR RIMANS o £ & FiA,
. ST o~ & fH o £ &8 Ad,a) < 0.

o [EF: & RETRAELIRZ Mg o A AR

EIE (Hao, Lam & L. 2017)

st & N ESS. Nk & € T H |Z| "4/, WHE R IE-FH#R ue £
=S G P
ue(x, ) — do(a — &) - a(x) FHe— 0.
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Case 2A: it ‘ H % (ESS)

FEIE (Hao, Lam & L. 2017)
B a N ESS. Wk & € T H |Z| R4/, MWHERIEFHEEE ue 75
IR SCR 2

ue(z, ) = do(a — &) - () He— 0.




MRS

Case 2B: #7132 £ (BP)

EIE (Hao, Lam & L. 2017)
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Case 2B: #7132 £ (BP)

EIE (Hao, Lam & L. 2017)

B & A BP. ik 6 € T H |Z| T8/, MIEFHifR ue 1654
BRI, He— 0 A,

ue(z, o) = dp(a — @) - up(x) + dp(a — @) - uz(x).
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Case 2B: #7132 £ (BP)

EIE (Hao, Lam & L. 2017)

B & A BP. ik 6 € T H |Z| T8/, MIEFHifR ue 1654
BRI, He— 0 A,

ue(z, o) = dp(a — @) - up(x) + dp(a — @) - uz(x).
Forf (ug, ug) W2

QUL gz — ULz aF Ul(m — U] — UQ) =0 xe€ (0, L),
QU gy — U g +U2(M —ug —u2) =0 z € (0,L),
auyy —uy =aug; —uz =0 x=0,L.
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Case 2B: iﬁf{%\ﬁ,ﬁ(BP)

EIE (Hao, Lam & L. 2017)

B & A BP. ik 6 € T H |Z| T8/, MIEFHifR ue 1654
BRI, He— 0 A,

ue(z, o) = dp(a — @) - up(x) + dp(a — @) - uz(x).
Hr (ug, ug) W2

QUL gz — ULz aF Ul(m — U] — UQ) =0 xe€ (0, L),
QU gy — U g +U2(M —ug —u2) =0 z € (0,L),
auyy —uy =aug; —uz =0 x=0,L.

o LR FERL Y SCRINIL, WAHEMHENE o HAREXL
Ho M, PIRHIRI H RS o, @ RS — M, SR
SERF. Az
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Case 2B: #4737 mi(BP)

EIE (Hao, Lam & L. 2017)

B & N BP. Wik & € T B |Z) To5/h, WIEFHIMR ue 16540
BEICMHRE, He— 0,

ue(z, ) = do(a — @) - ui(x) + do(a — @) - ua(x).




TR AL A ]

PR T H

o IMNYHUTHE, BRI TR, MM RS, Bk, B
#ll, Hamilton-Jacobi 77 #2, #f A H T4 E(E 1S

o HUHE MG, ZAIMRE, Je54- A TR
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FEHRFEME: Principal eigenvalue

—Ap+ Av -V +c(z)p = AA)p in Q,

92-0 ondQ, >0 inQ.
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FEHRFEME: Principal eigenvalue

—Ap+ Av -V +c(z)p = AA)p in Q,

92-0 ondQ, >0 inQ.

o v(z): C!' MEY; c(x) € C(Q)
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FEHRFEME: Principal eigenvalue

—Ap+ Av -V +c(z)p = AA)p in Q,

92-0 ondQ, >0 inQ.

o v(z): C!' MEY; c(x) € C(Q)

e ming ¢ < A\(A) < maxg ¢
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]

FEHRFEME: Principal eigenvalue

—Ap+ Av -V +c(z)p = AA)p in Q,

92-0 ondQ, >0 inQ.

o v(z): C' &Y c(z) € C()
e ming ¢ < A\(A) < maxg ¢

o KEk: \NA) M5
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o Dirichlet iZ1{f 25 f: Wentzell (75), Devinatz, Ellis, Friedman
(73/74), Berestycki, Hamel A Nadirashvili (05)...
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o Dirichlet iZ1{f 25 f: Wentzell (75), Devinatz, Ellis, Friedman
(73/74), Berestycki, Hamel A Nadirashvili (05)...

o AEM LN AT WAL HE: Xin(92,02), Fannjiang and
Papanicolaou (94), Wentzell /% Freidlin (98)...
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o Dirichlet iZ1{f 25 f: Wentzell (75), Devinatz, Ellis, Friedman
(73/74), Berestycki, Hamel A Nadirashvili (05)...

o AEM LN AT WAL HE: Xin(92,02), Fannjiang and
Papanicolaou (94), Wentzell /% Freidlin (98)...

o JiMH KIARIMERE /K2 K: Constantin, Kiselev, Ryzhik,
Zlatos...
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o Dirichlet iZ1{f 25 f: Wentzell (75), Devinatz, Ellis, Friedman
(73/74), Berestycki, Hamel A Nadirashvili (05)...

o AEM LN AT WAL HE: Xin(92,02), Fannjiang and
Papanicolaou (94), Wentzell /% Freidlin (98)...

o JiMH KIARIMERE /K2 K: Constantin, Kiselev, Ryzhik,
Zlatos...

o MiAEAASL: Lutscher, Lewis...
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e Hodge 77fi#:

V=V + Vb,
HHV-vo =0, v nlog =0 AR R
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TR AL A ]

e Hodge 77fi#:
V=V + Vb,

H Vv =0, vo-nlog = 0 AN L.




ANH] R it

EIE (Berestycki, Hamel & Nadirashvili (CMP 2005))
s v ANH] i,

\V4 2 2
lim A(4) — inf 220V + cla)e’)
A—o0 e ngp

)
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ANH] R it

EIE (Berestycki, Hamel & Nadirashvili (CMP 2005))
s v ANH] i,

\V4 2 2
lim A(A) — ing J20V#) + cla)e’)
A—o0 e ngo

)

HPT={peH(Q): p#0,v-Vy=0a.e. in Q}.
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ANH] R it

EIE (Berestycki, Hamel & Nadirashvili (CMP 2005))
s v ANH] i,

\V4 2 2
lim A(A) — ing J20V#) + cla)e’)
A—o0 e ngp

)

HPT={peH(Q): p#0,v-Vy=0a.e. in Q}.

o H L,
A(0) < M(A) < lim A(A).

T A—oo
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ANH] R it

EIE (Berestycki, Hamel & Nadirashvili (CMP 2005))
s v ANH] i,

\V4 2 2
lim A(A) — ing J20V#) + cla)e’)
A—o0 e ngo

)

HPT={peH(Q): p#0,v-Vy=0a.e. in Q}.

o H L,
A(0) < M(A) < lim A(A).

T A—oo

o [AE: A(A) KT A Hin?
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EIE (XFE & L. 2017)

B v AR R4, W2 >0V A>0. JH,

o # Vipy-v#0, M 25(A) >0V A>0
o % Vo -v=0, NI \NA)=)\0) VA>O0.
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EE (X & L. 2017)
¥ v NATESER, W43 >0V A>0. HH,

o # Vipy-v#0, M 25(A) >0V A>0
o % Vo -v=0, NI \NA)=)\0) VA>O0.
Horr oo W2

—Apo + c(x)po = A(0)po  in Q,
a% =0 ond, po>0 in Q.
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—Ap — AVm - Vo +c(z)p = AM(A)p in Q,

-0 ondQ, ¢>0 inQ.
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—Ap — AVm - Vo +c(z)p = AM(A)p in Q,

92=0 ondQ, ¢>0 inQ

o \A) KT A —MBAHIM.
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{ —Ap — AVm - Vo +c(z)p = AM(A)p in Q,

%=0 ondQ ¢>0 inQ.

MA) KT A —BAHW.

ZEFE (Chen & L. (Indiana Math Univ. J, 2008))

R m € C2(Q) H m KIFTARERARBRL, T

AN = )
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{ —Ap — AVm - Vo +c(z)p = AM(A)p in Q,

92=0 ondQ, ¢>0 inQ

MA) KT A —BAHW.

ZEFE (Chen & L. (Indiana Math Univ. J, 2008))

R m € C2(Q) H m KIFTARERARBRL, T

AN = )

Hrp M 2l m B RFERE R RS
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—Ap — AVm - Vo +c(z)p = AM(A)p in Q,

92 -0 ondQ, ¢>0 inQ.
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{ —Ap — AVm - Vo +c(z)p = AM(A)p in Q,

8—“’—0 ondQ, >0 inQ.

o WL EAMHE T 1 IBAE I (Indiana Univ. Math J., to
appear): Q= (0,1) H m(x) BIHRE ST LA Z /DX
I8 o
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{ —Ap — AVm - Vo +c(z)p = AM(A)p in Q,

8—“’—0 ondQ, >0 inQ.

o WL EAMHE T 1 IBAE I (Indiana Univ. Math J., to
appear): Q= (0,1) H m(x) BIHRE ST LA Z /DX
I8 o

o FIEE: XM Ve Jim A(A) FEAE? FAELE, BT

A7
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T IR RRAE ()

FHAEE AT B R 2L

{ —DAp+v-Vo+c(x)p=AD)p inQ,

8—“" 0 ondQ, ¢©>0 inQ.
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T IR RRAE ()

FHAEE AT B R 2L

{ —DAp+v-Vo+c(x)p=AD)p inQ,

8—“" 0 ondQ, ¢©>0 inQ.
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T IR RRAE ()

FHAEE AT B R 2L

{ —DAp+v-Vo+c(x)p=AD)p inQ,

8—“" 0 ondQ, ¢©>0 inQ.

v=0:

A(D) KT D Bisgm
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BT AT SRS

—DAp+v-Vo+c(x)p=AD)p inQ,
8—“"—0 on 9, ¢>0 inQ.

v=0:

A(D) KT D Bisgm

° élglo)\(D) = min c(x)
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BT AT SRS

—DAp+v-Vo+c(x)p=AD)p inQ,
8—“"—0 on 9, ¢>0 inQ.
v=0:
A(D) KT D Hisgn

° élglo)\(D) = min c(x)

° DETOO AD) = ﬁ Jo ()
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EIE (Chen & L. (Indiana Univ. Math J. 2012))
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EIE (Chen & L. (Indiana Univ. Math J. 2012))
BBEAE 0Q I |Vm| # 0 B m KIFTEWRAE AIEEL, N

im0 = gt {e1 33 (1 ) ).
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EIE (Chen & L. (Indiana Univ. Math J. 2012))
BBEAE 0Q I |Vm| # 0 B m KIFTEWRAE AIEEL, N

) =t {2 (0 4 |

Hrp

{ Y1 ={z€Q:|Vm(z)| =0};
Yo ={x € 0N : |[Vm(z)| = Vm(x) -n(z) > 0}.
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EIE (Chen & L. (Indiana Univ. Math J. 2012))
BBEAE 0Q I |Vm| # 0 B m KIFTEWRAE AIEEL, N

) =t {2 (0 4 |

Hrp

{ Y1 ={z€Q:|Vm(z)| =0};
Yo ={x € 0N : |[Vm(z)| = Vm(x) -n(z) > 0}.

o Yz e Qi ki(z) A D*m(x) W i MFHILME:

o HxcoQmt, ki(x) N D *mga(x) BIS i MFIEE, Hb
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—DAp+v-Veo+c(x)p=AD)p inQ,

92-0 ondQ, ¢>0 inQ

o Kﬂ}ié{ﬂﬁ/ﬁ v:
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—DAp+v-Veo+c(x)p=AD)p inQ,

92-0 ondQ, ¢>0 inQ

o ATRAENL v A(D) KT D BN ?
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—DAp+v-Veo+c(x)p=AD)p inQ,

92-0 ondQ, ¢>0 inQ
o RAEA v+ A(D) %F D i ?

o — MM v: N(D) KT/ HL D Wi N7
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o H/MBi#: Berestycki, Hamel, Nadirashvili, J. Eur. Math.
Soc., 2005
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o H/MBi#: Berestycki, Hamel, Nadirashvili, J. Eur. Math.
Soc., 2005

o Ar[E4aT LIRS (Enhanced mixing): Constantin, Kiselev,
Ryzhik, Zlato§, Ann. Math, 2008
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FH IR PR

o H/MBi#: Berestycki, Hamel, Nadirashvili, J. Eur. Math.
Soc., 2005

o Ar[E4aT LIRS (Enhanced mixing): Constantin, Kiselev,
Ryzhik, Zlato§, Ann. Math, 2008

o FHEMH M EHE (rearrangement) A3 %30: Hamel, Nadirashvili,
Russ, Ann. Math, 2012
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