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Abstract: With a class of weighted difference formulas and explicit Euler methods to discretize diffusion terms
and the 1st-order temporal derivative, respectively, a new type of 2-level, explicit and monotonic finite differ-
ence methods is established for 2D Fisher-KPP equations. As a,p,6 and the grid step size satisfy some constrai-
ning conditions, their numerical solutions can inherit the properties of the exact solutions, such as positivity
preservation, boundedness and monotonicity. Furthermore, the maximum norm error estimate is obtained, rig-

orously. Numerical experiments illustrate that the numerical results agree well with the theoretical findings.
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ou ’u  u
—=a(—+—) +bu(l -u"), (x,y) e, 0<t<T, (1a)
ot ox dy
u(x, y, 0) =¢@(x, y), (v, y) € £, (1b)
u(al’y9t):al(y5l)’u(bl7y’t>:31(y’t>’ ye[clvdl:I’tE(O’ T}y (IC)
u(x,cl,t)=a2(x,t),u(x,dl,t)=ﬁ2(x,t), X € [al,bl],te (0, TJ, (1d)

Horfv o B b B RARSUREE, BLA I R HOTRBOM VI REL, 0= [a,,b,] x [¢,,d,] 2 FmRMRIL

(KNS, TR X5, Q=00 T.

1937 4F, Fisher' " #2111 Fisher Jr 2% Jy B SE R S — AR ED O BRSO 25 11 A2 1. 1)
4E | Kolmogorov %512 1 7 2 H AT 9 3% 07 A A, 1% 05 FE PR A Fisher-Kolmogorov-Petrovsky-Piscounov
( Fisher-KPP) J5F£. 414>, Fisher-KPP J5 FE A S R C 2 0 FH T 45 FhRkf A T AR A5 ) A4 it 14 2
AP R Ao B 3.

MATHE Fisher-KPP J5 F i EL A S HAHSCHCZ BIE O7 T S TARZ MUR. BN, Wang 7E3CHR[ 4] P45
T —4E Fisher-KPP Jife (W (1a) ) 78 a = b = 1 W AYf#ATSE

u(x t):{ltanh{— P (x— P4 tj+c}+1} K (2)
’ 2 2/2p ¥4\ V2 +4 2 -

SCHR[ 5 TFSE T Z4E Fisher J7 FEAA IR A HE Z BB R WL 3 6.

TRASHEUE 7 12 RE A DR 12 25 1) RORS 90 ik 1) — D B 2 MR BT, AN RE A8 SR A A W B U BB | i
FHF IR A BB ARADL , BRI b — PR 0y RSB A IR S ) A A7) AR BT JR 11, Fisher-KPP 5 2 14
T 2 e R U, YR (E A (E R TEAF T2/ T a5 T 1 I, Fisher-KPP J7 AT 7E[ 0, 1] (5]
1) GEAFE X Fisher-KPP J5 R TR IE BCH (e KB B A BB 7 32 38 1) iz G il an, STk [ 10 ]
25T Fisher-KPP J7 R fix A 0 85X 22 43 1k Ao 22 4396 1 2012 4, Macias-Diaz Al Puri'" X Fisher-
KPP 7 f 7 T AR IE A BR 2540742014 4F | Macias-Diaz Fl Rejniak! '™ %} Fisher-KPP J5 #2511 T —251 )2
AR LMEA R 22 4312 32 7 YA TR TR) A 23 18] 7 1) b 43 3008 — B A A B2, FL e B A BT D T PR NG 2
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TEAR S ,@FH—%?JHH i) 22 25N 1 i 20 Euler 325 5 5P S0 A1 26 14 T , % . 4E Fisher-KPP R
(la)—(1d) it 7 —ZH PR IE SR H 82 BT R 2E k. W] uE B 1 397 s =X i) 001k 0l A2 2 Y e ok
(B Bz B Bl B B 25 Y T SE i W SS et  Je  BUIEL S RS AIE 1 3 55k 1) (A il 2 2 1) e
AR SRR (EL i ) WA I

ARSCHSSHANT 55 1 1945 1 — 285G [ 355 2 R 22 A N ey, 56 3 iR 22 s S Pk
T, 55 4 TR BUE S 5 5 X AT T A R,

1 —2Lid 5 g
WSl b, = (b, —a,) /M, ,h, = (d, = c,) /M, IS 7 = T/N X H M, M, N R IEREIL =
kT, k=01, Nix, =a, +ih i =01, My =c +jh,j=0,1, My INIiT5 & (x,,y,,0,) BT X
QB—AF3 SIS IT .
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M{-1M,-1
U, = max U1, U =J’ah,2 2 (U )*.

(i, )) =,ke, i=1i=1
SIE 1Y & u(a,y,0) RVLERB(1a)—(1d) B A RREFEFHEL 0 < o(x,y);50,(y,0),
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0<u(x,y,t) <1, (x,y,t) EDX[O,T]. (3)
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r(emj+el|])+r(e”+l 111)+[1—2(1—9)(r +r)+bT}e -
p-1
brutel, 3 LGl )"0 ) w7k (18)
3 (18) PIBAEXHE B = AAER, 0<ub U < 1( Vi k) BIH L&A + b7 - 2(r, +7,) (1
-0)=0,H
el 1 [1+20(r, +r)] <
"”*'I [1+26(r, +r) +bT(uk )] <
r(l e”]|+| emjl) +r(|el}1|+| el]+1|)+
[1-2(r, +r)(1-6) +b7] | ei,jl -
p-1
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[1=2(r, +r)(1=6) +br]lel I +bprlel I +71 R I. (19)
i — A5 5
[1+20(r, +r)] e |, <[1+20(r, +1) +br(L+p)] e | +7[IR" .. (20)
1EE(20) WP FIEREL (1 + 26(r, +r,)) W15
" (1 +p) bt ) i T ’
k+1 k k
e | . s(“uza( ) e Il .. +—1+20(r1+r3’> IR I ..
X} bk T#TLFH%Iﬁz%u*ﬁ(ﬂmﬂfc(w)ﬁiu O
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FEARAT 38 12251 (8a) — (8d) SRARFEH) 1 IEVFFEIN R FT— Bz
R TG ).

RO B, = h, = h . Top %

BHI 1 U250 (8a) —(8d) SKAR U — 4t Fisher-KPP J5 B4 {H 7] & .
) Pu 9
afl:= (a;+2tj+bu(l—up), x,y e, 0 <t <T, (21a)
1 ) ( ) 1 2/p ~
0)={—tanh| —————(asin¢@ + ycos @) + C| + — 0 21b
u(x,y,0) {2an[ Worrw ¥ } 2} ,  x,y ) (21b)
I P : p(p +4) 1
=! tanh| - ———(a,;sin@ +ycos @) +—— 1t +C |+ —
u(a,y,t) {2 W o Y 4(p +2) 2= ’ .
(b t) = Lt h —L(l) sin @ + ycos @) +Mt+c +i o o
B B BV T T a(p+2) 2f
I P . p(p+4) 17
={_—tanh| - ————(xsin @ + ¢,cos +—t+C| + —
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4 2p
w(x,y,0) = {;tanh{— sz)’ﬁusingo + ycos @) +Z§Z12;t + C} ¥ ;} ,
Hb p = 1,0 f1 € HERHBATIE MR (8a) —(8d) AL RLIRIE N

= k
E_(h,,h )= max | u(x;,y,t) -U I,
(i,]) ey, ke,

0pier = logy[E. (2,2 h ,47)/E, (h, h,,7)].

A0=[-1,1]x[-1,1],[0,T] =[0,1], B8 a=b=1,p =5u/2,C =—In/5 ML}, F£ 1 HHTH
031k (8a) —(8d) IRALHIBELS BN 1 0] 41,24 60 = 0,7 = h>/8 I}, 25431k (8a) —(8d) fEHR KL H = X
A O(h™) BT ; 240 # 0,7 =h*/4 B, 224385 (8a) —(8d) TEfR RV EE U F A 0(h*) AYBELH . IX
SZE BLIOIE T 3 I IE .

F1 M) = 8,16,32 24 (8a) —(8d) HUKLIE L
Table 1 The numerical results of difference schemes (8a)—(8d) withp = 8,16,32

ho=h . p=28 p =16 p =32
' E,(h, h,7) 0 yrier E.(h b, ,7) 0 yrier E.(h h,,7) 0 grier Tepy /s
172 1/32 2.251 3E-3 - 3.866 SE-3 - 5.148 3E-3 - 0.014 4
6 =0, 1/4 1/128 5.794 7TE-4 1.958 0 9.177 2E-4 2.074 9 1.185 5E-3 2.118 6 0.018 9
T = h_%/g 1/8 1/512 1.442 2E-4 2.006 5 2.293 9E-4 2.000 3 2.890 6E-4 2.036 1 0.087 2
1/16 1/2 048 3.601 6E-5 2.001 5 5.719 4E-5 2.003 9 7.186 1E-4 2.008 1 1.164 5
172 1/64 1.371 1E-2 - 1.155 7E-2 - 9.215 1E-3 - 0.014 9
6 = 0.5, 1/4 1/1 024 3.923 3E-3 1.805 2 3.114 3E-3 1.891 8 2.530 6E-3 1.864 5 0.054 4
T = hi/4 1/8 1/16 384 1.000 2E-3 1.971 9 8.046 0E-4 1.952 6 6.534 2E-4 1.953 4 2.004 0
1/16 17262 144  2.513 2E-4 1.992 6 2.035 0E-4 1.983 2 1.648 7E-4 1.986 7 161.700
172 1/64 2.648 6E-2 - 2.237 0E-2 - 1.778 9E-2 - 0.013 4
6 =1, 1/4 1/1 024 7.800 8E-3 1.763 5 6.153 OE-3 1.862 2 4.961 8E-3 1.842 0 0.063 7
T = hi/4 1/8 1/16 384 1.998 7E-3 1.964 5 1.608 SE-3 1.9355 1.284 OE-3 1.950 2 2.026 1

1/16 1/262 144 5.028 7E-4 1.990 8 4.054 0OE-4 1.988 3 3.239 5SE-4 1.986 8 121.119

A0D=[-5,5]%x[-5,5],Z8a=b=1,p=31/4,C =—In/5 JERHMELK L =1/2,7 = 1/1 000
FTE L T 32 F 225045 3K (8a) — (8d) SR A M) L T A BUE 45 SR UL LN 1 AT AR, 2 (x,y,1) € {0} x
[-5,5] x[0,1],p Fl 6 43BN TRHERT , BT A5 B0E A A0 BE % 558 I b 168 300 4 A i

a=1,b=1,p=8,0=0 a=1,b=1,p=16,0=0 a=1,b=1,p=32,0=0

»

0.008
<%0.004

0.003
1.0

A
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a=1,b=1,p=8,0=1 a=1,b=1,p=16,0=1 a=1,b=1,p=32,0=1

0.012 \

! 0-5 y

B1 Y4p=8,1632,a=1,b=1,h=1/2,7 = 1/100 Fl 0 BORFER,7Ex = 0 &L AIR2E T
Fig. 1 Error surfaces withp = 8,16,32, « = 1, b = 1, h = 1/2, 7 = 1/100 and different 6 values forx = 0

N IRAE2E SR 2 (8a) —(8d) MUBMELAR A DR IE 1 DR AR RN R B SEMET. S Q = 2(r, + 7)) (1 - 0)
-b(p-1) . WO=[-55]x[-5,5],T=1000 %58 a=1,b=2,C=-1In/5,p=1,p =3n/4 1L}
(AL 21a) —(21d) GBI CIR 45 L ZE R FH MG 26K b = 172,17 = 2/100 (PEOL T i H 22 504 X (8a) —
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