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Abstract

The purpose of this paper is to prove the global existence in time of solutions for the strongly coupled reaction-
diffusion system:

% B dyde= [ (i) in RY 0
%~ dubu—diAo = g(u) in R x 0

u(.,0) = ug(.),v(.,0) = vo(.) in Q

with full matrix of diffusion coefficients. Our techniques of proof are based on Lyapunov functional methods and
some LP estimates. we show that global solutions exist. Our investigation applied for a wide class of the nonlinear
termsf and g.
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1. Introduction

In this paper we study the following semilinear parabolic system

%—dlAu—dgAv:f(u,v) in RT xQ
o (1.1)
5 dsAu — dyAv = g(u,v) in Rt x Q

Where  is a regular and bounded domain of R™, (n > 1),u = u(t, x)
v = wv(t,x), x € Q,t > 0 are real valued functions, Adenotes the Laplacian operator, and the constants of
diffusion d, do, d3, dy are assumed to be nonnegative.
System (1.1) is subjected to the following boundary conditions
ou  Ov

== =0 in R x 00
877 877 n X
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and the initial data
u(.,0) = ug(.), v(.,0) = vo(.) in (1.3)

which are assumed to be nonnegative.

The above system (1.1)—(1.3) arises in physics, chemistry and various biological processes including population
dynamics. ( See [6], [23] and references therein). condition (1.2) means that there is no species of immegration .

Concerning the functions f and g, we assume the following hypothesis:

(H1) f(r,s) and g(r,s) are continuously differentiable on RT x R, such that

f(0,5) = 0,9(r,0) = OVr,5 > 0 (1.4)
(H2) Assume further that there exists an integer Vp > 1 such that
K* 7 f (r,s)4+g(r,s) <C(r4+s+1) i=1,...p (1.5)

For all r,s > 0 and a real m > 1 sach that:

sup(|f(r, )|, |g(r,s)]) < C(r+s+1)",Vr,s >0 (1.6)

The main question we want to address is the existence of global solutions for system (1.1)—(1.3). In fact the
subject of the global existence of reaction diffusion systems has received a lot of attention in the last decades and
several outstanding results have been proved by some of the major experts in the field. See [3, 5, 14].

This question has been investigated by many authors by considering special forms of the nonlinear terms f and
g.

In the trivial case where ds = d3 = dy — d4 = 0; nonnegative solutions exist globally in time.

In diagonal case where dy = d3 = 0 Note that, Alikakos[1], treated the following system

uy — diAu = f(u,v) in Rt x Q
vy — dyDNv = g(u,v) in Rt x Q

with the same boundary conditions (1.2) and initial condition (1.3), where

o

f(u,v) = —g(u,v) = —uv

and gave a positive answer to the problem of the global existence of system (1.7), (1.2), (1.3) under the assumption

l1<o<og (1.8)
where
2
=14+ - 1.9
oo =1+~ (1.9)

The method used in [1] is based on some Sobolev embedding theorems.
Note that the exponent o given in (1.9) is exactly the critical exponents given by Fujita [7] for the parabolic
problem

up = Au+u’
{ e (1.10)

where ug in (1.10) is a nonnegative. Fujita proved that if
1<o<og

then(1.10) possesses no global nonnegative solutions while if ¢ > oo , both global and nonglobal nonnegative
solutions exist, depending on the nature of the initial energy. Hollis, Martin, and Pierre [10] established global
existence of positive solutions for system (1.1)-(1.2) with the boundary conditions

ou

)
N (1= )50 = B dow + (1= )\2)6—:; = Byon RY x 90
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where
0<)\1,/\2<1or)\1:/\2:13nd51iO,BgtO

or

M=X=0=08=0

under the conditions f(r,s) 4+ g(r,s) < C(r,s)(r+s+1);¥r,s = 0,i=1,...,p

In [20] Masuda obtained a global existence result for a large class of the parameter o. In fact, by using some
LP estimates, he showed that the solution of problem (1.1)—(1.3) exists globally in time if o > 1.

The same result in [20] was obtained by Hollis et al [19] by exploiting the duality arguments on L? techniques,
allowing to derive the uniform boundeness of the solution.

Following Masuda’s approach, Haraux and Youkana [9] established a global existence result of system (1.1)—(1.3)
for a large class of the function f and g. More precisely they showed that for

flu,v) = —g(u,v) = —ud(v) (1.11)

the problem (1.1)—(1.3) admits a global solution provided that the following condition holds:

lim log (14 @ (v))
(v—+00) v

=0

In the general case, that is to say for

F(u.v) = —g(u,0) (1.12)

the positivity of the function g(u, v) together with the maximum principle of the heat operator give the following
uniform estimate of the solution in L*°(2)

Hu(t)HOO S Huo(t)HOOVt S [OaTma:v[

Where T}, is the maximal time of existence. See Pazy [24] for more details.Based on the Lyapunov functional
method and for f and g satisfying (1.12), Kouachi [12] proved that the solution of problem (1.1)—(1.3) exists globally
in time if
log(1
lim og(1l+ f(u,v)) - 80425
(v—+00) v n(a — B)?||uolls

Moumeni and Salah Derradji [21] have established the existence of global solution using an approach that
involves the Lyapunov’s functional for the system (1.1)—(1.3) where the functions f and g are assumed to satisfy
the condition f (r,s) +g(r,s) < C(r+s+1).

If di # d4 , an important particular case is that when f < 0, which means that the first substance is absorbed
by the reaction, in this case, the problem of the global existence of system (1.7) reduces to obtaining a uniform
estimate for v, since by the maximal principle we have u(x,t) < ||ug||oo-

Here the global existence when d; > d4 has been treated by Kanel and Kirane [12] for a bounded domain and
by Martin and Pierre [14] for whole space R™.

Still in the case d; # d4 , but without assuming d; > d4 , the answer is again positive to the problem of the
global existence of system (1.7) under condition (1.13) and a polynomial growth assumption on g:

g(u,v) < C(u+ v+ 1)7,for allu,v > 0 and some v > 1,see [10] for more details.

If the diffusion coefficients are the same, that is, if d; = d4, then system (1.7) has a global solution under the
condition

f(u,0) +g(u,v) <0 (1.13)

,which is known as the mass dissipative structure condition. Indeed if
dy = dy,then the solution (u,v) of (1.7) satisfies (by summing up the two equations in (1.7))
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O(u+v)
ot

Then the maximal principle implies

—di(u+v)=f+¢g<0

0 <u+ v <luglloo + [volloo

Therefore, the global existence follows.

In tridiagonal case where d3 > 0 and dy = 0, Moumeni and Salah Derradji [22] have established the existence of
global solution of the problem (1.1)—(1.3) using the Lyapunov method combined with some LP estimates.

For d3 > 0 and dy > 0 In [12] J. I. Kanel and M. Kirane proved the global existence of solutions for a strongly
coupled reaction-diffusion system with homogeneous Neumann boundary conditions and

flu,v) = —g(u,v) =uv™, m >0
m is an odd integer, Later they improved their results in [13] where they obtained the global existence with

fu,v) = =g(u,v) = uF(v)

On the same direction, S. Kouachi [17] has proved the global existence of solutions for two-component reaction-
diffusion systems with a general full matrix of diffusion coefficients, nonhomogeneous boundary conditions and
polynomial growth conditions on the nonlinear terms and he obtained in [18] the global existence of solutions for
the same system with homogeneous Neumann boundary conditions and

g(u,v) = pF(u,v), f(u,v) = —cF(u,v)p>0,0 >0

B. Rebiai and S. Benachour[25]treat the case of a general full matrix of diffusion coefficients with the homoge-
neous boundary conditions with nonlinearities of exponentiel growth .

finally in[4] K. Boukerrioua generalize a result obtained in [22]. Our techniques are based on invariant regions
and Lyapunov functional methods.

In the present work we consider problem (1.1)-(1.3) with dy > 0 and d3 > 0 , where the function f and g are
assumed to satisfy the condition (1.6), and by adopting the Lyapunov method combined with some LP estimates
we establish a global existence result of the solution .

The content of this paper is as follows. In section 2, we introduce some notations and give a local existence
result. Our main result is stated in section 3.

2. Local existence

Throughout this work, we denote by||. ., p € [1; +00)the norm in L? and ||.||, the norm in C(2) or L*°, respectively,
defined by [ull, = [, [u|” dz? and lull ., = esssup |u(z)]
€N

The study of local existence and uniqueness of solutions (u;v) of (1.1)-(1.3) follows from the basic existence
theory for parabolic semi linear equations (see, e.g., [2], [10], [24] and [27]). As a consequence, for any initial data in
L*>there exists a Tinax € (0; +00] such that (1.1)-(1.3) has a unique classical solution on (0, Tiyax[x €2 . Furthermore,

if Tnax < 00 then limy 7, {|lu(t, )| |v(t, )]} = +oo

Therefore, if there exists a positive constant C' such that

lu(t, Mo + lv(t,)]|o = C VE € [0, Tinax) then Tiax = +00

Remark2.1

Under condition (H1), it follows from the invariant region method that system (1.1)—(1.3) preserves positivity.
In other words, if the initial data up and vp in (1.3) are nonnegative, then the functions u and v of the corresponding
solution of (1.1)—(1.3) are also nonnegative on 0, Tax[x€2. See [10].

3. Statement of the main results

3.1. Existence of global solutions

In this section, we state and prove our global existence result of system (1.1)—(1.3). Our main theorem reads as
follows.
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Theorem3.1

Let p = ™". Assume that condition (H2) are satisfied. Then the solution (u(t,.),v(t,.)) of (1.1)~(1.3) with

initial positive condition in L (2) exists globally in time.

We note that to prove Theorem 3.1 it is sufficient to derive a uniform estimate of sup(| f(u,v)|l, . [lg(u,v)||,) for
some g > n/2. (See [10] for more details).

The following lemma is a useful tool in the proof of the Theorem 3.1.

Lemma3.1

Let (u(t,.),v(t,.)) be the solution of (1.1)—(1.3) and let L(t) = [, C”Kz ulvP~idx wih p a positive integer

and K is a serie of positive numbers such that K > max( Qdé,%, 2‘13,%)
144 32

then the functional L is uniformly bounded on the interval [0, 7*] T* < Tax
Proof
Differentiating L with respect to t yields

P
L'(t) / [Z ZC”KZ imlypi ut—l—z — 1) CZK’ P " ey, | da
=1
P

/Z ZC”KZ TP (dy A+ do Ao+ fu,v))de +

p—1
/ Z((p - i)C;Kizuivp_i_l)(dgAu + dyAv + g(u,v))dz

A simple computation leads

P
L't = / Z(ngKizuiflv”%)(dlﬁu + doAv + f(u,v))dx +
p . . 2 . .
/ Z((p —i+ 1)C';_1K(”_1) u' TP (ds Au A4 dyAv + g(u, v))de
From the above equality, it follows that

p p
L/(t) — / Z dliC;Kizui_lvp_iAUdm + / Z d4(p — 1+ l)C’;—lK(i—l)Qui—lvp—iAde

Qi i=1

p p
+/ Z dZiCIi’Kﬂui—l'[}P*iAUdl’ + / Z dg(p —1 —+ 1)0;*1]:{(1‘71)2uiflvP*iAudx
Q7 (ol

P P

_|_/ Z iCIi)Ki?ui—l’Up*if(u, v)dxr + / Z(p — i+ 1)0;)*1K(i71)2uiflvp*ig(u7 v)dz
Q=1 Q=1

I1+J+H

By a simple use of Green’s formula we have:
I= —/ (A|Vu\2+BVuw+C|w2) da (3.1)
Q

where:

p
A=Y di(i— 1) CLK ui=2P

=2
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p

B= Zdlz —1) C’KZ = 1vp_i_1+2d4 (i—1) (p—z'—l—1)6';_1[((’:_1)2111_2

=2
p—1
C= Zd4 (p—i)(p—i+1)Cy~ 1pe(i=1)% =1, p—i—1
=1

Using the fact that :
iCh=(p—i+1)Ci =pCi7) Vi=1,...p
and also since

ii— )0y =i(p—i)Cy = (p— 1) (p—i+1)C) " =p(p— 1)C373

we get

A= Zdlp C«z 2K1 i— wP~ i

B = Zdlp

=2
= Bl + Bs
and
C = Zd4p 1 Crz 1K i—1)2 wi—lyp—i—l
Putting :j = ¢ — 2 ,we have :
1=S oy i
=Sty - 1) I
and Putting :j =i — 1 ,we get :
Zdlp -1)C K(]+1) wP—i—2
C= Zd4p -1 KJ woP=I72
Then :
p—2
I = —p(p — ]_) chiz/ w P~ 2 (VU,V’U)
Q

%Kz i—1,p—i-— 1+Zd4p _1)C2 2K(z 1)? wi 2P

Global Journal of Mathematical Analysis

(3.2)

(3.3)

(3.4)
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where
U(Vu, Vo) = di K97 |Vul? + (dy + dy) K9P VuVu + dy K7 [Vol?

The quadratic forms are positive since :

((dy + d) KGN _ 4 d, K KUD* <0 j=0,..,p—2 (3.5)
Using the relation K > max(%, %)

Then
1<0 (3.6)

By a simple use of Green’s formula we have:

J= —/ (D\Vv|2+EVUVu+F|vu|2) dz (3.7)
Q
where:

D= ngz —1) C’Kl i—lyp—isl

p—1
E= ngz z—l)ClKl i=2yP- l—|—Zd3 )(p—z'—|—1)0;_1K(i_1)2ui_1vp_i_1
=2 i=1

P
F=Y ds(i—1)(p—i+1)Ci KD yi-2ppi
i=2
Using the relation (3.2) we get

D= Z dop(p— 1) C’;:%Kﬁui*lvp%fl

p—1

Zde _1 %Kz 12,Up l+zdap _1)02 1K(z 1)2 zl,Upzl
=1

E1+E2

and
F = ngp o Mok R
putting :j5 = ¢ — 1 ,we have :

D= Z dop (p—1) C;_QK(j+1)2ujvp_j_2

ngp -1 KJ woP=I72

and putting :j =17 — 2 ,we get :
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p—2
B = S DGR
7=0

p—2
S
7=0

Then :
p—2
J=—p(p—1) ch,z/ wvPTI7? % & (Vu, Vu) do (3.8)
=0 @
where

O (Vo, Vu) = dy KUY Vo) + (dy K97 1 dy K7 )VoVu + ds KOD” |V

The quadratic forms are positive since :

(da KU+2° 4 dyK7°))% — 4dpds KUTD KUHD <0 j=0,..,p—2 (3.9)
Using the relation K > max(;\ly% , %)
Then

J =0 (3.10)

Using the relation (3.2), in the third integral, yields :

P
H = / [pz (Kizf(u, v) + K(i_l)zg(u,v)) C;_llui_lvp_i] dx
Q1 =1

Using the relation(1.5) we deduce

P
H = 63/ [Z(u—i— v+ 1)0;:111&1'11}1911 dz
Q

=1

To prove that the functional L is uniformly bounded on the interval[0, 7]
first we write

[ p D P
L'(t) = 03/ Z C;:llu’vpfi + Z C;:llulflvprl + Z C’;;llui*lvpﬂ' dz
Q [i=1 i=1 i=1

P

p—1 p—1
L'(t) < 03/ Z ;Zﬁuivpﬂ‘ + Z C’;_luivpfi + Z C’;_luivpill dx
Q =0

Li=1 =0

D p—1
L'(t) = 03/ ZC’;uivp_i + Z C;luivp_i_ll dx
Q2 |i=o0 i=0

Li=

Using the fact that

p—1

o .
g Cp_qu'oP™" V= (u+w0)?
i=0
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Therefore, the last inequality can be written as

() S a@L) +e [ o

Q
Applying Holder’s inequality to the second term in the right hand side of
the above inequality, we obtain

U@jq@wm+%mwma4@+@mm“?>

Since the following inequality holds,

p
(u+v)! = Z CiulvP™" <

7 p
SUpg<i<, C e
3P TP § CI'I)K’L ’U/'Up [
=0 =0

- —
mMing=<;<p C;Kl —
Then, we have

i
SWPo<i<p Cp

T )
ming=<;<p C;)Kl

(p—1) (p—1)

L'(t) < c1(p)L(t) + c3(mesQ) 7 ( )F (L) Yt < Tonax

Hence,L(t) the functional satisfies the following differential inequality:

(p—1)

L'(t) 2 ci(p)L(t) + ca(p)(L(t)) 7 Vt < Tiax
where

i
SuPo<i<p Cp

. ; D)
ming<;<, C) K*

(p—1)

ea(p) = e3(mesQ)7 ( )

which gives us, by a simple integration

1 O 10} NI 112)

(L)t = (o)} + 28 | ey - 8 (3.11)
where

G = ) - 20

By using the inequality
p . 2 . . P 2
L(t) = /Q(Z CyK " uvP ™" )dx = /Q(C,’;KP WP + COKO vP)da
i=0

it follows that
L(t) = min(choz,Cngz)sup(/ updx,/ vPdx)
Q Q
Hence,

(L(t))% = [min(C’gKOz,Cngz)]% sup((/Q updx)%, (/Q vpdx)%)

And therefore,

(L(1)7

. P — Vit < Thax (3.12)
[min(CYK, CHKP”)]

sup(||u(t, -)||p (s )”p) =

S
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With (3.11) and (3.12) we obtain :

sup(lu(t, ), [[o(t, )I,) Ze(t) Yt < Tiax
where
1

0= o e O+

The proof of Lemma 3.1 is complete.
Proof of theorem3.1
From (1.6)we have

sup(|f (u, v)[, [9(u, v)]) 2 ea (u+v+1)"

Then, it follows that

sup( [ 1) do. [ Jo(u.0)

which implies :

%dxjcf/(u—kv—i—l)pdx
Q
Sup(”f(%”)”@aHg(u,v)H@50?/(U+U+1)pdl’

m m Q

On the other hand, we have

k P
/(u—i—v—i—l)pdm:/ ZCg(u—kv)kdx
@ € k=0

/ﬂ(u+v+1)Pda::/[1+(u+v)p]dm+§cg/ "

Q 1 Q

An application of Holder’s inequality leads

L(w—”mm)w </Q(u+v)pdx> ﬁ]

L(u+v+1)pdx = mes(Q)+/Q(u+v)pdx

p—1 p—1
cj;/ (wto) => ck
1 Q k=1

k=

Hence

using (3.13) we get:

(/ (u+ o) do)r = [lu(t,.) + vt I, =< [lutt, ), + o, ), < 2e(t)
Q

and the inequality (3.15) can be written as follows

p

/Q (u+v+1)P dz < mes(Q) + 2P(c(t))? + pi C*[(mes(Q)) w2 (2¢(t))*

Global Journal of Mathematical Analysis

(3.13)

(3.14)
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Therefore
2 2 P & (p—Fk) &
sup(([[f(w, )| %, lg(u, v)[|5) < e > Chl(mes() 7 (2(1)) (3.16)
k=0

which gives that
sup(|[f(w, v)] 2, lg(w, v) 2) = cpm(t) ¥t < Tinax (3.17)

where

P (p—k) P
Cpm(t) = c[>_ 2" CF[(mes()) "7 (c(t)"]
k=0
Remark3.1

From both Lemma 3.1 and Theorem 3.1, we have obtained an uniform estimate of sup([| f(u, v)[, , [lg(u, v)Il,)
with ¢ = p/m > n/2. By the preliminary remarks, we conclude that the solution of the given problem exists
globally in time.
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