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1 Introduction

We consider the following dissipative 2-component Degasperis-Procesi system:

Uy — Uyys + AUty + M (U — Uyy) + COPx = BUpllyy + Ullyyy, £>0,x€R,
¢+ UPy + 22Uy + A0 =0, t>0,xeR, (1.1)
u(0,x) = ug(x), 0(0,%) = po(x), x €R,

where A, A; are nonnegative constants, ¢ € R, (u, 09) € H*(R) x H*}(R) (s > %).
In system (1.1), if A; = p = 0, we get the classical Degasperis-Procesi equation [1]

Up — Uy + ULy = SUylyy + Ullyyy, (1.2)

where u(z, x) represents the fluid velocity at time ¢ in x direction and k € R. The nonlin-
ear convection term uu, causes the steepening of wave form. The nonlinear dispersion
effect term 3u,u,, + Ui, makes the wave form spread. The Degasperis-Procesi equation
has been studied in many works [2—8]. Escher et al. [2] demonstrated that there exists
a unique solution u(t,x) € C([0, T], H*(R)) N C}([0, T], H*"}(R)) to (1.2) with initial value
uo(x) € H*(R) (s > %). Liu and Yin [3] obtained the global existence of solutions to (1.2).
They derived several wave breaking mechanisms in Sobolev space H*(R) with s > % Yin
[4] established the local well-posedness for the Degasperis-Procesi equation with initial
value uy € H*(R) (s > %) on the line. In [5], the author obtained the global existence of
solutions to the Degasperis-Procesi equation on the circle. The precise blow-up scenario
was also derived. The global existence of strong solutions and global weak solutions to the
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Degasperis-Procesi equation were shown in [6, 7]. Guo et al. [9] studied the dissipative

Degasperis-Procesi equation,
Up — Uy + AUty + MU — Uyy) = SUpllyy + Ullyyy, 1.3)

where A(u — u,,) (A > 0) is the dissipative term. They obtained the global weak solutions to
(1.3). Guo [10] established the local well-posedness for (1.3), and also obtained the global
existence, persistence properties and propagation speed of solutions. Wu and Yin [8] ob-
tained the local well-posedness for (1.3), and also studied the blow-up scenarios of solu-
tions in periodic case.

On the other hand, many researchers have studied the integrable multi-component gen-
eralizations of the Degasperis-Procesi equation [11-16]. Yan and Yin [11] investigated the

2-component Degasperis-Procesi system

U — Upyr + AUUy + COPx = SUylhyy + Ulyyy, [>0,xER,
Pt + Upx + 2u,p =0, t>0,xeRR, (1.4)
u(0,x) = up(x), p(0,%) = po(x), xeR,

where ¢ € R. They established the local well-posedness for system (1.4) in Besov space
B;,r(]R) X B;jrl(]R) with s > max(1 + }7, %), and also derived the precise blow-up scenarios of
strong solutions in Sobolev space H*(R) x H*!(R) with s > % Zhou et al. [12] investigated
the traveling wave solutions to the 2-component Degasperis-Procesi system. Manwai [16]
studied the self-similar solutions to the 2-component Degasperis-Procesi system. Fu and
Qu [13] obtained the persistence properties of solutions to the 2-component Degasperis-
Procesi system in Sobolev space H*(R) x H*"}(R) with s > 2. For system (1.4), Jin and Guo
[14] studied the blow-up mechanisms and persistence properties of strong solutions.
Recently, a large amount of literature has been devoted to the study of the 2-component
Camassa-Holm system [17-28]. Hu [18] studied the dissipative periodic 2-component

Camassa-Holm system

Uy — Uyys + SUthy + AU — Uyy) + PPx = 2Uylhy + Ullyyy, £>0,x€S,

Or + UPy + U0 + A0 =0, t>0,x€S, (15)
u(t,x +1) = u(t,x), p(t,x+1) = p(t,x), t>0,x €S, ’
u(0,x) = ug(x), 0(0,%) = po(x), x €S,

where A > 0. The author not only established the local well-posedness for system (1.5)
in Besov space B;’Y(S) X B;TJ(S) with s > max(1 + }7,%
existence results and the exact blow-up scenarios of strong solutions in Sobolev space

H5(S) x H*X(S) with s > % For A = 0 in system (1.5), Jin and Guo [19] considered the per-
sistence properties of solutions to the modified 2-component Camassa-Holm system. Zhu

), but she also presented global

[20] considered the persistence property of solutions to the coupled Camassa-Holm sys-
tem, and also established the global existence and blow-up mechanisms of solutions. Guo
[21, 22] studied the persistence properties and unique continuation of solutions to the
2-component Camassa-Holm system in the case A = 0. It was shown in [29] that the dissi-
pative Camassa-Holm, Degasperis-Procesi, Hunter-Saxton and Novikov equations could

be reduced to the non-dissipative versions by means of an exponentially time-dependent
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scaling. One may refer to [30—34] and the references therein for more details in this di-
rection.

Motivated by the work in [13, 20, 35], we study the dissipative 2-component Degasperis-
Procesi system (1.1). We note that the persistence properties of solutions to system (1.1)
have not been discussed yet. The aim of this paper is to investigate the persistence prop-
erties of solutions in Sobolev space L*°(R). The main idea of this work comes from [35].

Now we rewrite system (1.1) as

ut+uux=P(D)(%u2+ %cpz)—klu, t>0,xeR,
Or + UPx = —2Ux 0 — AP, t>0,xeR, (1.6)
u(0,x) = uo(x), p(0,x) = po(x), x€R,

where the operator P(D) = —9,(1 - 92)7.
The main results are presented as follows.

Theorem 1.1 Assume T > 0 and (ug, po) € H*(R) x H*"1(R) with s > % Then the Cauchy
problem (1.1) has a unique solution (u,p) € C([0, T]; H*(R)) N CY([0, T]; H*Y(R)) x
C((0, T HH(R) N C'([0, T); H*(R)).

Theorem 1.2 Let T > 0 and (ug, po) € H'(R) x HY(R) with s > % (u, p) € C([0,T7;
H*(R)) N CY([0, T]; HH(R)) x C([0, T]; HH(R)) N CH([0, T1; H2(R)) is the corresponding
solution to system (1.1). If there exists 6 € (0,1) such that

8xu0 (x)

’

| (x) s |po®)| ~ O(e™)  asx— oo,

then

)

|u(t, %)),

O u(t,x)

p(t,x)| ~ O(e’ex) asx — 00
uniformly on the interval [0, T].

Theorem 1.3 Let T > 0 and (ug, po) € H'(R) x H*Y(R) with s > % (u, p) € C([0,T7;
H*(R)) N CY([0, T); HSL(R)) x C([0, T]; HH(R)) N CH([0, T1; H2(R)) is the corresponding
solution to system (1.1). Assume the constant 0 € (%, 1).
(1) Forc>0,
|uo ()| ~ o(e™), |0 ()| ~ O(e7%), |po(®)| ~ O(e™) asx— oo,
and there exists t; € (0, T) such that |u(t,x)| ~ o(e™) as x — oo, then
u(t,x) =0, o(t,x) =0.
(2) Forc=0,
\uo(x)| ~ o(e_x), |8xu0(x)| ~ O(e‘ex) as x — 00,

and there exists t; € (0, T) such that |u(t;,x)| ~ o(e™) as x — 00, then

u(t,x) =0, p(t, %) = po(x)e™.
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Theorem 1.4 Let A = 0 in system (1.1). Assume T > 0 and (ug, po) € H*(R) x H*1(R)
with s > 5. (u, p) € C([0, T]; H*(R)) N CY([0, T]; H(R)) x C([0, T} H*'(R)) N CX([0, T;
H*2(R)) is the corresponding solution to system (1.1). If there exists 6 € (%, 1) such that
’uo(x)’ ~ O(e‘x), ’8xuo(x)‘ ~ O(e‘e"), |,00(x)‘ ~ O(e‘ex) as x — 00,
then
!u(t,x)! ~ O(e_x), ’p(t,x)’ ~ O(e“”‘) asx — 00
uniformly on the interval [0, T].
Theorem 1.5 Assume T > 0 and (g, po) € H*(R) x H*"\(R) with s > % (u, p) € C([0, T1;

H*(R)) N CY([0, T]; H*X(R)) x C([0, T); HSY(R)) N CH([0, T); H*"2(R)) is the corresponding
solution to system (1.1). If there exists 6 € (0,1) such that

1o (%), | po () |, |t0x(x) |, | pox (%) | ~ O(e7)  asx — oo,

then

|u(t, %),

,o(t,x)!, ux(t,x)}, |px(t,x)’ ~ O(e‘e") as x — o0.

Theorem 1.6 Assume T > 0 and (ug, po) € H*(R) x H*"1(R) with s > % (u, p) € C([0, T];
H*(R)) N CY([0, T]; H*"Y(R)) x C([0, T]; H"Y(R)) N CY([0, T); H*2(R)) is the corresponding
solution to system (1.1). If there exists 6 € (%, 1) such that

|u0(x) ,oo(x)‘ ~ o(e_x) as x — 00, ’qu(x)L ,oo,c(x)’ ~ O(e_g") as x — 0o,

’

and there exists t; € [0, T such that

|u(t1, %)

, \,o(tl,x)| ~ o(e"‘) as x — 00,
then
u(t,x) =0, o(t,x) =0.

The remainder of this paper is organized as follows. In Section 2, the proofs of Theo-
rems 1.1 and 1.2 are presented. Section 3 is devoted to the proofs of Theorems 1.3 and 1.4.
The proofs of Theorems 1.5 and 1.6 are given in Section 4.

Notation We denote the norm of Lebesgue space L”(R),1 < p <ocoby | - ||1r, the norm in
Sobolev space H*(R), s € R by || - || ;s and the norm in Besov space B, .(R),s € Rby || - |15 -
For 0 € R, we denote

If @)l

[f(x)|~O(e9") asx — oo,ifxlin;o o =L (L#0);
(x)] ~ 0(e?*) asx — oo,if lim )] =0.
[f@)] ~ o(e™)

r—oo efix
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2 Proofs of Theorems 1.1 and 1.2
We write the definition of Besov space. One may check [36—39] for more details.

Proposition 2.1 [39] Let s € R and 1 < p,r < oo. The nonhomogeneous Besov space is
defined by B;’r(R) ={f e S(R)| ”f”Bf,,,(]R) < 00}, where

(X2, 25 AFIL)F,  r< oo,

I lls r) = 4
P sup;._; 251 Af |11, r=o00.

2.1 Proof of Theorem 1.1

Using the Littlewood-Paley theory and estimates for solutions to the transport equation,
one may follow similar arguments as in [11] to establish the local well-posedness for system
(1.1) with some modification. Here we omit the detailed proof. For system (1.1) with initial
data (1, po) € B, x BS’1 (s > max(1+ 1, %)) we see that the corresponding solution (i, p) €
C([0,T};B;,) N Cl([O T] B ) x C([O T1; By, )N C([o,T]; B 2). Thus we complete the
proof of Theorem 1.1.

2.2 Proof of Theorem 1.2
We denote

3
F(u,p)=§u2+§p2, M= S[up “ M"O)HHSXHS 1
0,T

Multiplying the second equation in (1.6) by p?*~! with n € N* and integrating the resultant

equation with respect to x yield

f pep?dx + / upep?Ldx + 2/ upp?tdx + Af pp?"Ldx = 0. (2.1)
R R R R

We have

B d
[ s S Lo = o0 5 1001

/u,ox,ozn_ldx+2/ux,opzn‘ldx:—zi/uxpz"dx+2/uxp2”dx
R R n R

< (2- 35 ) 1@l Lo,
i [ ot s =]

Thus

1ol = (2= 5 )@l 2| Lo 22)

Ifs> %, using the Sobolev embedding theorem, we have ||, (¢) |0 < ||u(t)||ms < M. Ap-

plying the Gronwall inequality to (2.2) yields

“p(t)”LG = ||p0||L2n€[(27%)M+)‘]t,
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Noting u € L* N L™ gives rise to
lim [ullz = [|ull Lo
p—>00
and, taking the limit as n — oo, we obtain

lo@®) | o < oo llo0e®ME.

Multiplying the first equation in system (1.6) by #*"~! with n € N* and integrating the
resultant equation with respect to x yield

/ wu N dx + / i dx + Ay / u L dx + / deg % F(u, p)u®1dx=0. (2.3)
R R R R
Using the Holder inequality, we have
/ 3xg * Fu, p)u™ ™ dw < [[0xg % F(u, 0) | o It 75, (2.4)
R
which in combination with (2.3) yields
d
qp 1l = Al + |xg * F (s, ) 120
Using the Gronwall inequality, one derives
t
020 = (Wl + [ g Fl 0] ot ). 5)
0

Taking the limit as # — 00 in (2.5), one gets

t
|u@)] o < <||M0||L°° + / 0. * F(u, p)(T) | ;o0 dr)e*“. (2.6)
0
Differentiating the first equation in (1.6) in the variable x yields
Ut + Ulhgy + U2 + Athe + 328 % Fu, p) = 0. (2.7)

Multiplying (2.7) by u2"~! with n € N*, integrating the resultant equation with respect to
x and using

fR (ttgat2 + 122 i = (1 - %) A W2 dx < gl s |22, 28)
and

/R [02g * Fu, p) ]2 dx < |02  F(t, 0) | o 25",
we have

el = (Moo + ) el 20 + |02g * F(u, p) || jon-
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We obtain
t
|uc(®)] o0 < |:”’40x||L°° +/ |02g * F(u, p)(7) | ;o dr]e(M“l”. (2.9)
0

We introduce the weight function ¢y (x) which is independent on ¢

1, x <0,
en(x) =1 €%, x€(0,N),
N, x>N,

where N € N*. It follows 0 < (¢pn(x))x < ¢n(x) a.e. x € R. Multiplying the first equation in
system (1.6) and (2.7) by ¢n(x), we obtain

0;(N) + ugnuy + Mupy + Ondcg * F(u, p) = 0, (2.10)

¢ (UxPN) + Ulhgx N + Us@N Uy + MU QN + QNG % F(u, p) = 0. (2.11)

Multiplying (2.10) by (zgx)**! and (2.11) by (u,0x)*"", respectively, and integrating the
resultant equation with respect to x, we also note

/ Ut N (Uxon) > dx
R

/}R (e on)*" [0 (sxon) — (o) ] A

<

+

1
—meme
2an

/ u oy (uppn)*" " dx
R

As in the weightless case, we estimate ugy and u,@n step by step as the previous estimates
for u and u,. Thus

lleeon || zoo + Il2txon |l Lo

< e(4M+2k1)t(

luopn Il + lltoxen 1)
+ e(4M+2A1)t/Ot(H§0Naxg * F(tt, p)|| oo + | N7 * F(t, ) | o0) d. (212)
Multiplying the second equation in system (1.6) by ¢, one deduces
(P9N): + Upx@N + 2uxpon + Ap@N = 0. (2.13)

Multiplying (2.13) by (pgn)?""!, integrating the resultant equation with respect to x and

using

‘ / upson(pen)”" ™ dx / u(pen)?" ! [3:(pon) — p(en)] dx
R R

< +

1
— / ux(ppn)*" dx
2n R

/ uppn(pen)™ " dx
R

< (|u@®] oo + 2D ;o0 ) 1 00N N1 75

/ 2u,ppn(pen)™" " die < 2] 12 (0) | o N (1 75
R
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we have

d
g loonllzn = (Blluclie + [u@®)] 0 + 2) ol 2n.

Applying the Gronwall inequality and the Sobolev embedding theorem yields

(AM+1)t

loonll2n < €2 pon I 2.

Taking the limit as # — 00, one obtains

(

lo@nllzoe < e ™M | pogn |l oo

There exists ¢; > 0 which depends on 6 € (0,1), such that for all N € N*

on(x) / e
R YN

1
)dyfc

Thus

|§0Naxg * F(u, )0)|

1 3 c
_ _ —lx—yl{ 2,2 = 2 d
§‘2¢N(x)/ngn(x Ve (2” +2p> y‘

[ oz 2) el

(letllzoe llugnllzee + llpllze | ponllzee).-

=<

on(x)

1
2

_ B+

Using 82g * f = g f — f for all f, we have
lond2g + F(u, p)|
%pr(x)/Re""’y‘ (%uz - %,;2) dy—pr(x)(%u2 + §p2>‘
1 /Reﬂx y|(pN(y (pN(y)( W+ 2,0 )dy + ¢N(x)(§u2+ gpz>‘

EQDN
(B+c)(c1+2)
< T(Ilullmo lugn iz + ol logn o).

Plugging (2.15), (2.16) into (2.12) and using (2.14), there exists C; > 0 such that

luonliree + lluxenllizee + | o@n |z
< Gi(luopnllzee + luoxenllzoe + lloo@n )

t
+ C1/ (latllzoe + Nlatellzoo + llpllzoe )
0

X (llugn iz + luxenllze + lo@nllr~) dr.

Page 8 of 14

(2.14)

(2.15)

(2.16)

(2.17)
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Using the Gronwall inequality, one deduces that for all N € N* and ¢ € [0, T']

lupn oo + llutxon llzee + | oo |l Lo
< C(luopn iz + luoxpn iz + | popnllz>)

= ([l uo | oo + €™ tt0r ] oo + €™ 0] ).
Finally, taking the limit as N — oo, one obtains

| eﬁ)x

sup ([l o + ™ o + €70 ] )

te[0,T]
= C([[e™uol| o + [l mox | o + [P0 c)- (2.18)

Thus

|u(t,x)|,

0, u(t,x)

, ,o(t,x)| ~ O(e‘ex) asx —> 00
uniformly on the interval [0, T]. This completes the proof of Theorem 1.2.
3 Proofs of Theorems 1.3 and 1.4

3.1 Proof of Theorem 1.3
(1) For ¢ > 0, integrating the first equation in (1.6) over the interval [0, #;], one has

15} 5]
u(t,x) — u(0,x) + / uu,(t,x)dt + AI/ u(t,x)dr
0 0

h 3 c
= —/0 0,8 * <§u2 + 5,02) dr. (3.1)

From the assumption in Theorem 1.3, one deduces
u(t1,x) — u(0,x) ~ o(e_x) as x — 0o. (3.2)
It follows from Theorem 1.2 that
n
/ uu,(t,x)dr ~ O(e‘zg") as x — o0;
0
51
f u(t,x)dr ~ O(e™) asx — oc.
0

For 6 e (%, 1), we have

51
/ un,(t,x)dt ~ o(e"‘) asx — 00.
0

For the right side in (3.1), we have

5l 3 t 3
/ g * <5u2 + §p2> dr = d,g * / (5”2 + §p2> dr = d,¢ * p(x), (3.3)
0 0
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where p(x) = fotl(%u2 + £p*)dz. From Theorem 1.2, one has
0 < p(x) ~ O(e‘zg"), thus  p(x) ~ o(e‘x) asx — oo.
Then
1 —lx-y1
dgxplx) = = | sen(x—y)e™p(y)dy
R
1 [ 1 o
=——¢ x/ ep(y)dy + —e"/ e?p(y)dy. (3.4)
2° ). 2° .
Noting &* fxoo e?p(y)dy = o(1)e* fxoo e dy = o(1)e™ ~ o(e™), if there is at least one of the

equalities u(t,x) # 0 and p(¢,x) # 0 is valid, we have p(x) # 0. Then there exists ¢; > 0 such
that

x
/ Eply)dy>c, forx>1.
—00
Thus
G _
—0xg * p(x) > Ee * forx>1,
which combined with the above estimates yields a contradiction. We obtain p(x) = 0. Con-
sequently, # =0, p = 0.

(2) For ¢ = 0, similar to the case ¢ > 0, one deduces u = 0. Inserting u = 0 into the second
equation in (1.1), one derives

ot = =Ap. (3.5)
From (3.5), we have p(t, x) = po(x)e ‘. This completes the proof of case (2) in Theorem 1.3.

3.2 Proof of Theorem 1.4
For X; = 0, integrating the first equation in system (1.6) on the interval [0, £], one obtains

t t 3
u(t,x) — u(0,x) +/ u,(t,x)dt = —/ 0xg * (—u2 + E,oz) dr. (3.6)
0 0 2 2

From the assumption in Theorem 1.4 u(0,x) ~ O(e™*) as x — oo and Theorem 1.2, one
deduces
t

/ uu,(t,x)dt ~ O(e‘29x) as x — 00. (3.7)

0

For 6 € (%,1), then
t
/ uiy(t,x)dt ~o(e™) asx— oo.
0
For the right side in (3.6), firstly, we have

3 [t 3 ¢ 3
5/ d,g * u?(t,x)dr = 5 0:8 */ u?(t,x)dr = 5 0:8 * p1(x), (3.8)
0 0

Page 10 of 14


http://www.boundaryvalueproblems.com/content/2014/1/108

Ming et al. Boundary Value Problems 2014, 2014:108 Page 11 of 14
http://www.boundaryvalueproblems.com/content/2014/1/108

where p;(x) = fot u*(t,x) dr. Using Theorem 1.2, we obtain
0<pi(x)~ O(e_%x) as x — 00.
Thus

1
g xpi(a) = =3 [ sents=3)e T pio)dy
R

1

X 1 o0
= —Ee‘x/ Ep1(y)dy + ie"/ e’ pi1(y)dy. (3.9)

Noting
[o¢]
e"/ e?pi(y)dy~ O(e™) ~o(e™) asx— oo
and
Y o _
——e "/ Epi(y)dy <-——e* forx>1,
2 oo 2
we have

3 t
5 / 0, * u®(z,x)dr ~ O(e”‘) asx — 00.
0

Similarly, we have

3 t
> / dg * p*(z,x)dt ~ O(e™) asx— oo.
0

Then u(t,x) ~ O(e™*) as x — 00. From Theorem 1.2, if py(x) ~ O(e~%*) as x — 0o, we have
o(t,x) ~ O(e”*) as x — oo. This completes the proof of Theorem 1.4.

4 Proofs of Theorems 1.5 and 1.6
4.1 Proof of Theorem 1.5
From the proof of Theorem 1.2, here we need to differentiate the second equation in (1.6)

with variable x, and one has
Pxt + Uy Px + UPxx + 2Upxp + A0y = 0. (41)

Multiplying (4.1) by p2"~! and integrating the resultant equation with respect to x, we also

X

note

_ 4 d
/ 0" da = IIleli’Snld—llpxllLZn:
R t

1
/ (it + upr)o" e = (3 ) _) / 2" dox < Bl 10 10512
R 2n R

2n-1 2n-1 2n-1
2/ s Py A% < 20|t 0| 20 | 0l 20 = 2N thaellzoo | o1l 2 L ol 55
R

A / pep? o = Ml pull 2
R
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Thus, we obtain

d
g 1Pl = (Blluallzoe + A)lloxll 20 + 2l sl zoc Nl o1l 2 (4.2)

Taking the limit as # — oo and applying the Gronwall inequality yield

t
lloxllzoe < [||p0x||m +2M f ol dr}ee”“”f. (4.3)
0

In order to obtain the estimates for || p,@n ||z, we multiply (4.1) with the weight function

on(x), then

PxtPN + BUxPxPN + UPxx PN + 2Usx PPN + APxpN = 0. (4.4)

Multiplying (4.4) with (p,¢n)*""! and integrating the resultant equation with respect to x,

we note

2n-1 d

12n & ”pngN”LZ”)

/ pxeon(pxon) ™ dx = || pxgow |
R

/ (Bttxpxpn ) (Pxpn) ™" dix < 3|1t l| oo [l 20N 1 P2
R

/ (pxxon)(pxpn)™" ™ dx < / u(pxon) ™" [0x(0xon) — Px(eon)s] dx
R R

< -

/ ux(pxpn)? dx
R

/ u(pyon)*" dx
R

2
< (Nullzoe + Neaxlizoo )l oxon [ 7500

2 / U PON(0xoN) "™ Aot < 2t [l 200 | PN [l 20 | 20 1 735
R

A / Pxon (Pxon) ™" dix = 1| oo 1125,
R

Hence, we have

d
allpwallLZn

< (4hullzoe + Nl + )l ox@nllp2n + 2l thasll oo | 0N N 20 (4.5)

Taking the limit as # — oo and using the Gronwall inequality, one obtains
t
lpxgnllze < (nprnLoe +2M / oo lloo dr)e“’M*W. (4-6)
0
From (4.6) and (2.17), one deduces that there exists C, such that

Y(t) < G Yy + Cy /ty(r)Y(r)dt, (4.7)
0
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where

Y(t) = llugn iz + luxpnllzee + [l ponlire + lox@n Iz,

(&) = lullpoe + llotellzoo + | taxllzoe + [lollzoe + loxllzoe + 1.

Applying the Gronwall inequality to (4.7), for all N € N* and ¢ € [0, T], one has

V() = CY = (1o . + 0™ o + [0 o + | uce] ). @8)

Now taking the limit as N — oo in (4.8), one obtains

sup ([t 2™ o + Juss® 0 o + o060 1+ oxt 2] )
tel0,

= C([loe™ | oo + uoxe™ [ oc + [ 00€™ [ 1 + [ P0xe™ [ o).

Using the assumption in Theorem 1.5, we complete the proof.

4.2 Proof of Theorem 1.6
The proof of Theorem 1.6 is similar to the proof of Theorem 1.3, here we omit it.
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