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1. Introduction

In this paper, we are concerned with the existence and iteration of positive solutions for the
following one-dimensional p-Laplacian boundary value problems:

(Pp (' ())) +a®) f (L ul®), i () =0, te(0,1), (1.1)
subject to one of the following boundary conditions:
W(0)=0, au(l)+pu'(1) =0, (1.2)
or
yu(0) -6u'(0) =0, /(1) =0, (1.3)

where ¢, (s) = |s|P?s withp > 1, ((j),,)_1 =¢q 1/p+1/9=1,a,p,y,6 >0and f, a satisty the
following:
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(Hy) f:[0,1] x [0,+00) x (-=o0,0] — [0, +00) is continuous;

(H}) f:[0,1] x [0, +00) x [0, +00) — [0, +o0) is continuous;

(Hz) f(t,u,v) is nondecreasing in u — v for all t € [0,1], thatis, f(t,u,v) > f(t,x,y) for all
u-v>x-y, tel0,1];

(H3) f(t,u,v) is nondecreasing in u + v for all t € [0,1], thatis, f(t,u,v) > f(t, x,y) for all
u+v>x+y, tel0,1];

(Hz) a: (0,1) — [0,+o0) is measurable, and a(t) is not identically zero on any compact
subinterval of (0, 1). Furthermore, a(t) satisfies 0 < f; a(t)dt < +oo.

Here, a positive solution of (1.1), (1.2) or (1.1), (1.3) means a solution u*(t) of (1.1), (1.2)
or (1.1), (1.3) satisfying u*(t) >0, 0 <t < 1.

The boundary value problems (1.1), (1.2) and (1.1), (1.3) deserve a special mention
because these forms occur in the study of the n-dimensional p-Laplacian equation, non-
Newtonian fluid theory and turbulent flow of a gas in a porous medium [1].

A consistent account on the existing literature on equation

($p(' (1)) +a() f(tu(t)) =0, te(0,1), (1.4)

is provided and it emphasizes the use of upper and lower solution technique and the fixed
point theory, for instance, Krasnoselskii fixed point theorem, the fixed point index of a
completely continuous operator with respect to a cone in a Banach space, one may see [2-
5] and the references therein. In [6], by using the monotone iterative technique, Ma et al.
obtained the existence of monotone positive solution and established the corresponding
iterative schemes of (1.4) under the multipoint boundary value condition. However, in their
discussion, the nonlinear term f is not involved with the first-order derivative u'(t).

Recently, there is much attention focused on the study of the boundary value problems
like (1.1) which the nonlinear term f is involved with the first-order derivative explicitly. In
[7], Bai et al. considered the boundary value problems (1.1), (1.2) and (1.1), (1.3) and they
proved that problems (1.1), (1.2) and (1.1), (1.3) possessed at least three positive solutions by
applying a fixed point theorem due to Avery and Peterson [8]. In [9], the authors also deal
with the boundary value problem (1.1), (1.2) via Krasnoselskii fixed point theorem. Here, we
should mention that Sun and Ge [10] have got the positive solution of the boundary value
problem (1.1), (1.2) by making use of monotone iterative technique.

On the other hand, when f is involved with the first-order derivative explicitly, we can
see easily that the results obtained in [1, 7, 9] are only the existence of positive solutions under
some suitable conditions. Seeing such a fact, it is an interesting problem which shows how
to find these solutions since they exist definitely. Motivated by the above-mentioned results,
by making use of the classical monotone iterative technique, we will investigate not only the
existence of positive solutions for the boundary value problems (1.1), (1.2) and (1.1), (1.3),
but also give iterative schemes for approximating the solutions. Unlike the idea of [10], we
will construct a special subset K (see Section 3) and look at u(t) — '(t) or u(t) + u'(t) as
a unit to overcome difficulties when f depends on both u(t) and #'(t). It is worth starting
that the first term of our iterative schemes are simple functions which are determined with
some linear ordinary equations and cone P (see Remark 3.2). Therefore, the iterative schemes
are significant and feasible. At the same time, we will correct some mistakes in [11-13] (see
Remark 3.5).
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This paper is organized as follows. After this section, some definitions and lemmas will
be established in Section 2. In Section 3, we will give our main results Theorems 3.1 and 3.4.
Finally, an example is also presented to illustrate our results in Section 4.

2. Preliminaries

In this section, we provide some background material from the theory of cones in Banach
spaces. We also state some lemmas which are important to proof our main results.

Definition 2.1. Let X be a real Banach space. A nonempty closed set P C X is called a cone, if it
satisfies the following two conditions:

(i) aqu+ ayv € P, forallu,v € Pand all a; >0, a, > 0;
(ii) u € P, —u € P implies u = 0.
Definition 2.2. A map T is said to be concave on [0, 1], if
T(tu+ (1-t)v) > tr(u) + (1 - )7 (v), (2.1)
forallu,v € [0,1] and t € [0, 1].

Consider the Banach space X := C'[0, 1] equipped with the norm

] = max{lu(®)] + [u'®)]], (2.2)
and define the cone P ¢ X by
P:={u(t) € X : u(t) >0, u(t) is concave and nonincreasing on [0,1]}. (2.3)

Lemma 2.3 (see [3]). Ifu(t) € P, then u(t) > q(t)maxo<i<i1|u(t)|, where q(t) :=1-t, t € [0,1].
Define the operator A : X — X as follows:

1 1 s
(Au)(t) := gqbq (jo a(r)f(r,u(r),u'(r))dr> + L ¢q<.[o a(r)f(r,u(r),u'(r))dr) ds, te][0,1].
(2.4)
Lemma 2.4. Assume (Hy), (H3) hold, then A : P — P is completely continuous.

Proof. From (Hj), (Hs), it is obviously that (Au)(t) > 0. Since (Au)'(t) < 0, we can see that
(Au)'(t) is continuous and nonincreasing on [0, 1], that is, (Au)(t) is concave on [0,1], s0 A :
P — P is well defined. The continuity of A is clear because of the continuity of f and a.
Now, we will prove that A is compact. Let Q C P be a bounded set, then there exists D, such
that Q C {u(t) € P : |ju|| £ D}. For any u(t) € Q, we have 0 < f; a(r)f(r,u(r),u'(r))dr <
maXie[0,1],u€[0,D],0e[-D,01.f (£, u(t), v(t)) fé a(t)dt := E, then we have

p

a

|(Au) ()] < (

The Arzela-Ascoli theorem guarantees that AQ is relatively compact, which means that A is
compact. Then A : P — P is completely continuous. O

+1>¢q(5), |(Au)' ()| < ¢4(E), [(¢p((Aw)'(1)))'| < E. (2.5)

Lemma 2.5. Assume (Hy), (H) and (H3) hold. If w1 (t), wa(t) € P such that wy(t) — wi(t) > wa(t) -
wy(t), t € [0,1], then (Awr)(t) > (Aws) (), (Awr)'(£) < (Awa)'(t), t € [0,1].
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Proof. Noticing that f(t, u, v) is nondecreasing in u — v, t € [0,1], the proof is simple, here we
omit it. 0

3. Main results

For convenience, we denote

C; := min {1, 5 } Co=1+ Z Si=(1+C)7, S:=8C]'Cy,
e i b . b —— -1\-1 -1
C3:=min{1, ? , Cyi=1+ ? S3=(1+C3") ", S4:=8C;'Cy,
; : B 5 e, . (3.1)
O TN ) R N ers
a 0 a 6

v [(§a faom)] o[ o)]

where 8; € (0,(2C2)™) € (0,1/2), 8, € (0,(2C4)™") € (0,1/2). Tt is easy to see that 0 < Sy, S3 <
1, 52, S4 > 8.

Theorem 3.1. Assume (H,), (Hy), and (H3) hold. Moreover, suppose that there exist six constants
Ri, 1i, Li,i = 1,2, with R1,1’1,L1 > O, Rz,Tz,Lz < 0, Sl(Ll - Lz) > 52(1"1 - Tz) and R1 - Rz =
46,Cy(ry — 1), such that

(Hy) maxog<t f (£, L1, La) < ¢p[(L1 — L2)S1 M ];
(Hs) ming,<i<1-9, f (t, R1, R2) > ¢p[(r1 — 72)SaN1].

Then the boundary value problem (1.1), (1.2) has at least two nonincreasing positive solutions u*(t)
and v*(t) € P with

Sy(r1—12) < |lu*|| < S1(L1 - La), Sy(r1—12) < ||o*]| < S1(L1 - La), (3.2)
and Tim, o, (A™10) (£) = u*(£), Timy, oo (A"00) (£) = 0*(£), where
uo(t) =L -Lr,+ C5€t, Uo(t) = (q(f) + 1) (1"1 - 7"2) + C6€t, te [0,1], (33)

Cs and Cg are arbitrary constants which satisfy —e™ (L1 — L) < C5 <0, —e 1 (r;1 —1r2) < Ce < 0.

Proof. We denote a set K C P by

— . ! !
K := {u(t) eP: Cl%)rslta;ﬂu B < Ju®)|, 52%>f|u(t)| < ngrglta;ldu ®],

(3.4)
52(7'1 + |T‘2|) < ||u|| < 51(L1 + |L2|)}

Based on the preceding preliminaries, we can divide our proof into three steps.
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Step 1. We first prove A(K) C K. Let u(t) € K, note that u(t), u'(t) is nonincreasing on [0, 1],
then

0. u(t) — () < max[[u(®)| + | O] = Jull £ S1 (L~ L) L~ Lo, te[01].  (35)

By Lemma 2.3, we have

ul® —u'(H) > min |u(t
) ()_elgt511_61| )]

> min t)ymax|u(t
- Glstﬂ—elq( )OStS1| ( )l

1
= 50 [max|uo)] + maxuco) |

> 191 [max|u(t)| + C1max|u’(t)|]
2 |osta 0<t<1 (3.6)

> =6 min {1, Cy }||ull

Nl= N =

> 260:C1S:(r1 —12)

Il
S

61C2 (11 —12)

Ri-R,, te [91,1—91].

Since f(t,u,v) is nondecreasing in u — v, t € [0,1], and by assumptions (Hy) and (Hs), we
obtain

0< f(t, u(t),u’(t)) < f(t, L],Lz) < ¢p[(L1 - L2)51M1], te [O, 1],

3.7)
f(t,u(t),u'(t)) > f(t,Rl,Rz) > (i)p[(rl - T2)52N1], te [91,1 - 91],
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which imply that

| Au|| = max[| (Au)(t)| + |(Auw) (1)]]
= 52&>1<{¢q<f; a(r)f(r,u(r),u'(r))dr> + gqbq( J‘1 (r)f(r,u(r),u (r))dr)
+ f ¢q< J: a(r)f(r,u(r),u'(r))dr) ds}

<§ + 2>¢q < I: a(r)f(r,u(r),u’(r))dr)

(
g

=S1(L - Ly),

RN

IN

+ 2>¢q < f; a(r)f(r, L1, Lz)dr>

R

+ 2) }q < Jj a(r)dr> S1(L1 - La) My

| Au| = max[|(Au)(t)| [(Au)'(t)]]

> max| (Au) ()]

0<t<1

§¢q<f (r)f(r,u(r u(r))dr)

g‘i’q(J'l 6 a(r)f(r,Rl,Rz)dr>

‘C:

d)q(JA ! a(r)dr)Sz(rl —-12)Ny

lX

= 52 (Tl - Tz).
(3.8)
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On the other hand, for u(t) € K, we have

a0o] = Lo [ ansunienar)
+ Jj ‘i’q( J: a(r)f(r,u(r), u’(r))dr> ds

> ’ggbq < I: a(r)f (r,u(r), u'(r))dr)

> Cimax| (Au)' ()],
<t (3.9)

1
gggl(Au)(t)l = gqbq(fo a(r) f(r,u(r),u’(r))dr>
+ JE ‘i’q( Jz a(r)f (r,u(r), u’(T))dr) ds

< (g + 1>¢q<f1 a(r)f(r,u(r),u’(r))dr>

0

= Comax|(Au)' ().

0<t<1

In virtue of (3.8)-(3.9), A(K) C K.

Step 2. Let ug(t) = Ly — Ly + Cse', Cs is an arbitrary constant which satisfies —e YL - L) <
Cs < 0,t € [0,1], then ug(t) > 0, up(t) = Cse! < 0, uj(t) = Cse' < 0,t € [0,1]. Hence,
ug(t) € P, ug(t) —uy(t) = Ly — Ly, t € [0,1]. Let uy(t) = (Aug)(t), next we claim that u;(t) € K.
Indeed, it is easy to check that

lur(B)] = | (Aug) (8)| > C15§%|(Auo)’(t)| = Clg;li>1<|u/1(t)|,
= o (3.10)

_ ! ! _ 2
max|u (1) | = max| (Aug) (1] < Comax]| (Auo) (B)] = Comax|uy (B)].



8 Boundary Value Problems

Using assumptions S1(L; — L) > So(r1 —12) and Ry - Ry = 46, Ca(r1 —12), we have ug(t) —u;(t) =
Li-1,> 8(1’1 — Tz) > 461C2(T‘1 - 7'2) =Ri—-Rp, te [91,1 - 91], these 1mply that

llua || = [ Auo]l = max[| (Auo) (1) + | (Auo)'(1)]]

0<t<1

< <ﬁ +2>¢>q<J‘1 a(r)f(r,ug(r),ué(r))dr>

a 0

< <§ + 2> Pq < j: a(r)f(r, L1, Lz)dr>

< E+2 dq 1a(r)dr Si(Li — L) My
(& +2)#u( ], )

<Si(Ly - Ly),
, (3.11)
[[s]| = [ Aueo]| = max[] (Auo) B)] + [ (Auo) (1)]]

p

> —
o

([ s o))

> g% ( J‘;_el a(r)f(r, Ry, Rz)dr>

>

RN

Pq < fl_el a(r)dr) So(r1 =) Ny

01
=S(r1—1).
Therefore, u; (t) € K. We denote
Una1(t) = (Aup) () = (A" up)(t), n=0,1,2,.... (3.12)

Since A(K) C K, u,(t) e K, n=1,2,.... From Lemma 2.4, A is compact, we assert that {u,};,
has a convergent subsequence {uy, } -, and there exists u*(t) € K, such that u, (f) — u*(t).
Now, since u1(t) € K C P, for t € [0,1], we have

m(t) =~ (0 < (1+ ) Jm @] < 1+ ) [l
(3.13)
< (1 + CIl)Sl (Ll - Lz) = Ll - LZ = uO(t) - uz)(t)
This combined with Lemma 2.5 gives
w(t) = (Aw) () < (Aug)(B) = wr (D), () = (Am) () 2 (Auo) (1) = (1), (3.14)

SO

wo(t) — uy(t) Swr(t) —u (1), 0<t<. (3.15)
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By induction,
U1 (t) Sup(t), u, . (H) >u,(t), 0<t<1, n=12,.... (3.16)

Hence, we assert that u,,(t) — u*(t). Letn — oo in (3.12) to obtain (Au*)(t) = u*(t) since A is
continuous. Since |[u*|| > Sa(r1 — r2) > 0 and u*(f) is a nonnegative concave function on [0, 1],
we conclude that u*(t) > 0, t € (0,1). It is well known that the fixed point of operator A is the
solution of the boundary value problem (1.1), (1.2). Therefore, u*(t) is a positive, nonincreasing
solution of the boundary value problem (1.1), (1.2).

Step 3. Put vy(t) = (q(t) + 1)(r1 — r2) + Cse', Ce is an arbitrary constant satisfying —e~!(r; —rp) <
Ce <0, t€[0,1], thenvy(t) > 0, vy(t) = —(r1 — 12) + Cee' <0, vy(t) = Cee' <0, t € [0,1]. Hence,
vo(t) € P. From the definition of 68; and R — R, we derive that

vo(t) —vp(t) = (q(t) +2)(r1—12) 2 (2+61) (11 —12)
> 2(1‘1 - 1’2) > 491C2(1’1 - 1’2) =R -Ry, te [61,1 - 61], (3.17)
Uo(t) - ’U(I)(i’) = (q(t) +2) (1’1 - Tz) < 3(7’1 - 1’2) <Li-L, te [0, 1]

Setting v; (f) = (Avy)(t), in what follows, we will prove that v, (t) € K. In fact, similar to (3.10)-
(3.11), combined with the above inequalities, one has

|o1()] = | (A0) (B)] 2 Crmax]| (Avo)'(5)] = Crmax|v) (£)],

_ ' ) _ ,
Brsl%lvl(t)l = 52%'("‘”0) )] < ng;gﬂ(AUO) 1] = ngsl%lul(t)l,

llo1] = [} Awo|| = max[| (Avo) (1)] + | (Awo) (1)]]

0<t<1
< <§ + 2>¢q < I: a(r)f(r, vo(r),vé(r))dr>

< <§ + 2>¢,,<Jj a(r)f(r, L1,L2)dr>

< Si1(Ly - Ly),
[[o1]] = [ Avo|| = max[| (Avo) (B)] + | (Awo) ()]

0<t<1

(3.18)

p

Z_
[24

bo([[ a0 ), oh)ar

61

> ‘gd)q < Jl_el a(r)f(r, Ry, Rz)dr>

01
= 52 (T1 - Tz).
We deduce from (3.18) that v, (t) € K. Denote

Vp () = (Avy) (t) = (A™'0g) (1), n=0,1,2,.... (3.19)
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Since vy (t) € K C P, from Lemma 2.4, we have

v1(t) =0} (0) 2 2 [on(0)] + 3|01 (0]

1 1
Sz - !
> zq(t)g;tzglvl(t)l + chg;g>flv1(t)|

1 !
> 340 [plon0]+ i

<t<1

1. [ ,
+1C [C;&%Ivl(t)l +5na><|vl(f)|] (3.20)
1 1.
2 2Cq®)[or ]| + 7GG lo|

1 1
> chq(f)sz(h —-1)+ chcglsz (r1—m)

> (40 +2) (1 - )

=v(t) —vy(t), tel0,1].
By Lemma 2.5, we get
0(t) = (Ao)(H) 2 (Av) () =0i(t),  Dh(t) = (Avy) () < (Avy)' () =0j(t),  (3.21)

so vy (t) — v5(t) > vi(t) — v{(t), 0 < t < 1. By induction, v,41(t) > v,(t), v),,(t) < v, (t), 0 <t <
1,n=1,2,.... Hence, we assert that v, (t) — v*(t), and v*(t) > 0, t € (0,1). Therefore, v*(t) is
a positive, nonincreasing solution of the boundary value problem (1.1), (1.2). O]

Remark 3.2. (i) We can easily get that u*(t) and v*(t) are the maximal and minimal solutions of
the boundary value problem (1.1), (1.2) in K. Of course u* and v* may coincide and then the
boundary value problem (1.1), (1.2) has only one solution in K.

(ii) It is worth pointing out that uy(t), vo(t) ¢ K. In fact, ug(t) € Gy, vo(t) € Gy, which
are determined with some linear ordinary equations and the cone P, this is different from the
results in [6, 10], where

G = {uo(t) eP: uo(t) —ub(t) =L - Lz},
(3.22)
Gy = {vo(t) € P:oo(t) —vy(t) = (qt) +2) (r1 —12) }.

Corollary 3.3. Assume (Hy), (Hy) and (H3) hold, suppose that

(He) fo = Hmsup,g,00)—o Mine,<i<i-o, (f (£ u(t), o(£)) / (Ju(t)] + ®N"™) > $p2N:
/61Cr);

(H7) foo := H influ(osfo(o] — o0 Maxosict (f (t u(t), (1) / ()] + [0 (D)) < dp(M).
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(Particularly, fo = +oo, foo = 0). Then there exist four constants r;, L;, i = 1,2, with r,L; >
0, 7, Ly < 0, S1(Ly — Lo) > Sa(r1 — 12), such that the boundary value problem (1.1), (1.2) has at
least two nonincreasing positive solutions u*(t) and v*(t) € P with

Sa(r1—1) < ||u*|| < Si(Li - La), Sa(r1—12) < ||o*|| < Si(Li - La), (3.23)
and lim,, , oo (A"ug) (t) = u*(t), lim,, _, . (A"vg) (t) = v*(t), where
uo(t) = L1 - Lz + C5et, Uo(t) = (q(i’) + 1) (1’1 - 1’2) + C6€t, te [0, 1], (324)

Cs and Cg are arbitrary constants which satisfy —e (L1 — L) < C5 <0, —e ' (r1 —12) < C6 < 0.

Proof. Itis very easy to verify the conditions (H4) and (Hs) can be obtained from (Hg) and (H7),
so we omit the proof. O

Obviously, though the similar arguments of Theorem 3.1, we could get the following
theorem.

Theorem 3.4. Assume (Hj), (H;) and (H3) hold, suppose that there exist six positive constants
R]', ¥, L]', ] = 3, 4, with S3(L3 + L4) > 54(1’3 + T4) and R3 + R4 = 492C4(T3 + r4), such that

(Hs) maxot<1 f (t, L3, La) < ¢pp[(Ls + La) S3M2];
(Hy) ming,<s<1-g, f (t, R3, Ry) > ¢ [(r3 + 14)S4N>].

Then the boundary value problem (1.1), (1.3) has at least two nondecreasing positive solutions u*(t)
and v*(t) € P with

Sa(rs+ry) < ||u*|| < S3(Ls + Ls), Sy(rs+r1s) <||o7|| < S3(Ls + Ls), (3.25)
and limy_, o (A o) (£) = * (), limy— (A Do) (£) = T*(t), where
P = {u(t) € X : u(t) >0, u(t) is concave and nondecreasing on [0,1]}.
. 5 1 ) t 1 )
(Au)(t) := ;(ﬁq <L a(r)f(r,u(r),u (r))dr> + Jl) (j)q(L a(r)f(r,u(r),u (r))dr>ds, te[0,1],

ﬁo(t) =I3+ L4+ C7€_t, ao(t) = (t + 1)(7‘3 + T‘4) + Cge_t, te [O, 1]

(3.26)
C7 and Cg are arbitrary constants which satisfy —(Ls + Ly) < C7 <0, — (r3+14) < Cg <0.
Remark 3.5. In [11], Liu and Zhang studied the following boundary value problem:
(') +at)f(tut)) =0, te(0,1),
(3.27)

u(0) — a;u'(0) =0, u(l) + au/(1) =0,
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where aj, a; > 0 and ¢ is an increasing positive homomorphism and homeomorphism with
¢(0) = 0 (for more details, see [11-13]). In that paper, the authors claimed that u € C[0,1] N
C'(0,1) is a solution if and only if u € C[0, 1] is a solution of the following integral equation:

a;¢p! ( JZ a(s)f(u(s))ds) + f; ¢! < Jq a(r)f(u(r))dr)ds, 0<t<T,

S

u(t) = 1 1 S (3.28)
ar¢! < L a(s)f(u(s))ds) + j ¢! <I a(r)f(u(r))dr)ds, T<t<1,

t T

where 7 =0,if '(0) =0; 7 = 1, if u'(1) = 0, otherwise 7 is a solution of the equation

g1(t) = (1), (3.29)

where

qi(t) = a1 < JZ a(S)f(u(S))dS> + JZ ¢! < ft a(r)f(u(r))dr) ds, 0<t<l,

S

(3.30)

1 1 s
=a¢! d B dr)ds, 0<t<1,
() = ard <J‘t a(s)f (u(s)) s) + L ¢ (J‘t a(r)f (u(r)) r) s <t<
Unfortunately, such a claim is incorrect since

d(-u) # — p(u). (3.31)

Similar reason, the results in [12, 13] are also incorrect, as they deal with the nonlinear systems.
Under the boundary condition (1.3), we could avoid (3.31) to occur. With the similar argument
of Theorem 3.4, we could have the similar theorem to Theorem 3.4 for the following boundary
value problem:

(1)) +alt)f(tut), () =0, te(0,1),

(3.32)
yu(0) - 6u'(0) =0, u'(1) =0.
Here, we omit the proofs.
4. Example
In this section, we will give an example to illustrate our results.
Example 4.1. Consider the boundary value problem
(p (' (1)) +alt)f(tut),u'(t) =0, te(01), W)
u'(0) =0, au(l) + pu'(1) =0,
where ¢, (s) = |s|P~2s withp>1,takep=3,a=1,p=1,a(t)=1,t€[0,1],
ftbuv)y=t+u-v, u>0, v<0, te[0,1], (4.2)

wehaveq=3/2,C1=1,C,=2,51=1/2and S, = 16. Take 68, =1/8, we get M1 =1/3, N; =
24/3/3. Choose L, = 100, L, = =100, r, = 0.01, r, = -0.01, Ry = 0.01, and R, = -0.01, so
f(t,u(t),v(t)) satisfies the following:
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(1) f:[0,1] x [0, +00) x (-=o0,0] — [0, +00) is continuous;
(2) f(t,u,v) isnondecreasing in u — v forall t € [0,1];

(3) maxo<i<t f(t, L1, La) = maxoes<s f (,100,-100) = 201 < ¢3[(L1 — Ly)S1M;] = [(100 + | -
100]) x 1/2 x 1/3]* = 1111.1;

(4) mine]StS‘lf@]f(t/Rl/RZ) = min&ﬂtﬂlfslf(tro'()l/ _001) = 0145 Z ¢3[(7’1 - TZ)S2N1] =
[(0.01 - 0.01) x 16 x 24/3/3]* = 0.1365.

Therefore, by Theorem 3.1, the boundary value problem (4.1) has at least two nonincreasing
positive solutions u*(t) and v*(t), such that

0.32 < ||u*]| €100,  0.32< ||o*|| <100, (4.3)
and limy, _, o (A"up) (t) = u*(t), lim,, _, o (A"vg) (t) = v*(t), where
uo(t) =200 + C5€t, Ug(t) = 002(2 - t) + C6€t, te [O, 1] (44)

Cs and Cg are arbitrary constants which satisfy —200/e < C5 <0, —0.02/e < C¢ < 0.
Forn =1,2,..., the two iterative schemes are u(t) = 200 + Csé’, t € [0,1], Cs is arbitrary
constant with —200/e < C5 <0,

1/2

1
tr (8) = (Au) (1) = [ fo (r + un(r) - u;<r>)dr]

(4.5)

1, ps 1/2
+f <I (r +un(r) - u’n(r))dr> ds, tel0,1],

t \Jo

vo(t) = 0.02(2 — t) + Cee', t € [0,1], Ce is arbitrary constant with —0.02/e < Ce <0,
1 1/2

0un) = (A0) 0 = | [+ 0a(r) =)t

) (4.6)

+ f (J‘j (r+ov,(r) - vL(r))dr)l/zds, te[0,1].

Remark 4.2. The nonlinear term f(t,u,v) in v is nonincreasing, so the results in [10] do not
hold.
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