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We consider fourth-order boundary value problems u""'(t) = Ah(t) f(u(t)), 0 < t < 1, u(0) = fol u(s)da(s), u'(0) = u(1) =

u'(1) = 0, where '[01 u(s)da(s) is a Stieltjes integral with «(t) being nondecreasing and «(t) being not a constant on [0, 1]; h(¢) may
be singular att = 0 and t = 1, h € C((0, 1), [0, 00)) with h(t) # 0 on any subinterval of (0,1); f € C([0, 00), [0,00)) and f(s) > 0
foralls > 0,and f, = 0o, fo, =0, f, = lim,_ o+ f(s)/s, fo = lim,_ . f(s)/s. We investigate the global structure of positive

solutions by using global bifurcation techniques.

1. Introduction
Recently, fourth-order boundary value problem

Mk vl = A0 () f(x), O0<t<],
)

x(0)=x(1)=x"(0)=x"(1)=0

has been investigated by the fixed point theory in cones, see
[1-4] (k = I = 0). By applying bifurcation techniques, see
Rynne [5] (k = I = 0), Korman [6] (k = [ = 0), Xu and Han
[7] (& = 0, I#0), Shen [8, 9] (k+0, [#0), and references
therein. However, these papers only studied the nonsingular
boundary value problems.

In 2008, Webb et al. [10] studied the existence of multiple
positive solutions of nonlinear nonlocal boundary value
problems (BVPs) for equations of the form

u" (t) = g (@) f (Lu®),

for almost every t € (0,1),

1
u(0) = J u(s)dAGs), v O =u@)=u (1)=0,
0
)
where g, f are continuous and nonnegative functions and A

is a function of bounded variation. They treat many boundary
conditions appearing in the literature in a unified way.

The main tool they used is the fixed point index theory
in cones. In 2009, Ma and An [11] studied the global
structure for second-order nonlocal boundary value problem
involving Stieltjes integral conditions by applying bifurcation
techniques.

Motivated by above papers, in this paper, we will use
global bifurcation techniques to study the global structure of
positive solutions of the singular problem

d"(E) = A () f ), 0<t<l,

3)

1
u(0)=J w(s)da(s), ' (0)=u(l)=u'(1)=0,

0

where h(t) may be singularatt = 0 and t = 1, and A € (0, 00)
is a parameter.

In order to prove our main result, let us make the
assumptions as follows:

(Al) @ : [0,1] — R is nondecreasing and «(t) is not a
constant on [0, 1], JOI k(t,s)da(t) = 0 for s € [0,1],
and 0 < a < Lwitha = [) p(O)da(t), y(t) = (t - 1)}
2t +1);

(A2) h € C((0,1), [0, 00)) with h(t) # 0 on any subinterval
of (0,1),and 0 < _[01 h(s)ds < oo



(A3) f € C([0,00), [0,00)) satisfies f(s) > 0 for all s > 0;
(A4) f, =lim,_ o+ (f(s)/s) = o0;
(A5) foo =lim,_,  (f(s)/s) =0.

Remark 1. For other results on the existence and multiplicity
of positive solutions and nodal solutions for the boundary
value problems of fourth-order ordinary differential equa-
tions based on bifurcation techniques, see Ma et al. [12-15]
and Bai and Wang [16] and their references.

The rest of the paper is arranged as follows: In Section 2,
we state some properties of superior limit of certain infinity
collection of connected sets. In Section 3, we will give some
preliminary results. In Section 4, we state and prove our main
results.

2. Superior Limit and Component

In order to treat the case f, = 0o, fo, = 0, we will need the
following definition and lemmas.

Definition 2 (see [17]). Let X be a Banach space and let {C,, |
n = 1,2,...} be a family of subsets of X. Then the superior
limit 9 of {C,} is defined by

2 = limsupC,
n— 00

(4)
= {xeX | 3{m}cN,x, €C,,such that x, —>x}.

Lemma 3 (see [17]). Each connected subset of metric space X

is contained in a component, and each connected component of
X is closed.

Lemma 4 (see [11]). Let X be a Banach space and let {C,, | n =
1,2,...} be a family of closed connected subsets of X. Assume
that

(i) thereexistz, € C,, n=1,2,...,andz" € X, such that
z, > 2
(ii) r,, = sup{llx[l|x € C,} = oo;
(iii) for all R > 0, (U;2,C,) N By is a relative compact set of
X, where

Bp = {x e X ||xl <R}. )

Then there exists an unbounded connected component C in D
and z* € C.

3. Preliminaries

We consider the problem as follows:

dMW)=y@), 0<t<l,

(6)

u(0) = Jlu(s)doc(s), W) =u)=u (1) =0.

0

Lemma 5. For any y € CI0, 1], the problem (6) has a unique
solution

1
u(t) = L K (t,s) y(s)ds, (7)
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where
K(t,s):Mjlk(t,s)da(t)+k(t,s), (8)
l-a 0
P Pl-sP[(s—)+2(1—-1t)s], 0<t<s<l,
69 = 120 - 0 [(t-5)+2(1—-5)1], O<sst<l,

)

a = [, yOda(t), y(t) = (t - 1’2t + 1),

Proof. By [10], the problem (6) can be equivalently written as

1 1
u(t) =y JO u(s)da(s) + JO k(t,s) y(s)ds. (10)

Applying « to both sides of (10), we obtain
1
| wdat
0
1 1
- J [y(t) L 1 (s) dot (s)] da (¢) )
1yl
+ L [J k(t,s)y(s)ds] da(t).

0

Thus, we have

1 1 1
J- u(t)da(t) = J y () de(t) - J u(s)da(s)
0 0 0 12)

[ [[svamo]oe

Furthermore, it follows that

Jl u(s)da(s)
0
(13)

Jl k(t,s)da (t)] y(s)ds.

0

1
) 1—[0‘y1(t)doc(t) Jo [

So, we obtain

u(t) = Jol [% J: k(t,s)do(t) + k(t, s)] y(s)ds. (14)
O

Lemma 6 (see [2-4]). Green’s function k(t,s) defined by (9)
satisfies the following:

(i) k(t, s) = 0 is continuous for all t,s € [0, 1];

(ii) c(B)k(t(s), s) < k(t,s) < k(z(s),s), for all t,s € [0,1],
and for any § € (0,1/2) and t € [, 1 — 8], such that

k(t,s) > %82k(1 (5),5), Vse[01], (15)
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where
3 12 , 0<s< %,
(=17 "
2s 1
, —<s<1,
1+2s 2
2 3
25((1 S))z OSSS%,
3(3-2s
k(7 (s),s) = maxk(t,s) = 5 5 (16)
te[0,1] 2s7(1 —s)

2
min ¢ (t) = &%
t€[8,1-0] 3

Lemma 7. Green’s function K(t,s) defined by (8) satisfies the
following:
(i) K(t,s) = 0 is continuous for all t, s € [0, 1];

(ii) K(t,s) < K(s), for allt,s € [0,1], and for any § €
(0,1/2), there exists a constant ys > 0, for any t €
[6,1 = 8], such that

K(t,s) = y;K(s), Vsel[0,1],

—a+a(l)—a(0)
- ~k(t(s),s), 17)
1—a+6>(3-28) (a(1) - a(0))
l1-a+a(l)—«a(0)

where k(t,s) is defined by (9), max,;y(t) = 1,
mintE[&lf&]y(t) = 62(3 - 26)

K(s)=1

20
:—6.
Ys 3

>

Proof. (i) From Lemma 6 (i), we get the proof of Lemma 7 (i)
immediately.
(ii) By Lemma 6 (ii), we get

1
K(t,s)S1

Jlk(r(s),s)d(x(t)+k(T(s),s)
0

< l-a+a(l)-«(0)
1_

(18)

k(7 (s),5) =K(s),

Vt,s € [0,1].

By Lemma 6 (ii), for any € (0,1/2) and t € [§,1 - 6], s €
[0, 1], we obtain

2 1
K(ts) > MJ 2 8% (1 (s), 5) dax (1)
1-a 0 3
2 2
+ =0k (1 (s),s)
3 (19)
%62'1—a+62(3—26)((x(1)—(x(0))
-3 l1-a
“k(T(s),s) =ysK(s), Vsel0,1].
O

Lemma 8. For y € C[0,1] and y > 0, the unique solution of
the problem (6) satisfies the following:

(i) u(t) > 0, for all t € [0, 1];

(i) min,eps;-_gu(t) 2 ysllulloo
where yy is defined by Lemma 7 (ii), |[ullo, = max,c(o )lul.
Proof. (i) From Lemma 7 (i), we get the proof of Lemma 8 (i)

immediately.
(ii) From (7) and Lemma 7, we have

1
in_u(t)= mi K(t, d
g O = Joing, JO (5.5)y (s)ds

1
in K(t
> JO te?(sl,ir—ls] (t,s) y(s)ds

1
> 7 L K(s) y(s)ds (20)

1
> Vs L tlg%&)f]K (t,s) y(s)ds

1
> Y5 Max J K (t,s) y(s)ds = yslullo-

te[0,1] Jo
Therefore, the proof of Lemma 8 is complete. O
Let Y = CJ0,1] be the Banach space with the norm
lull oo = max;efqylul.
Let E = {u € C?[0,1] | u(0) = Iol u(s)da(s), u'(0) =
u(1) = 4/ (1) = 0} with the norm

ol = max {ludlos 1| s "] .} (21)

Let

p= {ueC[O,l] lu(t)>0,te0,1],
(22)

min u(t) > u )
i u(t) = sl ||oo}

and forr > 0,let Q, ={u € P | |lullg < r}.
In order to use bifurcation technique to study the problem
(3), we consider the linear eigenvalue problem

d" O =MBu), 0<t<l,

(23)

u(0) = Jlu(s)dtx(s), W0 =u)=du (1)=0.

0

Let

Lyu(t) = /\IIK(t,s)h(s)u(s)ds,

0

te[o,1], (24)

Tyu(t)=A Jol K(t,s)h(s) f(u(s)ds, te[0,1]. (25)

By [18], it is easy to show the following lemma.



Lemma 9. Assume that (A1)-(A3) hold the following.

Ly : P — P isa completely continuous linear operator
and L, (P) C P, and the fixed points of the operator L) in P are
the positive solutions of the BVP (23).

Ty, : P — P isa completely continuous operator and
T)(P) C P, and the fixed points of the operator T) in P are
the positive solutions of the BVP (3).

By virtue of Krein-Rutman theorem (Theorem 2.5 in [19]),
one has (see [18] or [20]) the following lemma.

Lemma 10. Suppose that L, C[0,1] — CJ[0,1] is a
completely continuous linear operator and L, (P) C P. If there
exist y € C[0,1] \ (=P) and a constant ¢ > 0 such that
cLyy > v, then the spectral radius r(Ly)#0 and L, has a
positive eigenfunction ¢, corresponding to its first eigenvalue
Ay =1/r(Ly), that is, ¢; = A{L¢;.

Lemma 11. Suppose (Al) and (A2) are satisfied, then for the
operator L, defined by (24), the spectral radius r(L,) # 0 and
L has a positive eigenfunction ¢, € int P corresponding to its
first eigenvalue A, = 1/r(L)).

Proof. 1t is easy to see that there is t; € (0,1) such that
K(t,,t)h(t,) > 0. Thus there exists [«, 3] € (0, 1) such that
t, € () and K(t,s)h(s) > 0, for all t,s € [a, B]. Take
y € C[0, 1] such that y(¢) > 0, for all t € [0,1], w(t;) > 0,
and y(t) =0, for all t ¢ [«, B]. Then fort € [a, 3],

1
(L)) =2 L K(t,s)h(s)y(s)ds
(26)
B
> /\J K(t,s)h(s)y(s)ds > 0.

o

So there exists a constant ¢ > O such thatcLyy > y,for all t €
[0,1]. From Lemma 10, we know that the spectral radius
r(L) #0and L, has a positive eigenfunction corresponding
to its first eigenvalue A, = 1/r(L)). O

Lemma 12. Let (AI)-(A3) hold. The solution u(t) of the
problem (3) satisfies

HI”

! n
< < <
o < o', < "], < [ (27)

Proof. From 4'(0) = u'(1) = 0, there exists & € (0, 1), such
that ' (§) = 0. Using a similar proof of (10) in [21, page 212],
it is easy to show that

lu ()] = Jlu' (s)ds—u(l)‘ = jlu' (s)ds
1 1
< L |u (s)|ds < L |u (s)|ds,
|u (t)| = |u (0)+J0u (s)ds

t 1
U u" (s)ds SJ 'u" (5)|ds,
0 0
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|un (t)| _

" (E) + Lt " (s) ds

- Utu’" (s)ds| < Jl |u”' (s)|ds.
13 0
(28)
Furthermore, we obtain
Y N P R
O

Lemma 13. Let (AI)-(A3) hold. Assume that {(p, )} C
(0,00) x P is a sequence of positive solutions of (3). Assume
that |||l < ¢, for some constant ¢, > 0, and

Jim [l = 0. (30)
Then
Tim i, = oo, o

Proof. Assume on the contrary that
letelloo < Mo (32)

for some constant M, > 0.
Since (py, ;) is a solution of the problem (3), we have

1
u (t) = e L K(t,s)h(s) f (ue (s))ds, tef[0,1]. (33)

Thus,

n ! a3
up (1) = e L ﬁK (t,5) - h(s) f (u (s))ds,
3

0
%K (t, S)

12 (! 0’
= ’m JO k(t,S) d(x(t) + (_?k (t,S)

<

12 (a (1) —  (0))
a

a3
- k(T(s),s)+$k(t,s)

- a (1) —a(0) 5o M
16 (1 - a) v

(34)

where 0 < |k(7(s), s)| < 1/192, supog,sgu¢S|(83/at3)k(t, sl <
5 (see [3]).
Furthermore, it follows that

"u,’!'"oo < M, B, jl h(s)ds, (35)
0

where By = maxyg ) {f(s)}, together with (A,), which

implies that ||“1,<” [, is bounded whenever [l is bounded.

Together with Lemma 12, we obtain
o]l < M, (36)

for some constant M, > 0. This is a contradiction. O
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4. Main Results

Let X be the closure of the set of positive solutions of (3) in
[0, 00) x E. The main results of this paper are the following.

Theorem 14. Let (Al)-(A5) hold, then (3) has at least one
solution for any A € (0, 00).
Let L: D(L) ¢ E — E be an operator defined by

ueD(L), (37)

nn

Lu=u",
with
1
D(L) = {u eC'[0,1] | u(0) = j u(s)da(s),
’ (38)
dO)=u)=u )= o}.
Then L is a closed operator and L™

continuous.
For eachn € N, define f[”] (s) : [0,00) — [0,00) by

1
f(S) bl S € — 00 |,
() = (” ) (39)

nf(%)s, se€ [0,%].

Then ™ € C([0, 00), [0, 00)) with

:' Y — E is completely

f["] (s) >0, Vs e (0,00), (f["])o =nf (%) (40)
By (A4), it follows that
nangO(f[”])O = co. (41)

To apply the global bifurcation theorem, one extends f to an
odd function g : R — R by

| f@), s=>0,
9= {—f(—s), s<0. (42)

Similarly one may extend '™ to an odd function g™ : R —
R for each n € N.

Now let one consider the auxiliary family of the equations
d" (6 =A@ g™ @), 0<t<l,

(43)

u(0) = Llu(s)d(x(s), ' (0) =u(1) :u'(l) =0.

Let {™ € C(R) be such that
g™ (w) = (g["])ou + " () = nf <%> u+l"@w). (44)

Then
[n]
lim —C (s)

|s| =0 N

=0. (45)

Let one consider
Lu = A (t) (g["])ou + A @) ™ (w) (46)

as a bifurcation problem from the trivial solution u = 0.

From Lemma 5, (46) can be converted to the equivalent
equation

1
u(t) = L K (t,s) [Ah(s) (g["])ou (s) + A () ¢ (u(s))] ds

=ALT (RO (67) 1 O] @+ALT RO @] @),
(47)

Further one has that
|27 O @, = o (lulls),

Indeed, (8) implies that, for all (t,s) € [0, 1] x [0, 1],

as lullp — 0. (48)

I_K(t )l 6t (t a)

j k(t, s)doc(t)+—k(t s)

_a)-a()
= 128(1-a)
2

9 6(2t—1) 9
K (s )l ‘ — Jk(ts)doc(t)+ Zk(t,s)

- a (1) —a(0)
T 321 -a)
(49)

where 0 < |k(z(s),s)| < 1/192, max,, .,|(0/0t)k(t,s)| < 3,
maxog,sgI(az/atz)k(t, s)| < 8 (see [3]).
So, the compactness of L™" together with (45) and (A2)

imply that

[ [rOc @) = o),

[ O @o)])| = o (i) "
and consequently

[ [ @) | = oy, -

[ h O @))| . = o ().

LetS; = {u € E | u(t) > 0, forallt € [0,1]}, S, =
{u € E|u(t) <0, forallt € [0,1]}, then S; NS, = 0. Let
So =S5 USy, Dy =RxS;.

By Lemma 11 and the fact (g™, > 0, the global bifurcation
result (see Rabinowitz [22]) for (46) can be stated as follows:
there exists a continuum CL"](C [0,00) x P) of positive
solutions of (46) joining (Al/(g["])o, 0) to infinity in [0, 00) X P.
Moreover, (A,/ (g[”])o, 0) is the only positive bifurcation point
of (46) lying on trivial solutions line u = 0. Moreover, C[f] \
{1/(g"),, 0)} € @

Since

lim L = lim o
nﬁoo(g[n])o n—oconf (1/n)

=0, (52)



6
condition (i) in Lemma 4 is satisfied with z* = (0,0).
Obviously

r, = sup {4+ Jlull | (L,u) € C} = 0, (53)

and accordingly (ii) in Lemma 4 holds. (iii) in Lemma 4 can
be deduced directly from the Arzela-Ascoli theorem and the
definition of g'™. Therefore, the superior limit of {C™}, P,
contained an unbounded connected component C with (0,0) €
C. Since CL"] c @*, one concludes C ¢ ®*. Moreover, C C ¥
by (3).

Proof of Theorem 14. We firstly prove
Proj,C = (0,00). (54)
Assume on the contrary that
sup{A | (A, u) € C} < o0. (55)
Then there exists a sequence (., 1) € C such that
Jim el =00, we < (56)

for some positive constant ¢, with doing not depend on k.
From Lemma 13, we have

Jim [l = oo (57)

This together with the fact

1
e (8) 2 Vsl VO € (0’ E) 58)

min
te[d,1-9]
imply that for arbitrary é € (0, 1/2)

klim uy (t) = 0o, uniformly for t € [§,1-68].  (59)

Since (¢, 1) € C, we have that

w = wh(t) f (), 0<t<l,

1
u (0) = L ue (s)dac(s), wy (0) = u (1) = u; (1) = 0.

(60)
Set v (t) = u (t)/lluy |l .- Then
vl = 1, (61)
v (t) = ueh (t) ka t), 0<t<l,
uy (t)
(62)

1
v (0) = L y(s)da(s), v (0)=v.(1)=v,(1)=0.

Now, choosing a subsequence and relabeling if necessary,
it follows that there exists (¢,,v,) € [0,¢] x E with

vl =1 (63)
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such that
im (g vi) = (o v.),in RxY. (64)
By (A3), let
f () = maxf (s). (65)

Then f is nondecreasing and

im L™ . (66)

u—+oo Y

Further it follows from (66) that

fa) _fw _ ()

— 0, |ullo, — +oo. (67)

lulleo — el Nl
Thus,
u
lim G 0. (68)
k— oo Uy

Notice that (62) is equivalent to

Ve () = wy Jl K (t,s)h(s) ka (s)ds,

. " ) tel0,1].

(69)

Furthermore, by (59), (68), and (69), together with the
Lebesgue dominated convergence theorem, it follows that

v, () = uy jol K(t,s)h(s)-0-v,(s)ds, te[0,1]. (70)

It follows that
v, (t)=0. (71)
This contradicts (63). Therefore
sup {A | (L,u) € CI"} = co. (72)

Noticing that A = 0 is the only solution of the problem
(3), thus

Proj,C = (0,00). (73)

Furthermore, it follows the proof of Theorem 14. OJ

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

Thanks are given to the anonymous referee for his/her
valuable suggestions. The authors were supported by the
NSEC (no. 11261052) and the Scientific Research Foundation
of the Education department of Gansu Province (no. 1114-
04).



Discrete Dynamics in Nature and Society

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(16]

(17]

R. P. Agarwal and Y. M. Chow, “Iterative methods for a fourth
order boundary value problem,” Journal of Computational and
Applied Mathematics, vol. 10, no. 2, pp. 203-217, 1984.

R. Ma and H. P. Wu, “Positive solutions of a fourth-order two-
point boundary value problem,” Acta Mathematica Scientia A,
vol. 22, no. 2, pp. 244-249, 2002.

Q. Yao, “Multiple positive solutions to a singular beam equation
fixed at both ends,” Acta Mathematica Scientia A, vol. 28, no. 4,
pp. 768-778, 2008.

Q. Yao, “Positive solutions for eigenvalue problems of fourth-
order elastic beam equations,” Applied Mathematics Letters, vol.
17, no. 2, pp. 237-243, 2004.

B. P. Rynne, “Infinitely many solutions of superlinear fourth
order boundary value problems,” Topological Methods in Non-
linear Analysis, vol. 19, no. 2, pp. 303-312, 2002.

P. Korman, “Uniqueness and exact multiplicity of solutions for
a class of fourth-order semilinear problems,” Proceedings of the
Royal Society of Edinburgh A, vol. 134, no. 1, pp. 179-190, 2004.

J. Xu and X. Han, “Nodal solutions for a fourth-order two-Ooint
boundary value problem,” Boundary Value Problem, vol. 2010,
Article ID 570932, 11 pages, 2010.

W. G. Shen, “Existence of nodal solutions of a nonlinear fourth-
order two-point boundary value problem;” Boundary Value
Problems, vol. 2012, p. 31, 2012.

W. G. Shen, “Global structure of nodal solutions for a fourth-
order two-point boundary value problem,” Applied Mathematics
and Computation, vol. 219, no. 1, pp. 88-98, 2012.

J. R. L. Webb, G. Infante, and D. Franco, “Positive solutions
of nonlinear fourth-order boundary-value problems with local
and non-local boundary conditions,” Proceedings of the Royal
Society of Edinburgh Section A, vol. 138, no. 2, pp. 427-446, 2008.

R. Ma and Y. An, “Global structure of positive solutions for
superlinear second order m-point boundary value problems,”
Topological Methods in Nonlinear Analysis, vol. 34, no. 2, pp.
279-290, 2009.

R. Ma, “Nodal solutions for a fourth-order two-point boundary
value problem,” Journal of Mathematical Analysis and Applica-
tions, vol. 314, no. 1, pp. 254-265, 2006.

R. Ma, “Nodal solutions of boundary value problems of fourth-
order ordinary differential equations,” Journal of Mathematical
Analysis and Applications, vol. 319, no. 2, pp. 424-434, 2006.

R. Ma and J. Xu, “Bifurcation from interval and positive
solutions of a nonlinear fourth-order boundary value problem,”
Nonlinear Analysis, Theory, Methods and Applications, vol. 72,
no. 1, pp. 113-122, 2010.

R. Ma, “Existence of positive solutions of a fourth-order bound-
ary value problem,” Applied Mathematics and Computation, vol.
168, no. 2, pp. 1219-1231, 2005.

Z. Bai and H. Wang, “On positive solutions of some nonlinear
fourth-order beam equations,” Journal of Mathematical Analysis
and Applications, vol. 270, no. 2, pp. 347-368, 2002.

G. T. Whyburn, Topological Analysis, Princeton Mathematical
Series. No. 23, Princeton University Press, Princeton, NJ, USA,
1958.

G. W. Zhang and J. X. Sun, “Positive solutions of m-point
boundary value problems,” Journal of Mathematical Analysis
and Applications, vol. 291, no. 2, pp. 406-418, 2004.

M. A. Krasnoselskii, Positive Solutions of Operator Equations, P.
Noordhoft Limited, Groningen, The Netherlands, 1964.

[20] D.]J. Guo and J. X. Sun, Nonlinear Integral Equations, Shandong

Science and Technology Press, Jinan, China, 1987.

[21] Y.].Liuand W. G. Ge, “Positive solutions of two-point boundary

value problems for 2n-order differential equations dependent
on all derivatives,” Applied Mathematics Letters, vol. 18, no. 2,
pp. 209-218, 2005.

[22] P. H. Rabinowitz, “Some global results for nonlinear eigenvalue

problems,” Journal of Functional Analysis, vol. 7, no. 3, pp. 487-
513, 1971.



Advances in Advances in Journal of Journal of
Operations Research lied Mathematics ability and Statistics

il
PR
S Rt
£ 2 §

\ ‘

The Scientific
\{\(orld Journal

International Journal of
Differential Equations

Hindawi

Submit your manuscripts at
http://www.hindawi.com

International Journal of

Combinatorics

Advances in

Mathematical Physics

%

Journal of : Mathematical Problems Abstract and Discrete Dynamics in
Mathematics in Engineering Applied Analysis Nature and Society

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Journal of
'

al of Journal of

Function Spaces Stochastic Analysis Optimization

Journal of International Jo




