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We introduce the new concept of random comparable operators as a generalization of random monotone operators and prove
several random fixed point theorems for such a class of operators in partially ordered Banach spaces. Part of the presented results
generalize and extend some known results of random monotone operators. Finally, as an application, we consider the existence of

the solution of a random Hammerstein integral equation.

1. Introduction and Preliminaries

In 1950s, épaéek [1] and Han$ [2] initiated the study of
random fixed point theories. From then on, to study random
fixed point theories had been a central topic of random
theories. Moreover, the random theories played a main role
in the developing theories of random differential equations
and random integral equations and attracted much attention.
For example, Sehgal and Waters [3] proved the random Rothe
fixed point theorem in 1984 and Mukherjea [4] proved the
random Schauder fixed point theorem in 1996. In recent
years, random fixed point theories and their applications
developed very rapidly (see Lin [5]; Xu [6]; Li and Debnath
[7]; Shahzad [8]; Li and Duan [9]; Zhu and Yin [10]; and
Kumam [11-26]). In particular in 2005, Li and Duan [9]
proved the existence of fixed points for random monotone
operators.

In this work, as a generalization of the concept of random
monotone operators given by Li and Duan [9], we introduce
the concept of random comparable operators and under
different contractive conditions, we prove several random
fixed point theorems for such operators in partially ordered
Banach spaces. Some of our results generalize and extend the
main results of Li and Duan [9].

Let E be a separable real Banach space, (Q,%,u) a
complete measure space, and (E, ) a measurable space,

where 3 denotes the o-algebra of all Borel subsets generated
by all open subsets of E. Suppose that D is a nonempty subset
of E, and P is a cone in E. Cone P defines a partial order <
as follows: for x,y € E,x < y & y —x € P. P is called
normal if there exists a constant N > 0 such that0 < x < y
implies |x|| < Nyl Let uy, vy € E; write 1, < v, if 1y < v,
and u, # v,. If uy < vy, we call the set [uy, vo] ={u € E |y, <
u < vy} an order interval in E.

A: Q — Eis called measurable if A™'(B) € X for each
Borel subset B of E.

A : QxD — Eis said to be a random operator if for
each fixed x € D, A(+, x) : O — E is measurable.

A random operator A : QA x D — E is said to be con-
tinuous if for any w € O, A(w,*) : D — E is continuous.

A measurable map £ : O — E is called a random fixed
point of a random operator A : QO x D — E if A(w,&(w)) =
&(w) for almost every w € Q.

Definition 1. Suppose that u(w), v(w) : Q& — E are measur-
able. u(w) and v(w) are said to be random comparable if for
any w € Q, u(w) < v(w) or ¥(w) < u(w) holds.

Assume that u(w), v(w) : Q@ — E are random compa-
rable. If for any w € Q, v(w) < u(w), then we write u(w) =
u(w) Vv(w); if u(w) < v(w), then we write v(w) = u(w) vV v(w).
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Definition 2 (see [3]). A mapping a(w) : Q@ — ZL(E) is said
to be a random endomorphism of E if a(w) is an £ (E)-valued
random variable, where £(E) denotes the linear bounded
operator space of E.

Definition 3. A random operator A : QO x D — E is said to
be random comparable if A(w,u(w)) and A(w,v(w)) are
random comparable for any random comparable pair u(w),
v(w) : QO — D.

Remark 4. The concept of random comparable operators
generalizes the concept of random increasing (decreasing)
operators given by Li and Duan [9].

Definition 5. A random comparable operator A : OxD — E
is said to be random «(w)-ordered contractive if there exists
a random endomorphism a(w) : Q — Z(E) such that for
each w € Q) and any measurable mappings u(w), v(w) : Q@ —
D, if u(w) and v(w) are random comparable, then

(A(w,u(w)) - A(w,v(w)))
V(A (w,v(w) - A(w, u(w))) 1)
< () (u(w) —v() V (v(w) - u(w)).

By the definition of random comparable operators, the
following lemmas are easy, so we omit their proofs (wherein,
we assume that u(w), v(w), w(w), u,(w), v,(w) : Q@ — E are
measurable, n > 1).

Lemma 6. If for each w € Q, u(w), v(w) are random com-
parable, then u(w) — v(w) and v(w) — u(w) are random
comparable and

0 < (u(w)-v()V(v(w)-u(). 2)

Lemma 7. If for each w € Q, u(w) and v(w), u(w) and w(w),
and v(w) and w(w) are random comparable, then

(U (@) = v (@) V (v(w) - u(w))
< (@) - w(w) vV (w () - u (w))) ©)
+((w (@) v (W) vV (v(w) - w ().

Lemma 8. If for each w € Q and any positive integer n, u(w)
and v, (w) are random comparable and v,(w) — vy(w) (n —
00), then u(w) and vy(w) are random comparable.

Lemma 9. If for each w € Q and any positive integer n, u,(w)
and v,(w) are random comparable, and u,(w) — uy(w),
V(W) = vow) (n — 00), then uy(w) and vy(w) are random
comparable.

2. Main Results

Theorem 10. Let E be a real Banach space and P a normal
cone in E with the normal constant N. Let A: Q x E — E be
a continuous random operator satisfying the following:

(i) A is a random o(w)-ordered contractive operator and
0< la(w)|| <1, w e O
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(ii) there exists x, € E such that for any w € Q, x, and
A(w, x,) are random comparable.

Then A has a random fixed point x*(w). Furthermore, the
iterative sequence {A"(w, x,)} converges to x™ (w) and ||x™ (w) -
Xoll < (1 + Nlla(w)lI/(1 = la(w)INNA(w, xq) = xoll-

Proof. For any fixed w € (), set

x; (@) = A(w,%5) ..., %, (@) = A(w,x,_; (®)),...,n>1.

(4)

Since x,, and A(w, x,) are random comparable, by the given
condition (i), for any n > 1, x,(w) and x,,,, (w) are random
comparable and

0 < (%11 (0) = x, (@) V (x, (@) = %, (@)
= (A(@ x, (@) = A(w, x,, (@)))
V(A (@, %, (@) - A (@, x, (@))) (5)
< a () (%, (@) = 2,1 (@) V (3, (@) = x, ()

<< a(w) (g (W) = x9) V(% — %1 (@)

Nlla(w)"lx;(w) = x,ll. As for each w € Q, 0 < [la(w)]| < 1,
then {x,(w)} is a Cauchy sequence in E. Hence there exists
x"(w) € Esuchthatx,(w) - x"(w)(n — ©0).Since A(w, -)
is continuous,

From the normality of P, we have |x,,,(w) - x,(0)] <

A x" @) = 1im A(w,x, @) = lim x,,, @) = x" (@).
(6)

Now, we prove that x*(w) : Q@ — E is measurable. Since
A(w, x,) is measurable, that is, x,(w) = A(w, x,) is measur-
able, from the measurable theorem of complex operators, it
is easy to prove that x, (w) is measurable for all n > 1. Hence
x"(w) : Q — E, being the limit of a sequence of measurable
mappings, is also measurable. So x* (w) : O — Eisarandom
fixed point of A. Furthermore,

[[x" (@) = x| = nanéo [, (@) = x|

n
< lim ; Ix; (@) = x;_ ()

IN

lim 3N fla(@)]™ [, (@) = x|
i=2

+ [y (@) = x| 7)

IN

Y Nlla @)™ [, (@) = x|

n=2

+ ||x1 (w) — x0||

(. Nla)l i
'(”1wmwﬂwm%)%w
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Theorem 11. Let E be a real Banach space and P a normal
cone in E with the normal constant N, u,,v, € E with
uy < v, and [uy,v,] an order interval in E. Suppose that
A QX [ug, vyl — [ug, vl is a continuous random P(w)-
ordered contractive operator, where 0 < ||f(w)|l < 1/N. Then
A has a unique random fixed point x* (w).

Proof. Define iterative sequences as follows:
U () = Aw,up) ..., Uy, (@) =A(w,u, (@),....,n>1,

v (@) = A(w, ) 5.V (@) = A(@,v, (@)),...,n>1;

(8)

then {u,(w)}, {v,(w)} < [ugy, vy]. Since u; < v, and A is a
continuous f(w)-random ordered contractive operator,
u,(w), v,(w) are random comparable for each n > 1 and

6 < (1, (@) = v, (@) V (v, (@) = 14, ()
= (A(w, thy (@) = A (@, 7, (@)))
V(A (@ v, (@) = A (0,4, (@)))
< B(@) (1t (@) = v,y (@) V (v, (@) = 1, (@)
< B) ((thyy (@) = Vs (@) V (V5 (@) = 14, ()))

< e

< B @) ((ug = o) V (vg — 14g)) -
9)

From the normality of P, we have
[, (@) = v, (@] < N[|B@)]|" o = vo] - (10)

Since u; < uy(w), u,,(w) and u,,,; (w) are random comparable
foranyn > 1 and

6 < (14, () = thyyy (@) V (th1 (@) =~ 14, (@)
= (A0, 1, (@) ~A(wu, (@)
V(A (0,4, (@) = A0, 1, ()))
< B (@) (1 (@) = 1, (@) V (11, (@) = 1, (w)))
< B (@) (s (@) = thyy (@) V (- (@) = 1,5 (@)))
<.

< B ()" ((ug — uy (@) V (1 (w) — 1))
(11)

By the normality of P again, we get

4 (@) = thyi1 @) < NJB@)[" fletg =4y @)] .~ (12)

AsO < [Bw)ll < 1I/N < 1, it is seen easily that {u,(w)} is
a Cauchy sequence in E. Hence there exists u” (w) € [ug, v,]
such that u,(w) — u*(w) (n — ©0). Similarly, we can prove
that {v,(w)} is also a Cauchy sequence in E and there exists

v*(w) € [ug, vy] such that v,(w) — v*(w)(n — ©0). It fol-
lows from (10) that

" (@) - v* (w)|| = Jim [, (@) = v,, ()]

< lim N [|B@)|" o = vo| = 0.

n— o0
So u™(w) = v*(w). Since A(w, -) is continuous, we have

Aw,u” (@) = lim A(w,u, (W) = lim v, (@) =u" (@),
(14)

Aw,v" (w)) = Jim A (w,v, (W) = Jim v, () = v (w).
(15)

Let x*(w) = u” (w) = v*(w). Equation (14) together with (15)
implies that

Alw,x" () =x" (w). (16)

In addition, by a proof similar to that of Theorem 10, we get
that x*(w) : Q — E is a random fixed point of A.

Next we prove that x*(w) is the unique random fixed
point of A. Suppose that y*(w) € [ug, v,] is another random
fixed point of A. By induction, one can prove that, for any
n > 0, u,(w) and y*(w) are random comparable. Since
u,(w) - x*(w)(n — 00), by Lemma 8, y*(w) and x*(w)
are also random comparable. Because A is continuous and
B(w)-random ordered contractive,

0<(x* (@ -y" (@) V(' (@) -x"(w)
= (A(0x" @) - Aw,y" @)))
V(A y" (@) - Awx" (w)))
< B {(x" @) - y* @)V (" @) - x* @)}

17)

By the normality of P, we have

| @) =y @] < N[B@] %" @ -y @], 08)

which implies that [|x*(w) — ¥y ()] = 0as0 < [|f(w)]| < 1/N.
That is x* (@) = y" (w). O

Remark 12. In the work of Li and Duan [9], the random oper-
ator A in Theorems 2.3-2.4 needs to be random increasing
and random decreasing, respectively. Hence, Theorems 10-11
in this work generalize and extend the results of Theorems
2.3-2.4in [9], respectively.

Theorem 13. Let E be a real Banach space and P a normal
cone in E with the normal constant N. Let A : QX E — E
be a continuous random comparable operator and satisfy the
following:



(i) there exists 0 < A < 1/2 such that if u(w) and v(w),
u(w) and A(w, u(w)), and v(w) and A(w,v(w)) are
random comparable, then

(A(w,v () — A (w, u(w)))
V(A (w, u(w)) - A(w,v(w)))
S A((A (w, u (W) —u(w) V (u(w) - A(w,u(w))))

+((A(w,v () - v(w) V (v(w) - Aw,v(w))));
(19)

(ii) there exists x, € E such that x, and A(w,x,) are
random comparable.

Then A has a random fixed point x*(w). Furthermore, the
iterative sequence {A"(w, x,)} converges to x* (w) and ||x™ (w) -
Xoll < (1 + NA/(1 = 21))[[Alw, x4) = x,l.

Proof. For any fixed w € Q, set

x; () = A(w,%0) ..., x, () = Aw, x,; (W)),...,n>1.
(20)

By a similar approach as in the proof of Theorem 10, we
obtain that x,(w) and x,,,, (w) are random comparable and

0 < (%, (@) = X, (@) V (241 (@) = x,, ()
= (A (@, %, (@) = A (@, x, ()))
V(A (@, x, (@) = A (@ %, (@)))

<A ((A(w x, (@) = x, (@)
V (x, (0) - A (@ x, (w))) (1)
+ (A (@, %, (@) = X, (@)
V(%1 (@) = A(w, %, (@))))

= A (%41 (@) = x,, (@) V (%, (@) = %41 ()

+(x, (@) = x,_; (@) V (x,_; (@) - x,, (w))).

So
0 < (x4 (@) = x, (@) V (%, (@) = x4, (w))
= 1 fl ((x” (@) = x4 (w)) v (xn—1 (w) - x, (w)))
(22)
<

A, n
<(125) @ =x0)v (-2 @)).
From the normality of P, we get || x,,,, (w)—x, ()|l < N(A/(1-
)" llx, (@) = x4l Since 0 < A < 1/2, {x,(w)} is a Cauchy
sequence in E. Hence there exists x*(w) € E such that
x,(w) = x"(w) (n — 00). The continuity of A(w, -) implies
that

Aw,x" @) = lim A(wx, @) = lim x,.,, @) = x" ().
(23)
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By a proof similar to that of Theorem 10, we can easily
prove that x"(w) : QO — E is measurable, so x*(w) is a
random fixed point A. Furthermore,

%™ (@) = x| = Jim [, (@) = x|

< nangoz x; (@) = %,y (@)
i=1

n A i—l
< im>(125) Nl @ -l
i=2

+ |21 (@) = x| (24)
[o'e] A n—1
<) (Z3) M@=l
+ ||x1 (w) — x0||
NA
- (14 7557 1A @) - ol
O

Theorem14. Let E be a real Banach space and P a normal cone
in E with the normal constant N. Suppose that A : Q x E —
E is a continuous random comparable operator satisfying the
following:

(1) if u(w), v(w) are random comparable, then v(w) and
Alw, u(w)), u(w) and A(w, v(w)) are random compa-
rable and there exists 0 < A < 1/2 such that

(A(w,v(w)) - Aw, u(w)))
V(A (@, u (w)) - A(w, v (w)))
< A(A (@ u () - v(w) V (v (@) - A(w, u(w))))
+((A(w,v()) —u (@) V (u(w) - Aw, v (@)
(25)

(ii) there exists x, € E such that for any w € Q, x,,
A(w, x,) are random comparable and x,, A*(w, x,) are
random comparable.

Then A has a random fixed point x*(w). Furthermore,
the iterative sequence {A"(w, xy)} converges to x*(w), where
A, xy) = Alw, A" (w, x,)) and

NA
1-2A

[x" (@) = x| < (1 + ) A (w,x0) = x0]| . (26)

Proof. For any fixed w € Q, put

X () = A(w, %) ..., x, (@) = Aw, x,_; (W)),...,n>1.
(27)

Since x, and A(w, x,), x, and A*(w, x,) are random com-
parable, then according to (i), for any n > 1, x,(w) and
Aw, x,(w)), x,(w) and A (w, x,(w)) are random comparable;
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that is, for any 7 > 1, x,(w) and x,,,, (w), x,,(@) and x,,, ()
are random comparable, and
0 < (%, (@) = X,y (@) V (X011 (@) = x,, (@)
= (A (@ %, (@) = A(w, x, (w)))
V(A (@, x, (@) = A, X, (@)))
<A ((A(w, x, (@) = X, ()
V (%, (@) = A(w, x, (0)))
+ (A (@, %, (@) = x, (@) (28)
V (x, (@) = A(w, x,_; (@))))
= AM((x11 (@) = %1 (@) V (%1 (@) = X1y (@)))
S A (%041 (@) = %, (@) V (%, (@) = %X,14; (@)
+ (%, (@) = X, (@)

V (%, (@) = x, (w)))  (by Lemma 7).
So
0 < (xn+1 (w) —x, (w)) \ (xn () = X401 (w))

< (%) ((xn (w) — X, 1 (w)) \ (xn,l (w) - Xn (w)))

IA

IN

(%)n () (@) = x0) V (x9 — % ().
(29)

The normality of P implies that

o @ =5, @] <N (155 ) @ -] G0)

Since 0 < A < 1/2, {x,(w)} is a Cauchy sequence in E. Hence
there exists x"(w) € E such that x,(w) — x"(w) (n — ©0).
By the continuity of A(w, -), it is easy to see that

A x" @) = lim A(wx, @) = lim x,,, @) = x" ().
(31)

Using a proof similar to that of Theorem 10, it is not
difficult to prove that x"(w) : Q@ — E is a random fixed
point of A and

" (@) = x| = Jlim_ [, (@) = o]
< lim 3" flx; (@) - x;y (@)]
i=1
n A i-1
< lim <—> N |lx ((U)—x
n—>ooi:2 1=\ " 1 0”
+|x; (@) = x| (32)
S(25) Mh@-xl
< — N |x, (w) — x
Z\1-2 ! 0
+ “xl (w) - x()"
NA
_ (1 . u> 1A (@, x,) - %,
O]
3. Applications

We consider the following random Hammerstein integral
equation:

+00

k(w,s,t) (1 + Vx (w, s)) ds.

(33)

x(w,t) = Ax (w, t) =J

—00

Suppose that

(i) the kernel k(w, s,t) is nonnegative random continu-
ous on Q x R' x R' satisfying

1 +00
— SJ k(w,s,t)ds <

B . (34)

N | —

(ii) for any bounded continuous functions u(t), v(t)
satistying the following condition,

éSu(t),v(t)s 1, (35)

there exists 8 € (0, 1) such that for any w € Q,

J_Ook(w, ) [Vv(s) = Vu ()| < Blv(s) —u@s).  (36)

Then (33) has a unique random solution x(w).

Proof. Since the kernel k(w,s,t) is nonnegative random
continuous on QO x R' x R', A : Q x R' — R'isarandom
operator. Set u, = 1/9 and v, = 1; from (34), we get that
A QX [uy, vyl — [uy, vyl For any w € Q, put f(w) =
from (36), we obtain that A is a random comparable operator.
Thus we prove that (33) has a unique random solution x(w)
by Theorem 11. O



Remark 15. The operator A defined by (33) is a random
increasing operator (of course, it is random comparable), but
just from Theorem 2.3 of Li and Duan [9], we cannot get the
conclusion because A does not satisfy the condition (ii) of
Theorem 2.3 of Li and Duan [9]. However, by Theorem 11 of
this work, we can easily get the conclusion. Thus, from this
application, it is shown that some of the results in this work
generalize and extend the corresponding results in [9] again.

Conflict of Interests

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

Acknowledgments

This work was supported by the Natural Science Foundation
of Jiangxi Province of China (no. 20132BAB201009) and the
National Natural Science Foundation of China (no.
11261039).

References

[1] A.Spatek, “Zufillige gleichungen,” Czechoslovak Mathematical
Journal, vol. 5, no. 4, pp. 462-466, 1955.

[2] O. Hans, “Random fixed point theorem,” in Proceedings of the
Ist Prague Conference on Information Theory, Statistical Decision
Functions and Random Processes, pp. 105-125, Prague, Czech,
1956.

[3] V.M. Sehgal and C. Waters, “Some random fixed point theorems
for condensing operators,” Proceedings of the American Mathe-
matical Society, vol. 90, no. 3, pp. 425-429, 1984.

[4] A.Mukherjea, Random transformations on Banach space [Ph.D.
Dissertation], Wayne State University, Detroit, Mich, USA, 1996.

[5] T.-C. Lin, “Random approximations and random fixed point
theorems for non-self-maps,” Proceedings of the American
Mathematical Society, vol. 103, no. 4, pp. 1129-1135, 1988.

[6] H. K. Xu, “Some random fixed point theorems for condensing
and nonexpansive operators,” Proceedings of the American
Mathematical Society, vol. 110, no. 3, pp. 395-400, 1990.

[7] G.Z.Liand L. Debnath, “The existence theorems of the random
solutions for random Hammerstein type nonlinear integral
equations,” Applied Mathematics Letters, vol. 13, no. 6, pp. 111-
115, 2000.

[8] N. Shahzad, “Random fixed points of K-set- and pseudo-
contractive random maps,” Nonlinear Analysis. Theory, Methods
& Applications, vol. 57, no. 2, pp. 173-181, 2004.

[9] G.Z.Liand H. G. Duan, “On random fixed point theorems of
random monotone operators,” Applied Mathematics Letters, vol.
18, no. 9, pp. 1019-1026, 2005.

[10] C.X. Zhu and J. D. Yin, “Calculations of a random fixed point
index of a random semi-closed 1-set-contractive operator,”
Mathematical and Computer Modelling, vol. 51, no. 9-10, pp.
1135-1139, 2010.

[11] P. Kumam and S. Plubtieng, “Some random fixed point theo-
rems forset-valued nonexpansive non-self operator,” in Proceed-
ings of the 4th International Conference (NACA 2005), Okinawa,
Japan, June 30-July 4, 2005, W. Takahashi et al., Ed., pp. 287-295,
Yokohama Publishers, Yokohama, Japan, 2007.

Discrete Dynamics in Nature and Society

[12] 'W. Takahashi and T. Tanaka, Eds., Proceedings of the 4th Inter-
national Conference on Nonlinear Analysis and Convex Analysis
(NACA 2005), Okinawa, Japan, June 30-July 4, 2005, Yokohama
Publishers, Yokohama, Japan, 2007.

[13] P. Kumam, “Fixed point theorem and random fixed point
theorem for set-valued non-self mappings,” Thai Journal of
Mathematics, vol. 2, no. 2, pp. 295-307, 2004.

[14] S. Plubtieng and P. Kumam, “Random fixed point theorems for
multivalued nonexpansive non-self-random operators,” Journal
of Applied Mathematics and Stochastic Analysis, vol. 2006,
Article ID 43796, 9 pages, 2006.

[15] P. Kumam and S. Plubtieng, “Some random fixed point the-
orems for non-self nonexpansive random operators,” Turkish
Journal of Mathematics, vol. 30, no. 4, pp. 359-372, 2006.

[16] P. Kumam and S. Plubtieng, “Random fixed point theorem for
multivalued nonexpansive operators in uniformly nonsquare
Banach spaces,” Random Operators and Stochastic Equations,
vol. 14, no. 1, pp. 35-44, 2006.

[17] P. Kumam and S. Plubtieng, “The characteristic of noncompact
convexity and random fixed point theorem for set-valued
operators,” Czechoslovak Mathematical Journal, vol. 57(132), no.
1, pp. 269-279, 2007.

[18] W. Kumam and P. Kumam, “Random fixed points of multival-
ued random operators with property (D),” Random Operators
and Stochastic Equations, vol. 15, no. 2, pp. 127-136, 2007.

[19] P. Kumam and S. Plubtieng, “Random coincidence and random
common fixed points of nonlinear multivalued random oper-
ators,” Thai Journal of Mathematics, vol. 5, no. 3, pp. 155-163,
2007.

[20] P. Kumam and S. Plubtieng, “Some random fixed point theo-
rems for random asymptotically regular operators,” Demonstra-
tio Mathematica, vol. 42, no. 1, pp. 131-141, 2009.

[21] P. Kumam and S. Plubteing, “Random common fixed point
theorems for a pair of multi-valued and single-valued nonex-
pansive random operators in a separable Banach space,” Indian
Journal of Mathematics, vol. 51, no. 1, pp. 101-115, 2009.

[22] W. Sintunavarat, P. Kumam, and P. Patthanangkoor, “Common
random fixed points for multivalued random operators without
S- and T-weakly commuting random operators,” Random
Operators and Stochastic Equations, vol. 17, no. 4, pp. 381-388,
20009.

[23] N. Onjai-Uea and P. Kumam, “A generalized nonlinear random
equations with random fuzzy mappings in uniformly smooth
Banach spaces,” Journal of Inequalities and Applications, vol.
2010, Article ID 728452, 15 pages, 2010.

[24] P. Kumam, “Random common fixed points of single-valued and
multivalued random operators in a uniformly convex Banach
space,” Journal of Computational Analysis and Applications, vol.
13, no. 2, pp. 368-375, 2011.

[25] P. Kumam and S. Plubtieng, “Viscosity approximation meth-
ods of random fixed point solutions and random variational
inequalities in Hilbert spaces,” Asian-European Journal of Math-
ematics, vol. 4, no. 2, pp. 283-293, 2011.

[26] W. Kumam and P. Kumam, “Random fixed point theorems for
multivalued subsequentially limit-contractive maps satisfying
inwardness conditions,” Journal of Computational Analysis and
Applications, vol. 14, no. 2, pp. 239-251, 2012.



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




