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Abstract. The aim of this paper is to prove some unique coupled fixed point theorems involving rational expres-

siones in a partially ordered cone metric space. An example is also provided to support our main results.
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1. Introduction

The Banach contraction principle, which is the most famous fixed point theorem, plays a very
important role in nonlinear analysis. This celebrated principle has been generalized by many
authors in various ways. In 1975, Dass and Gupta [1] established an extension of the Banach
contraction principle through rational expressions. After then, Jaggi [2] generalized unique
fixed point theorems which satisfy a contractive condition of the rational type. Subsequently,
many authors investigated these problems in which the rational type is involved, see, [3, 4] and
the references therein. Recently, Muhammad Arshad ef al. [5] introduced the almost Jaggi
contraction in partially ordered metric spaces and proved fixed point theorems.

In 2006, Bhaskar and Lakshmikantham [6] introduced the concept of mixed monotone map-

pings and studied some coupled fixed point results in partially ordered metric spaces. They
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also applied their results to a first order differential equation with periodic boundary conditions.
Subsequently, various authors generalized and studied coupled fixed point theorems in different
ways; see [3, 7, 8, 9, 10] and the references therein.

Recently, Huang and Zhang [11] generalized the concept of a metric spaces, replacing the
set of the real numbers by an ordered Banach space and obtained some fixed point theorems for
mappings which satisfy different contractive conditions. After that, many authors generalized
their fixed point theorems in different directions; see [12, 13, 14, 15] and the references therein.

The purpose of this paper is to present some unique coupled fixed point theorems having
mixed monotone property involving rational expressions in a partially ordered cone metric s-

pace.

2. Preliminaries

In this section, we give some definitions which are useful for main result in this paper.

Let E be a real Banach space and let P be a subset of E. P is called a cone if and only if

(a) P is closed, nonempty and P # {0};
(b) if a, b are nonnegative real numbers and x,y € P, then ax+ by € P;

(©) PN (—P) = {0}.

For a given cone P C E, the partial ordering < with respect to P is defined by x < y if and
only if y —x € P. The notation x < y stands for y —x € intP, where int P denotes the interior of
P. We use x < y to indicate that x <y and x # y.

The cone P is said to be normal if there exists a constant M > 0 such that for every x,y € E if
0 <x<ythen | x|[<M]| y|. The least positive number satisfying this inequality is called the
normal constant of P. The cone P is called regular if every increasing (decreasing) and bounded

above (below) sequence is convergent in E. It is known that every regular cone is normal.

Definition 2.1. [11] Let X be a nonempty set and let E be a Banach space equipped with the
partial ordering < with respect to the cone P C E. Suppose that the mapping d : X x X — E
satisfies the following conditions:

(d)) 0<d(x,y) Vx,ye X andd(x,y) =0 < x=y;

(dr) d(x,y)=d(yx) Vx,y €X;
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(d3) d(x,y) <d(x,z) +d(z,y) Yx,y,z€X
Then d is called a cone metric on X, and (X,d) is called a cone metric space.

Example 2.2. [11] Let E = R>,P = {(x,y) € E|x,y >0} CR> X =Rand d : X x X — E such

that d(x,y) = (|x —y|, ot|x —y|), where & > 0 is a constant. Then (X,d) is a cone metric space.

Definition 2.3. [11] Let (X,d) be a cone metric space, x € X and {x, },>; be a sequence in X.
Then

(@) {x, }n>1 converges to x, denoted by lim, . x, = x, if for every ¢ € E with 0 < ¢ there
exists a natural number N such that d(x,,x) < c for all n > N;

(b) {x,}n>1 is a Cauchy sequence if for every ¢ € E with 0 < c¢ there exists a natural num-
ber N such that d(x,,x,) < c for all n,m > N;

(c) (X,d) is a complete cone metric space, if every Cauchy sequence is convergent.

Definition 2.4. [6] An element (x,y) € X x X is said to be coupled fixed point of the mapping
F:XxX —Xif F(x,y) =xand F(y,x) = y.

Definition 2.5. [6] Let (X, <) be a partially ordered set and F : X x X — X. We say that F
has the mixed monotone property if F(x,y) is monotone non-decreasing in x and is monotone

non-increasing in y, that is, for any x,y € X,
X1,X2 Eval sz — F(Xl,y) S F(x25y>

and
yi,Y2 €X,y1 <y2 = F(x,y1) > F(x,y2).
The following result of Bhaskar and Lakshmikantham in [6] were extended to class of cone
metric spaces in [14].

Definition 2.6. [14] Let (X,d) be a cone metric space. An element (x,y) € X x X is said to be

coupled fixed point of the mapping F : X x X — X if F(x,y) =x,F(y,x) = y.
3. Main results

Theorem 3.1. Let (X, <) be a partially ordered set and suppose that there exists a cone metric

d in X such that cone metric space (X,d) is complete. Let F : X X X — X be a mapping having
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the mixed monotone property on X such that

(0 (.3))d (1, F (1,))
)

(x, F(x,))d(u, F (u,v))
d(x,u)

+y(M((x,y), (u,v))),

d(F(x,y),F(u,v)) < Oc(max{d

+ B(max{® d(xu)}) (3.1)

where

M (). (10) = i, ) 2 L )

2+ﬂLF@J»+d@F@J»)
2+d(x,u)+d(y,v) ’

Vx,y,u,v € X with x > u,y < v and there exist non-negative real numbers o, .y € [0,1) and

d(u,F(u,v))

with @+ B + v < 1. Suppose either
1) F is continuous or
2) X has the following properties,
(a) if a non-decreasing sequence{x,} in X converges to some point x € X, then x, < x, Vn,
(b) if a non-increasing sequence {y,} in X converges to some point'y € X, theny, >y, Vn.
Then F has a coupled fixed point.

Proof. Choose xg,yo € X and set x; = F(xp,y0) and y; = F(yo,X0). Repeating this process, set

Xnt+1 = F(xp,y) and y,+1 = F (yn,x,). By (3.1), we have

d(xnvxn-H) :d(F(Xn_],yn_]),F(Xn,yn))

e )
+ B(max{d(x"_l’F(x”_C}g::ll )if)(x"’F(x"’y")) yd(Xn—1,%n)})

+ Y(M((xn—lvyn—l))a (xnv)’n)))

= a(max{d(xn, xn11),d(xXn—1,%n)}) + B (max{d (xn,Xn+1),d (Xn—1,%n) })

2+d(xn—17F(xn—17yn—l) +d(yn—17F(y”_17xn_l))
2+d(xn71,xn) +d(ynayn*1)

= o(max{d(xn,Xn+1),d(Xn—1,%2) }) + B (max{d (xn,Xn11),d(Xp—1,%) })

(3.2)

+ Y(d(xnvF(xna)’n))

+ Y(d(xmxn-i-l))'
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Similarly, we also obtain

d(yn;)’n—f—l) :d(F(yn—17xn—1)7F(yn7xn))

=1 F G 1,%0-1))d (s F (90, )
d(Yn—1,Yn) yd(Yn—1,Yn)})

1L, FVu—1,%0-1))d(yn, F (Yn,x
(yn 1 (yn 154n 1)) (y (yi’l n>)7d(yn—l;yn)})
d(Yn—1,¥n) (3.3)
2+d(yn—l7F(yn—l7xn—l)+d(xn—17F(xn—l7yn—l)
2+d<yn—layn)+d(xn7xn—l)

= at(max{d(yn,Yn+1),d(Yn—1,¥n)}) + B(max{d(yn,Yn+1),d(Yn—1,¥n)})

+(d(Yn, Yn1))-

< o(max{ d

+ B (max{ d

+Y(d(Yn, F (Yn,Xn))

Suppose that max{d(x,,xp+1),d(xy—1,%n) } = d(xp,xn+1) for some n > 1. Then the inequality

turns into
d (X, Xn1) < Q(d(Xn,Xn41)) + B(d Xy Xn41)) + ¥(d (Xns Xnt1)),

which is a contradiction. Thus max{d(x,,x,+1),d(xn—1,%,)} = d(x4—1,x,) for some n > 1.

Hence, the inequality yields

d(xnyxn—H) < ad(xn—17xn) +ﬁd(xn—17xn) + 'yd(xnaxn—l—l)» (34)
d(YnsYnt1) < Ad(Yn—1,Yn) + BdYn-1,Yn) +¥d(Yn: Yn+1)s (3.5)
which imply that
(I_Y)d(xnaxn—i—l) < (a+ﬁ)d(xn—laxn), (36>
(1 =1)dn,ynt1) < (0 + B)d(Yn—1,Yn)- (3.7)

From (3.6) and (3.7), we have

(@+B)
d, < dp_1. 3.8
"S-y (33)
Let d, = d(xp,xn+1) +d(yn,yn+1). Consequently, if we set A = ((Offg)) , then we have
dy < Adp_1 <--- < A"d. (3.9)

If dy = 0, then (xo,yp) is a coupled fixed point of F.



6 V. S. CHOUHAN, R. SHARMA
Suppose that dy > 0. Then, for each r € N, we obtain by the repeated application of triangle
inequality that
d(Xn, Xn+r) +d(Yn, yntr)
< [d(xXn, Xn41) +d(Xpg1,X042) + - .-+ d (Xngr—1,%n4r) |
+[d Y1) +d a1, Vn42) o+ dVntr—1,Yn4r)]
= [d(Xn, Xng1) + d(Vns ynt1)] + [d (g1, X0 42) (3.10)
+dYnt1,Yn02)] + -+ [dntr—1,%n4r) +d (Vs r—15Yn4r)]

<d, +dn+1 + ... +dn—|-r—1
A"(1— A7)
1-2

IN

dy.

Let 0 < ¢ be given. Choose a natural number M such that M(lljfr)do < cforall m > M. Thus

d(xn,Xn+r) +d(Yn,yntr) < c. Therefore {x,} and {y,} are Cauchy sequences. Since X is a
complete metric space, 3 x,y € X such that lim,_,.x,, = x,lim,, sy, = y. We now show if the

assumption (1) holds, then (x,y) is coupled fixed point of F'. As, we have

X = ,}i_r&xn—i-l = r}i_rg)loF(xn;yn) = F(I}i_r&xn»r}i_l;rgo))“ =F(x,y)

and

y= r}i_rgoyn-ﬁ-l = r}gl;loF(ymxn) = F(’}grgoyn,’}gzloxn) = F(yax)‘
Therefore, (x,y) is coupled fixed point of F'.
Suppose that the condition 2(a) and 2(b) of the theorem holds. The sequence {x,}— x,
{yn}—=y

(%, F (x,))d (Xn, F (X, Yn))
d(x,xn) ’d(x7xn)})

(o, £ (x, ) )d (%n, F (X0 Yn))
0] d(x,x,) ).

2—|—d(xn,F(xn7yn)) +d(yn7F(ynaxn)))
24d(x,x,) +d(y,yn) .

Letting n— oo, we have d(F (x,y),x) < 0. This implies that F (x,y) = x. Similarly, we can show

A(F (x,9), F (tns3n)) < ct(ma{“

+ B (max{ d

+¥(d(x, F(x,))

that F(y,x) = y. This completes the theorem.

Theorem 3.2. Let the hypotheses of Theorem 3.1 hold. We obtain the uniqueness of the coupled
fixed point of F.
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Proof. Suppose (x,y) and (x,y’) are coupled fixed points of F, that is, F(x,y) = x,F(y,x) =
y,F(x',y') =x"and F(y/,x') = y'. We shall prove that x = x’,y = y'. Consider the following two

cases:
Case 1. If (x,y) and (x/,)’) are comparable, we have
d(x,x') =d(F(x,y),F(x',y))

S a(max{d(x,F(X,);;();l().;/),F(_xl,yl)) ,d(x7x/)})

#Blman LI gy

24+d(X F(X,y)) +d(y’,F(y’,x’))
2+d(x,x)+d(y,y) ’

+y(d(x, F(x,y))

which gives d(x,x') <0, (a+ B +7) < 1 (a contradiction). Thus x = x’. Similarly, we have
d(y,y) = d(F(y,x),F(y,x')) <0. Hence, y = y'. Therefore, (x,y) is a unique coupled fixed
point of F'.

Case 2. Suppose (x,y) and (x’,)’) are not comparable.

In view of the assumption, there exist (z,7) € X x X comparable with both of them.

We define sequences {z,},{t,} as follows zo = z, 1o =1, zy1+1 = F(2n,1,) and t,,1.1 = F(t,20)-
Since (z,t) is comparable with (x,y), we may assume that (x,y) > (z,7) = (z0,%). By using the

mathematical induction, it is easy to prove that

(x,y) > (Zn;tn): Vn. (3.11)

From (3.1) and (3.11), we have
(va(xvy))d(Zn7F(Zn7tn))

AP (129).F ) < xfmas{ S0 A(x))
+ ﬁ(max{d(x’F(x’y;zig)’F(thn)) ,d(x,z)})

2+d(Zn7F(Zn;tn)) +d(tn7F(tn7Zn))

+7(d(x,F(x,y)) 2+ d(x,20) +d(y,10)

);
or

d(x,zp+1) < (a+B)d(x,zn). (3.12)
Similarly, we also have

d(tnr1,y) < (@ B)d(tn, y)- (3.13)
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Using (3.12) and (3.13), we get
d(x7 Zn+1) +d(tn+17y) < ((X +ﬁ>[d(x7zn) +d(tn7y)]

< (a+B)d(x,zn-1) +d(tn—1,)]

< (o4 B)" M d(x,20) +d(t9,y)] = 0 as n — oo.

Thus, we have

Tim d(x,5011) = lim d(t1,y) = 0. (3.14)
Similarly, we find that
lim d(¥' 201) = lim d{ty1,5") =0. (3.15)

From (3.14) and (3.15), we obtain x = x and y = y'.

Theorem 3.3. Let (X, <) be a partially ordered set and suppose that there exist a cone metric
d in X such that cone metric space (X ,d) is complete. Let F : X X X — X be a mapping having
the mixed monotone property on X such that

d(F (x,y), F(u,v)) < ae(max{2E (x’cyig‘fi”;f )Y

(5. F () (. F ()
e (),

(3.16)
+ B(max(?

Y x,y,u,v € X with x > u,y < v and there exist non-negative real numbers ., € [0,1) with

o+ B < 1. Suppose either

1) F is continuous or
2) X has the following properties,
(a) if a non-decreasing sequence{x,} in X converges to some point x € X, then x, < x, Vn,

(b) if a non-increasing sequence {y,} in X converges to some point 'y € X, theny, >y, Vn.

Then F has a coupled fixed point.
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Proof. Choose xg,yo € X and set x; = F(xp,yo) and y; = F(yo,xo). Repeating this process, set
Xpt+1 = F(x4,y,) and y,11 = F(yu,X,). Then by (3.16), we have
d(xnaxn-i-l) = d(F(-xn—l 7}’n—1),F(xm)’n))
d(xnfl7F(xn717ynfl))d(xn7F(xn7yn))

< a(max{ 0o 1.0) yd(Xn—1,%n)}))
1P 130 )19 17
+ B(max{ Sl ;(i_: S ) A (x—1,00) )
= a(max{d(xp,xn+1),d(Xn—1,%)}) + B (max{d(xn,xn+1),d(xXn—1,%1)})-
From (3.16), we have
d(Yn,Ynt1) = d(F (Yn—1,%-1), F (Yn; Xn))
< a(max{d(ynl’F(yn;(’;nll )})}d)(yn,F(yn,xn)) ,d(Yn—1,¥n)})
nm A (3.18)
+ﬁ(max{d()’n—l7F(yn—;(:;c:_—ll)})j)(ynaF()’mxn)),d(yn_l,yn)})

= ot (max{d(yn,Yn+1):d(Yn—1,¥n)}) + B(max{d(yn,yn+1),d(Yn—-1,¥n)})-

Suppose that max{d(x,,x,+1),d(xy—1,%,)} = d(xp—1,x,) for some n > 1. Then the inequality

yields d(xp, x,41) < 0ot(d(xn,xn+1)) + B(d(xn,Xn41)), which is a contradiction. Thus
max{d(xp,xn+1),d(Xn—1,%n)} = d(Xn,Xn+1)-

Therefore, the inequality yields

d(xp, xnt1) < ad(xp—1,%) + Bd(xn—1,%4), (3.19)
d(¥nsynt1) < €d(Yu—1,n) + Bd(Yn—1,¥n); (3.20)
which imply that
d(xXn,Xn11) < (@ + B)d(xp—1,%n), (3.21)
d(ynsynt1) < (@ +B)d(yn—1,¥n)- (3.22)

Using (3.21) and (3.22), we have
d, < (a+B)d,_1. (3.23)
Let d, = d(xp,Xu11) +d(Yn,yns1). Consequently, if we set A = (o + ), then we have

dy < Ady_1 < ... < A'dy. (3.24)
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If dy = 0, then (xp,yp) is a coupled fixed point of F. Suppose that dy > 0. Then, for each r € N,
we obtain by d the repeated application of triangle inequality that
d(Xn,Xn+r) +d(Yn, Yntr)
< [d(%n,%n11) +d(Xnt1,%n42) + -+ d (Xntr—1,%n+r)]
+[dns yne1) +dOnt1,9n12) + -+ dGntr—1,Vn+r)]
= [d(xXn, Xng1) +d(Yns ynt1)] + [d (g1, X0 42) (3.25)
+dYnt1,Yn02)] + -+ [dCnpr—1,%n4r) +d(Vntr—15Yn4r)]

<d, +dn+1 + ... +dn—|—r—1
A"(1— A7)
1-2

IN

dp.

Let 0 < ¢ be given. Choose a natural number M such that M(llj)?r)do < c for all m > M. Thus

d(xn,%n+r) +d(Yn,yntr) < c. Therefore {x,} and {y,} are Cauchy sequences. Since X is a
complete metric space, 3 x,y € X such that lim,,_,.x, = x,lim,_, y, =y. We now show that if

assumption (1) holds, then (x,y) is coupled fixed point of F'. As, we have

x= lim x4 = lim F(x,yp) = F(lim x, lim y,) = F(x, y),

and
Y= r}grolo)’n—b—l = Y}LH;F(ymxn) = F(Y}EEOYn;F}EEOXn) = F(y,%).
Therefore, (x,y) is coupled fixed point of F'.
Now suppose that the condition 2(a) and 2(b) of the theorem holds. The sequence {x, }— x,
{on}—=y

AF (). F ) < oxfma{ S L2 T I) )

Letting n— oo, we have d(F(x,y),x)<0. This implies that F(x,y) = x. Similarly, we can show

that F(y,x) = y. This completes the theorem.

Theorem 3.4. Let the hypotheses of Theorem 3.3 hold. We obtain the uniqueness of the coupled
fixed point of F.
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Proof. Suppose (x,y) and (x,y’) are coupled fixed points of F, that is, F(x,y) = x,F(y,x) =
y,F(x',y) =x" and F(y',x") = y'. Next, we prove x = x’,y = y'. Consider the following two

cases:

Case 1. If (x,y) and (x/,)’) are compareable, we have

d(x,x") = d(F(x,y),F(x',)))
d(x,F(x,y))d(x,F(x',y"))

< a(max{ d(x.x) ,d(x,x")})
+[3(max{d(x’F(x’)2()j(;)’F(x ) ,d(x,x')}),

which gives d(x,x') <0, (a¢+ ) < 1 (a contradiction). Thus x = x’. Similarly, we have
d(y,y") = d(F(y,x),F(y',x")) <0. Hence, y =y'. Therefore, (x,y) is a unique coupled fixed
point of F'.

Case 2. Suppose (x,y) and (x’,y’) are not compareable.

From the assumption, we see that there exist (z,¢) € X x X comparable with both of them.

We define sequences {z,,},{t,} as follows zo =z, tg =1, zy+-1 = F(2u,1,) and t,11 = F(t,,2n).
Since (z,t) is comparable with (x,y), we may assume that (x,y) > (z,7) = (z0,%). By using the

mathematical induction, it is easy to prove that

(x,¥) > (znstn), V. (3.26)

From (3.16) and (3.26), we have

(x, F (x,))d (zn, F (zn,1n))

d(F(x,y),F(zp,1y)) < Oc(max{d

d(X,Zn) ’d(x7Zn)})
 plnan CEEEEE )
d(x,z0+1) < (a+B)d(x,z,). (3.27)

Similarly, we also have

d(tnr1,y) < (@ B)d(tn, y)- (3.28)
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From (3.27) and (3.28), we get

d(x,zn41) +d(tn1,y) < (00 + B)[d(x,20) +d(tn, )]

< (o4 B)*[d(x,z0-1) +d(ta_1,Y)]

< (05+ﬁ)n+l[d(x,zo)+d(t0,y)] —0 as n— oo.

Thus,

lim d(x,z,41) = lim d(tp11,y) =0 (3.29)
Similarly, we find that

}Egod(x’,zn+1) = }ggod(zn+1,y’) =0. (3.30)

From (3.29) and (3.30), we obtain x = x" and y = y'.

Example 3.5. Let E = R?, the Euclidean plane and P = {(x,y) € R? : x,y > 0} a normal cone
inP. LetX ={(x,0) eR>:0<x<1}U{(0,x) € R>:0 < x < 1}. The mappingd :X xX — E
is defined by

((%.0),(1,0)) = G b=yl e )
((0,2),(0,9)) = (1 —l, 3=,

((,0),(0,5)) = d((0,9), (50)) = G-+ 3,5+ 37).

Then (X ,d) is complete cone metric space.
Consider the mapping F : X X X — X defined by
X
F((x,O),(O,x)) = (170)7
F((O,x),(x,O)) = (07 )

X satisfies properties (i) and (ii) in Theorem 3.3. Clearly F is continous and has the mixed
monotone property. Also there are xo = 0;y9 =0 in X such that xo = 0 < F(0,0) = F(xo,y0)
and yy =0 > F(0,0) = F(yo,x0). We claim that (3.16) holds for each x > u, y < v.
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Case 2.

d(x,F(x,y))d(u,F(u,v))
A )

+ Bman{EEE (x’cyl)(l‘fib)"F V) g,

= a(max{d(x,F(x,c);)(lc’lb(l;t,F(u,v)) ,d(x,u)})

(x, F(x,y))d (u, F (u,v))

+ﬁ(max{d a0 Jd(x,u)}).

13
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Case 4.

+B(max{d(x,F(x,izl)(ldb(lb)t,F(u,v)) A},

We deduce that all the hypotheses of Theorem 3.3 are satisfied o.+ B < 1, where o, 3 are such
thatox =B = % Then it is obvious that (0,0) is the coupled fixed point of F.

Acknowledgment
The authors are grateful to the reviewers for useful suggestions which improve the contents of

this paper.

REFERENCES

[1] B. K. Dass, S. Gupta, An extension of Banach contraction principle through rational expression, Indian J.
Pure Appl. Math. 6 (1975), 1455-1458.

[2] D.S. Jaggi, Some unique fixed point theorems, Indian J. Pure Appl. Math. 8 (1977), 223-230.

[3] V. S. Chouhan, R. Sharma, Coupled fixed point theorems for rational contractions in partially ordered metric
spaces, Int. J. Modern Math. Sci. 12 (2014), 165-174.

[4] N. V. Luong, N. X. Thuan, Fixed point theorem for generalized weak contractions satisfying rational expres-
sions in ordered metric spaces, Fixed Point Theory Appl. 2011 (2011), Article ID 46.

[5] M. Arshad, E. Karapinar, J. Ahmad, Some unique fixed point theorems for rational contractions in partially
ordered metric spaces, J. Inequal. Appl. 2013 (2013), Article ID 248.

[6] T.G. Bhaskar, V. Lakshmikantham, Fixed point theorems in partially ordered metric spaces and applications,
Nonlinear Anal. 65 (2006), 1379-1393.

[7] L.Ciric, V. Lakshmikantham, Coupled random fixed point theorems for nonlinear contractions in partially
ordered metric spaces, Stochastic Appl. 27 (2009), 1246-1259.

[8] B. S. Choudhary, A. Kundu, A coupled coincidence point results in partially ordered metric spaces for com-
patible mappings, Nonlinear Anal. 73 (2010), 2524-2531.

[9] L.Ciric, V. Lakshmikantham, Coupled fixed point theorems for nonlinear contractions in partially ordered

metric spaces, Nonlinear Anal. 70 (2009), 4341-4349.



COUPLED FIXED POINT THEOREMS INVOLVING RATIONAL EXPRESSIONS 15

[10] N. V. Luong, N. X. Thuan, Coupled fixed points in partially ordered metric spaces and application, Nonlinear
Anal. 74 (2011), 983-992.

[11] L. G. Huang, X. Zhang, Cone metric spaces and fixed point theorems of contractive mappings, J. Math. Anal.
Appl. 332 (2007), 1468-1476.

[12] E. Karapinar, Couple fixed point on cone metric spaces, Gazi. Univ. J. Sci. 24 (2011), 51-58.

[13] E. Karapinar, Couple fixed point theorems for nonlinear contractions in cone metric spaces, Comput. Math.
Appl. 59 (2010), 3656-3668.

[14] F. Sabetghadam, H.P. Masiha, A.H. Sanatpour, Some coupled fixed point theorems in cone metric spaces,
Fixed Point Theory Appl. 2009, (2009) Article ID 125426.

[15] W. Shatanawi, Partially ordered cone metric spaces and coupled fixed point results, Comput. Math. Appl. 60
(2010), 2508- 2515.



