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The intent of this paper is to introduce the notion of compatible mappings for n-tupled coincidence points due to (Imdad et al.
(2013)). Related examples are also given to support our main r;sults. Our results are the generalizations of the results of (Gnana
Bhaskar and Lakshmikantham (2006), Lakshmikantham and Ciri¢ (2009), Choudhury and Kundu (2010), and Choudhary et al.

(2013)).

1. Introduction

Fixed point theory has fascinated many researchers since 1922
with the celebrated Banach fixed point theorem. There exists
vast literature on the topic and it is a very active field of
research at present. A self-map T on a metric space X is said
to have a fixed point x € X if Tx = x. Theorems concerning
the existence and properties of fixed points are known as
fixed point theorems. Such theorems are very important tool
for proving the existence and eventually the uniqueness of
the solutions to various mathematical models (integral and
partial differential equations, variational inequalities).

Existence of a fixed point for contraction type mappings
in partially ordered metric spaces and applications has been
considered by many authors; for detail, see [1-11]. In partic-
ular, Gnana Bhaskar and Lakshmikantham [12], Nieto and
Rodriguez-Lopez [8], Ran and Recuring [13], and Agarwal
etal. [9] presented some new results for contractions in
partially ordered metric spaces.

Coupled fixed point problems belong to a category of
problems in fixed point theory in which much interest has
been generated recently after the publication of a coupled
contraction theorem by Gnana Bhaskar and Lakshmikan-
tham [12]. One of the reasons for this interest is the applica-
tion of these results for proving the existence and uniqueness

of the solution of differential equations, integral equations,
the Volterra integral and Fredholm integral equations, and
boundary value problems. For comprehensive description of
such work, we refer to [1, 3-5, 7, 10-12, 14-18].

Common fixed point results for commuting maps in
metric spaces were first deduced by Jungck [19]. The concept
of commuting has been weakened in various directions and in
several ways over the years. One such notion which is weaker
than commuting is the concept of compatibility introduced
by Jungck [20]. In common fixed point problems, this
concept and its generalizations have been used extensively;
for instance, see [3, 8, 9, 13-17, 20].

Most recently, Imdad et al. [21] introduced the notion of
n-tupled coincidence point and proved n-tupled coincidence
point theorems for commuting mappings in metric spaces.
Motivated by this fact, we introduce the notion of compat-
ibility for n-tupled coincidence points and prove n-tupled
fixed point for compatible mappings satisfying contractive
conditions in partially ordered metric spaces.

2. Preliminaries

Definition 1 (see [10]). Let (X, <) be a partially ordered set
equipped with a metric d such that (X, d) is a metric space.
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Further, equip the product space X x X with the following
partial ordering:

for (x,y),(u,v) € Xx X,
€Y

define (u,v) < (x,y) = x2u, y<w

Definition 2 (see [10]). Let (X, <) be a partially ordered set
and F : X — X; then F enjoys the mixed monotone
property if F(x, y) is monotonically nondecreasing in x and
monotonically nonincreasing in y; that is, for any x, y € X,

X% €X, x;<x,=F(x,y)<F(x,y),

vy €Xo <y =F(xy)2F(xy,).
Definition 3 (see [10]). Let (X, <) be a partially ordered set

and F: X x X — X;then (x, y) € X x X is called a coupled
fixed point of the mapping F if F(x, y) = x and F(y, x) = y.

Definition 4 (see [10]). Let (X, <) be a partially ordered set
and F: X xX — Xandg: X — X;then F enjoys the
mixed g-monotone property if F(x, ) is monotonically g-
nondecreasing in x and monotonically g-nonincreasing in y;
that is, for any x, y € X,

X% €X, g(x)<g(x,) = F(x,9) <F(x59),
for any y € X,

v €Xe gn)<gn) = F(xun)=F(xy,),

for any x € X.
(3)
Definition 5 (see [10]). Let (X, <) be a partially ordered set
and F: XxX — Xandg: X — X;then(x,y) € XxX
is called a coupled coincidence point of the mappings F and
g it F(x, y) = gx and F(y, x) = gy.

Definition 6 (see [10]). Let (X, <) be a partially ordered set;
then (x,y) € X x X is called a coupled fixed point of the
mappings F: XxX — Xandg:X — Xifgx=F(x,y) =
xand gy = F(y,x) = y.

Throughout the paper, r stands for a general even natural
number.

Definition 7 (see [21]). Let (X, <) be a partially ordered set
and F [T-,X* — X; then F is said to have the
mixed monotone property if F is nondecreasing in its odd
position arguments and nonincreasing in its even positions
arguments; that is, if,

(i) for all xi,x; € X, x} < x; = F(xi,xz,x3,...,xr) <
F(x;,xz,x3,...,xr),
(ii) for all xf,xg € X, xf < xi = F(xl,xf,x3,...xr) >
E(x',x5,x°,...,x"),
(iii) for all xf,xg € X, xi' < x; =
F(xl,xz,xi,x‘l,...,xr) < F(xl,xz,x;,x‘l,...,xr),
for all x,x, € X, x] < x;, = F(xl,xz,xS,...,xq) >

F(xl,xz,x3,...,x£).
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Definition 8 (see [21]). Let (X, <) be a partially ordered set
and let F : [, X' — Xandg : X — X be two
mappings. Then the mapping F is said to have the mixed
g-monotone property if F is g-nondecreasing in its odd
position arguments and g-nonincreasing in its even positions
arguments; that is, if,

1
Xl, %x13 < gx, =
.

X)) S F(xy, x5, %7, ..

(i) for all x},x; €

1.2 .3
F(xp, x5 %7, ...

(ii) for all xf,xg €

2
F(xl,xl,x3,...,xr) > F(xl,xg,x3,...

X, gxf < gx, =

3
Loga, =m0 =
r r
,X) S F(x ', x7, %5, ..., X)),

(i) for all x},x; €
1 2 3
F(x',x%, x5 ...

12

for all x],x, € X, gx] < gx, = F(x,x%,x,...
1.2 3

F(x',x%,x7,...,%5).

Definition 9 (see [21]). Let X be a nonempty set. An element
(x',x%%%,...,x") € [l X" is called an r-tupled fixed point
of the mapping F : []._, X' — Xif

1 1.2 .3 r

x =F(x,x,x,...,x ),

2 2 1

x :F(x,x, ,xr,x),

3 3 r 1 2

x :F(x, ..,x,x,x), (4)
r r—1

x:F(x,x,x, , X )

Example 10. Let (R,d) be a partial ordered metric space
under natural setting and let F : [[/_, X’ — X be mapping
defined by F(x', x*, x°,...,x") = sin(x' - 5% - x° - -+ x"),
any x1, %% x%,...,x" € X;then (0,0,0,...,0) is an r-tupled
fixed point of F.

Definition 11 (see [21]). Let X be a nonempty set. An element
(x',x% %°,...,x") € []l_, X' is called an r-tupled coincidence

point of the mappings F: []_, X' — Xandg: X — Xif

..,xr,xl,xz), (5)
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Example 12. Let (R,d) be a partial ordered metric space
under natural setting and let F: []_ X' > Xandg:X —
X be mappings defined by

1 .2 .3
F(x Jx0,x ,...,xr)

. 1 2 . 3 4 . r—1 r

=sinx -cosx”-sinx” -cosx ----- sinx -cosx’,

g (x) =sinx,

(6)

for any xLah a3, xm € Xythen {(xh, 2%, x5, x7), ¥ =
mm,m € N, 1 <i < r}isan r-tupled coincidence point of F
and g.

Definition 13 (see [21]). Let X be a nonempty set. An element

(x5 %%, ., x7) € HLIX" is called an r-tupled fixed point

of the mappings F : [[._, X' — Xandg:X — Xif

x' = gx' :F(xl,xz,xs,...,xr),

..,xr,xl),
..,x’,xl,xz), )
x' =gx' = F(xr,xl,xz,...,xr_l).

Now, we define the concept of compatible mappings for
r-tupled mappings.

Definition 14. Let (X, <) be a partially ordered set; then the
mappings F : [[_,X’ - Xandg: X — X are called
compatible if

lim g(F X

(= )
n= 00" ntn> nj)?>

w X
F(gx% gxn.... g%} gxy)) = 0,

Tim g (F (x5, x00 %, %3) (8)
F(gx),.... 9%}, g%, 9x2)) = 0,

lim g(F(xr x! xfl xril),

b b b
n— 00 n’on n

F (9x2,gx,11,gxi, ... ,gx:l)) =0,

whenever {xrll}, {Xi}) {XZ}’“-’ {x} are sequences in X such
that

. 1.2 3 . 1 1

Jlim F (xn,xn, xn,...,x;) = lim g(xn) =x,
. 2 3 1 .

Jim F (xn,xn,...,x;, xn) = lim g(x

. 3 4 1 2 .
lim F(xn, xn,...,xn,,xn) = lim (x
n—00 n—oo

«Q

)= lim g(x) =,

. 1 2
lim F(x;,xn,xn,...,x
n—00

n— 0o n

for some x', x2, x>, ..., x" € X.

3. Main Results

Recently, Imdad et al. [21] proved the following theorem.

Theorem 15. Let (X, <) be a partially ordered set equipped
with a metric d such that (X,d) is a complete metric space.
Assume that there is a function ¢ : [0,00) — [0,00) with
o(t) < tandlim, .. @(t) < t for each t > 0. Further let
F:T]_,X' — Xandg:X — X betwo mappings such that
F has the mixed g-monotone property satisfying the following
conditions:

(i) F(IT, XY) € g(X),
(ii) g is continuous and monotonically increasing,
(iii) (g, F) is a commuting pair,
(iv) d(E(x' 2 20, X)), E(yY % 7,
P((1/r) Xy d(g(x"), g(y")),

forall x',x*,x°,...,x", ¥y, 95 .y € X, with gx' <

gy’ gx*> = gy, gx’ < gy’....,gx = gy’ Also, suppose that
either

y)

IN

(a) F is continuous or

(b) X has the following properties:

(i) Ifa nondecreasing sequence {x,} — x, thenx,, <
x for alln > 0.

(ii) If a nonincreasing sequence {y,} — y, then y <
¥, foralln > 0.

3

If there exist X}, X¢, Xy, . . ., X € X such that

r
:x() >

r 1
X0 Xg )

1 1 2 .3
gxy < F(xo,xo,xo,...
2 2 .3
gxy = F(xo,xo,...

ro 1 2
)xo’xoa xo > (10)

3 3
ngSF(xO,...

r r 1 2 3 r—1
gx, 2 F(xo,xo,xo,xo,...,xo ),



then F and g have an r-tupled coincidence point; that is, there
exist x',x%, %7, ..., x" € X such that

12
s XX, x ), a1)

ro_ r 1 2 '3 r—1
gx =F(x,x,x,x7,...,x .

Now, we prove our main results.

Theorem 16. Let (X, <) be a partially ordered set equipped
with a metric d such that (X,d) is a complete metric space.
Assume that there is a function ¢ : [0,00) — [0,00) with
o) < tandlim, .. () < t for eacht > 0. Further let
F:T]_, X' — Xandg:X — X betwo mappings such that
F has the mixed g-monotone property satisfying the following
conditions:

M F([T, X)) € g(X),
(2) g is continuous and monotonically increasing,
(3) the pair (g, F) is compatible,

(4) d(F(x', % 3, X)), F(yh % 2, .
P((1/r) Xy d(g(x"), g(")),

0))

IN

forall x',x*,x°,...,x", y',y5 .y € X, with gx' <

gy’ gx* =2 gy’ gx’ < gy’,...,gx" = gy’ Also, suppose that
either

(a) F is continuous or
(b) X has the following properties:

(i) Ifa nondecreasing sequence {x,} — x, thenx,, <
x for alln > 0.

(ii) If a nonincreasing sequence {y,} — y, then y <
y, foralln > 0.

If there exist X}, X¢, Xy, - . ., X € X such that

r
)xo >

r 1
’Xo)xo b

1 1 .2 3
gx, < F(xo,xo,xo,...
2 2 3
gxy = F(xo,xo,...

3 3 1 .2
gxo < F(XO,--':x(rpr’xO)’ (12)

r r 1 .2 3 r—1
gxy = F(xo,x N A ),
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then F and g have an r-tupled coincidence point; that is, there
exist x',x%,x°,...,x" € X such that

1 _ 1 2 3 r
gx —F(x , XX, X ),
ro 1
’x’x b

gxz = F(xz,x3,...

gx® :F(x3,...,xr,x1,x2), 13)
)xr—l).

ro_ r 1 2 3
gx =F(x,x,x",x7,...

Proof. Starting with xé,xé,xé,...,xg € X, we define the
sequences {xil}, {xi}, {xZ}, ...>1x} in X as follows:

r
X, )

r 1
bl xn’ xn bl

1 _F(l 2 1
9Xns1 = Xy Xygs X« «
2 2 .3
gX,0 = F(xn,xn,...

3 3 1 2
gx, = B x,xh 22, (14)

roo_ r 1 2 3 r—1
9X, = F(xn,xn,xn,xn,...,xn )
Now, we prove that, for alln > 0,

L1
g'xn = gxn+1’
2 2
9% 2 9Xn+1> (15)
3 3 r r
g'xn < gxn+1" "’g'xn = g'xn+l’
1 1.2 .3 ry _ 1
gx, < F(xo,xo,xo,...,xo) = gxi,
ro 1\ _ 2
»Xp» Xg ) = gX1>

2 2 3
gxy = F(xo,xo,...

3 3 1 .2 3
gx, < F(xO"' . ,XS, X0> xo) = gX; (16)

TS F(x 1 2 3 r—1\ _ r
gxy = F(xp, x5, X5, X35 -5 Xy ) = gx7.

So (15) holds for n = 0. Suppose (15) holds for some n > 0.
Consider

2 3 r
n+1’xn+1’xn" "’xn

—

2 3 r
xn+1’ xn+1’ xn+1’ Tt xn

1 2 r )_ 1
n+1’xn+1""’xn+l _gxn+2’

IN
o]
AA?/—\/—\



Abstract and Applied Analysis

n’ n>'n

2 F (X X0 %%, )

> F (%1 X0 o0 X ,xi)
>F xft+1’xfz+1"“’x:1+1’x’}l)

> F(x! )_ 2
= xn+1’xn+l""’xn+1’xn+1 _gxn+2’
3 ro1 2)
e Xy Xy X,
3 r 1 2
S F(x,,1» ..,xn,xn,xn)
3 4 roo1 2
<F xn+1,xn+1,...,xn,xn,xn)
3 4
SF(X, 15X xnﬂ,x x)

4 5 r 1 2
+10 X1 Ko o+ o5 Xy X5 Xy

r 1 2 ) _ 3
. ’xn+1’ xn+1’ xn+1 - gxn+2’

r 1 .2 r—1
2 F xn+1’xn’ xn’ ’xn )
r 1 2 .3 r—l)
nt1> X1 Xip Xyg o+ 05 Xy
r 1 2 r—1
= F xn+1"xn+l’xn+1 e ’xn )

>F r 1 2 r—l) _ r
= Xt X X o5 X1 ) = X2

17)
Thus by induction (15) holds for all #n > 0. Using (14) and (15)

d(g(xn) 9 (x1))

1 2 r 1 2 r
= d(F (xmfl,xmfl,...,xmfl) ,F(xm xm,...,xm))

<p(13d00 050060 ).

n=1

Similarly, we can inductively write

#(9().9(5)) 2 0 (1400 (5002

19509 < 0 (12400 ()92 ).

(19)

Therefore, by putting

Vm=d(g(x3ﬂ)xg( mer)) +d (9 (x0,)2 9 (x0s1))

(20)
~+d(g(x,), 9 (x0)),

we have

Yo = d(9(x3) 9 (x01)) +d (9 (x0) 9 (%n1))

+o+d(g(x)),9(x.))

Since ¢(t) < t forallt > 0, y,, < y,,_, for all m so that {y,,}
is a nonincreasing sequence. Since it is bounded below, there
are some y > 0 such that

lim y,, = +y. (22)

n— 00

We will show that y = 0. Suppose, if possible, y > 0. Taking
limit as m — o0 of both sides of (21) and keeping in mind
our supposition that lim, _, .+ ¢(r) for all ¢ > 0, we have

. 1 1 Y
y=Jim oy, <o —ypa)=re(-y)<ro=y, (23
and this contradiction gives y = 0 and hence

Jim [d(g (x)29 (%)) + (9 (50,) 9 (5501))

+d(g(x1,),9 (%)) = 0.

(24)

Next we show that all the sequences {g(xrln)}, {g(xfn)},
{g(xfn)}, ..., and {g(x},)} are Cauchy sequences. If possible,
suppose that at least one of {g(x,ln)}, {g(xfn)}, ...and {g(x],)}
is not a Cauchy sequence. Then there exist ¢ > 0 and
sequences of positive integers {{(k)} and {m(k)} such that, for
all positive integers k, m(k) > I(k) > k,

d(gxlk)gx )+d(9x1k)gx )

+ootd (gxlr(k),gx:n(k)) > e,
1 1 2 2 (25)
d (gxl(k)’ gxm(k)—l) +d (gxl(k)’ gxm(k)—l)

r r
+--+d (gxl(k),gxm(k)_l) <é&.



Now,

e<d (gle(k)’gxrln(m) +d (gx?(kygxfn(k))
+ot+d (gxlr(k)’gx:n(k))

<d (9"11(10’ 9x:n<k>—1) +d (gxf(k), 9xfn(k>—1)

(26)
+ -+ d (gX]g G-
+d (9%00-1> %)) + 4 (9%m9-1 FXmce)
+et+d (gx:n(k)_p gx;/l(k)) .
That is,
e < d (99 9%pmqy) + d (951000 Tty
+.4+d (gxlr(k))gx:n(k))
(27)

1 1 2 2
<etd (gxm(k)—l’ gxm(k)) +d (gxm(k)—l’ gxm(k))

.o d (gx:n(k)_p gx:n(k)) :

Taking k — oo in the above inequality and using (24), we
have

lim [d (g%149> 9%puqry) + A (910> 9%ty

k— 0o

(28)
+--+d (gx,r(k),gx;q(k))] =e.

Again,

d (9% Py 1) + 4 (9%0941> 9%ty 1)
+ootd (9xlr<k>+1’9x:n(k>+1)
< d (%10 9%y ) + 4 (9%i0941 9%i00)
+ o0t d (x5 930
+d (g% G5mi)) + (9% 9310
+ 00+ d (i 9%
+d (9% FXmao1) + 4 (9% 1)
oo+ d (9% 00 G ) »
d (92> %) + A (951000 9%t

+.o4d (gxlr(k), gx:n(k))
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<d (gxll(k)ﬂ’gxll(k)) +d (gx,z(k)ﬂ, gxzz(k))
+otd (gxlr(k)ﬂ’ gxlr(k))
+d (gxll(k)w gx:n(k)ﬂ) +d (gxlz(k)ﬂ’ gxi«(km)
+eetd (gx;(k)+1’9x:n(k)+1)
+d (gx:n(k)’ gx:n(k)+1) +d (gxfn(k)’ gxfn(k)ﬂ)

+ee+d (gx:n(k)’ gx:n(k)Jrl) .
(29)

Taking limit as k. — oo in the above inequality and using
(24) and (28), we have

klingo {d (gxll(k)ﬂ’ gx:n(k)ﬂ) +d (9x12(k)+1, gxfn(k)+1)
(30)
+..-4+d (gx;(k)+1’gx:n(k)+l)} =&

Now,
1 1 7 ,
d (9% FXmier1) + 4 (9% 1> 9i01)
r r
+.o4d (gxl(k)+1>gxm(k)+1)

’x:nac)))

+d (F (g0 > X0 X100) » F (g - > Xy Xmcry))

=d (P (xll(k),xlz(k) ...,xlr(k)) JF (xrln(k),xfn(k)

+--+d (F (X;(k)’x;(k)’ s ’x;(;;) >
F (an(k)s x:n(k)’ o x:rt_(}()))
1<
< r(P<;Zd (g (xlrzk)) g (x:ln(k)))) ’
n=1

(31)

Letting k — oo in the above inequality and using (28), (30),
and the property of ¢, we get

sgr(p<§><r§:s, (32)

r r
which is a contradiction. Therefore, { g(xin)}, { g(xfn)},
{g(xfn)}, ...»19(x7,)} are Cauchy sequences. Since the metric

space (X, d) is complete, there exist x', x?,...,x" € X such
that

(33)
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As g is continuous, from (33), we have

lim g (g (x1 ))

I

«Q
—~
Xb—t
~

Jim g(g(x,)) = 9 (<),
(34)
Jim g(g(x,)) = g(x").

By the compatibility of g and F, we have

Jim d (g (F (2,025 -5%3,)).
(9 (xn)> ( 2)seg (%)) =0,
Jim d (g (F (%00 %,,))
(9 (=, )»--,g(x ).9(x))) =0 (35

F

g

Jim d (g ((F (< -0x0 1))
F(g(x,).9(%))sa(x") =o0.

Now, we show that F and g have an r-tupled coincidence
point. To accomplish this, suppose (a) holds. That is, F is
continuous. Then using (35) and (15), we see that

which implies g(xl) = F(x'L,x*,...,x"). Slmllarly, we can
easily prove that g(xz) = F(x%...,x"xY, ..., g(x) =
F(x",x',...,x1). Hence (x',x%,...,x") € I_L:lX' isan r-
tupled coincidence point of the mappings F and g.

If (b) holds, since g(x ) is nondecreasmg or nonincreas-
ingasiis odd or even and g(xl) — x'as m — 00, we have
g(xm) < x', when i is odd, while g(xm) > x', when i is even.
Since g is monotonically increasing,

g (g (x’m)) < g(xi) , when i is odd,

. . (37)
g (9 (xlm)) > g(x'), when i is even.

Now, using triangle inequality together with (15), we get
d(g (). (.2
<a(o(x). ()
cd(g(xh) (6
<a(g(+").9(shu) @
+d (g (F(xbp i),
Flg().g(<2). ...

— 0 asn-— 00.

Therefore, g(xl) = F(x', %%, ..., x"). Similarly, we can prove

g(xz) = F(x%...,x"xY,..., g(x") = F(xX',x',...,x"7").
Thus the theorem follows. O

Now, we furnish an illustrative example to support our
theorem.

Example 17. Let X = R be complete metric space under usual
metric and natural ordering < of real numbers. Define the
mappings F: []_, X' — Xandg: X — X as follows:

g(x) =rx,
_ 39
F(xl PRI xr)le—x2+x3—---+xr1—xr (39)
b b PR ] r+1
Set ¢(t) = t/(r + 1); then we see that
d(F(xl,xz,...,xr_l,xr),F(yl,yz,...,yr_l,yr))
T X
xd >
r+1
yl_}/2+}/3_"'+)’r—1_}/r
r+1
1 _
[(xl—x2+x3—---+xr l—xr)
r+1

=y

(P TE a E )]

r+1r

r+1( Z (gx,gy)>
=9 (%Zd (gx",gy”)) :

(' -y ey

(40)

Also, the pair (g, F) is compatible. Thus all the conditions of
our Theorem 16 are satisfied (without order) and (0, 0,...,0)
is an r-tuple coincidence point of F and g.



Corollary 18. Let (X, <) be a partially ordered set equipped
with a metric d such that (X,d) is a complete metric space.
Further let F : [[_, X' — Xandg : X — X be two
mappings satisfying all the conditions of Theorem 15 with a
suitable replacement of condition (4) of Theorem 16 by

"))

k . n n
<=2 d(g().9(y"), kelon).
n=1

d(F(xl,xz,...,xr),F(yl,yz,...
(41)

Then F and g have an r-tupled coincidence point.

Proof. If we put ¢(t) = kt where k € [0,1) in Theorem 15,
then the result follows immediately. O

Conflict of Interests

The authors declare that they have no conflict of interests.

Acknowledgments

The authors would like to express their sincere thanks to
the guest editor Professor Jen-Chih Yao and the anonymous
reviewers for their valuable suggestions.

References

[1] A.Alotaibiand S. M. Alsulami, “Coupled coincidence points for
monotone operators in partially ordered metric spaces,” Fixed
Point Theory and Applications, vol. 2011, article 44, p. 13, 2011.

[2] A. C. M. Ran and M. C. B. Reurings, “A fixed point theorem
in partially ordered sets and some applications to matrix
equations,” Proceedings of the American Mathematical Society,
vol. 132, no. 5, pp. 1435-1443, 2004.

[3] B. S. Choudhury and A. Kundu, “A coupled coincidence
point result in partially ordered metric spaces for compatible
mappings,” Nonlinear Analysis: Theory, Methods & Applications,
vol. 73, no. 8, pp. 2524-2531, 2010.

[4] B. S. Choudhury, K. Das, and P. Das, “Coupled coincidence
point results for compatible mappings in partially ordered fuzzy
metric spaces,” Fuzzy Sets and Systems, vol. 222, no. 1, pp. 84-97,
2013.

[5] E. Karapmnar, N. Van Luong, and N. X. Thuan, “Coupled
coincidence points for mixed monotone operators in partially
ordered metric spaces,” Arabian Journal of Mathematics, vol. 1,
no. 3, pp. 329-339, 2012.

[6] E.Karapinar and M. Erhan, “Fixed point theorems for operators
on partial metric spaces,” Applied Mathematics Letters, vol. 24,
no. 11, pp. 1894-1899, 2011.

[7] H. Aydi, “Some coupled fixed point results on partial metric
spaces,” International Journal of Mathematics and Mathematical
Sciences, vol. 2011, Article ID 647091, 11 pages, 2011.

[8] J. J. Nieto and R. Rodriguez-Lopez, “Contractive mapping
theorems in partially ordered sets and applications to ordinary
differential equations,” Order, vol. 22, no. 3, pp. 223-239, 2005.

[9] R. P. Agarwal, M. A. El-Gebeily, and D. O'Regan, “Generalized
contractions in partially ordered metric spaces,” Applicable
Analysis, vol. 87, no. 1, pp. 109-116, 2008.

Abstract and Applied Analysis

[10] V. Lakshmikantham and L. B. Ciri¢, “Coupled fixed point
theorems for nonlinear contractions in partially ordered metric
spaces,” Nonlinear Analysis: Theory, Methods & Applications, vol.
70, no. 12, pp. 4341-4349, 20009.

[11] V. Nguyen and X. Nguyen, “Coupled fixed point theorems
in partially ordered metric spaces,” Bulletin of Mathematical
Analysis and Applications, vol. 2, no. 4, pp. 16-24, 2010.

[12] T. Gnana Bhaskar and V. Lakshmikantham, “Fixed point the-
orems in partially ordered metric spaces and applications,”
Nonlinear Analysis: Theory, Methods & Applications, vol. 65, no.
7, pp. 1379-1393, 2006.

[13] M. Gugani, M. Agarwal, and R. Chugh, “Common fixed
point results in G-metric spaces and applications,” International
Journal of Computer Applications, vol. 43, no. 11, pp. 38-42, 2012.

[14] S. Chauhan and B. D. Pant, “Common fixed point theorems
in fuzzy metric spaces,” Bulletin of the Allahabad Mathematical
Society, vol. 27, no. 1, pp. 27-43, 2012.

[15] Sumitra and E A. Alshaikh, “Coupled fixed point theorems for
a pair of weakly compatible maps along with (CLRg) property
in fuzzy metric spaces;” International Journal of Applied Physics
and Mathematics, vol. 2, no. 5, pp. 345-347, 2012.

[16] M. Alamgir Khan and Sumitra, “CLRg property for coupled
fixed point theorems in fuzzy metric spaces,” International
Journal of Applied Physics and Mathematics, vol. 2, no. 5, pp.
355-358, 2012.

[17] Sumitra, “Coupled fixed point theorem for compatible maps
and its variants in fuzzy metric spaces,” Jorden Journal of
Mathematics and Statics, vol. 6, no. 2, pp. 141-155, 2013.

[18] W. Shatanawi, “Coupled fixed point theorems in generalized
metric spaces,” Hacettepe Journal of Mathematics and Statistics,
vol. 40, no. 3, pp. 441-447, 2011.

[19] G. Jungck, “Commuting mappings and fixed points,” The
American Mathematical Monthly, vol. 83, no. 4, pp. 261-263,
1976.

[20] G. Jungck, “Compatible mappings and common fixed points,”
International Journal of Mathematics and Mathematical Sci-
ences, vol. 9, no. 4, pp. 771-779, 1986.

[21] M. Imdad, A. H. Soliman, B. S. Choudhary, and P. Das, “On
n-tupled coincidence point results in metric spaces,” Journal of
Operators, vol. 2013, Article ID 532867, 8 pages, 2013.



