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SOME COUPLED COINCIDENCE POINTS RESULTS OF
MONOTONE MAPPINGS IN PARTIALLY ORDERED METRIC
SPACES

STOJAN RADENOVIC

ABSTRACT. In this paper, we introduce the concepts of a monotone mappings
and monotone mapping with respect to other mapping to obtain some cou-
pled coincidence point results in partially ordered metric spaces. Our results
generalize, extend and complement various comparable results in the existing
literature.

1. INTRODUCTION AND PRELIMINARIES

The existence of fixed points in partially ordered metric spaces was first investi-
gated in 2004 by Ran and Reurings [19], and then by Nieto and Lopez [13]. Further
results in this direction were proved, e.g ([2], [3], [4], [7], [9], [17], [20]. Results on
weak contractive mappings in such spaces, together with applications to differential
equations, were obtained by Harjani and Sadarangani in [10].

The notion of a coupled fixed point was introduced and studied by Opoitsev ([14]-
[16]) and then by Guo and Lakshmikantham [8]. Bhashkar and Lakshmikantham
in [5] introduced the concept of a coupled fixed point of a mapping F : X x X — X
and investigated some coupled fixed point theorems in partially ordered complete
metric spaces. They also discussed an application of their result by investigating
the existence and uniqueness of solution for a periodic boundary value problem.
Choudhury and Kundu [6] obtained coupled coincidence point results in partially
ordered metric spaces for compatible mappings.

Recently, Abbas et al. [1] proved coupled coincidence and coupled common fixed
point results in cone metric spaces for w— compatible mappings (see also, [11]).
The aim of this paper is to prove some coupled coincidence points results for so-
called monotone mappings or monotone mappings with respect some other mapping
in partially ordered metric spaces. The results presented in this paper generalize,
extend and complement various comparable results in the existing literature ([5, 6,
11, 12, 18]).

We start with the following.

Definition 1.1. [12] Let (X, =) be a partially ordered set. A mapping F :
X x X — X is a monotone with respect to g : X — X, if for any z,y € X,

x1,x2 € X, gx1 = gro implies F(x1,y) X F(x2,y),

2010 Mathematics Subject Classification. 47H10, 34B15.
Key words and phrases. Coupled coincidence point; monotone mappings; coupled coincidence
point; partially ordered metric space; regular space.

(©2014 Authors retain the copyrights of their papers, and all
open access articles are distributed under the terms of the Creative Commons Attribution License.

174



SOME COUPLED COINCIDENCE POINTS RESULTS 175

and
Y1,9y2 € X, gy1 = gyo implies F(z,y1) =< F(2,y2).

If we take g = Ix (an identity mapping on X ), then F' is a monotone mapping
on X. ([5]).
Definition 1.2. [5] An element (z,y) € X x X is called a coupled fixed point of
mapping F': X x X - X if = F(z,y) and y = F(y, ).
Definition 1.3. [1] An element (z,y) € X x X is called:

a coupled coincidence point of mappings F: XxX — X andg: X — X ifg(z) =
F(z,y) and g(y) = F(y, z), and (gz, gy) is called coupled point of coincidence;

a common coupled fixed point of mappings F': X x X - X and g: X — X if
z=g(z) = F(z,y) and y = g(y) = F(y,2).
Definition 1.4. [18] Let (X, <) be an ordered set and d be a metric on X. We say
that (X, d, <) is regular if it has the following properties:

(i) if for non-decreasing sequence {x,} holds d (z,,xz) — 0, then z, < z for all
n,

(ii) if for non-increasing sequence {y, tholds d (x,,z) — 0, then y, > y for all
n.

2. MAIN RESULTS

All the results in [2], [5], [6], [7], [9], [10], [18] are obtained for mixed monotone
mappings, that is., for mappings F' : X x X — X which are increasing with respect
to the first variable and decreasing with respect to the second variable.

It is our main aim in this paper to consider coupled coincidence points of map-
pings which are of the same monotonicity with respect to both variables.

Now, we start with the following result.

Theorem 2.1. Let (X,d, =) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g : X — X and

d(F(z,y), F(u,v)) +d(F (y,z), F (v,u))

< qb(max{d(gw, gu) ;L dlgy,gv) d(F(z,y),9%) _;_ d(F (2,y), gu)

d(gy, gv) + d(F(z,y), 9x) d(gy,gv) + d(F(z,y), gu) 1

2 ’ 2
for all z,y,u,v € X, for which g(z) =2 g(u) and g(y) = g(v), where ¢ : [0,00) —
[0,00) is continuous, nondecreasing function such that ¢(t) < t for all t > 0. If
F(X x X) is contained in a complete set g(X), (X,d %) is a reqular and if there
exist xg,yo € X such that

(2.1)

g(z0) = F(zo0,y0) and g(yo) = F(yo, o),

then there exist x,y € X such that g (z) = F (z,y) and g(y) = F (y,x).
Proof. Let xg,y0 € X be such that g(xg) < F(zo,y0) and g(yo) =

F(yo, o).
Set gx1 = F(zo,y0) and gy1 = F(yo, o), this can be done as F(X x X) C g(X).
Similarly, g(z2) = F(21,51) and g(y2) = F(y1,21) because FI(X x X) C g(X).
Continuing this process we can construct sequences {x,} and {y,} in X such that

(2.2) 9(Tnt1) = F(Tn,yn) and g(yn+1) = F(yn,zy) for all n > 0.
We shall show that g(z,) < g(zn+1) and g(yn) < g(yn+1) for all n > 0.
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By induction, let n = 0. Since gxg < F(zo,y0) and gyo =< F(yo,xo) also gr; =
F(z0,90) and gy1 = F(yo,20), so that grg =< gx1 and gyo = gyi. Now, let it
holds for some fixed n > 0. Since gz, = gr,4+1 and gy, = gYn+1, and as F' is
monotone mapping with respect to g, so that gz, 11 = F(Zn, yn) =X F(Tnt1,Yn) =
F(Znt1,Yn+2) = 9%ny2 and gyni1 = F(Yn, Tn) 2 F(Ynt1;Zn) 2 F (Ynt1, Tng1) =
gYn+t2. Hence grpi1 = gpyo and gYnt+1 = gYn42. Thus by the mathematical
induction we conclude that for all n > 0,

gro =X gr1 = ... 39T, 2 9Tpy1 X ..., and

9Yo =2 gY1 = . 2 9Yn X GYn+1 2 o
We will suppose that d(gz,, gznt+1) > 0 and d(gyn, gyn+1) > 0 for all n, since if
gy = gTyy1 and gy, = gyna1 for some n, then by (2.2),

gTn = F(-rnayn) and gy, = F(yn7xn)7
that is, F' and g have a coupled coincidence point (2, ¥, ), and so we have finished
the proof. Now from (2.1), we have
d(g2n, gTnr1) + d (9Yn, 9Ynt1)

= d(F(xnflvynfl)aF(xnvyn)) +d(F(ynflaxnfl)aF(ynal'n))
(

< ¢(max{ gn—1,9%n) ;Ld(gyn—l,gyn),
d(F(ajn_h yn—1)7g$n_1) + d(F(xn—la yn—l)a gxn)
2 ’
d<gyn71’gy”> + d(F(l‘nflvyn71>7gxn71) d(gynflagyn) + d(F<$n71ayn71)ag$n)
2 ’ 5
Ad(g2n_1,9%0) + d(gYn—1,9Yn) d(9Tn,gTn_1) d(GYn_1,9Yn)
= ¢(max{ 5 ; 5 , 5 1,
and hence
d(gTn—1,9%n) + d(gyn—1, 9Yn
A(9Zny 9Tnt1) + A (GYns GYnt1) < &( (921 ) 5 ( 1 ))
(2.3) < ¢ (d(grn—1,9Tn) + d(gYn—1,9Yn))
Now

d(gTn, 9Tn41) + d(9Yn, gYn+1)
¢(d(gxn—1; gxn) + d(gyn—h gyn))
¢*(d(9Tn—2, 9Tn—1) + d(9Yn—2, 9Yn—1))

VAN VAN VAN VAN

¢" (d(gzo, g21) + d(9y0, 9y1))-

Since lim ¢"(d(gzo,9x1) + d(gyo,9y1)) = 0, then for a given £ > 0, there is a
n—oo

positive integer ng such that for all n > ny,

o)

(2.4) ¢" (d(gwo, gz1) + d(gyo, gy1)) < B

Hence

(2.5) d(9%n, 9Tnt1) + A(GYns 9Ynt1) < € — P(€),

D
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for all n > ng. That is,

(2.6) A(9n, gTny1) < € — ¢(e) and d(gyn, gYnt1) < € — P(e).
Now, for any m,n € N with m > n > ng, we claim that

(2.7) d(gzn, grm) <€

(2.8) and d(gyn, gym) < €.

We prove the inequality (2.7) and (2.8) by induction on m. The inequality (2.7)
and (2.8) hold for m = n + 1 by using (2.6). Assume that (2.7) and (2.8) hold for
m = k. Since gx,, = gz and gy, = gy, so that for m = k + 1, we have

d(gn, 9Tm) + d(gYn; 9Ym) = d(gTn, gTr+1) + d(9Yn, gYr+1)

< d(9xn, 9Tng1) + d(9Tnt1, 9Tk41) + A(GYn, GYn+1) + A(GYnt15 9Yk+1)
< e—¢(e) +d(9Tni1, 9Tky1) + d(9Ynt1, 9Yr+1)
= £&—- d)(E) + d(F(xnayn)vF(xkayk)) + d(F (y’rhxn) 7F(yk,$k))
F F

S 5_¢(5) +¢(max{d(‘qxnag$k> ;’d(gynvgyk)’ d( (xn7yn)vgxn);—d( (xnayn)agxk:)’

d(gyrugyk) +d(F(mnayn)7g(En) d(gynvgyk) +d(F(xn7yn)ag$k) })

2 ’ 2

— e ole) +¢(max{d(g:cmg:ck) ;rd(gymgyk), d(g:vn+1,gzn);Ld(gxnﬂ,gfck),

d(gyn; gyx) + d(9Tni1,97n) d(gYn, gyr) + d(gTnt1, gTk) 1

2 ’ 2
5—|—5 e—ole)+e e+e—o0le) e+e¢

< e () + omax{ ) he ete o) stey)

= e—¢(e) +9(e) =
By induction on m, we conclude that (2.7) and (2.8) hold for m > n > ng. Hence
{9z, } and {gy,} are Cauchy sequences in g(X), so there exists z and y in X such
that {gx,} and {gy,} converges to gz and gy respectively. Now, we prove that

F(z,y) = gz and F(y,z) = gy.
Since gz, < gz and gy, =< gy for all n > 0, so that we have
d(F(z,y),9z) + d (F (y,) , gy)
< d(F(2,9),9Tn+1) + d(gTni1,97) + d(F (y, ), 9Yn+1) + d (9Yn+1, 9Y)
= d(F(zn,yn), F(z,y)) + d(F (Yn,xn) . F (y,2)) + d(9Tns1, 97) + d (9Yn+1, 9Y)
d(gTn, gr) + d(gyn, 9y) d(F(Tn,yn), gTn) + d(F(Tn,yn), 97)
P(max{ 5 , 5 ,
d(gyn, gy) + d(F(Tn, Yn), 92n) d(gyn, 9y) + d(F (2, yn), g2) 1
2 ’ 2
+d(gTnt1, 92) + d(9Yn+1,9Y)
—  $(max{ d(gn, gx) ;r d(gyn, 9y) 7 d(gTni1, 9Tn) 2+ d(gTny1, gT) ,
d(.gynagy) + d(gl‘n+1a gxn) d(gyna gy) + d(g-rnJrlvgx)
2 ’ 2
On taking limit as n — oo, we obtain that

(2.9) d(F(z,y),9z) + d(F (y,z),9y) <0,

IN

B+ d(gzns, 9) + d(9Yn+1,9Y) -
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that is., F'(z,y) = gx and F (y,x) = gy . Hence (z,y) is a coupled coincidence point
and (gz, gy) is coupled point of coincidence of mappings F' and g. O

Following example support Theorem 2.1.
Example 2.2. Let X = [0,1] be an ordered set with the natural ordering of
real numbers and d a usual metric on X. Let FF: X x X — X, g: X — X and
¢ : [0,00) — [0,00) be defined by

2 1
(2.10) Fla,y) = =20

and ¢(t) = §t, for ¢ € [0, 00). Note that F(X x X) C g(X) and ¢ is nondecreasing,
continuous with ¢(t) < ¢ for all ¢ > 0.

Now for g(x) < g(u) and ¢g(y) < g(v) , we obtain
d(F(z,y), F(u, v)) + d(F(y, x), F (v, u))

3
,g(x) = Zx for all z,y € X,

1 1
= E|2x+y—2u—v|—|—l—8\2y+x—2v—u|

< 2wt (- )+ g 2y~ )+ ()

6
< _ _
< 18(Iw ul + |y —vl)
_ 2lge-dul+ -3 o 8[3e-Ful+ 3

3 2 39 2

d(gz, gu) + d(gy, gv

_ ¢(( )2 ( ))
< p(max{ d(gz, gu) ;r d(gy, gv) ’ d(F(z,y),gx) ;r d(F(z,y), gu) 7

d(gy, gv) + d(F'(x,y),gz) d(gy,gv) + d(F(z,y), gu) 1

2 ’ 2 '

Thus (2.1) is satisfied and F' and g have coupled coincidence points. Here, (%, 22—1)
is a coupled coincidence point and (g (22—1) g (22—1)) = (i, ﬁ) is coupled point of
coincidence of mappings F' and g. [J

Remark 2.3. Since F' has not a mixed monotone property with respect to g, it
follows that a coupled coincidence point (%, 22—1) cannot be obtained by Theorem
2.1. from [2].

Corollary 2.4. Let (X,d,=) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g: X — X and

d(F(z,y), F(u,v)) + d(F(y,z), F(v,u))
< kmax{d(gz, gu) + d(gy, gv), d(F(x,y), gz) + d(F(z,y), gu),

(2.11) d(gy, gv) + d(F(x,y), 9z),d(gy, gv) + d(F(z,y), gu)}

for all z,y,u,v € X, for which g(z) < g(u) and g(y) < g(v), where k € [0, %) If
F(X x X) is contained in a complete set g(X), (X,d %) is a reqular and if there
exist xg,yo € X such that

9(x0) = F(xo0,y0) and g(yo) = F(yo, o),

then there exist x,y € X such that g (z) = F (z,y) and g(y) = F (y,x).
Proof. Taking ¢(t) = kt with k € [0, 1) in Theorem 2.1, we obtain Corollary 2.1.
(]
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Corollary 2.5. Let (X,d, =) be a partially ordered metric space. Suppose that
a mapping F': X x X — X is a monotone and

d(F(z,y), F(u,v)) + d(F(y, z), F (v, u))

< qb(max{d(m’ u) "21' d(y, U) 7 d(F(-T, y), 33) —;— d(F(Q:, y), u) ’
(2.12) d(y, v) + d;F(x, y):2) dlyv)+ déF(x, D)y,

for all z,y,u,v € X, for which ¢ < w and y < v. If (X,d, <) is a complete and
regular and if there exist xg,yo € X such that

xo = F(x0,90) and yo < F(yo, o),

then there exist =,y € X such that x = F (z,y) and y = F (y,x) .
Proof. The result follows by taking g = I (identity mapping) in Theorem 2.1. O
Corollary 2.6. Let (X,d, =) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g : X — X and
d(gx, gu) + d(gy, gv))

2
for all z,y,u,v € X, for which g(z) <X g(u) and g(y) = g(v), where ¢ : [0,00) —
[0,00) is continuous, nondecreasing function such that ¢(t) < t for all t > 0. If
F(X x X) is contained in a complete set g(X), (X,d <) is a regular and if there
exist xo,yo € X such that

g(xo) = F(x0,y0) and g(yo) = F(yo, xo),

then there exist x,y € X such that g (x) = F (z,y) and g(y) = F (y,z) .

As ¢(max{a,b}) = max{s(a),p(b)} for all a,b € [0,00) if ¢ : [0,00) — [0,00) is
nondecreasing map, then we obtain following equivalent form of Theorem 2.1.
Theorem 2.7. Let (X,d,=) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g: X — X and

d(F(z,y), F'(u,v)) + d(F(y,z), F(v,u))
(d(gw,QU) + d(gyvgv)) d(F(z,y), gz) + d(F(z,y), gu)

(2.13) d(F(z,y), F(u,v)) + d(F(y,z), F(v,u)) < ¢(

< max{¢ 5 Lo . ),
(2.14) o(N9y.9v) + c;(F(:c, v).97)) Mgy, gv) + dZ(F(x, v),gu) )

for all x,y,u,v € X, for which g(z) <X g(u) and g(y) = g(v), where ¢ : [0,00) —
[0,00) is continuous, nondecreasing function such that ¢(t) < t for all t > 0. If
F(X x X) is contained in a complete set g(X), (X,d %) is a reqular and if there
exist xg,yo € X such that

g(z0) 2 F(z0,y0) and g(yo) = F(yo, o),

then there exist x,y € X such that g (z) = F (z,y) and g(y) = F (y,x).
Theorem 2.8. Let (X,d, =) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g : X — X and

P(d(F (x,y),gr)) + ¢(d(F(u,v), gu))

2

for all x,y,u,v € X, for which g(z) <X g(u) and g(y) < g(v), where ¢ : [0,00) —
[0,00) is continuous, nondecreasing function such that ¢(t) < t for all t > 0. If

(2.15) d(F(z,y), F(u,v)) <
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F(X x X) is contained in a complete set g(X), (X,d <) is a regular and if there
exist xo,yo € X such that

9(xo) 2 F(zo,90) and g(yo) = F(yo, o),

then there exist x,y € X such that g (x) = F (z,y) and g(y) = F (y,z) .
Proof. Let xo,y0 € X be such that g(xg) <X F(zo,y0) and g(yo) = F(yo, o).
Using the similar arguments to those given in Theorem 2.1, we construct sequences
{zp} and {y,} in X such that g(zp+1) = F(zn,yn) and g(yns1) = F(yn,zy) for
all n > 0 and for all n > 0,

gro =X gT1 = ... 39Tp, 2 9Tpy1 X ..., and

9Yo = gY1 = . 2 GYn X GYnt1 2 o

Now we will suppose that d(gxn, gzn+1) > 0 and d(gyn, gynt1) > 0 for all n,
otherwise, F' and g have a coupled coincidence point at (z,,y,), and so we have
finished the proof. From (2.15),

d(gxnaganrl) = d(F(xnflvynfl>7F($nayn)>
(b(d(F(mnfhynfl)vgxnfl) + ¢(d(F(xn>yn)7gxn))

<

- 2

_ ¢(d(gxnvgxn71)) + d)(d(ganrl,gxn))

2

< ¢(d(gxnvg$n—1)) + d(gxn+1vgxn)

> 9 s
that is.,
(216) d(gxna gxn-‘rl) S d)(d(gxn—la gxn))
Similarly,
(2.17) A(9Yn: gyn+1) < A(d(gYn—1,gyn))-

From (2.16) and (2.17), we obtain
(2.18)  d(9@n, gTnt1) + d(9Yns 9Yn+1) < ¢(d(gTn—1,97n)) + A(d(gYn—1, gYn))-

Now

d(gTn, gTn41) + d(gYn, gYn+1)

P(d(gTn—1,92n)) + A(d(gYn—1,9yn))

¢*(d(gn—2, 9Tn—1)) + 6*(d(9Yn—2, gYyn—1))

. < 9" (d(gwo, g71)) + 6" (d(gyo, gy1))-

For a given € > 0, since nli_{rolo[d)"(d(gxo,garl)) + ¢"(d(9y0,9y1))] = 0 and ¢(e) < e,
there is a positive integer ng such that for all n > ng,

(2.19) @™ (d(gzo, gz1)) + ¢" (d(gyo, gy1)) < € — (e).

Hence

IAIAIA

d(gn, gTns1) + d(gYn, gyn+1) < € — P(e),
that is.,

(2.20) (g, grni1) < € — @(e) and d(gyn, gyn+1) < & — (e).
Now, for any m,n € N with m > n, we claim that

(2.21) d(gzn, grm) <€
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and

(2:22) d(gyn, gym) < €.

We prove the inequalities (2.21) by induction on m. The inequalities (2.21) holds
for m = n+1 by using (2.20). Assume that (2.21) holds for m = k. Since gz,, < gz,
and gy, =< gyk, so that for m = k + 1, we have

d(9Zn, gTm) = d(gTn, 9Tr41) < d(92n, 9Tni1) + d(gTni1, 9Tr11)

< e —¢(e) + d(gTnt1, 9Tk41) = € — ¢(€) + dA(F (Tn, Yn), F(2k, Y))
< e—oe) + 2AE@n Yn), g7n)) ; ¢(d(F (xk, Yk), 971))

— )+ ¢(d(g2n 1, 9n)) —QF ¢(d(g92k+1, 92k))

< o o(e) + ¢(e — ¢(e)) + d(e — 6(¢))

2

= e—¢(e) + (e —9(e)) <e—o(e) + o(e) =e.
Similarly, we obtain
A(gYn, gym) < €.

By induction on m, we conclude that (2.21) and (2.22) holds for m > n > ny.
Hence {gx,} and {gy,} are Cauchy sequences in g(X), so there exists z and y in
X such that {gz,} and {gy,} converges to gz and gy respectively. Now, we prove
that F(x,y) = gz and F(y,z) = gy.

Since gx,, = gz and gy, =< gy for all n > 0, so that we have

d(F(z,y),gz) < d(F(2,9), gTns1) + d(g2ni1, 9)

= d(F(l‘n7yn>7F(x?y)) +d(g$n+17gl‘)
P(A(F (2, Yn), 92n)) + ¢(d(F (z,y), gz))

< 2 +d(9zni1, 97)
d Tn y §Tn + d T, gx
On taking limit as n — oo, we obtain
(2.23) d(F(z,y),9z) < ¢(0) =0,

and F(x,y) = gx. Similarly, it can be shown that F(y,z) = gy. Hence (z,y) is a
coupled coincidence point and (gz, gy) is coupled point of coincidence of mappings
F and g. O

Corollary 2.9. Let (X,d, =) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone and
P(d(F (z,y),z) + d(F(u,v),u))

2 )
for all z,y,u,v € X, for which * < u and y < v. If (X,d,=X) is a complete and
reqular and if there exist xo,yo € X such that

(2.24) d(F(z,y), F(u,v)) <

xo = F(x0,y0) and yo < F(yo, %o),

then there exist x,y € X such that © = F (z,y) and y = F (y,z) .
Proof. The results follows by taking g = I (identity mapping) in Theorem 2.7. O
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Theorem 2.10. Let (X,d, <) be a partially ordered metric space. Suppose that a
mapping F : X x X — X is a monotone with respect to g : X — X and

d(F(z,y), F(u,v)) +d(F (y,2), F (v,u))
< aid(gz, gu) + azd(gy, gv) + azd(F(x,y), gv)

(2.25) +a4d(F(u,v), gu) + asd(F(z,y), gu)

for all x,y,u,v € X, for which g(x) < g(u) and g(y) X g(v), with nonnegative real
numbers a;, 1 =1,2,...,5 and Zleai < 1. If F(X x X) is contained in a complete
set g(X), (X,d =) is a regular and if there exist xo,yo € X such that

9(xo) = F(z0,90) and g(yo) = F(yo, 7o),

then there exist x,y € X such that g (z) = F (z,y) and g(y) = F (y,x).

Proof. Let xo,yo € X be such that g(z¢) <X F(z0,y0) and g(yo) = F(yo0, o). Using
the similar arguments to those given in Theorem 2.1, we construct sequences {z,,}
and {y,} in X such that

9(zpt+1) = Fxn, yn) and ¢(yn+1) = F(yn, zy) for all n > 0,
and for all n > 0,

gxo

gr1 R .. 29Ty 2 gTpi1 S ..., and
9Yo 1=

gy -2 9Yn = GYnt1 2 e

A TA

Now we will suppose that d(gxn, gzn+1) > 0 and d(gyn, gynt1) > 0 for all n,
otherwise, F' and g have a coupled coincidence point at (z,,y,), and so we have
finished the proof. From (2.25), we have

d(9n, 9Tn+1) + d(9Yn-gYn+1)

d(F(xn—layn—l)a F(xn, yn)) +d(F (yn—l7xn—1)  F (ynvxn))
a1d(9Tn—1,9Tn) + a2d(gyn—1, 9Yn) + a3d(F (Tn—1,Yn—1), gTn—1)
+asd(F(zn,Yn), 92n) + asd(F(Tn-1,Yn-1), 9Tn)
a1d(gTn—1,9%n) + a2d(gYn—1, 9Yn) + azd(gTn, gTn—1)
+a4d(9Tnt1, 9n) + a5d(9Tn, gTr)

= (a1 +a3)d(grn—1,97n) + a2d(gyn—1, gyn) + a4d(g2ny1, gn),

IN

from which it follows

(2.26)
1

1—CL4

A(9Zn, 9Tn+1) +d (9Yn-gYnt1) < (a1 + a3) d(gxn—1, gxn) + a2d(9yn—1, 9yn))-

From (2.26), we obtain

d(97n, 9Tn11) + d(gYn, GYnt1)

a1+a3

< li[d(gyn—lvgyn) + d(gxn—lagzn)]v
—ay

that is.,

(2.27) d(9Tn, 9Tn11) + d(GYn, GYn+1) < Nd(9Zn—1,92n) + d(GYn—1, 9yn)],
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a1—|—a3
—ay

d(gn, gTn+1) + d(gYns gYnt1)

where A = . Obviously, 0 < A < 1. Now

Ad(92n—1, gn) + d(gYn—1, 9yn)]
>‘2[d(g$n—2a gxn—l) + d(gyn—Za gyn—l)]

VAN VAN VAR VA

A*[d(gzo, gz1) + d(gyo, gy1)]-

Then, for all n,m € N, m > n, we have

d(gl‘ny gxm) + d(gyn; gym) < d(xny xn—&-l) + d(yna yn+1) + d(l‘n—&-la -Ta:+2)
+d(yn+la yw+2) + ...+ d<xm71a xm) + d(ymflv ym)

n

< T ldlgzo, 921) + dlgyo. gyn)l,

which implies that d(gxy, 9Zm)+d(gyn, gym) — 0, asn,m — oo, that is., d(gxn, gxm) —
0 and d(gyn, gym) — 0 as n,m — oc. Hence {gz,, } and {gy, } are Cauchy sequences
in g(X), so there exists  and y in X such that {gz,} and {gy,} converges to gx
and gy respectively. Now, we prove that F(z,y) = gx and F(y,z) = gy.
Since gz, = gz and gy, =< gy for all n > 0, so that we have
d(F(z,y),g92) + d(F (y, ), gy)

< d(F(z,9),97n+1) + d(F (Y, 2) , 9Yn+1) + d(gTn+1,97) + d (gYn+1, 9Y)

= d(F(zn,yn), F(2,y)) + d(F (yn, wn) , F (y, ) + d(gTni1,97) + d (gYn+1, 9Y)
a1d(9xn, gTn) + a2d(gyn, gYn) + azd(F(Tn, yn), gTn) + asd(F(z,y), gz)
asd(F(zn,Yn), 92) + d(9Tn11, 92) + d (9Yn+1, 9Y)
= a3d(9Tnt1, 970) + asd(F(z,y), 92) + asd(9Tn11, 92) + d(92n+1, 92) + d (gYn+1, 9Y)

On taking the limit as n — co, we obtain that

d(F(x,y),ga:) +d(F (y,x) 7929) < a4d(F(a:,y),gx).

Since a4 < 1, so that F(z,y) = gz and F(y,z) = gy. Hence (x,y) is a coupled co-
incidence point and (gz, gy) is coupled point of coincidence of mappings F and g. O

IN

Corollary 2.11. Let (X,d, =) be a partially ordered set and d a metric on X.
Suppose that a mapping F : X x X — X is a monotone with respect to g: X — X
and

(2.28) d(F(x,y), F(u,v)) + d(F(y, x), F(v,u)) < kd(F(z,y), gx) + 1d(F (u,v), gu)]

for all x,y,u,v € X, for which g(z) <X g(u) and g(y) < g(v) and k,l > 0 with
k+1<1. If F(X x X) is contained in a complete set g(X), (X,d =) is a regular
and if there exist xo,yo € X such that

9(z0) 2 F(xo,y0) and g(yo) = F(yo, o),
then there exist x,y € X such that g (z) = F (z,y) and g(y) = F (y,x).

Remarks 2.12. Also, almost all known results from several papers on partially
ordered metric spaces can be considered with monotone mappings instead with
mappings which have a mixed monotone property. We note that the concept of
coupled coincidence point for monotone mappings is essentially different of the
corresponding one for mixed monotone mappings (for tripled case see [12]).



184 RADENOVIC

il
[2
3
4
5
6

[7

8

9

[10
[11
[12
[13
[14
15
16
(17
[18
[19

20

REFERENCES

] M. Abbas, M. A. Khan and S. Radenovié¢, Common coupled fized point theorem in cone
metric space for w—compatible mappings, Appl. Math.Comput. 217 (2010) 195-202.

] M. Abbas, T. Nazir, S. Radenovié¢, Common coupled fized points of generalized contractive
mappings in partially ordered metric spaces, Positivity (2013) 17:1021-1041.

| R.P. Agarval, M. A. El-Gebeily and D. O’'Regan, Generalized contractions in partially ordered
metric spaces, Applicable Analysis 87 (1) (2008) 109-116.

] 1. Altun and H. Simsek, Some fized point theorems on ordered metric spaces and application,
Fixed Point Theory Appl. Volume 2010, Article ID 621469.

| T. G. Bhashkar and V. Lakshmikantham, Fized point theorems in partially ordered cone
metric spaces and applications, Nonlinear Anal. 65 (7) (2006) 825-832.

| B.S. Choudhury and A. Kundu, A coupled coincidence point result in partially ordered metric
spaces for compatible mappings, Nonlinear Anal. 73 (2010) 2524-2531.

] H. S. Ding, Lu Li and S. Radenovié, Coupled coincidence point theorems for generalized
nonlinear contraction in partially ordered metric spaces, Fixed Point Theory Appl. 2012,
2012:96.

] D. Guo, V. Lakshmikantham, Coupled fized points of nonlinear operators with applications,
Nonlinear Anal. TMA 11 (1987) 623-632.

] A. A. Harandi and H. Emami, A fized point theorem for contractive type maps in partially
ordered metric spaces and application to ordinary differential equations, Nonlinear Anal.
TMA 72 (2010) 2238-2242.

| J. Harjani and K. Sadarangani, Fized point theorems for weakly contractive mappings in
partially ordered sets, Nonlinear Anal. 71 (2009) 3403-3410.

| E. Karapinar, Coupled fized point theorems for nonlinear contractions in cone metric spaces,
Comput. Math. Appl. 59 (2010) 3656-3668.

| M. Borcut, Tripled fized point theorems for monotone mappings in partially ordered metric
spaces, Carpanthian J. Math. 28 (2012), No. 2, 207-214.

] J. J. Nieto and R. R. Lopez, Contractive mapping theorems in partially ordered sets and
applications to ordinary differential equations, Order 22 (2005) 223-239.

] V.I. Opoitsev, Heterogenic and combined-concave operators, Syber. Math. J. 16 (1975) 781-
792 (in Russian).

| V.I. Opoitsev, Dynamics of collective behavior. II11. Heterogenic systems. Avtomat. i Tele-
mekh. 36 (1975), 124-138 (in Russian).

| V.I. Opoitsev, T.A. Khurodze, Nonlinear operators in space with a cone. Thilis. Gos. Univ.
Thilisi (1984) 271 (in Russian).

] S. Radenovié¢ and Z. Kadelburg, Generalized weak contractions in partially ordered metric
spaces, Comput. Math. Appl. 60 (2010) 1776-1783.

| S. Radenovié¢, Remarks on some coupled coincidence point results in partially ordered metric
spaces, Arab J. Math. Sci. 20 (1) (2014), 29-39.

] A. C. M. Ran and M. C. B. Reurings, A fized point theorem in partially ordered sets and
some application to matriz equations, Proc. Amer. Math. Soc. 132 (2004) 1435-1443.

| D. O’'Regan and A. Petrusel, Fized point theorems for generalized contractions in ordered
metric spaces, J. Math. Anal.Appl., 341 (2008) 1241-1252.

FACULTY OF MECHANICAL ENGINEERING,UNIVERSITY OF BELGRADE, KRALJICE MARIJE 16, 11

120 BEOGRAD, SERBIA



