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ABSTRACT. In this paper, we state some coupled fixed point theorems for general-
ized a-1)-contractive mappings in partially ordered metric-type spaces. In addition, some
particular cases and consequences of our theorems are given. Moreover, we give some
examples to illustrate the obtained results.
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1. INTRODUCTION
The notion of a metric-type space was introduced by Khamsi in [5] as follows.

Definition 1.1 ([5], Definition 2.7). Let X be a non-empty set, K > 1 be a real
number and D : X x X — [0, 00) be a mapping satisfying the following.

(i) D(z,y) =0 if and only if z = y;

(ii) D(x,y) = D(y,z) for all z,y € X;

(iii) For all z,y1,y2,...,Yn, 2z € X, we have

D(z,z) < K[D(z,y1) + D(y1,y2) + - - + D(yn, 2)]-

Then D is called a metric-type on X and (X, D, K) is called a metric-type space.
Remark 1.2. (X,d) is a metric space if and only if (X, d, 1) is a metric-type space.

Some other authors in [2], [3] and [1] considered another metric-type space, where
the condition (3) in Definition 1.1 is replaced by

D(z,y) < K[D(x,2) + D(z,y)
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for all x,y,z € X and proved several other fixed point and common fixed point
results in this metric-type space. In this paper, we consider the metric-type space
in the sense of Definition 1.1.

The convergence and the completeness in the metric type-spaces were defined
as follows.

Definition 1.3 ([5], Definition 2.8). Let (X, D, K) be a metric-type space and {x,, }
be a sequence in X.

(i) {zn} issaid to converge tox € X, written as lim z, = z,if lim D(z,,z) = 0.
n—oo n— oo

(ii) {zn} is said to be Cauchy if lim D(xy,,zm,) =0.
n,1Mm—00
(iii) (X, D, K) is said to be complete if every Cauchy sequence is a conver-
gent sequence.

Remark 1.4. On the metric-type space, we always use the topology induced by
its convergence.

In [1], Bhaskar and Lakshmikantham introduced the notions of mixed monotone
property and coupled fixed point for contractive mapping F': X x X — X, where
X is a partially ordered metric space as follows.

Definition 1.5 ([1], Definition 1.1). Let (X, <) be a partially ordered set and
F: X xX — X be a mapping. Then F is said to have the mized monotone
property if F(x,y) is monotone non-decreasing in z and monotone non-increasing
in y, that is, for any z,y € X,
x1,x9 € X, 21 X xo implies F(z1,y) <X F(x2,y),
and
y1,92 € X, y1 = yo implies F(x,y1) = F(z,y2).

Definition 1.6 ([1], Definition 1.2). An element (z,y) € X x X is said to be a
coupled fized point of the mapping F': X x X — X if

F(z,y) =« and F(y,z) = y.

Moreover, in [1], the authors proved some coupled fixed point theorems for a
mixed monotone mapping, see [, Theorem 2.1], [1, Theorem 2.2] and [I, Theorem
2.4]. Afterwards, in [7], the authors established coupled coincidence and coupled
common fixed point theorems for nonlinear contractive mappings in partially or-
dered complete metric spaces which extend the results of [I]. For more details
on coupled fixed point theory, we also refer the reader to [3, 11, 14] and refer-
ences therein.

Recently, Samet et al. [15] introduced the a-1)-contractive and the a-admissible
mapping with o : X x X — [0,00) and proved fixed point theorems for map-
pings in complete metric spaces. After that, some authors studied fixed point
results for a new a-1y-contractive and various classes of mappings which are based
on a-admissible mappings, see for example [6, 12, 13] and references therein. Most
recently, Mursaleen et al. [9] introduced the notions of a-admissible mapping with
a:X?x X% — [0,00) and a-1-contractive as follows.

Denote by ¥ the family of non-decreasing functions ¢ : [0,00) — [0, 00) such

that > ¥"(¢) < oo for all ¢ > 0, where ™ is the n-th iterate of ¢ satisfying:
n=1

(i) ¥=1(0) =05
(i) ¥(t) < t for all t > 0;
(i) lim 9(r) <t for all t > 0.

r—tt
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Lemma 1.7 ([9], Lemma 3.1). If 4 : [0,00) — [0, 00) is non-decreasing and right
continuous, then li_>rn Y™ (t) =0 for all t > 0 if and only if P(t) <t for all t > 0.

Definition 1.8 ([10], Definition 3.2). Let (X,d, <) be a partially ordered metric
space and F': X x X — X be a mapping. Then F is said to be a-i-contractive
if there exist two functions a : X2 x X2 — [0,00) and ¢ € ¥ such that

a((2 ), (u,v)) d(F(z,y), F(u,v)) —;—d(F(y,x),F(v,u)) < 77[}(d(x,u) ;rd(y,v)>

for all z,y,u,v € X with z > v and y < v.

Definition 1.9 ([9], Definition 3.3). Let F': X x X — X and o : X? x X? —
[0,00) be two mappings. Then F is said to be a-admissible if

a((x,y), (u,v)) > 1 implies a((F(x,y),F(y,x)), (F(u,v),F(v,u))) >1
for all z,y,u,v € X.

Furthermore, in [9], the authors established some coupled fixed point results on
partially ordered metric spaces which are generalizations of the main results in [1],
see [9, Theorem 3.4], [9, Theorem 3.5] and [9, Theorem 3.6].

The aim of this paper is to state some coupled fixed point theorems for general-
ized a-i-contractive mappings in partially ordered metric-type spaces. In addition,
some particular cases and consequences of our theorems are given. Moreover, we
give some examples to illustrate the obtained results.

2. MAIN RESULTS

We start with an example about a non-continuous metric-type as follows.

1 1
Example 2.1. Let X = {0,1,7 .,7,...} and D : X x X — [0,00) be de-
n

5
fined by
0 ifex=y
1 if x #y and x,y € {0,1}
Dl — . 11
(z,y) = |z — y| 1fx,y6{0,f,—}, where n,m > 2
) n m

1
- if:r,ye{l,f}, where n > 2.
3 n

Then, D is a non-continuous metric-type with K = 3.

Proof. For all z,y € X, we have D(x,y) > 0, D(x,y) = 0 if and only if x = y and
D(z,y) = D(y,z). For all z,y1,...,yk,y € X,k > 1, we will show that
D(z,y) < 3[D(x,y1) + D(y1,42) + - + D(yk, y)]. (2.1)
Put
U:D(xayl) +D(y17y2) + +D(yk7y)
We only consider three following cases.
1 1
Case 1. D(z,y) = D(0,1) = 1 or D(z,y) = D(1,—) = 3 for n > 2. Then
n
1

o> -
-3
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1 1
) = — forn > 2. Then ¢ > — if there exists
n

w

1
Case 2. D(z,y) = D(O,f
n

1
ie{l,...7k}suchthatyl-:landa>f ifyiyélforallizl... k.

1 1
Case 3. D(z,y) = D(ﬁ —) = ‘f—— Theno > - 3 1fthere existsi € {1,...,k}

suchthatyizlandazlff—} ify; #1 foralli=1,... k.
n m

From the above cases, we conclude that (2.1) holds. This proves that D is a
metric-type on X with K = 3.

n—00 n n—o0o N n—00 n

. 1 1 _ 1 1
Now, we have lim D(f, 0) = lim — = 0. However, lim D(f, 1) =3 #+
= D(0,1). This proves that D is non-continuous. O

Next, we introduce the notion of a generalized a--contractive mapping in a
partially ordered metric-type space as follows.

Definition 2.2. Let (X, D, K, <) be a partially ordered metric-type space and
F: X x X — X be amapping. Then F' is said to be generalized a-1-contractive
if there exist two functions a : X? x X2 — [0,00) and 3 € ¥ such that

a((a:,y), (u, v)) D(F(x, Y), F(u,v)) —;—D(F(y,x), F(v,u)) < w(M(a:,g,u,v))
(2.2)
for all z,y,u,v € X with z <w and y = v, where
M(z,y,u,v) = max{D(u, Fr,y)) + D(v, F(y.)), Dlx, Fw,y)) + Dy, F(y.x)),
D(u, F(u,v)) + D(v, F(v,u))

D(w,u) + D(y.v), - ,

D(z, F(u,v)) + D(y, F(v,u)) }
2K '

Our first result is the following.

Theorem 2.3. Let (X, D, K,=) be a partially ordered and complete metric-type
space and F : X x X — X be a mapping having the mized monotone property
such that

(i) F is generalized a-1p-contractive;

(ii) F is a-admissible;

(i) F is continuous;

(iv) There exist xg,yo € X such that zo = F(xo,Y0), Yo = F(yo,x0) and

a((z0,0), (F(20,90), F(yo,0))) > 1.
Then F has a coupled fixed point.
Proof. Let xo,y0 € X be such that o < F(x0,¥0), Yo = F (Yo, o) and

a((x0,y0), (F(20,%0), F(yo,20))) > 1

Let 1,91 € X be such that 1 = F(xo,y0) and y1 = F(yo,x0). Let zo,y2 € X
be such that F(z1,y1) = z2 and F(y1,21) = y2. Continuing this process, we can
construct two sequences {z,} and {y,} in X as follows

Tpy1 = F(zn,yn) and yny1 = F(Yn, Tn)
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for all n € N. We will show that

T = Tn+41, Yn = Yn+1 (23)

for all n € N by the mathematical induction.

Let n = 0. We have xg < F(z0,y0) = 21 and yo = F(yo,20) = 1. Thus, (2.3)
holds for n = 0. Now, suppose that (2.3) holds for some fixed n € N. Then, since
Tn = Tpt1, Yn = Ynt1 and the mixed monotone property of F', we have

Tp42 = F(-Tn+17yn+1) = F(x'myn-i-l) = F(xnayn) = Tn+1
and
Yn+2 = F(yn+1,mn+1) = F(ynaxn—O—l) = F(ynaxn) = Yn+1-
From the above, we have x,41 = Tp12 and yn+1 = Ynt2. Therefore, by the mathe-
matical induction, we conclude that (2.3) holds for all n € N.
If there exists some n € N such that z,+1 = z, and yp4+1 = yn, then F(z,,y,) =

Zn and F(yn, Tn) = yn, that is, F' has a coupled fixed point. Now, we assume that
Tpt1 F Ty O Ypy1 # Yp for all n € N. Since F is a-admissible and

a((:m?yo)’ (Oﬁhyl)) = Oc((aio,yo)7 (F(%’yo%F(yowo))) >1,
we get a((F(zo,v0), F(yo, o)), (F(x1,1), F(y1,21))) > 1. Thus,
a((z1,m1), (x2,92)) > 1.

By the mathematical induction, we have

O(((Q?n, yn)7 (xn+17 y7z+1)) Z 1 (24)
for all n € N. Since F is generalized a-t-contractive and using (2.3), (2.4), we get

D(xna 'Tn-i-l) + D(y’ru yn+1)

2
_ D(F(xnfluynfl)aF(fnayn)) +D(F(ynq,an),F(yn,iEn))
2
S a((wnflaynfl)v (xnvyn)) X
XD(F(xn—layn—l)aF(xn;yn)) +D(F(yn—laxn—1)7F(yn7xn)>
2
< ¢(M(mn—17yn—1;$nayn)) (25)

2
where

M(In—lyyn—lyznayn)
= maX{D(l'naF(xnflvynfl)) + D(ynvF(ynflvxnfl)%

D(xnflv F(-/L'nfla ynfl)) + D(ynfla F(ynflz xnfl))a

D (En,F TnyYn +D yn,F Yn, Ty,
D 1,20) + Dyn1,yn), 2En >)2K (9 F (9 20))

D(xp—1, F(2n,yn)) + D(Yn—1, F (Yn, xn))}
2K

= max{D(@n,2n) + D(ynsyn))s D(@n—1,20) + D(Y1,Y);

Dl‘n,iﬂn 1 +Dynvyn 1
D((,Cn,hl‘n) +D(yn717yn>7 ( + )2K ( t )7

D(zp—1,%ns1) + D(Yn—1,Yn+1) }
2K
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< max {D(xnfhxn) + D(ynfluyn)v D(‘rn7x’ﬂ+1) + D(ynvynJrl)v

D(ajnflwwn) + D(ynfla yn) + D(xn>$n+l) + D(ynvyn+1) }
2

= max {D(xn—h Tp) + D(Yn—1,Yn) D(Tn, Tny1) + D(Yn, yn-‘rl)}- (2.6)
From (2.5) and (2.6), we have

D(xn7wn+l) + D(ynvyn+1)
2

S w<max {D(wn_l, Tn) + D(yn—hy;),D(%man) + D(Yn, yn+1)})(2_7>

If there exists some n > 1 such that

max {D(In—l, T )+D(Yn—1,Yn), D(In7xn+1)+D(yn7yn+l)} = D(n, Tt 1) +D(Yn, Ynt1),
then (2.7) becomes

D(xn7$n+1)+D(yn7yn+l) < w(
9 >

It is a contradiction to ¢ (t) < t for all t > 0. Therefore,

D(l‘naxn-i-l) + D(ynayn-i-l))
5 .

max {D(xn—la xn)+D(yn—1> yn)a D(xna xn+1)+D(yn, yn+1)} = D(xn—l, xn)‘i’D(yn—lv yn)
for all n > 1. Then, (2.7) becomes

D(ﬂ]‘n, xn-i—l) + D(yn; yn-i-l) D(xn—la -Tn) + D(yn—la yn)
< . 2.8
5 < o 5 ) (28
Repeating the above process, we get
D(xn, Tni1) + D(Yn, Yni1) D(zo,21) + D(yo,y1)
< n 2.
: < ! ) @)
for all n > 1. For ¢ > 0 there exists n(¢) € N such that
n D($Oawl)+D(y05yl) €
> e 5 ) < 55 (2.10)
n>n(e)
Let n,m € N be such that m > n > n(e). Then, by using (2.10), we have
D(xm mm) + D(yn, ym)
2
m—1
< K Z D(xg, xk+1) + DYk, Yr+1)
2
k=n
i D(zo,x1) + D(yo,y1)
< Ky oM (FmgT )
k=n
D(xg,21) + D(yo, y1) €
< K " )<= 2.11
< K} v ; <3 (2.11)

n>n(e)
It implies that D(xy, Zm) + D(Yn, Ym) < . Therefore,
D(zp,xm) < D(@p, Tm) + D(Yn, Ym) < €
and

D(ynvym) < D(‘rnvmm) + D(ynvym) <e.
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This implies {z,} and {y,} are two Cauchy sequences in (X, D, K). Since X is a
complete metric-type space, we have {z,} and {y,} are convergent in (X, D, K).
Then there exist z,y € X such that

lim z, =2, lim y, =y (2.12)
n— oo n—oo

Since F' is continuous and z, 11 = F(2y, yn) and yp+1 = F(Yn, 2n), taking the limit
as n — 0o, we get

x = nhﬁn;o Tpt1 = nhﬁngo F(zp,yn) = F(x,y)
and

y = lim y,11 = lim F(yn,x,) = F(y,x),
n— oo

n—roo

that is, F(z,y) =  and F(y,z) = y. Therefore, F has a coupled fixed point. 0
In the next theorem, we omit continuous hypothesis of F'.

Theorem 2.4. Let (X, D, K, =) be a partially ordered and complete metric-type
space, where D is continuous in each variable and F : X x X — X be a mapping
having the mixzed monotone property such that

(i) F is generalized a-1p-contractive;

(ii) F is a-admissible;

(iil) If{xn} and {y,} are two sequences in X such that lim z, =z, lim y, =y
n—oo n—oo

and (T, Yn)s (Tnt1,Ynt1)) = 1 for alln € N, then o((zn, yn), (z,y)) > 1;
(iv) There exist xo,yo € X such that zg = F(x0,%), Yo = F(yo,x0) and

a((zo,40), (F(x0,90), F(y0,70))) > 1.
Then F has a coupled fixed point.

Proof. Following the proof of Theorem 2.3, there exist z,y € X such that

lim z, =2, lim y, =y, (2.13)
n—00 n—oo
and
a((xn’ yn)v (xn-i-lvyn-&-l)) >1 (2-14)
for all n € N. By using (2.13), (2.14) and hypothesis (3), we get
a((@n,yn), (2,y)) > 1 (2.15)

for all n € N. Since F is generalized a-1)-contractive and using (2.15), we get
D(F(z,y),z) + D(F(y, z),y)
2

D(F(2,y), F(xn, yn)) + D(E (Y, ), F(Yn, Tn))
2
2

D(zni1,2) + D(Yn+1,9)

2
D(F(z,y), F(n, yn)) + D(F(y, ), F(yn, Tn))
2

IN

K

= K

+K

IN

Ka((xmyn)v (.Z‘,y))

D(zpy1,2) + D(Yn+t1,9)
2

+K
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IN

sz(M(x"’g"’m’y)) +KD(JC7L+17$)_2|_D(yn+13y)
M@m?ém%ﬂ) +KD(xn+lam>—2’—D<yn+1ay)7

IA

K (2.16)

where
M(xnaymxay)
maX{D(‘T7F($n7yn)) + D(Z/aF(ynaxn))aD<me(xn7yn)) + D(ymF(yann))a

D(z,x) + D(yn, y), D(z, F(x, ?/))Q}'(D(y, F(y,x)))

D(zn, F(z,y)) +D(ymF(ya$))}
2K
= max {D(:E,xn+1) + DY, Yn+1), D(@n, Zng1) + D(Wny Ynt1),

D(l'n,l‘) +D(yn’y), D(m,F(x,y));;{D(y,F(y,x))7
D(l‘n,F(sc,y)) + D(yn;F(y,J}))}
2K :

Letting n — oo in (2.17), using (2.12) and the continuity in each variable property
of D, we get

(2.17)

. D(z, F(z,y)) + D(y, F(y,z))

1 M nyYny L, = . 2.1

A M(@ns yn, ) e (2.18)
Letting n — oo in (2.16), using (2.13) and (2.18), we obtain

D(z,F(z,y)) + D(y, F(y,x
Dl F(r.y)) + Dy, Fly.2) < 2O P I2))

It implies D(x, F(x,))+D(y, F(y. x)) = 0. Hence, D(z, F(z,y)) = Dy, F(y,x)) =
0. Therefore, F(z,y) = « and F(y,x) =y. Thus, F has a coupled fixed point. O

In the following theorem, we will prove the uniqueness of the coupled fixed point.
If (X,=) is a partially ordered set, then we endow the product X x X with the
partially ordered relation as follows.

(z,y) 2 (u,0) <=z Ju, yzv
for all (x,y), (u,v) € X x X.

Theorem 2.5. In addition to the hypothesis of Theorem 2.3 or Theorem 2.4, sup-
pose that for every (x,y), (s,t) in X x X, there exists (u,v) in X x X such that
(u,v) is comparable to (x,y), (s,t) and

a((@,y), (u,v)) > 1, a((s,t), (u,v)) > 1.
Then F has a unique coupled fized point.
Proof. Following the proof of Theorem 2.3 and Theorem 2.4, F' has a coupled fixed
point. Suppose that (z,y) and (s,t) are two coupled fixed points of F. By the
assumption, there exists (u,v) in X x X such that (u,v) is comparable to (z,y) and
(s,t) and

a((z,), (0,0)) 21, a((s,1), (w,v)) > 1. (2.19)
We define two sequences {u,} and {v,} as follows

Up =u, Vg =v, Upt1 = F(unvvn)7 Un4+1 = F('Unaun)
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for all n € N.

Since (u,v) is comparable to (z, y), we may assume that (z,y) < (u,v) = (ug, vo).
By using the mathematical induction and the mixed monotone property of F, we
can show that x < u, and y = v,, for all n € N.

If u, = z and v, = y for all n € N. Thus, lim u, = 2 and lim v, = y. Now,

n—oo n— oo
we assume that u, # x or v, # y for some n € N. Since F' is a-admissible and
using (2.19), we have

a((F(z,y), F(y,2)), (F(u,v), F(v,u))) > L.
Since ug = u and vy = v, we get
a((F(z,y), F(y, ), (F(uo, vo), F(vo, uo))) > 1.
Thus, a((m, y), (u1, 1)1)) > 1. Therefore, by the mathematical induction, we obtain
a((z,y), (un,vn)) > 1 (2.20)

for all n € N. Since F is generalized a-1-contractive and (2.20), we get

D(z,uny1) + D(y, vni1)

2
_ D(F(xay)7F(u7uU7z)) + D(F(yam)aF(Una un))
2
< af(@9). (g, v,)) 2E L 00)) DU, 2, F 0, )
< w(w) (2.21)
where
M(l’,yﬂj,n,’l)n)
= max { D(un, () + Do, (v 2)), Dle, Fl2,9) + Dy, F(y.),
D(z,u,)+ D(y,vn), Dlun, F(un,vn));fr{D(vn, F(vmun)),
D(x7 F(um vn)) + D(ya F(Um Un)) }
2K
= max {D(un, x) 4+ D(vn,y), D(z,x) + D(y,y),
D(I, un) + D(y7 Un)v D(un, un+1)2;D(Un7 Un—i—l) y
D(x7 un-‘rl) + D(y, Un-l—l) }
2K
= max { D) + Dly.vy), DLt + D0 tnit)
D(z,upy1) + D(yaanrl)}
2K
< max {D(r, ug) + Diy,v,), 2L ) PGS L D@ 1) + D),

D(z,unq1) +D(%%H)}

— max {D(x, wn) + D(y,vn), D(@, tns1) + D(y, vn+1)}. (2.22)
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From (2.21) and (2.22), we have
D(x,un_H) + D(y, vny1)
2
< w(max {D({E, un) + D(% Un)a D(l’, un+1) + D(ya 'Un+1)})
5 .

(2.23)

If there exists some n € N such that

max {D(JE, U’n) + D(y, Un): D(.]j, u7z+1) + D(Z/, Un+1)} = D(l‘, un—i—l) + D(y, Un+1)7
then (2.23) becomes

D(x,un+1)+D(y,vn+1) < w(D(I,Un+1)+D(y,Un+1))
2 - 2
D D
< (xaun-i-l) _2|_ (y7vn+l). (224)

It is a contradiction. Therefore,
max { D(z,un) + D(y, vp), D(x, un+1) + D(y,vns1) } = D(x, up) + D(y,vn)
for all n € N | then (2.23) becomes
D(x,upt1) + D(y, vny1) < 1/)(D(:c,un) + D(y, vn)>

2 2
Repeating the above process, we get

D(JI,U,»,H_l) + D(yv Uﬂ-‘rl) < wn<D('xa U1) + D(ya Ul))
2 - 2
for n > 1. Letting n — oo in (2.25) and using Lemma 1.7, we get
lim (D(x,un.H) + D(y, vn+1)) =0.

n—oo

(2.25)

This implies that lim D(z,up4+1) = lim D(y,vn4+1) = 0. Thus, lim w, = z and
n— oo n—oo n— oo

lim v, = y. Therefore, from the above, we have
n—oo

lim w, =2, lim v, =y. (2.26)
n—oo n—oo

Similarly, we can show that

lim u, =s, lim v, ="t (2.27)
n—oo n—oo

From (2.26) and (2.27), we conclude that z = s and y = ¢. Hence, F' has a unique
coupled fixed point. O

Since every metric space (X, d) is a metric-type space (X, d, 1), from Theorem 2.3,
Theorem 2.4 and Theorem 2.5, we get two following corollaries.

Corollary 2.6. Let (X,d, =) be a partially ordered and complete metric space and
F: X x X — X be a mapping having the mized monotone property such that
(i) There exist two functions a: X? x X% — [0,00) and 1) € ¥ such that

(), (u0) & Rl )

for all x,y,u,v € X with x = v and y < v, where

N(z,y,u,v) = maX{d(u,F(xay))+d(v,F(y7x)),d(x,F(I,y))+d(y7F(y,x)),

d(u, F(u,v)) + d(v, F(v,u))
2 b

N(xayauvv))
2

<

d(z,u) + d(y,v),
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d(z, F(u,v)) + d(y, F(v,u)) }
2 b

(ii) F is a-admissible;
(iii) Suppose either
(a) F is continuous or
(b) If{zn} and {y,} are sequences in X such that lim z, =z, nl;rrgo Yn = Y,

n—oo

a((xnayn)v (xn+17yn+l)) Z 1 fOT alln € N7 thena((xnayn)7 (%y)) Z 1;'
(iv) There exist xo,yo € X such that zo = F(zo,y0), yo = F(yo,z0) and
a((x07y0)7 (F(x()vyo)uF(yOa‘rO))) > 1.
Then F has a coupled fixed point.

Corollary 2.7. In addition to the hypothesis of Corollary 2.6, suppose that for every
(z,9), (s,t) in X x X, there exists (u,v) in X x X such that (u,v) is comparable to

(z,y), (s,t) and
a((z,y), (u,v)) > 1, a((s,t), (u,v)) > 1.
Then F' has a unique coupled fixed point.
Remark 2.8. We see that [9, Theorem 3.4] and [9, Theorem 3.5] are two direct

consequences of Corollary 2.6, [9, Theorem 3.6] is a direct consequence of Corol-
lary 2.7.

By using similar arguments as in the proofs of [15, Theorem 3.4], [15, Theo-

rem 3.5] and [15, Theorem 3.6], from Theorem 2.3, Theorem 2.4 and Theorem 2.5,
we get following results.

Proposition 2.9. Let (X, D, K, <) be a partially ordered and complete metric-type
space and F' : X x X — X be a mapping having the mired monotone property
such that

(i) There exists A € [0,1) such that
D(F(z,y), F(u,v)) + D(F(y,z), F(v,u))
< Amax{D(u, F(z.y) + D(v F@, ), D(, F(a,y)) + D(y, F(y, 7)),

D) + D(y,v), D(u, F(u, v))QKD(v,F(v,u)),
D(z, F(u,v)) + D(y, F(v,u))
2K }’
for all x,y,u,v € X with x = v and y < v;
(il) F is continuous;
(iii) There exist xo,yo € X such that xo < F(xo,y0) and yo = F(yo,xo)-
Then F has a coupled fixed point.

Proposition 2.10. Let (X, D, K, =) be a partially ordered and complete metric-
type space where D is continuous in each variable and F : X x X — X be a
mapping having the mixed monotone property such that

(i) There exists A € [0,1) such that
D(F(z,y), F(u,v)) + D(F(y,z), F(v,u))
< Amax {D(u, Fz.9)) + D(v. F(y.2)), Dz, F(x.y)) + Dly. F(y. 2))

D(u, F(u,v)) + D(v, F(v,u))

D(x,u) + D(y.v). - ,
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D(z, F(u,v)) + D(y, F(v,u)) }
2K ’

for all x,y,u,v € X withx > u and y <X v;
(ii) X has the following properties: If {x,} is a non-decreasing sequence in X

such that lim z, = x and {y,} is a non-increasing sequence in X such
—00

n
that lim y, =y, then x, =2 = and y, =y for alln € N;
n—oo
(iii) There exist xo,yo € X such that zo < F(xo,y0) and yo = F(yo,xo).
Then F has a coupled fixed point.

Proposition 2.11. In addition to the hypothesis of Corollary 2.9 or Corollary 2.10,
suppose that for every (z,y), (s,t) in X x X, there exists (u,v) in X x X such that
(u,v) is comparabdle to (z,y) and (s,t). Then F has a unique coupled fixed point.

Finally, in order to support the useability of our results, let us introduce some
following examples.

Example 2.12. Let X = {1,2,3} with the partially ordered relation as follows.
x =y if and only if > y and x,y € {1,2}.
Define a function D : X x X — [0, 00) such that

D(1,1) = D(2,2) = D(3,3) = 0,
D(1,2) = D(2,1) = D(1,3) = D(3,1) = 1,
D(2,3) = D(3,2) = 4.

Then, (X, D, K) is a complete metric-type space with K = 2. Consider a mapping
F:XxX— X by

F(1,1) = F(2,2) = F(2,1) = F(1,2) = 1,
F(3,3) = F(3,1) = F(1,3) = F(2,3) = F(3,2) = 2.
Define a function o : X2 x X? — [0, 00) by
ifr=y=u=v=1,

1
a((a:,y), (u, U)) - 1 if otherwise.

\V]

Then, for all (x,y), (u,v) € X x X with > u,y < v, we have

D(F(a:,y), F(u,v)) + D(F(y,x), F(v,u))
2

a((z,y), (u,0))

a((z,y), (u,v))
=0
M(z,y,u,v
BT,
Therefore, (2.2) holds for all ¢y € ¥, and also the hypothesis of Theorem 2.3 are

fulfilled. Therefore, there exists a coupled fixed point of F'. In this case, (1,1) is a
coupled fixed point of F.

D(1,1) + D(1,1)
2

IN

The following example show that Corollary 2.6 is proper generalization of some
results in [9].
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Example 2.13. Let X = {0, 1,2} with the usual order < on R and d be defined by
d(0,0) = d(1,1) = d(2,2) = 0,d(1,2) = d(2,1) = 4,
d(0,1) = d(1,0) = d(0,2) = d(2,0) = 2.
Define a mapping F': X x X — X as follows
F(Ovl):F(lvl):F(Qvl): ,
F(0,0) = F(1,0) = F(2,0) = 2,
F(0,2) = F(1,2) = F(2,2) = 0.
t
Consider a function (t) = 3 for all t > 0 and a function a : X2 x X2 — [0, 00)
such that
1 fe=y=u=v=1,
al(z,y), (u,v)) =
(< ¥ ( )) 10 if otherwise.
Then (X,d) is a complete metric space. For all (z,y), (u,v) € X x X with z <
u,y >~ v, we put
o1 = (u, F(z,y)) + d(v, F(y,)), o2 =d(z,F(z,y))+d(y, F(y,x)),

_d(u, F'(u,v)) + d(v, F(v,u)) _d(z, F(u,v)) +d(y, F(v,u))
g3 = B) , 04 = 9 )
05 = d(.]j, U) + d(y,i}), N = max{al, 02,03,04, 05}7

A(F (), Plu,)) + d(F(y,2), F(o,0)

2

L =

Then, we have the following table.

Q
N
Q
w
Q
()
2
Q
(o3

NN RNNNDNNRF R RFRFFEREREEEEE_EOOOO OO O
N OOONFMFEFOOONMFEFEFOOONRFRFEOOO|IR
OO OO OO R MFEEMFEEEF ODODODODODODODODODOO O OR
NN FRENEFEFONNEFENFONNRENRFREONDNRFHNEF OR
F N R NWRORFROFNONWNWERNORORNO|IN
FNNNNRFRE WNDNOERERDNDWNDWFRE WRENORFE WRE WD
NWWOOODWODOWWWWOoOIOoODWWWowWwwmNmNDN
SOOI DD DO DD OO OO
N O R OERNIOIND R RN RN
NN R NOERE ODNINONDOIN R RN R OONDNO
N@@%@%GB@O@WGBO&@@%@@O%@N@%2
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DO DN DNDNDNDNDDNDNDDN
NN NFONNRFEDN~O
NWWODIODIONWWOoOoOo
O OO 0O

DO DO DN DN DN DN = = = =
O O NOFDNRFDNWR
N WWHF = ONRFFE WWND
N N = N S =2 e o) o) Il e R o) as B e))
B R OO N R OO N R RO DN
=R OO RO OO0 OO D

NP OODOoONFEFHOOO

Now, let (z,y,u,v) = (1,0,0,1), we have

d(F(x F(u,v d(F(y,x), F(v,u
o ((r, ), () DD E ) 0 2), Flo. )
3, 6 a(1,0) + d(0,1)
= 10.4_5>1_1/)(2)_¢( 5 )-

Therefore, [9, Theorem 3.4] and [9, Theorem 3.5] are not applicable to F, (X, d), «
and 9. Otherwise, the above calculations show that assumption (1) of Corollary 2.6
holds. Moreover, the assumptions of Corollary 2.6 are fulfilled. Therefore, there
exists a coupled fixed point of F. In this case, (1,1) is a coupled fixed point of F.
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