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Abstract

In this paper, we establish common coupled fixed point and coupled fixed point
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elucidate our obtained results.
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1 Introduction and preliminaries

In [1], Bakhtin introduced b-metric spaces (or metric-type spaces) as a generalization
of metric spaces. He evidenced the contraction mapping principle in b-metric spaces
that generalized the famous Banach contraction principle in metric spaces. From that
time on, manifold papers have treated fixed point theory or the variational principle for
single-valued and multi-valued operators in b-metric spaces (see [2—7] and the references
therein).

Ordered normed spaces, cones and topical functions have applications in applied math-
ematics, for instance, in using Newton’s approximation method [8-12] and optimization
theory [13, 14]. In the mid-twentieth century [9], k-metric and k-normed spaces were es-
tablished (see also [11, 12]) by replacing an ordered Banach space instead of the set of real
numbers, as the codomain for a metric. Due to defining convergent and Cauchy sequences
in terms of interior points of the underlying cone, Huang and Zhang [15] re-introduced
such spaces under the name of cone metric space. Even though they used only normal
cones, nonnormal cones can be used as well in such a way but by taking into the consid-
eration that the Sandwich theorem and continuity of the metric may not hold. Some fixed
point theorems for contractive-type mappings in cone metric spaces have been substan-
tiated; for more details, see [16—25].

As a generalization of b-metric spaces and cone metric spaces, Hussain and Shah [26]
announced cone b-metric spaces, which was in 2011. They built up some topological prop-
erties in such spaces and upgraded some latest results about KKM mappings in the setting
of a cone b-metric space. Hussain and Shah [26] have done initial work that stimulated
many authors to prove fixed point theorems, as well as common fixed point theorems for
two or more mappings on cone b-metric spaces (see [27-30] and the references therein).
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The following will be needed in the sequel.

Let E be a real Banach space and let 6 denote the zero element in E. A cone P is a subset
of E such that:

1. P is nonempty set closed and P # {0}.

2. If a, b are nonnegative real numbers and x,y € P, then ax + by € P.

3. x e Pand —x € P implies x = 6.
For any 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 of < stands for x < y but x # y. Also, we used x < y to indicate
that y — x € int P, where int P denotes the interior of P. A cone P is called normal if there
exists a number K such that

0=x=y = |xll =Kyl

for all x,y € E. The least positive number K satisfying the above condition is called the
normal constant of P. Throughout this paper, we do not impose the normality condition
for the cones, but the only assumption is that the cone P is solid, that is, int P # .

Definition 1.1 [26] Let X be a nonempty set and E be a real Banach space equipped with
the partial ordering < with respect to the cone P. A vector-valued functiond : X x X —
E is said to be a cone b-metric function on X with the constant s > 1 if the following
conditions are satisfied:

1. 0 <d(x,y) forall x,y € X and d(x,y) = 6 if and only if x = y,

2. d(x,y) =d(y,x) forall x,y € X,

3. d(x,y) <s(d(x,y) + d(y,z)) for all x,y,z € X.

Then the pair (X, d) is called a cone b-metric space (or a cone metric-type space); we will
use the first mentioned term.

Observe that if s = 1 then the ordinary triangle inequality in a cone metric space is satis-
fied; however, it does not hold true when s > 1. Thus the class of tvs-cone b-metric spaces
is effectively larger than that of the ordinary cone metric spaces. That is, every cone metric
space is a cone b-metric space, but the converse need not be true. The following examples
illustrate the above remarks.

Example1.2 [29] LetX = {-1,0,1},E=R2,P={(x,y) :x > 0,y > 0}. Defined : X x X — P
by d(x,y) = d(y,x) for all x,y € X, d(x,x) =6, x € X and d(-1,0) = (3,3), d(-1,1) =d(0,1) =
(1,1). Then (X,d) is a complete cone b-metric space, but the triangle inequality is not
satisfied. Indeed, we have that d(-1,1) + d(1,0) = (1,1) + (1,1) = (2,2) < (3,3) = d(-1,0).

It is not hard to verify that s = %

The following example is a modification of Example 3 from [31].

Example 1.3 Let X = NU {00}, E=R? and P = {(x,y) € E:x > 0,y > 0}. Define d : X x

X — E by
(010) ifx:y,
1_110L 1) ifxand yare even or xy = 00,
R (CRFERS ) y y
(5,5) if x and y are odd and x # y,

(2,2) otherwise.
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Then (X, d) is a cone b-metric space with the coefficient s = 3. But it is not a cone metric
space since the triangle inequality is not satisfied. Indeed, (5,5) = d(1,3) > d(1,2) +d(2,3) =
(2,2) + (2,2) = (4,4).

Definition 1.4 [26] Let (X,d) be a cone b-metric space, and let {x,} be a sequence in X
and x € X.
1. Forall ¢ € E with 6 < ¢, if there exists a positive integer N such that d(x,,x) < ¢ for
all n > N, then x,, is said to be convergent and x is the limit of {x,}. We denote this by
Xy —> X.
2. Forall c € E with 6 < ¢, if there exists a positive integer N such that d(x,,x,,) < ¢ for
all m,m > N, then {x,} is called a Cauchy sequence in X.
3. A cone metric space (X, d) is called complete if every Cauchy sequence in X is

convergent.
The following lemma is helpful in proving our results.

Lemma 1.5 [24]
1. IfE is a real Banach space with a cone P and a < ,a, where a € P and 0 < A < 1, then
a=0.
2. IfceintP, 0 < a, and a, — 0, then there exists a positive integer N such that a, < c
foralln> N.
3. Ifaxband b < c, thena < c.
4. If0 <u <KL cforeach @ Lc,thenu=90.

Recall the following definitions.

Definition 1.6 [32] An element (x,7) € X2 is said to be a coupled fixed point of the map-
ping F: X* — X if F(x,y) = x and F(y,x) = y.

Definition 1.7 [33] An element (x,y) € X? is called
1. a coupled coincidence point of mappings F: X* — X and g: X — X if gx = F(x,y)
and gy = F(y,x), and (gx, gy) is called a coupled point of coincidence;
2. a common coupled fixed point of mappings F: X?> — X and g: X — X if
x=gx=F(x,9) and y = gy = F(y, x).

Definition 1.8 [25] The mappings F: X> — X and g: X — X are called w-compatible if
g(F(x,y)) = F(gx,gy) whenever gx = F(x,y) and gy = F(y, x).

2 Coupled coincidence point results
In this section, we prove some coupled coincidence point results in cone b-metric

spaces.

Theorem 2.1 Let (X,d) be a cone b-metric space with the coefficient s > 1 relative to a
solid cone P. Let F : X*> — X and g : X — X be two mappings and suppose that there exist
nonnegative constants a; € [0,1),i=1,2,...,10, with (s + 1)(a1 + a + as + aa) + s(s + 1)(as +
ae + a; +ag) + 2s(ag + ayy) < 2 and Z;Sl a; <1 such that the following contractive condition


http://www.fixedpointtheoryandapplications.com/content/2013/1/177

Fadail and Ahmad Fixed Point Theory and Applications 2013, 2013:177
http://www.fixedpointtheoryandapplications.com/content/2013/1/177

holds for all x,y,u,v € X:

d(F(x,9), F(u,v)) < [ad(gx, F(x,)) + a2d(gy, F(5,%))]

+ [agd(gu, F(u, v)) + a4d(gV,F(v, u))]
+ [agd(gx, ) + a6d(gy,F(V, u))]
+ [azd(gu, F(x,)) + asd(gv, F(y,%))]
[

+ |aod(gx, gu) +a10d(gy,gv)]

IfF(X?) C g(X) and g(X) is a complete subspace of X, then F and g have a coupled coinci-

dence point (x*,y*) € X2.

Proof Choose xg,y9 € X. Set gx; = F(x0,%0), €1 = F(y0,%0), this can be done because
F(X?) C g(X). Continuing this process, we obtain two sequences {x,}, {y,} such that

gxni1 = F(xy, y,) and gy,11 = F(¥u, %,). Then we have

d(gxmgan)

So that

d(gxmgan)

Hence,

d(gxmgx;ﬁl) =

= d(F(xn—l:yn—l)iF(xmyn))
< [amd(gxn-1, F®n-1,9n-1)) + a2 (€Vn-1, F -1, %n-1)) |

+ [a3d (5 F s 31)) + s (Y (s )

+ [asd(gxn-1, F s yn)) + a6d(gVn-1, F 3 %)) |

+ [a7d(ghn, F (-1, yn-1)) + asd(gyns FOn-1,%n-1)) |
+ [aod(gxn-1, %) + @r10d(gYn-1,Vn)]-

= d(F(x,,_l,yn_l);F(me’n))

< [a1d(grn-1,g%0) + a2d(gYn-1,8yn)] + [a3d(g% > ns1) + AaA(QY1r §Yns1) ]

+ [“Sd(gxn—l;gxnﬂ) + “6d(gyn—l,gyn+1)]
+ [a7d(gxn, gxn) + agd(gyn, gyn)|
+ [aod(gxn-1,8%n) + A104(gVn-1,8Vn)]

< [md(grn-1,g%n) + a24(gYn-1,8yn)]| + [a38(g%n §¥ni1) + A1V s EYni1) ]

+ [sas (d(gxn-1,g%n) + d(ghnr gHni1))
+ a6 (A(@Vn-1,8Vn) + A Q1)) ]
+ [aod(gxn-1,8%n) + a10d(gVn-1,8Vn) -

[(a + ass + a0)d(gx,_1,g%n) + (a2 + aes + a10)A(@Yn-1,8Yn)]

+ [(as + ass)d(gxn, gxnn) + (aa + a6s)d(gYn g¥nn) |- 21

Page 4 of 14
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Similarly, we can prove that

Ay gYn1) = [(a1 + sas + ao)d(gyn-1,gyn) + (a2 + sag + a10)d(gxn_1,%n) |

+ [(as + sa5)d(gyn @n1) + (aa + sa6)d(gxn, @on1) |- (2.2)

Put

dn = d(gxn:gxwrl) + d(gyn:gyn+1)~
Adding inequalities (2.1) and (2.2), one can assert that

d, < (a1 + ay + sas + Sag + g + ayo)dy,_1 + (asz + as + sas + sag)d,,. (2.3)

On the other hand, we have

A(gxni1,8%n) = d(F(n, Yu)s F(%n-1,Yn-1))
=< [amd (g F(tn ) + a2 (g9ns F Y %)) |
+ [a3d (@1, F(en1,701)) + @4 (@1, FGn1,%01)) ]
+ [asd(ghn, F(n-1,yn-1)) + a6 (gns FOu-1,%n-1)) ]
+ [a7d(gxn1, F(n y) + @A (€91, F (3 1) ]
+ [0 (% @ 1) + a10d(€Ys ZYn1) -

So that

A(@xni1,8%n) = A(F(n Yu)s F -1, Y1) + 018, @ni1) + A2(QY1s @Yns1) |

=< [asd(gxn1,g%n) + a1d(gYn-1,8Vn)]

+ [an(gxn,gx,,) + a6d(gyn,gyn)]

+ [a7d(gxn-1,g%n1) + asA(@n-1,gYns1) |

+ [@od(gxn, g%n-1) + a10d(gVn n-1) ]
< [ad(grn, gonan) + a2d(€Yns @yns1) |

+ [asd(gxu_1,8%n) + a4d(@Vn-1,8Yn) ]

+ [sa7 (d(gxn-1,g%n) + d(ghn, gHni1))

+ 8ag(A(@Vn-1,8Vn) + A QY1) ]

+ [agd(gxn,l,gxn) + alod(gyn,l,gy,,)].

Hence,

A(gXni1,g%n) = [(as + saz + as)d(grn-1,g%4) + (as + sas + a10)d(gyn-1,&Vn) ]

+ [(@1 + sa7)d(gxn, gxni1) + (az + 5a3)d(gYn Qne1) |- (2.4)
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Similarly,

A(@yni1,&n) < (a3 + sa7 + a9)d(gyu-1,gYn) + (aa + sas + a10)d(gxn-1,8%n) |
+ [(611 + Sﬂ7)d(gymgyn+l) + (“2 + SﬂS)d(gxmgxnﬂ)]' (25)

Adding inequalities (2.4) and (2.5), one can assert that
d, < (as + a4 +sa; + sag + dg + ay)d,_1 + (a1 + as + sa; + sag)d,,. (2.6)
Finally, from (2.3) and (2.6), we have

2d, < (a1 + ay + as + ay + sas + sae + saz + sas + 2(as + ax))dy1

+ (a1 + ay + as + aq + sas + sae + sa; + sag)d,,
that is,

dn = hdn—l,

a)+ay+az+as+sas+sag+say+sag+2(ag+aig))
2—(ay +ap +az+as +sas+sag+say+sag)

Consequently, we have

where / = { <%.

dn = hdn—l
= h2dn—2
= h3dn—3

< h'd. (2.7)
Let m > n > 1. It follows that
A(g%, gXm) = SA(GX 1, @ns1) + 52 A(GX i1, Ghnia) + -+ + 8" " A(GX 1, GXm)
and
(€Y €Ym) = 54 @Ini1) + 5 A@Yns1,@Hni2) + -+ + 5" A1, V).
Now, (2.7) and sh < 1 imply that

m—n

A(gX, gm) + AV 8Ym) < Sy + Ay + -+ - + 8" " dyy

<sh'dy + "Wy + - + """

(sh" + W™ + -+ 8" "W ) d

sh” (1 +sh+(h)?+---+ (sh)’"‘”‘l)do
sh"

=<

~ 1-sh

do—0 asn— 00. (2.8)
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According to Lemma 1.5(2), and for any c € E with ¢ 3> 0, there exists Ny € N such that
for any n > No, do <« c. Furthermore, from (2.8) and for any m > n > Ny, Lemma 1.5(3)

shows that

d(gxmgxm) + d(gyn,gym) <L¢

which implies that
a(gx,, gxm) <K ¢
and

agyn gym) K c.

Hence, by Definition 1.4(2), {gx,} and {gy,} are Cauchy sequences in g(X). Since g(X) is
complete, there exist x* and y* € X such that gx, — gx* and gy, — gy* as n — oo.
On the other hand,

d(F(x",5"),gx

< S(d(E (5 g0mnt) + (g
(F(",5") Gt 3n)) + d(g%n11,8x%) )
md(gx' F(x",5")) + axd(gy", F (v, "))
+ s[azd(gtn, F s y)) + aad(gyns E s %)) |
+ s[asd(gx", F(%u,yn)) + asd(gy*, FGur%n)) ]
+ s[azd(grn, F(x,y")) + asd (g9 F(y",57))]

*

+ s[agd(gx ,gx,,) + amd(gy*,gyn)] + sd(gxn+1,gx*)

< s[md(F(x*,5"),gx") + a2d(F(y*,%*),g")]

+ 8[sazd(grn, gx*) + sasd(gx*, gxni1)
+sa4d(gyn ") + saad(gy", gymi) ]

+ s[asd(gx", gxnn) + asd(gy*,gyni) ]

+ s[sard(gnnge’) + sard(gr, E(x",y"))

+ sasd(gyn )+ sand(@r' E )]

+ s[aod (gx*, gxn) + ar0d(gy*,gyn) | + sd (g1, g5%)

= s[md(F(x*,y"),gx") + ad(F(y*,x"), gy")]

+ 8[sazd (gxn, gx*) + sasd(gxn.1,gx")

+ 804 (gYn, ") + sa4d(gyn11,27") |

+ s asd(gxn1, gx") + asd(gyni, "]

+ s[sazd(gxn, gx*) + sazd(F(x*,y%), gx")
+ sasd(gyn gy") + sasd(F(y",x"),gy") ]

+ s[aod (gxn, gx*) + ar0d (gyn,gy*) | + sd(gxnir1 gx*).

Page 7 of 14
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Hence,

d(F(x*,y"),gx") < (sa1 + 52a7)d(F(x*,y*),gx*) +(az + szag)d(F(y*,x*),gy*)
+ (Szﬂg +s%a; + sug)d(gxn,gx*) + (s2a3 + sas + s)d(gxml,gx*)

+ (52614 + Szﬂg + saw)d(gyn,gy*) + (82614 + sas)d(gym,gy*).
Similarly,
d( ( ) gy ) (sm +s m)d(F(y*,x*),gy*) + (az + s2ag)d(F(x*,y*),gx*)

+ (Sas + a7 + sas)d(gyngy*) + (s°as + sas + 8)d(gyns1,8)")

+ (Sas + sPag + sai)d(grn, gx*) + (s*as + sag)d(grn1,gx").
Put
8 =d(F(x"y"),gx") + d(F(y",x"),87").
Adding the above inequalities, we get

8 < (sa1 + $*az + az + s ag)$

+ (s2a3 +5%a; + Sdg + S2as + S*ag + sam)d(gxn,gx*)

[

+ (s%as + S*ay + sao + s*a, + s*ag + sam)d(gyn,gy*)

*

2

s*az +sas + s + 8 ay + 3a6)d(gYn1, &Y*

(
+ (s%as + sas + s + Sy + sae)d(gxus1, g%
+

)
)-
Then

B
1-A

C y C .
8= I_Ad(gxml)gx )+ _Ad(gyml,gy ),

d(gxngx") + Ad(gyn,gy*) +

2 2 2

where A = sa; +5%a; + as + s>as, B = s*as + s*a; + saq + s*as + s*ag + sajp and C = s%as +sas +

s +s%ay + sas. Since gx,, — gx* and gy, — gy* as n — 0o, then by Definition 1.4(1) and for
¢ > 0, there exists NO € N such that for all n > Ny, d(gx,, gx*) < CE, d(gy,,gy*) < ci=4 43 ,

d(gr,.1,gx%) < CE and d(gy,.1,2)") < cf Hence,

B B " B
Zd(gymgy*) + Ed(gxrﬁl»gx ) + Ed(gyrwlxgy*)

1-A B 1-A B 1-A4 C 1-A C
+c +c +c

4B 1-A 4B 1-A 4C 1-A 4C 1-A

c ¢ ¢ ¢

—+ -+ -+ =

4 4 4 4

c

B
§ < Zd(gxn,gx*) +

<c

Now, according to Lemma 1.5(4), it follows that § = 6, that is, (F(x*, y*), gx*) + d(F(y*,x*),
gy*) = 0, which implies that (F(x*,y*),gx*) = 0 and d(F(y*,x*),gy*) = 6. Hence, gx* =
F(x*,y*) and gy* = F(y*,x*). Therefore (x*,y*) is a coupled coincidence point of F and g.

O

Page 8 of 14
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Remark 2.2 Theorem 2.1 extends and generalizes Theorem 2.4 of Abbas et al. [25] to
cone b-metric spaces.

Corollary 2.3 Let (X,d) be a cone b-metric space with the coefficient s > 1 relative to a
solid cone P. Let F : X*> — X and g : X — X be two mappings and suppose that there exist
nonnegative constants k, l with k +1 < % such that the following contractive condition holds
forall x,y,u,v e X:

d(F(x,y), F(u,v)) < kd(gx, gu) + ld(gy, gv).

IfF(X?) C g(X) and g(X) is a complete subspace of X, then F and g have a coupled coinci-
dence point (x*,y*) € X2.

Corollary 2.4 Let (X,d) be a cone b-metric space with the coefficient s > 1 relative to a
solid cone P. Let F : X*> — X and g : X — X be two mappings and suppose that there exist
2

nonnegative constants k, L with k +1 < 5 such that the following contractive condition holds

forall x,y,u,v € X:
d(F(x,y), F(u,v)) < kd(gx, F(x,)) + ld(gu, F(u,v)).

IfF(X?) C g(X) and g(X) is a complete subspace of X, then F and g have a coupled coinci-
dence point (x*,y*) € X2.

Corollary 2.5 Let (X,d) be a cone b-metric space with the coefficient s > 1 relative to a
solid cone P. Let F : X*> — X and g : X — X be two mappings and suppose that there exist
nonnegative constants k, I with k + [ < ﬁ such that the following contractive condition
holds for all x,y,u,v € X:

d(F(x,y),F(u, V)) < kd(gx, F(u, v)) + ld(gu, F(x,y)).

IfF(X?) C g(X) and g(X) is a complete subspace of X, then F and g have a coupled coinci-
dence point (x*,y*) € X2.

Remark 2.6 All of the coupled coincidence point results may be proved for a partially
ordered cone b-metric space (X, C, d) by inserting well-known conditions like

(1) F has the mixed g-monotone property and g is b-continuous;
and either

(a) F is b-continuous, or

(b) (X,d) is regular.

3 Common coupled fixed point results

The conditions of Theorem 2.1 are not enough to prove the existence of a common coupled
fixed point for the mappings F and g. By restricting to w-compatibility for F and g, we
obtain the following theorem.

Theorem 3.1 In addition to the hypotheses of Theorem 2.1, if F and g are w-compatible,
then F and g have a unique common coupled fixed point. Moreover, a common coupled
fixed point of F and g is of the form (u, u) for some u € X.
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Proof From Theorem 2.1, F and g have a coupled coincidence point (x*, y*). Then (gx*, gy*)
is a coupled point of coincidence of F and g such that gx* = F(x*, y*) and gy* = F(y*,x*).
First, we will show that the coupled point of coincidence is unique. Suppose that F and
g have another coupled point of coincidence (gx’,gy’) such that gx’ = F(x',y’) and gy’ =
F(y,x'), where (x,y') € X2. Then we have

d(gx",gx') = d(F(x",5"), F(+,))
=< [md(ex", F(x",y")) + axd(gy", F(y",27))]
+[asd(ex, F(+',y)) + aud(gy , F (¥, +'))]
)]
)]

+ [asd(gx*, F(x',y)) + asd(gy", F (¥, %
+ [ard(gx, F(x*,y")) + asd(gy, F(y*,
+[asd(gx*,gx) + arod (25", 8') ]
= [md(gx*, gx") + ard (27", 25")]
+ [asd(gx, gx') + asd(gy, V)]
+ [asd(gx*,gx') + ad(2y*,27)]
+[ard (g, gx") + asd (g7, ")
+ [aod(gx*, gx') + ard(gy*,gY)]
= [asd(gx*,gx") + asd(gy",gY') |
+ [ard(gn*,gv') + asd(gy*,gY) ]
+ [aod(gx*, gx') + arod(2y",2y)]-

Hence,

d(gx*,gx') < (as + a7 + a0)d(gx",gx') + (a6 + as + a)d(gy",gy). 3.1)
By a similar way, we can show that

d(gy*,gy) = (as + a7 + as)d(gy*,gy) + (as + as + ay)d (gx*, gx'). (3.2)
By adding inequalities (3.1) and (3.2), we get

d(gx*,gx') +d(gy*,gy') = (as + ag + az + as + as + ay) (d(gx*, gx') + d(gy",gY')).

Since (as + ag + a; + ag + ay + ajp) < 1, Lemma 1.5(1) shows that d(gx*, gx’) + d(gy*,gy’) = 6
But d(gx*, gx') > 6 and d(gy*,gy’) > 6. Hence, d(gx*,gx’) = 6 and d(gy*,gy’) = 0, that is,

gx*=gx' and gy*=gy, (3.3)

which implies the uniqueness of the coupled point of coincidence of F and g, that is,
(gx*,gy*). By a similar way, we can prove that

gx" =gy and gy"=gx. (3.4)
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In view of (3.3) and (3.4), one can assert that

ax* = gy*. (3.5)

That is, the unique coupled point of coincidence of F and g is (gx™*, gx*).
Now, let u = gx* = F(x*, y*). Since F and g are w-compatible, then we have

gu =g(gx*) = gF (x*,y*) = F(gx*, gy*) = F(gx", gx*) = F(u, u).

Then (gu, gu) is a coupled point of coincidence, and also we have (u, i) is a coupled point
of coincidence. The uniqueness of the coupled point of coincidence implies that giz = u.
Therefore u = gu = F(u,u). Hence, (u, 1) is the unique common coupled fixed point of F
and g. This completes the proof. O

Now, we present one example to illustrate our results.

Example 3.2 Let X =[0,1] and E = Cﬁ[o,l] with |||l = |#llee + |4 |, # € E and let P =
{u € E: u(t) > 0on [0,1]}. It is well known that this cone is solid but it is not normal.
Define a cone b-metric d : X x X — E by d(x,7)(¢) = |x — y|>¢". Then (X, d) is a complete
cone b-metric space with the coefficient s =2. Let us define F: X x X - X and g: X — X
as F(x,y) = %x + %y and g(x) = %x for all x € X. Now we obtain that

2
e

111
—y——u-=-v
A

-3
(3333

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

2

et

2

1
9
2
9

1
= —v) e
2
2 o2/ 1)\,
<2 ——x——u e+ =-|zy—zv]le
9 7\2" 2
12, 81 1},
= x—— €+ —|=y—=v| e
812" 2 49(27 2

8 8
= ad(gx,gu)(t) + Ed(gy,gV)(t),

where a9 = %, ay = %, a; =0,i=12,...,8. Note that 2s(ag + ai) = 4(% + 4%) <2,

3
F(X x X) € g(X) and g(X) is a complete subspace of X. Hence, the conditions of Theo-
rem 2.1 are satisfied, that is, F and g have a coupled coincidence point (0,0). Also, F and
g are w-compatible at (0,0). Hence, Theorem 3.1 shows that (0, 0) is the unique common

coupled fixed point of F and g.
Finally, we have the following result (immediate consequence of Theorems 2.1 and 3.1).

Theorem 3.3 Let (X, d) be a complete cone b-metric space with the coefficient s > 1 relative
to a solid cone P. Let F : X* — X be a mapping and suppose that there exist nonnegative
constants a; € [0,1),i=1,2,...,10, with (s + 1)(ay; + a + az + ay) + s(s + 1)(as + ag + a7 +
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ag) +2s(ag + ay) < 2 and Z}Sl a; <1 such that the following contractive condition holds for
all x,y,u,ve X:

d(F(x,9), F(u,v)) = [ald(x,F(x,y)) +axd(y, F(y,x )]
+ [agd(u, F(u, v)) + a4d(v, F(v, u))]
()

[ 0 F
+ [azd(u, F(x,)) + asd (v, F(y, %)) ]
+ [aod(x, u) + ayod(y,v)].

+ agd(x,F(u V)) +aed

Then F has a coupled fixed point (x*,y*) € X*. Moreover, the coupled fixed point is unique
and of the form (x*,x*) for some x* € X.

As consequences of Theorem 3.3, we have the following results which are the extension
of main results of Sabetghadam et al. [34] to cone b-metric spaces.

Corollary 3.4 Let (X,d) be a complete cone b-metric space with the coefficient s > 1 rela-
tive to a solid cone P. Let F : X> — X be a mapping and suppose that there exist nonnega-
tive constants k, | with k + [ < % such that the following contractive condition holds for all
x,y,u,v € X:

d(F(x,y),F(u, V)) < kd(x,u) + ld(y,v).

Then F has a coupled fixed point (x*,y*) € X2. Moreover, the coupled fixed point is unique
and of the form (x*,x*) for some x* € X.

Corollary 3.5 Let (X,d) be a complete cone b-metric space with the coefficient s > 1 rela-
tive to a solid cone P. Let F : X> — X be a mapping and suppose that there exist nonnega-
tive constants k, [ with k + [ < s% such that the following contractive condition holds for all
x,9,u,vEX:

d(F(x,y),F(u,v)) < kd(x,F(x,y)) + ld(u, F(u,v)).

Then F has a coupled fixed point (x*,y*) € X2. Moreover, the coupled fixed point is unique
and of the form (x*,x*) for some x* € X.

Corollary 3.6 Let (X,d) be a complete cone b-metric space with the coefficient s > 1 rela-
tive to a solid cone P. Let F : X2 — X be a mapping and suppose that there exist nonnegative

constants k, | with k + 1 < such that the following contractive condition holds for all

s+1
x,9,u,veEX:

d(F(x,y), F(u,v)) < kd(x, F(u,v)) + ld(u, F(x,)).

Then F has a coupled fixed point (x*,y*) € X2. Moreover, the coupled fixed point is unique
and of the form (x*,x*) for some x* € X.
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