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Abstract

In this paper, we discuss the unique common fixed point of two pairs of weak
commutative mappings on a complete multiplicative metric space. They satisfy the
following inequality: d(Sx, Ty) < {max{d(Ax, By), d(Ax, Sx), d(By, Ty),d(Sx, By), d(Ax, Ty)}}k,
where A and S are weak commutative, B and T also are weak commutative. Our results
substantially generalize and extend the results of Ozavsar and Cevikel (Fixed point of
multiplicative contraction mappings on multiplicative metric space).
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1 Introduction

The study of fixed points of mappings satisfying certain contraction conditions has many
applications and has been at the center of various research activities. Ozavsar gave the
concept of multiplicative contraction mappings and proved some fixed point theorems of
such mappings on a complete multiplicative metric space in [1]. Gu proved the common
fixed point theorems of weak commutative mappings on a complete metric space in [2].
A common fixed point theorem for different mappings was obtained on a 2-metric space in
[3, 4]. Agarwal proved some fixed point results for monotone operators in a metric space
endowed with a partial order using a weak generalized contraction-type mapping in [5].
Dhage proved fixed point theorems for a pair of coincidentally commuting mappings in a
D-metric space in [6]. Mustafa discussed several fixed point theorems for a class of map-
pings on a complete G-metric space. In this paper, we discuss the common fixed points of
two pairs of weak commutative mappings on a complete multiplicative metric space.

2 Some basic properties
Definition 2.1 [7] Let X be a nonempty set. A multiplicative metric is a mapping d : X x
X — R* satisfying the following conditions:
(i) d(x,y) >1forallx,y € X and d(x,y) =1 if and only if x = y;
(i) d(x,y)=d(y,x) for all x,y € X;
(iii) d(x,y) <d(x,z)-d(z,y) for all x,y,z € X (multiplicative triangle inequality).

Example 2.2 [1] Let R” be the collection of all n-tuples of positive real numbers. Let d :
R} x R" — R be defined as follows:

X1 X2

P

Xn

In

d(x7y) =

N

’
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where x = (%1,...,%,),y = (¥1,...,¥4) € R” and | - | : R, — R, is defined as follows:

a ifa>1;
la| =

Q=

ifa<l.

Then it is obvious that all conditions of a multiplicative metric are satisfied.

Definition 2.3 [1] Let (X,d) be a multiplicative metric space, {x,} be a sequence in X
and x € X. If for every multiplicative open ball B.(x) = {y | d(x,7) < &}, € > 1, there exists
a natural number N such that n > N, then x, € B.(x). The sequence {x,} is said to be

multiplicative converging to x, denoted by x, — x (n — 00).

Definition 2.4 [1] Let (X, d) be a multiplicative metric space and {x,} be a sequence in X.
The sequence is called a multiplicative Cauchy sequence if it holds that for all ¢ > 1, there
exists N € N such that d(x,,x,,) < & for all m,n > N.

Definition 2.5 [1] We call a multiplicative metric space complete if every multiplicative
Cauchy sequence in it is multiplicative convergence to x € X.

Definition 2.6 [2] Suppose that S, T are two self-mappings of a multiplicative metric
space (X,d); S, T are called commutative mappings if it holds that for all x € X, STx = TSx.

Definition 2.7 [2] Suppose that S, T are two self-mappings of a multiplicative metric
space (X,d); S, T are called weak commutative mappings if it holds that for all x € X,
d(STx, TSx) < d(Sx, Tx).

Remark Commutative mappings must be weak commutative mappings, but the converse
is not true.

Definition 2.8 [1] Let (X,d) be a multiplicative metric space. A mapping f : X — X
is called a multiplicative contraction if there exists a real constant A € [0,1) such that
d(f (x1),f (%2)) < d(x1,x2)* for all x,y € X.

Theorem 2.9 [1] Let (X, d) be a multiplicative metric space, and let f : X — X be a mul-
tiplicative contraction. If (X, d) is complete, then f has a unique fixed point.

In reference [1], the authors proved that the mapping f had a unique fixed point when
f was a multiplicative contraction. In the main section of this paper, we extend the only
mapping to two pairs of weak commutative mappings and obtain the fixed point under

certain contractive conditions.

3 Main results
Theorem 3.1 Let S, T, A and B be self-mappings of a complete multiplicative metric space
X; they satisfy the following conditions:
(i) SX CBX, TX C AX;
(ii) A and S are weak commutative, B and T also are weak commutative;
(iii) Oneof S, T, A and B is continuous;
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(iv) d(Sx, Ty) < {max{d(Ax, By), d(Ax, Sx),d(By, Ty), d(Sx, By), d(Ax, Ty)}}*, A € (0,% ,
Vx,y € X.
Then S, T, A and B have a unique common fixed point.

Proof Since SX C BX, consider a point 9 € X, 3x; € X such that Sxo = Bx; = yo;

Jx, € X such that Tx; = Axy = y55...;
Axo441 € X such that Sxy, = Bxoye1 = Yons

Ixopin € X such that Tx2n+l = sz,H.Q =Yonslsee--

Now we can define a sequence {y,} in X, we obtain

A2 yann) = d(Sxan, Txopi1)
< {max{d(Axa, Bxons1), d(A%on, Sx2n), d(BXoits Thone)s
A(Sxons Bxani1), d(Axan, Txoni) } }A
< {max{d(y2n1,521), AW21-1, y21) A2 yans1),
dyan Yan), d()’zn—hyzml)} }A
< {max{dyan-1,y21): A2 y2:1): L AY2u-1, y21) - AY2s Y2n41) } }A
= d'\()’zn-byz;q) : dk()’zmyzml).

This implies that d(y2,, yons1) < d r (Y2n-1,Y2n)-
Let ﬁ = h, then

d(y2n7y2n+l) =< dh(y2n—1:y2n)' (1)

We also obtain

d(yZn+lry2n+2) S dh(yZn:yZ;’Hl)' (2)

From (1) and (2), we know d(¥,, Yus1) < @" V-1, ¥n) < --- <d" (y1,%0), YV > 2. Let m,n €
N such that m > n, then we get

d(ym:yn) S d(ym:ym—l) : d(ym—lrym—2) e d(ynﬂryn)
<d"" (y1y0) - d"™ 51,30) -~ @ (91, 90)
hn
S dﬂ ()/1,y0)~
This implies that d(y,,, y,) — 1 (m,n — o00). Hence {y,} is a multiplicative Cauchy. By

the completeness of X, there exists z € X such that y, — z (n — 00).

Moreover, because

{Sx2,} = {Bxoys1} = {¥2n}
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and

{Txon} = {Axopi2} = {y2nn}
are subsequences of {y,}, so we obtain

lim Sx,, = lim Bxy,,; = lim Txy,,1 = lim Axy,,» = z.
Hn— 00 n— 00 n— 00

n—00

Case 1. Suppose that A is continuous, then lim,,_, oo ASXy,, = lim,,_, oo A%x, = Az. Since A
and S are weak commutative mappings, then

d(Astm SAx2n) = d(SxanAxZn)'
Let n — 00, we get lim,_, o d(SAx;,,Az) < d(z,2) =1, i.e., lim,_, o SAXy, = Az,

A(SA%y, Thopi1) < {max{d(A%xp, Bxons), d(A*Xon, SAXsy), d(Bxoys1, Tonsn),

A(SAx2, Bxons1) A (A2, Thoms1) } }A.
Let n — 00, we can obtain

d(Az,z) < {max|d(Az 2),d(Az, A2),d(z,2), d(Az,2), d(Az,2) |}
= {max{d(Az, 2), 1} })‘
= d*(Az,2).

This implies d(Az,z) =1, i.e., Az = 2,

d(Sz, Txana) < {max{d(Az, Bxyu.1), d(Az, S2), d(Bxon.1, Thonn),

A
d(SZ, Bx2n+l); d(AZr Tx2n+l) } } .
Let n — 00, we can obtain

d(Sz,z) < {max{d(Az,z),d(z,Sz),d(z,z),d(Sz,z),d(z,z)}}'\
= {max{d(Sz,2),1} }A
= d"(Sz,2),
which implies d(Sz,z) =1, i.e., Sz = z.
z=_S8z € SX C BX, so 3z* € X such that z = Bz*,
d(z, Tz") = d(Sz, Tz")
< {max{d(Az, Bz*),d(Az, Sz),d(Bz*, Tz*)d(Sz, Bz*), d(Az, Tz*) } }A
= {max{d(z, Tz*), 1}}A
= d*(z, Tz"),
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which implies d(Sz,z) = 1, i.e., Tz* = z. Since B and T are weak commutative, then
d(Bz, Tz) = d(BTz*, TBz*) < d(Bz*, Tz*) =d(z,2) =1,
so Bz = Tz,

d(z,Tz) = d(Sz, Tz)
< {max{d(Az, Bz), d(Az,Sz), d(Bz, Tz), d(Sz, Bz), d(Az, T2)} |
= {max{d(z, Tz),l}}'\
= d*(z, Tz),
which implies d(7z,z) =1, i.e., Tz = z.
Case 2. Suppose that B is continuous, we can obtain the same result by the way of Case 1.
Case 3. Suppose that S is continuous, then lim,,_, o, SA%y, = lim,_, o %%y, = Sz.
Since A and S are weak commutative, then d(ASx,,,, SAxs,,) < d(Sx2,, Axy,,).
Let n — 00, we get lim,,_, oo d(ASx2,,Sz) < d(z,z) =1, i.e., lim,_, oo ASxy, = Sz,
d(S* %o, Titann1) < {max{d(ASxa, Bxans), d(ASxous %), d(Bous1, Thonsn),

A(S*%2n, Bons1), A(ASx2, Tonn11) } }A.
Let n — 00, we can obtain

d(Sz,z) < {max{d(Sz,z),d(Sz, Sz),d(z,2)d(Sz, z),al(Sz,z)}}A
= {max{d(Sz,z),l} }A
= d*(Sz,2).
This implies d(Sz,z) = 1, i.e.,, Sz =z.
Since z = Sz € SX € BX, so 3z* € X such that z = Bz*,
d(Szxz,,, Tz*) < {max{d(Asz,,,Bz*),d(Ang,,,Szxz,,),d(Bz*, Tz*),

d(S2x2,, BZ"), d(ASx,, T2*) }} .
Let n — 00, we can obtain

d(Sz, Tz*) < {max|d(Sz,2), d(Sz, S2), d(z, TZ*), d(Sz,2), d(Sz, Tz*) }

A

d(z, Tz*) = {max{d(z, Tz*),1}}

-
=d"(z, Tz"),

which implies d(z, Tz*) = 1, i.e., 12" = z.
Since T and B are weak commutative, then

d(Tz,Bz) = d(TBz*,BIz*) < d(Tz*,Bz*) = d(z,2) = 1,
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so Bz = 1z,

d(Sxy,, Tz) < {max{d(Axg,,,Bz), d(Axy,, Sx2,),d(Bz, Tz),
A(Sxon, B2), d(Azy, T2)} .

Let n — 00, we can obtain

d(z, Tz) < {max{d(z, Tz),d(z,2),d(Tz, T2)d(z, T2), d(z, Tz)} }A,
d(z,Tz) = {max{d(z, Tz), 1}}A
=d*(z, Tz).
This implies d(z, T2) = 1, i.e., Tz = 2.
z=Tze TX C AX, so 3z** € X such that z = Az**,
d(Sz"*,z) = d(Sz", Tz)
< {max{d(Az**,Bz),d(Az**,Sz**),d(Bz, Tz),
d(Sz**,Bz),d(Az™, Tz)} }X
= {max{d(z,z),d(z,Sz**),d(Bz,Bz)d(Sz**,z),d(z,z)}}A
= {max{d(Sz**,2),1}}*
= d* (52, 2).

This implies d(Sz**,z) = 1, i.e., Sz** = z.

Since S and A are weak commutative, then
d(Az,8z) = d(ASz**,SAz**) < d(Az**,Sz**) =d(z,z) =1,

so Az = Sz.
We obtain Sz = Tz = Az = Bz = z, so z is a common fixed point of S, T, A and B.
Case 4. Suppose that T is continuous, we can obtain the same result by the way of Case 3.
In addition, we prove that S, T, A and B have a unique common fixed point. Suppose
that w € X is also a common fixed point of S, T, A and B, then

d(z,w) = d(Sz, Tw)
< {max{d(Az, Bw), d(Az,Sz), d(Bw, Bw)d(Sz, Bw), d(Az, Tw)} }
< {max{d(zw),1}}"
= d*(z,w).

This implies d(z,w) = 1, i.e., z = w.
This is a contradiction. So S, T, A and B have a unique common fixed point. O

Theorem 3.2 Let S, T, A and B be self-mappings of a complete multiplicative metric space
satisfying the following conditions:

Page 6 of 9
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(i) SX C BX, TX C AX;
(i) A and S are commutative mappings, B and T also are commutative mappings;
(iii) Oneof S, T, A and B is continuous;
(iv) d(SPx, T1y) < {max{d(Ax, By),d(Ax,SPx),d(By, T1y),d(S"x, By), d(Ax, T1y)}}*,
A€ (0, %), Vx,y e X,Vp,qe Z".
Then S, T, A and B have a unique common fixed point.

Proof Since

SPXCSPlX ... CS?X CSX CBX,

TIXCTI'XC..-CT°X C TX CAX.
Since A and S are commutative mappings, so
SPA =8P71SA = SP7IAS = SP2(SA)S = SP2A8% = .- = ASP.
Since B and T are commutative mappings, so
TIB=T9'TB=T%'BT = TT%(TB)T = T 2BT* = ... = BT1.

That is to say, SPA = ASP, TYB = BT".

Since a commutative mapping must be a weak commutative mapping, so ¥, A and T,
B are weak commutative mappings.

From Theorem 3.1, we can obtain that S”, A, 77 and B have a unique common fixed
point z.

In addition, we prove that S, T, A and B have a unique common fixed point,

d(Sz,2) = d(S”(S2), T2)
< {max{d(ASz, Bz), d(ASz, (S2)), d(Bz, T"2),
d(7(S2), Bz),d(ASz, T?2) } }
= {max{d(Sz,2), d(Sz, S2), d(z,2)d(Sz,2), d(Sz,2)} }
= [max{d(Sz,2),1}}"
= d"(Sz,2).

This implies d(Sz,z) =1, i.e.,, Sz=z,

d(z, Tz) = d(SPz, T9(Tz))
< {max{d(Az, BTz),d(Az, $z),d(BTz, T(1z)),
d(S7z BTz),d(Az, T1(T2))}}*
= [max{d(z, T2),d(z,2),d(Tz, T2)d(z, T2), d(z, T2)} )"
= [max{d(z, T2),1}}"
= d*(z, Tz),

which implies d(z, Tz) = 1, i.e., Tz = z.


http://www.fixedpointtheoryandapplications.com/content/2014/1/48

He et al. Fixed Point Theory and Applications 2014, 2014:48
http://www.fixedpointtheoryandapplications.com/content/2014/1/48

We obtain Sz = Tz = Az = Bz = z, so z is a common fixed point of S, T, A and B.
In addition, we prove that S, T, A and B have a unique common fixed point. Suppose

that w € X is also a common fixed point of S, T', A and B, then

d(z,w) = d(SPz, Tw)
< {max{d(Az, Bw), d(Az, 5"z), d(Bw, T'w),
d(8Pz,Bw),d(Az, T'w)}}*
= {max{d(z,w),d(z,2),d(w,w)d(z, w),d(z,w)} "
= {max{d(z,w),1}}"
= d*(z,w).

This implies d(z,w) = 1, i.e., z = w.
This is a contradiction. So S, T, A and B have a unique common fixed point. |

Example 3.3 Let X = R be a usual metric space. Define the mapping d : X x X — R*
by d(x,y) = e for all x,y € X. Clearly, (X,d) is a complete multiplicative metric space.
Consider the following mappings: Sx = x, Tx = %x, Bx =3x, Ax =2x for all x € X.
(i) SX=TX=BX=AX=X,s0SX CBX, TX C AX;
(ii) A and S, Band T are all commutative mappings, according to Remark, they must
be weak commutative mappings;
(iii) S, T, A and B are all continuous mappings;
(iv) Let A = é, according to the inequality of Theorem 3.1:
d(Sx, Ty) < {max{d(Ax, By),d(Ax, Sx), d(By, Ty), d(Sx, By), d(Ax, Ty)}}* and the

conditions of Example 3.3, we can know

_1 _ 3 - _1 ps
e < {max[el¥*, 24, ¢l31, o241 o311}

— 3 - _1
_ max{eBx Zy\)»’e|2x\)»,e|2y\k,e\2y xlk’e\?;x 23")‘}, (3)
Because y = Inx is an increasing mapping, so

(B) = A 12y —x|A,

3 ! A
X — = .
57

There are three situations: (1) x > %y >0 or %y >x>0;(2) %y <x<0orxc< %y < 0;
(3)x>0,y<00rx<0,y>0.

No matter what kind of situation, inequality (3) is true. So the inequality of Theorem 3.1
is also true. Therefore, all the conditions of Theorem 3.1 are satisfied, then we can obtain
S0 =T0=A0=B0=0,so 0 is acommon fixed point of S, T, A and B. In fact, 0 is the

unique common fixed point of S, T', A and B.

3
2)’

1
X — Ey‘ < max{ [3x — 2y|A, [2x| A,
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