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ABSTRACT

In this paper, we prove results on n-tupled coincidence point (for even n) for a pair
of mappings without mixed monotone property satisfying a contractive condition of
rational type in partially ordered metric spaces. Our main theorem improves the cor-
responding results of Chandok et al. (Int. Jour. of Math. Anal., Vol. 7, 2013, No. 9,
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1. INTRODUCTION

In recent years, extension of Banach’s contraction principle has been considered by
many authors in different metric spaces. It has fruitful applications within as well as
outside mathematics. Generalizations of this principle continues to be an active area of
research. Many authors have extended this theorem employing relatively more general
contractive conditions ensuring the existence of a fixed point. The investigation of fixed
points in ordered metric spaces is a relatively new development which appears to have
its origin (in 2004) in the paper of Ran and Reurings [15] which was well complimented
by the paper of Nieto and Lépez [14]. For similar other results in ordered metric spaces,
one can be referred to [1]-[16].

In [1] Bhaskar and Lakshmikantham introduced the concept of a coupled fixed point
of a mapping F' : X x X — X wherein (X, <,d) be a partial metric space and also
proved some coupled fixed point theorems in partially ordered complete metric spaces.
In 2009, Lakshmikantham and Cirié, [10] proved coupled coincidence and coupled fixed
point theorems for nonlinear contractive mappings in these spaces. Recently, Karapinar
et al. [17] introduced the concept of a quadruple fixed point and mixed monotone
property of a mapping F': X x X x X x X — X and obtained some quadruple fixed
point theorems in partially ordered metric spaces. Extending this work, quadruple fixed
point theorems are developed and related fixed point theorems are proved in ([17]-[23]).
Most recently, Imdad et al. [9] introduced the concepts of n-tupled coincidence as well
as n-tupled fixed point and utilize these two definitions to obtain n-tupled coincidence
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as well as n-tupled common fixed point theorems for nonlinear mappings satisfying
¢-contraction condition in partially ordered complete metric spaces.

In [6], Doric showed that a mixed monotone property in coupled fixed point results
for mappings in ordered metric spaces can be replaced by another property which is
often easy to check. In particular, it is automatically satisfied in the case of a totally
ordered space. Hence these results can be applied in a much wider class of problems.
The purpose of this paper is to present some n-tupled coincidence point results for a
pair of mappings without mixed monotone property satisfying a contractive condition
of rational type in metric spaces equipped with a partial ordering. Also we present
results on existence and uniqueness of n-tupled common fixed points.

2. PRELIMINARIES

The following notions were introduced in [1].

Let (X, <) be a partially ordered set equipped with a metric d such that (X,d) is a

metric space. We endow the product space X x X with the following partial ordering:
for (z,y), (u,v) € X x X, define (u,v) <X (z,y) & x = u,y < v.

Now we present some basic notions and results related to coupled and quadrupled fixed

points in metric spaces.

Definition 2.1. Let (X, <) be a partially ordered set and F': X — X be a mapping.
Then F is said to be nondecreasing if for all z1, 25 € X, 27 < x5 implies F(x;) < F(x3)
and nonincreasing if for all z1, x5 € X, x1 < x5 implies F(x1) = F(x9).

Definition 2.2. Let (X, <) be a partially ordered set and F: X x X — X and g: X —
X be two mappings. Then F' and g are said to commute if F(gz1, gzs) = g(F(x1,22)),
for all x1, 25 € X.

Definition 2.3.[10] Let (X, <) be a partially ordered set and F' : X x X — X and
g : X — X be two mappings. Then F' is said to have mixed g-monotone property if for
any z,y € X, F(x,y) is monotone g-nondecreasing in its first argument and monotone
g-nonincreasing in its second argument, that is, for

X1, T2 S X? g(,fl) j g(xQ) = F<Ilay) j F(‘r27y)
Y1, 92 € X, g(yn) 2 g(i) = F(x, 1) = F(x,92).

If g = I (identity mapping) in Definition 2.3, then the mapping F' is said to have the
mixed monotone property.

Definition 2.4.[5] Two mappings F : X x X — X and g : X — X are said to be
compatible if

lim d(g(F (g, v0)), F(gyn, 90)) = 0,

where {z,} and {y,} are sequences in X such that

lim F(x,,y,) = lim g(z,) =z
n—oo n—oo

Jim F(yn, z0) = lim g(ya) = v,

for some x,y € X are satisfied.
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Definition 2.5. [10] An element (z,y) € X x X is called a coupled coincidence point
of the mappings F/': X x X — X and g: X — X if

F(x,y) = gr and F(y,z) = gy.

If ¢ = I (identity mapping) in Definition 2.5, then (z,y) € X x X is called a coupled
fixed point.

Definition 2.6. [17] An element (z,y,z,w) € X x X x X x X is called a quadruple
coincidence point of the mappings F': X x X x X x X — X and g: X — X if

F(z,y,z,w) =gz, Fy,z,w,z) = gy, F(z,w,z,y) = gz and F(w,x,y,z) = gw.

If ¢ = I (identity mapping) in Definition 2.6, then (z,y,z,w) € X x X x X x X is
called a quadruple fixed point.

If elements x, y of a partially ordered set (X, <) are comparable (that is, x <yory <z
holds) we will write x § y. Let F: X xX — X and g: X — X be two mappings, then
we consider the following condition:

If x,y,u,v € X are such that gz § F(z,y) = gu, then F(z,y) § F(u,v).

If g is an identity mapping then for all , y, v if § F(z,y), then F(x,y) § F(F(x,y),v).

Theorem 2.1.[4] Let (X, =<,d) be a complete partially ordered metric space. Let F :
XxX =X and g: X — X be two mappings. Suppose that the following hold:
(a) g is continuous and g(X) is closed;
(b) F(X x X) C g(X) and g and F are compatible;
: < <
(c) for all z,y,u,0 € X, if g(x) = Plz,y) = gu, then F(z,y) = F(u,0),

(d) there exist xo,yo € X such that gz § F(zo,v0) and gyo § F(yo, o),

e) there exists a € [0,1) such that for all z,y,u,v € X, with gx = gu and gy = qu,
> >

satisfies,

A(F(2,y), F(u,v)) < o max {d(ge, gu), d(gy, gv), =L Emdonr ) doz.Fw)donr o)

d(gz,gu) d(gz,gu)
d(gy,F(y,£))d(g’U,F(U,U)) d(gy,F(v,u))d(gv,F(y,x))} (2 1)
d(gy, gv) ’ d(gy, gv) ’ '

(f) F is continuous.
Then there ezist x,y € X such that F(z,y) = gx and F(y,z) = gy, that is, F and g
have a coupled coincidence point (z,y) € X x X.

Throughout the paper, we consider n to be an even positive integer.
For simplicity we will denote the cross product of n € N copies of the space X by X".

Definition 2.7.[9] Let (X,=) be a partially ordered set. Let F' : X™ — X and
g : 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 position arguments, that is, if,

for all 2}, 2} € X, grl < gzl = F(al, 2?23, ... 2") X F
for all 22, 22 € X, gz? < g2 = F(2, 23,23, ...,2") = F
for all 23,23 € X, ga? < gx3 = F(a', 2% 23,...,2") X F



for all 27,25 € X, g} X gal = F(a', 2%, 23, ... 27) = F(z', 2%, 23, ..., 23).

If g = I (identity mapping) in Definition 2.7, then the mapping F' is said to have the
mixed monotone property.

Definition 2.8.[9] Let (X, d) be a metric space and let F': X" - X and g : X — X
be two mappings. Then F' and g are said to commute if

F(ga', g2®, ..., g2") = g(F (2!, 2%, ...,2™)) for all ', 2% ... 2" € X.

Definition 2.9. Two mappings F': X" — X and g : X — X are said to be compatible

if
( lim d(g(} (x}n,xfn,x%,...,xﬁl)),} (gx}n,gxfn,gxf’n,...,gl‘nm)) =0
m—0o0
lim d(g(} (x%mxgnv"’7x?n7x3n))7F(gI$mgx§m ”"gx?ng%n)) =0
m—00

lim d(g(F(27, 2} 22, ... 2" 1), F(gx® gzl gz, ... gz" 1)) =0,

\ M—00 m?my ms m

where {z! }, {22}, ..., {2} are sequences in X such that

( lim F(xl 22 22, .. 2") = lim g(z})=2!
m—00 m—00

lim F(22,23 .. 2", 21 ) = lim g(z2) = 2?
m—00 m—0o0

: n 1 2 n—1\ _ 13 n
lim F(x], 25, 0o T t) = lim g(27,
\ M —00 m—00

):xn’

for some ', 22,...,2" € X are satisfied.

Definition 2.10.[9] An element (z',2?,...,2") € X™ is called an n-tupled coincidence
point of F/: X" — X and g : X — X if

F(at, 2?23, ..., 2") = g(a!)
F(x? 23, ... 2" 2') = g(2?)
F(x3, ... 2" 2t 2?) = g(2?)

If ¢ = I (identity mapping) in Definition 2.10, then (z!, 22 ...,2") € X™ is called an
n-tupled fixed point.

Remark 2.1. Definition 2.10 with n = 2, 4 respectively yield the definitions of coupled
coincidence point and quadrupled coincidence point.



3. Main results

Now our main result is as follows:

Theorem 3.1. Let (X, =,d) be a complete partially ordered metric space. Let F :
X" = X and g: X — X be two mappings. Suppose that the following hold:

(a) g is continuous and g(X) is closed;

(b) F(X™) C g(X) and g and F are compatible;

(c) for all 2%, 22, ... 2", y' % .. y" € X, if gzt é F(a' 2% ..., 2") = gy', then

F(zt, 22, ... 2" § F(y' v, . y™),

(d) there exist x}, x2, ..., 20 € X such that

1 .2 2 1

1 < n 2 < n n n .1 n—1
9Ty = F(zy, x5, ..., x5), 95 = F(ag,...,xy,xp), ..., gz = F(ag, g, ..oy xy ),

VIIA

—

(e) there exists a € [0,1) such that for all z*, 2%, ....2", y',v* ...,y" € X, for which
< < W< o " " .
gr' = gy', g2% = gy°, ... 97" = gy", with gzt # gy', ga® # gy?, ..., g™ # gy", satisfies,

d(F (2!, 22, ...,2"), F(y', v*, ...,y")) < a max {d(gz’, gy*), d(g2?, gy?), ..., d(gz", gy™),

d(gat, F(z', 22, ...a"))d(gy", F(y',y*, ... y"))

d(gz', gy*) ’
d(gz? F(2?,...,z", 2'))d(gy?, F(y%, ...,y y"))
d(g2?, gy?) Y
d(gz™ F(z™ 2t ..., 2" ) d(gy™, F(y™, y', ..., y" 1))
d(gz™, gy) ’
d(gzt, F(y', o2, ..., y"))d(gyt, F (2t 22, ..., 2™))
d(gz', gy") ’
d(gz®, F(y?, ...,y" y"))d(gy?, F(2?, ..., 2", z1))
d(ga2, gy?) o
d(gz™, F(y™,y*, ..., y" 1))d(gy", F(z™, 2, ..., 2" 1)) } (3.1)
d(ga", gy) ’

(f) F is continuous.
Then there exist x', 22, ...,2" € X such that F(z', 2%, ....2") = gzt, F(2?, ... 2" ') =
gr?, . F(a™ 2t ... 2" ) = ga", that is, F and g have an n-tupled coincidence point
(2t 2% ... 2") € X™

Proof. Using conditions (b) and (d), construct sequences {z. }, {22 },...,{z"} in X
satisfying

1 1 2 3 n
9Ty, = F(‘rm—h Lin—1Lm—17 s ‘rm—l)
2 _ 2 3 n 1
gxm - F<xmfl7xmfl7 '7xm lﬂxm 1)
n o o__ n 1 2 n—1
gl = F(xl' @y 1, X g, x ) for m > 1.
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By (d), gz} é F(x}, 22, ..., 28) = gz} and condition (c¢) implies that
got = (x5, 23, ....75) £ F(al,af,..a}) = gay.
Proceeding by induction, we get that gzl | § gx! and similarly

2 = .2 3 = .3 n = _.n
gxmfl ; gmmv gxmfl ; gxmv "'7gxm71 ; gxm fOI' eaCh m Z 1
Now from contractive condition (3.1), we have

d(gx;m-l—l?gx:n):d(F(‘rl ‘TQ ' J}n)7F<$1 171:2 ~--7xn ))

mymy o Ym m— m—1

S a max {d(gxim gxin—l)a d(gxzm gxiL—l)? XS] d(g‘rfnu g‘rfn—l)a

d(gl'}n, F(ili'}n, .T?n, (RS xnm))d(gx}nfb F(x}nfla 37%1717 (RS 1’%71))

(9273, 911
d(ng F(IQ Ty, ‘rl ))d(gxgnth(x%nfla”wmn ‘rl ))

m? my T Ymorm m—17*“m—1
(g2, 95,-1) Y
d(Qx?na F(xnmu x}na L) ‘ng_l))d(gx?nflJ F(xnmfla xinfla 3] 'T:Lnill))

d(gm%,gm%_l)
d(gl"}rn F(x'}n—la xgn—h ceey x?n—l))d(gx'}n—h F(‘CC'}na x'?rn RS xnm))
(g}, 9T3_1)
d(g:v?m F(x?n—la sy mgm—l? m}n—l))d(gl‘gn—la F(Qf?n, sy .CEZT, .2771n))
(923, g7, 1)
d(gx?nv F(x?n—lﬁ x}n—lﬁ [EE3) xzw_—ll))d(gx?n—lﬁ F(xgw x}na sty $Z171)) }
(g7, g, 1)

= & max {d(gxim gmin—l)? d(gx?n, gxgn—l)a ceey d(g$217 gl’%—l),

(g, 95, 1)d(g), 1, 92,) dgay,, gx2, 1)d(gry, 1, g2,
d(gzl,, gy, 1) ’ d(gz2,, 9oy, 1)
d(gay,, gry1)d(gey, 1, 9r,) d(gx,,, 97,,)d(g7, 1, 95,1 1)
(g, g, 1) ’ d(gzl,, gy, 1)
d(gxy,, gx3,)d(g2s, 1, 920,1)  dlgay,, gon,)d(gay, v, g . q) }
d(ga2,, g2, 1) Y d(gay,, g, )
= o max {d(gx,,, grn,_,), d(g22,, g, 1), - (g2, g ),

d(.gx%na gx%nJrl)a d(g‘rgm g‘r%nJrl)a seey d(gx?m gxfnJrl)} (32>

g eeey

Similarly we have,
d(gm'?n—i-h gmfn) S a max {d(gl‘}na gl"}n—l)a d(gxfnv g*r?n—l)a ceey d(gZEZ,L, gxynlm—l)7

d(gx}na gmin+1)7 d(g'rfnv gx$n+l)7 ceey d(gx?)w gx?n+1>}

(g2, 977,) < @ max {d(g2,,, 9Ty, 1), d(g25,, 97, _1), -y d(gh,, gar, 1),
d(giC}n, gx11n+1>7 d(gl'?n, gx?nJrl)a ceey d(gl‘nm, gxnm+l)}



Let
O = max {d(gzy, 1, 97,,), A(gT7, 11, 970,), s (G241, 977}
Hence
max {d(g2p 1, 9%m), (977,11, 977,), -, d(g2], 41, 977,) }
< o max {d(g2y,, 925, 1), (925, 925, 1), s d(gar, g2, 1)} = Q0.
By induction we get that
max{d(gy,, §n,41), A(9Th,, 920 11)s - A9y, g7740) ) < @0y,
It easily follows that for each m,l € N with | < m we have
I ! I
d(gz], gy,) < iaao, d(gz7, gz;,) < iaffow-',d(gaf?,gx%) < ﬁa
Therefore {gzl },{gz%}, ..., {ga" } are Cauchy sequences and since g(X) is closed in a
complete metric space, there exist z,y € g(X) such that

agg-

: 1 1 2 nooy o1
lim gz, = lim F(x,, |,z 1, ... %0 ) ==
m—r0o0 m—0o0

. 2 7 2 n 1 _ .2
lim gzx;, = Um F(x;, 4, ...%0 1,2, 1) =<
. n o __ . n 1 n—1 _ n
lim gz = lUm F(a} 1,2, 1,...,x0 ) =z".

m—r 00 m—r0o0

Compatibility of F' and g implies that
lim d(g(F (2, @y -s ) F (92000 9250, s g23,)) = 0
m—o0

lim d(g(F(ap,, s T, ), F (9700 -, 977, 92,)) = 0
m—ro0

lim d(g(F (a7, @y, -y ), Fg20,, 920, s g2 ) = 0.
m—0o0

As F' is continuous, therefore
F(gx’}TIJ gx$n7 A gx:Ln) —> F<x17 x AR T )

F(gxfn, g gx}n) — F(xQ, N xl)

F(gxl, gx%n, s gx%_l) — F(z", zt . x"_l).
Using triangle inequality, we get
d(gxl, F(gx}n, g:):?n, wngrr)) < d(gxl, g(F(x}n, x?n, e T )))+

+d(G(F (@, Ty ey T))s F (9250, 920, oo 9T7,))-
By taking m — oo and using continuity of F' and g, we have
d(gzt, F(x', 2%, ..., 2™)) = 0, that is ga' = F(2', 2%, ..., 2")
and in a similar way, we have
gr? = F(2?, ... 2" 2, ..., gz" = F(z", 2", ...,2"").
Thus F' and g have an n-tupled coincidencve point.

If g is an identity mapping in above theorem, we have the following result:
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Corollary 3.1. Let (X, =<,d) be a complete partially ordered metric space and let F :
X" — X be a mapping. Suppose that the following hold:
(i) for all z*, 2% ..., 2" y', 9 ...,y" € X if x! § F(x', 22, ...,2"), then

F(z', 2%, ..., 2") § F(F(z', 2%, .. 2"), % 0%, .y

g : < <
(ii) there exist x}, 22, ..., 23 € X such thatx(l) = F(xp, a3, ...,25), ©3 = F(x%, e T ), T

F(xp, x, ..., 2y~ 1),

F(x3, .. 20 o, 23), ...,z
(ii1) there exists o € [0,1) such that for all x4, 2%, .., a™, vyl 9%, ...,y" € X for which
! § yl, 22 § Y2, .., an § nowith ot # gt a? # y?, L a™ # y" satisfies,
d(F(x', 22, ..., 2"), F(y', 92, ..., y") < a max{d(z',y), d(2?, y?), ..., d(z", y"),
d(zt, F(zb 22, ..., 2")d(y', F(y', v%, ..., y™))
d(z',y") ’
d(z? F(z?,...,z", 2Y)d(y?, F(y?, ..., y", y'))
d(z?,y?)
a2 Fy Yty )
d(z”,y) ’
d(zt, F(yt, o2, ..., y")d(yt, F (2t 22, ..., 2™))
d(z',y') ’
d(z? F(y?, ..., y" y"))d(y?, F(2?, ..., 2", z1))
d(z?,y?)
d(z"™, F(y™, vt ...,y" D))d(y"™, F(a™, 2, ... 2" 1))
d(z™,y")

d(z", F(x™, 2"

(iv) F is continuous.

Then there exist x', 2% ... 2" € X such that F(z', 22, ...,2") = 2!, F(2?, ..., 2" 2') =
22 . F(a™ 2t 2"l = 2", that is, F has an n-tupled fized point (z*, 22, ...,2") €
X"

Now we shall prove the existence and uniqueness of n-tupled fixed point. Note that, if
(X, %) is a partially ordered set, then we endow the product space X™ with the following

partial order relation:
for (zt, 2%, ..., 2"), (y*, 92, ..., y") € X"

(v 2 y™) = (2t 2?
Theorem 3.2. In addztzon to the hypotheses of Theorem 3.1, suppose that for ev-

") st <yt et =yt <yt =y

ery (z* ), (2t 2") € X" there emists, (y',y?, ...,y") € X" such that
(F(y', y ,y"),F(y ety ) F(y”,yl,---,y”‘l)) is compamble to both

(F(z', 22, .. 2™, F(2?, ... 2™ 2b), .. F(z™ o', .2 ) and F (21, 22, ..., 2"), F(22, ..., 2",
b, .., F(z 2b 2 ) Then F and g have a unique n-tupled common fized point,

that is, there emsts (ul, u? .., u") € X" such that
ut = gu' = F(u!,u?, ..., u")

u? = gu® = F(u?, ..., u",u')

VIIA



u" = gu" = F(u™,u',...,u" ).
Proof. From Theorem 3.1, the set of n-tupled coincidence points of F' and ¢ is non
empty. Suppose that, (z!, 2% ...,2") and (2!,2?,...,2") are two n-tupled coincidence

points, that is,

F(a™ o, . 2" = g(a™), F(z" 24 ..., 2" = g(2").
We shall show that
g(a') = g(2), 9(z*) = (%), ..., g(a") = g(=").
By assumption, there exists (y',y?, ...,y") € X™ such that

(F(yl’ y27 ) yn)7 F(y2’ M yn7 y1)7 M F(yn7 y17 ) yn_l))
is comparable to
(F(zt, 22, ... 2™, F(2?, ..., 2" "), ..., F(2™, 2, ..., 2" )
and
(F(2' 2% y"), F (22, .., 2" 2Y), L F (2™ 2t 2 ).
Put yt = y% 2 = 9%, ...,y% = y™ and choose y,1?, ...,y" € X such that
Yo 0 0 1% 1

9(y1) = F (Yo, Yo, Yos s Ui
9(Y1) = F (Yo, Yor - Y Uo)

9i) = F(y5 %0, Yor - %6 )-
Then similarly as in the proof of Theorem 3.1, we can inductively define sequences
{9(yn)} {9(um)}, s {9 ()} such that

G Ums1) = F (U, Y Yoy s Ui
9(ym1) = Fyi, s o Y Ym)

9(ms1) = F W Yo Yo s Yy ) ¥ m € N,
Further set z} = 2!, 23 = 2%, ...,20 = 2™ and 2} = 2,22 = 22,..., 20 = 2" and on the
same way, define the sequences {g(z! )}, {g(z2)}, ..., {g(z™)} and {g(z})}, {9(z2)}, ...,
{g(z")}. Then as in Theorem 3.1, we can show that

g(w}n) — gzt = F(wl,:vQ, ez, g(z#b) — gzt = F(zl,z2, ey 2™)

2

g(@2) — ga* = F(2?,...,a", 2"), g(22) — g2* = F(2*, ..., 2", 2")
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and
(F' v 0%, ™), Py oy v, o F™ yh v, y™ ™)
= (9(w1), 9(WD), - g(y1))
are comparable. Then we have

VIIA
Q
~—
<
=W
~
Q
—~

8
S
SN~—

VIIA
<
—~
<
=3
~

g(@') Z g(ul) 9(2*) Z 9(v}), 9(2”)

and in a similar way, we have

9Ym = F (Y1 Y21y Y1)

VIIA VIIA

9ye = F(Y2 1 s Y1y Y1)

n n n— = n n— n
9Ym = FUpts Ymrs o Uipy) = Fa®, 't 2" = ga™.
Thus from (3.1) with gz* # gyl | gz* # gy?,, ..., g™ # gy",, we have
(g7, gYpar) = A(F (2", 2%, 0 2™), F Yy Yis oo Ur)

< o max {d(g:vl,gy,ln), d(gx?, gy2), ..., d(gx", gy™),

d(ga', F(z', 22, .., 2™)d(gyp, F Uy, Yores - Yik))
d(gz*, gy,)
d(ga?, F(z®, .., 2", 2")d(gym, F(yp,. . ym, Up))
d(gz?, gy2,)
d(ga", F(a", x', .., x" ) d(gym, F (Y Ym-- - Y 1))
d(gz™, gym)
d(gat, F(yy,, vz, - um))d(gy,, F(at 22, ... x"))
d(gz*, gyk,)
d(ga®, F(y2,... ., ym. yw))d(gys,, F (2%, ..., a", z"))
d(gz?, gy2,)
d(gxn7 F(y"f’””n7 y’;l’-n"7 9 y;ln_l))d(gy’:bfl,7 F<I‘n7 xl? *c xn_l)) }
d(gz™, gyr,) ’
= o max{d(gz", gyp,), d(92°, gyZ,), ..., d(gx", gy,
d(gz", gyp 1), d(g2%, gy2, 1), - d(ga™, gym )} (3.4).
Similarly, we can prove that
d(92?, gy21) < o max{d(g2?, gy2,), ...,d(gz", gym), d(gz", gyL,),

d(922, gy2iin), - d(gz™, gylir), d(gz, gyb 1)}

9

9

Y

d(gz", gyp,1) < amax{d(gz", gy,), d(gz", gyn,), ... d(gz" ", gym ),
d(gz"™, gym 1), A9z’ gypsr)s - dgx™ " gymt) ).
Hence
max{d(gz", gyp 1), d(92°, gyi 1), - dgz™, gy 1)}
< o max{d(gz', gy,,), d(g2*, gym), -, d(gz", gyp,)}
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and by induction,
max{d(ga’, gypmi1), A(97°, GYmi1); - (92", 9Ypi1)}
< o™ max{d(gz', gy'), d(ga?®, gy*). ..., d(g2", gy") }.
On taking limit m — oo, we get
lim d(gz’, gyy,41) =0, lim d(g2®, gy;.q) =0,..., lim d(gz", gyy,.,) = 0.
Similarly we can prove that
lim d(gz", gyy) =0, lim d(g2®, gypi0) =0,..., im d(g2", gyp, 1) = 0.

Finally, we have

d(ga", g2") < d(ga", gay,) + d(gzy,, g2").
Taking m — oo in these inequalities, we get d(gx', gz') = d(ga?, g2%) = ... = d(ga™, g2") =
0, that is,

grt = gz, ga? = g2, ..., ga" = g2".
Denote gzl = pt, gx? = p?, ..., g2 = p", we have that

gp' = g(gz') = g(F(a', 2%, ..., a"))
gp° = g(g2°) = g(F(a?, ..., z", z"))

gp" = g(gz™) = g(F(z", 2", ...,a"1)).
By the definition of sequences {z! },{z2}, ..., {z" }, we have

1 _ 1 2 n
g‘rm - F(‘rmflfrmfl? ttty xmfl)
1

1 _ 2 n
9Ty, = F(xmfh "‘7Im717mm71)

gz = F(x
and so
grt — F(x', 2?, ... 2"), go? — F(2?, ... 2" 2'), ..., gz — F(a", 2, ..., 2" ).

Compatibility of F' and g implies that

lim d(g(F (. ¥, -y 77,))s F (%00, 920, oo g7,)) = 0
m—0o0

that is,
g(F(x', 2% ... 2")) = F(ga', g2?, ..., gz™).
Then gp' = F(p', p?, ...,p") and similarly,

gp* = F(p*,....,p"pY),...,gp™ = F(p™, p',....,p" ). Thus (p',p? ...,p") is an n-tupled
coincidence point. Thus, it follows thatt gp' = ga', gp® = g2?, ..., gp" = ga™, that is,

gpl = pl, 9172 = pZ, .o, gp™ = p™. Hence
pl=gp' =F@'.p° . ..p"),
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p’=gp*=F@p°, ...p"p"),

Pt =gp" = F@",p' ..., p" ).
Therefore (p',p?,...,p") is an n-tupled common fixed point of F' and g. To prove the
uniqueness, assume that (¢',¢?, ...,¢") is another n-tupled common fixed point. Then
as above we have

= gq" = gp' =p',
?=gq® = gp* =P,
n n n 7

Hence, we get the result.
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