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Abstract : The notion of n-tupled fixed point is inaugurated by Imdad et al. |1]
in 2013. In this paper, some n-tupled coincidence and common fixed point theo-
rems (for even n) are established in partially ordered complete G-metric spaces.
Presented theorems can not be obtained from the existing theorems in the frame
of reference of allied metric spaces and do not reconcile with the remarks of Samet
et al. [2] and Jleli et al. [3]. In fact in a note Agarwal et al. |[4] and Asadi et
al. [5], recommended new statements to which the technique used in |2}|3] were not
applicable. Our results, unify, generalize and extend various known results from
the current literature. Also, an example is presented to show the validity of the
hypotheses of our results and to distinguish them from the existing ones.
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1 Introduction

In the last few decades, fixed point theory has been one of the most inter-

esting field in nonlinear functional analysis. Fixed point of mappings in ordered
metric space are of great use in many mathematical problems in applied and pure
mathematics. It can be applied in various areas for instance approximation the-
ory, optimization and variational inequalities. One of the newest branches of this
theory is devoted to the study of G- metric spaces. The notion of G- metric space
was introduced by Mustafa in collaboration with Sims [6]. This was a generaliza-
tion of metric spaces in which a non-negative real number was assigned to every
triplet of an arbitrary set. Mustafa et al. studied many fixed point results for a
self mappings in G-metric space under certain conditions (see [6H3]).
On the other hand, Bhaskar and Lakshmikantham [9] introduced the concept of
a coupled fixed point of a mapping F' : X x X — X and establish some coupled
fixed point theorems in partially ordered complete metric space. After that, Lak-
shmikantham and Ciric [10] introduced the notion of mixed g-monotone mapping
and coupled coincidence point and proved some coupled coincidence point and cou-
pled common fixed point theorems in partially ordered metric space. Afterwords,
Brinde and Borcut [11] introduced the concept of tripled fixed point and proved
some related theorems. In this continuation, Karapinar et al. [12] inaugurated the
notion of quadruple fixed point and established some results on the existence and
uniqueness of quadruple fixed points. Most recently, Imdad et al. [1] launched
the concept of n-tupled coincidence as well as n-tupled fixed point (for even n)
and utilize these two definitions to obtain n-tupled coincidence as well as n-tupled
common fixed point theorems for nonlinear ¢-contraction mappings in partially
ordered complete metric spaces.

In this manuscript, we furnish n-tupled fixed point results for a pair of weakly
compatible mapping with mixed g-monotone property in generalized ordered met-
ric spaces for nonlinear contractive condition related to an alternating distance
function, which generalize result of Y.J. Cho [13], B.S. Choudhury and P. Maity
[14], H. Aydi et al. [15], H. Nashine [16], Z. Mustafa [17] and H. Lee [18].

The following definitions and results will be needed in the sequel.

2 Preliminaries

Definition 2.1. [19] A function % : [0,+00) — [0, +00) is called an alternating
distance function if the following properties are satisfied:

(i) ¥ is continuous and monotonically non-decreasing;



On n-Tupled Coincidence and Fixed Point Results ... 323

(#) ¢ (t)=0 if and only if ¢ = 0.

We borrow the definition of n-tupled fixed point and n-tupled coincidence
point from Imdad et al. [1].
Throughout the paper, we consider n to be an even integer.

Definition 2.2. [1] An element (z!,22,...,2") € X" is called an n-tupled fixed
point of the mapping F': X" — X if

F(xt 2?23, ... a") = 2t

F(x?, 23, ... 2™ 2!l) = 22,

F(x3, ... 2" 2zt 2?) = 23,
F(zm,xt 2%, .. 2" 1) = 2™,

In the following example we establish n-tupled fixed point.

Example 2.3. Let X = R, then (X, <) be a partially ordered set with usual
ordering. Let F': X™ — X be a mapping defined by

1 2 n
F(zbt 2% 23, ... a") = W, for all (z!, 22,23, ...,2") € X

Then (n,n,n,...,n) is an n-tupled fixed point of F.

Definition 2.4. [1] An element (2,22, ... ,2") € X" is called an n-tupled coin-
cidence point of the mapping F': X" — X and g¢g: X — X if

F(xt 22,23, ... 2") = gat,

F(2?,23, ... 2" 2b) = ga?,

F(x3, ... 2" ot 2?) = ga®,
F(z™ zt 2%, ... 2" ) = ga™.

Following example establishes n-tupled coincidence point.

Example 2.5. Let X = R, then (X, <) be a partially ordered set with usual
ordering. Let F': X™ — X and g : X — X be two mappings defined by

1 2 3 n
F(at,a? 2®, .. a") = T dttede  for all (z!,22,2%,...,2") € X and
gr = .
Then (n,n,n, ...,n) is an n-tupled coincidence point of F.

Definition 2.6. Let (X, <) be a partially ordered set and (X,G) be a G-metric
space then (X, G, <) is called regular if the following conditions hold:

(1)If a non-decreasing sequence {x,} C X such that =, — = then z,, < z,Vn € N;
(i )If a non-increasing sequence {y,} C X such that y,, — y then y < y,,Vn € N.

For the rest of the definitions and other notions utilized in our paper one can
refer to M. Imdad [1] and Mustafa et al. [6].
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3 Main Results

3.1 n-Tupled Coincidence Point Theorems

Our main theorem runs as follows:

Theorem 3.1. Let (X, =) be a partially ordered set and suppose that there exists
a G-metric on X such that (X, Q) is a complete G-metric space. Let F : X" —
Xand g: X — X be two mappings on X. Let ¢ : [0,00) — [0,00) be a continuous
function with ¢(t) = 0 if and only if t = 0 and ¥ be an alternating distance function

such that for,

(et 22, o a™), (v 2, .y, (21 22, L., 2" € X, we have

w(G(F(acl, 2, ... 795”)7F(yl, y2, oy, F(zl7 22 ... ,2™)))
< ¢(max{Gga', gy",921), Gloa®, gy%, 92%), ... Gloa" gy 92")})  (3.1)
— ¢(maxG(gfv1,gy1,gzl),G(9x27gy27922), ~--,G(9z”,gy",gzn))7

with gzt = gy' = gzt, gr? < gv? < g2?,...,g2" < gv™ = gz". Suppose that F has
the mized g-monotone property, F(X™) C g(X), g is continuous and commutes
with F. Also, assume that, either

(a) F is continuous, or
(b) X has the following properties:
(i) if a non-decreasing sequence {x,} is such that x, — x, then x, <X x for all n;
(ii) if a non-increasing sequence {yn} is such that y, — y, then y < y, for all n.
If there exist x,x3, 23, ..., 20 € X such that

gry 2 F(xd, 23,23, ... 2l),

F(z3, 23, ... 20, x}) < g3,

F(xf,xd, 22, ... xf ") < gaf.
Then F and g have an n-tupled coincidence point in X.

Proof. Let z},2%, ..., x5 € X such that

1 1.2 .3
gy = Fxg, x5, 25, -« -, T8)s
2 .3 1 2
F(xg, x5, ..., 20, x5) 3 gxg,
(3.2)
1 .2 n—1
F(x§, x5, x5, ..., x5 ) = gxy.
We choose x1,2%, ..., 27 € X such that
1_ 1,2 .3
gr1 = F(xp, 25,25, -, 23);
2 _ 2 .3 1
grs = F(x§, a3, ..., x],T5),
(3.3)
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this can be done in view of F((X") C g(X). Similarly, we can choose 23,3, ..., 2% €
X such that ) L 9 s
ngZF(xlvxhxh ,3?711),
2 _ 2,3 1
ng—F(.’Ifl,Jﬁl, ,$1,$1)7
— 1,2 n—1
gry = F(z, xy, 25, ..., 2] 0).
Continuing this process, one can construct n sequences {zl }, {22}, ..., {27}

(m >0) in X such that

1 _ 1 2 3 n
gxm+1 - F(mmvxmvxma e axm)a
2 _ 2 3 n 1
g‘rerl - F(xmvxmv e 7xm’xm)7
(3.4)
n _ n 1 2 n—1
grp, = Fap, o, o, . xp ).

Now, with the help of mathematical induction method, we shall show that for all
m > 0,

gfin = gw}n—&-la gfzn-s-l = gwim gf?n = gwin-s-h S ngrbn-H = 9Ty, (3.5)
By (3.2) and (3.3), we get
gry = g, gt = g, gy < g7, ..., gr} =< gay,

i.e. (3.5) holds for m = 0. Assume that, (3.5 holds for some m > 0. From
the mixed g-monotone property of F' and in account of (3.4)), we have

1 _ 1 2 3 n 1 2 3 n
9Tmy1 = F(J?m,.’l,‘m, Ly - ,.’L'm) = F(merl,xm,.'I}m, - 7.’13m)
1 2 3 n
j F(xm+17xm+1’$m’ e ?xm)
1 2 3 n
j F($m+1,$m+1,$m+1, e "Tm-i-l)
_ 1
_g$m+2'
2 _ 2 3 n 1 2 3 n 1
g$m+2 - F(xqul’ xm+1? e ?merl? xm+1) j F(merl? merl? e 7xm+1’ xm)
2 3 n 1
j F(mm+1axm+17 R ,xm,mm)
2 3 n 1
X F(x, 1, Ty ey Ty Ty )
2 3 n 1
S F(x5, @0,y Ty Ty
_ 2
_gxm+1'
Analogously, it can be proved that
n o n 1 2 n—1 n 1 2 n—1
gxm+2 - F(.’Em+1,xm+1,1’m+1, e 7xm+1) j F(xmaxmvxm» sy Ly )

_ n
- g‘rm-i-l'
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Therefore, it follows from the method of induction that, inequality (3.5)) holds, for
all m > 0. Hence

gry S gry X grh <. gy, Xgrng <,
L Rgat g 2 grp, 2. 2 gad < gai < gag,
gr5 = grt 2 gai = ... 2 gan, 2 a0 2 (3.6)
cRgrng 2gy, 2. 2 gry X gat X gag
Then from (3.1]) and (3.5)), we have
1/)( G( 9T i1, 9T, 9T, ) )
=¢<G(F($3nal‘3m 7$21)7F($}n71,$3n,17 ,$?n71)7
F(x:nflﬂ‘r?nfl? w%ﬂ))
< w(max {G(gfﬂ%,gfﬂkflvgthl), G927, 9T 1, 9T 1),
G(gxgnvgxfn—lagxgn—l)v --~7G(ggjfn7ggjfn—lvgm%—l)}) ( )
3.7
— ¢(max{G(gxiwgw#fpgﬁnfl%G(gximgwi%pgxfnfl%
G (g2, 9T 15 9T 1), ~..,G(gw"mvgx"mfl,gfffnfl)})
Again, from (3.1 and (3.5)), we get
o( Glgad, 41 993, 92%,) )
- w<G(F<xi,xz, T Th),
P s ) P st )
< w(max {G(gxfmgxfn_l,gwfn—l)v GG, 915 9T 1)
GG 91,9 1)s GG 91,97k 1) }) .
3.8

—~ ¢(max {G(gxfmgxfnfl,gwiﬂ)a Glgx,, gad, 1,925, 1),

1 GlgT, g1, 92 1), Glgahs 93, 1 90 1) } ).
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In a similar way, we obtain

w( G( 95,115 91,5 920, ) )

< ¢(max {G(gmfn,gxfn,l,gxzzflx G(gT 3, 9T, 15 9T 1)
G929, 15 9T_1), -, Glgzp gzl g:vﬁ;ll)})
- (b(max {G(gz"m,gz"m_ugfc%_l),G(gwhvgmi@_l,gxh—l),
G923, 973, 1,933, 1)+ Glowl gty gl )
As 1) is a non-decreasing function, for aq, as, as, ...a, € [0,+00), we have
Y(max{ay,az,as, ...a,}) = max{y(ar),¥(az),¥(as), ..., ¥(a,)}.
Due to (3.7), and (3.9), it follows that
w(max {G(ngln+1a 9Tms 9Tm)s G (9T 415 927, 927) s G920 1, 9T, gw”m)})
< zp(max {G(gw}n,g:c}n,l,g%lnA% G(gw%@,gﬂciﬁb,l,gmiﬁlh
G(g2y,, 95,1, 92 _1), ---,G(gw%,gw%_hgaz%_l)})
- ¢(max{G(gﬂshvgw#_l,gﬂc}n_mG(gxingil_pgxfn—lh
G (92, 9T 15 9Tr_1)s ~~-7G(9x7n,9w7n71,9w%71)})-
Let, A, = max {G(gxin,gxh_pgxin_l)v G927, 9%, 1, 9% _1), T 10
G(gwf’mgwi%pgxf’nfl),-~-,G(gm?n,gw7n7179x’%71)}~ .
From the above inequality, we arrive at
V(Am) < P(Am-1) — d(Am—1). (3.11)
As the function ¢ is non negative, we obtain

1p(f47n) S w(Amfl) = Am S Am71~

Thus, {A,,} is a positive non increasing sequence. Hence there exists r > 0 such
that A,, — r as m — oo. Letting the limit as m — oo in (3.11) and using the
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continuity of ¥ and ¢, we get

P(r) <¢(r) —¢(r).

Hence, ¢(r) = 0 and by the property of ¢, we find » = 0. Therefore

lim A, =0. (3.12)

m—r o0

Our next step is to show that {gzl }, {922}, {923}, ..., {gz"} are G-Cauchy
sequences. On the contrary assume that, at least one of {gz},}, {g22,}, {923}, . ..,
{gz?} is not a Cauchy sequence. Then, there exists an ¢ > 0 for which we can
find sequences of positive integer {m(k)} and {i(k)} with I(k) > m(k) > k, such
that

By, =max {G(ngln(k)v gxll(k)a gle(k)) ) G(gxiz(k)v szz(k)a gxlz(k))v (3.13)

o GGy 9y 97 | =

Moreover, corresponding to m(k) we can choose (k) in such a way that it is the
smallest integer with (k) > m(k) and satisfying (3.13)). Then

max {G(gx:n(k)vgzll(k)—lvgxll(k)—l)’G(gxgn(k)vgxlz(k)—lvg‘r%(k)—l)’ (3.14)

e aG(ng@(k)’ gxln(k)—l’ 9@”@)—1)} <€
By the rectangle inequality of G-metric and from (3.14)), we arrive at
G (9T (k)> 910y 9%1k)) < G (9T (k)> 90k — 15 9TU(k) 1)

+ G(gl'zl(k)—p gzzl(k),gl"ll(k)) (3.15)
< €+ G920 -1, 9%U(h) 913 )-

Thus, from (3.12)), we acquire

lim G(gx}n(k),gx}(k),gm}(k)) < klgglo G(gx}n(k)agwll(k)flagmll(k)fl) <€ (3.16)

k—oc0

In a same manner, we get

lim G(gx?n(k>,g:v?(k>,gx?(k>) < klggo G(gxgn(k)ag$l2(k)—1ag$12(k)—1) <€ (3.17)

k—oc0

Similarly, we have

lim G(gwﬁl(k),gmf(k),gxﬁk)) < klglgo G(QCU:%(;C);giU?(k)qagﬂf?(k)A) <€ (3.18)

k—o0
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Again from rectangle inequality of G-metric and from (3.12)), we obtain

G (9% m(k)> 9%1(k) 9%1(1)) < G (9% (k) 9T ()15 9T (k) 1)

+ G920y 1> 9T1(0) 12 9T (k) 1)
+ G910 -1 9211y 911

< G(9% (k) 9T (k) —10 9% (1)—1)
+ G (9% (k)15 9T (k) > k)
+ G(gxin(k), giﬁll(kyp gxll(k)fl)
+ G910 -1 9211y 9T1(1))

< GG (k) 9T mm (k)15 () 1)
+ G(ga:}n(k),p gx'}n(k)7 gm}n(k))
+e+ G(gﬂcll(k)qﬂle(k)’ gl‘zl(k)>-

Taking the limit when k£ — oo in above inequality and using , we acquire

kILHOIOG(gx}n(k)vgxll(k)vg‘rll(k)) < klggo G(gfv}n(k)flﬂgxll(k)—lﬂgxll(k)fl) <€ (3.19)
Similarly, we arrive at

kh_{l;oG(ngn(k)agx%(k)vgx?(k)) < kli_fgoG(gxgn(k)—lvgxlz(k)—l’gzlz(k)—l) <€ (3.20)
and

Hm G (g, 927y, 97y ) < T G927 ) 15 9714y -1, 9118y 1) < € (3.21)

From (3.13)) and in account of inequalities (3.19))-(3.21)), we have

lim max {G(gzin(k), ga:ll(k), gzll(k)), G(ngn(k), gle(k), gz?(k)), cey

k—o00
G(gle(k)»gifﬁk)agff(k))}
: 1 1 2 2 2
= lim max{G(ggjvln(k)—lagxl(k)—lagxl(k)—l)’G(gzm(k)—hgml(k)—hgxl(k)—l)’

k—o0

. 7G(gx:;(k),17 gx?(k)fh gxfl(k)—l)}

(3.22)
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Therefore from inequality (3.1) and (3.4]), we obtain

() <G (ngln(k)v 9T (1 szl(k))>

= <G(F(x71n(k)—1"r72n(k)—1v e 7337,1(1@)—1)’ F(xll(k)—la xl2(k)—1v e 733%)—1)7
1 2 n
F(xl(k)fl’ Li(ky—1s--- 7%(1@1)))
§w<maX{G(g;Em(k) l,gml(k) 1,g$l(k) 1),G(9$m(k 1»99612(1@)71»99512(@71)»...,
G(Qxfn(k)fpgx?( k)— 1»91'1 }
—¢<maX{G(9x}n(k)1,gfle() 1,9% ),G(g L (k)— 179%(1@) 179%(@ 1)

G927 (k)11 %1 (k)15 9% 1 (k) 1) )
Which gives

v (G(gxin(k), gm}(k),gx}(k))> < (By-1) — $(Bi-1)- (3.23)
Analogously, one can show that

(G (G(gxfn(k)a gxlz(k),gxf(kO) < Y(Bi-1) — ¢(Bi-1).- (3.24)

and

(0 (G(gx:;L(k)’ gl’?(k)ygxﬁk)>> < Y(Br-1) — ¢(Bi-1). (3.25)

By the monotone property of ¢ and in account of inequalities (3.23))-(3.25)), we



On n-Tupled Coincidence and Fixed Point Results ... 331

have

Y(Bg) = <maX {G(gx:n(k)v 9Ty 9%k ) G (9T k)2 9% k)» 9T Tk )
e ,G(gle(k), gx?(k), gac?(k)) })
= Inax {w(G(gxin(k), 93711(1@)793311(;@)» ) ¢<G(Qﬂffn(k), 93312(1@7 9%2(;@))),

o 7’(/} (G<g‘/1’lfn(k:)’ gmln(k)?gx?(k:))> }a

that is,
Y(Br) < Y(Br-1) — ¢(Br—1).

Taking The limit as k — oo in the above inequality, using (3.22)), we obtain
P(e) < th(e) — dle).

Which gives ¢(¢) = 0 = € = 0, a contradiction. We conclude that {gzl }, {gz2,},
{gx3,}, ..., {ga™ } are G-Cauchy sequences in the G-metric space (X, ), which
is G-complete. Then there exist 2!, 22,...,2" € X such that

lim G(gzl,, gz}, 2!) = lim G(gx}, 2t 2!) =0,
m—r o0 m—r o0
x

lim G(gx2,,g22%,2%) = lim G(ga?,, 2% 2%) =0,

lim G(gzl, gz, «™) = lim G(gal,,z™, ™) = 0.
m—r o0 m—r o0

From (3.26)) and by the continuity of g, we arrive at

lim G(g(gzy,),9(92,),92") = lim_G(g(gzy,), 9", g2') =0,
lim G(g(g22,),9(g922,), 92*) = lim G(g(gz3,), g2, ga?) = 0,

lim G(g(gzy,), g(g97y,), 9z™) = lim G(g(gzy,),gx", gz") = 0.

m— o0 m—r oo

Thus, g(gxl,) is convergent to ga', g(ga?,) is convergent to ga?, ..., g(gz") is

convergent to gz™. Since,

1 1 .2 .3 n
gxén_H = F(xgl,xén, xo, ... ,x,ln),
R n
gr,, 1 = F(xy,x,,, ..., 20, 1,,),
3 3 no 1 .2
9Ty = F(xy,, ... a2, x7,),
n _ n 1 2 n—1
gry = Fx), w0, o mp ).
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Therefore, from the commutativity of F' and g, we have

g(gxranrl) = g(F(Jc}n,xi, l‘f’n, s 71‘%)) = F(gx}n,gx%z,gxiz, s 793721)7
g(gx72n+1) = g(F(xfn,mf;l, e ,.’ngl'}n)) = F(gm?nagmina s 7gxnmagx71n)a
99 1) = g(F (), @y e D) = F(GTi, g, 9y -, 9T ).

(3.28)
Let the condition (a) holds, i.e., F'is continuous. Taking limit as m — oo in ([3.28)),
utilizing the continuity of F' and in account of (3.26) and (3.27), we get

1,2 .3
F(Z, Ty Ty -+ T )fgx
2.3 _
F(22,23 ... 2"zl ) = ga?,
3 RS
Fa3,, ... a0 x 22 = gad,
n 1 2 n—1\ _ n
F(al, xr a2, ..., al"t) = ga™.
Hence the element (z',22 23,...,2") € X™ is an n-tupled coincidence point of

the mapping F': X™ — X and g: X =X
Let us assume that, the condition (b) holds, that is, (X, G) is regular. Since,
{9} Y, {gx3,}, ..., {gz" '} are non decreasing and {gz2 }, {gz2 },..., {gz™} are
non increasing sequences. Due to the regularity of (X, G, =), we have

gx,, 2 gzt,  gap, = gz?,

gy, = ga®,  gay, = grt,

grpt < ga™t gal = ga.

Now, using inequality (3.1)) and from the rectangular inequality of G-metric, we
acquire

w<G(F(x1,x2,a:3, . ,x"),gx,ln+1,g:c,1n+1>>

¢<G<F(x1,x2,x3,...,m"),F(m%,xfn,mf’n,...,x%),F(w}n,ﬁ 333,...,96” >
11 1 2 2 2
<¢<maX{G(gw s 9T 9T, ), G927, 927y, 927,), - - Glg2™, gy, gy, )

—¢><max{G(gwl,gwin,gw#),G(gﬁgwiwgw%), ..., G(ga", g}, g7,

Making the limit as m — oo in above inequality give rises to

¢<G<F(ZE179§271‘3, s ,x"),gm},@+1,gz}n+1)> =0.



On n-Tupled Coincidence and Fixed Point Results ... 333

Which yields

F(zt, 2?23, ... 2" = ga'.

Repeating the same technique, one can show that

F(x2,,23 ... 2"zl ) = ga?,
F(aj?n’ 7'75:%"@}717377271) gxr=,
F(an, 2zl 2%, ... 2% l) = gan
Thus, we proved (z!, 22, 23,...,2") € X™ is an n-tupled coincidence point of the
mapping F: X" - X and g : X — X.
This conclude the Theorem. O

3.2 n-Tupled Common Fixed Point Theorems

Theorem 3.2. In addition to the hypotheses of Theorem suppose that for ev-

ery (xt, 22,23, ... "), (yh v 93, ..., y") € X™ there exists (21, 22,23, ...,2") €
X" such that( (z 22 cey 2L F(2 2 2T )) e X
is comparable with (F(x17:r2, conx), Pt at L amY) and

(F(ylva) L) yn)7 . e 7}‘_‘(yn’yl7 . ’yn—l)).
Then F and g have a unique n-tupled common fized point.

Proof. From Theorem the set of n-tupled coincidence points of F' and g is

non empty. Assume that (z!, 22 23, ... 2"), (y',v%, 93, ..., y") are two n-tupled

coincidence points of F' and g, that is

F(zl,a?2% . a") =gy Fly'v*, 9% ... y") = gy,
F(a?,2% ... 2™ at) = g% Fyy°, ...y y') = 9y,
Fz®, ot 2?2 ) = g™ F(y™,yh 9%, 9" ) = gy™
Now, we shall prove that gz' = gy', g% = gy?, ...,gz = gy"
By supposition, there exists (21, 22, 23 ) € X" such that (F(z 22,23, .., 2"),
F(22,23,.. .27 2Y, .. F(2", 21, 22 1)) is comparable with
(F(at 22, 23,... 2"), F(xz,x37...,ac ,xl), o F(a™, a:l :L‘2 ., 2" 1)) and
(F(y" y2 Y A O I SRV Y y" )
Put, zd = 21,28 =22%,..., 20 = 2™ and choose z1,22,z3 ,2"™ € X such that
g2t = F(2b,28,28,...,28),
923 = F(23,28,...,20,2b),

n _ n .1 .2 n—1
927 = F(28, 25,25+ -, 20 )-
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Then similarly, as in the proof of Theorem [3.1]one can inductively define sequences
{9253, {922}, {923}, ..., {9z} in X such that

1 _ 1 2 3 n
gzm-‘,—l - F(Z 7zm7 Zma ety Zm)a
1

z

2 _p2 3
gzm—i-l - F(Zm7zm7 R ’Zg” m)a
_ 1,2 -1
9z = F (20, 2 Zihs ooy 20 ).
Moreover, set z§ = 21,22 = 2%,...,28 = 2" and y} = y*, 02 =%, ..., u8 = "
and on the same way define the sequences {gz},}, {g22,}, {923.},...,{g2™} and

{ovr ¥, Agv2 ¥, {9y}, ..., {gy™}. Then we can easily show that

gmé71+1 = F(xéna mznax%w e >‘T:flz)7 gyén+1 = F(y';nﬂ yéwy?n? s 71/?1%
gmm+1 = F(xm7 Toms - - - 7x¢1’17mm); gmerl = F(yma Yms>--- aygwym%
gx?nJrl = F(xﬁww}rmx%nu e ax:ln_l); gyZLJrl = F(y;lwy}nvygna e 7y'?n_l)'
As
(F(x' 2?23, .. 2™), .. F(a™ 2t 2%, .. 2" ) = (gat, 923, . .., g27)
= (gx17gx27 AR ’gxn)
and
(F(Zl’ 227 237 MR Zn)’ MR F(Zn’ 217 227 MR Znil)) = (92%39237 A ,gz{l)
are comparable, then
gr' = gzl 927 < ga® ga® < gz}, . g2t < ga.

Similarly, we can show that for all m > 1,
gr' =gz, 920, X ga”,gx® g2, .. gz, < ga.
Thus, from (3.1f), we obtain
’(/) (G(gIl, gzla gzvln—i-l))

w(G(F(x17x2,ac3,...,x”),F(ml,aﬁz,xB,...,x”)7F(z1 22 23 2"

m~“m’ “m> ? m))

< 1/)<max {G(g:vl,gxl,gZSnL G(ga?, g2?, g22,), G(ga®, g2°, g23,),
A ] G(gxn7gxn’gz’:7lrl)}>

. ,G(gz",gz”,g%)}> :
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Also

w(G(gw27gx2, 923n+1))

maX{G(ng,gxz’,gz;%G(gx?’,ng,ngn),

)

IN
<=
/N

G(gfc",gfc”,gdﬁl),G(gxl,gf’gz#)})
— q/)(max {G(gm2,gx2,ngn), G(gx®, gx3,923), ...,
G(gx",gx",gzﬁl),G(gxl,gml,gz}n)}>.

In a similar way, one can show that

w(G(gwnvgwnygzzﬂ))

w(G(F(I”,zl,x2,...,x"il),F(x" wl2?, L aY), F(2n, 2L 22 z”fl))

) ) Y m?Tm? Tm? Ty Ym

< ( max {G(gﬂs"7 gz, gzlh), G(gzt, gat, gz1,), G(g2?, g2?, g22,),

Using the monotone property of ¢ and from the above inequalities, we arrive at

w(max {G(gmlygxl,gzrlnﬂ), G(gx?, gz*, 922 1), - - ,G(gx",g:v",gzr’zﬂ)})

= max {w(G(gwl, 9551,9211114-1)) N (G(gxz, gx?, 9231+1))7
.. ,w(wa% gz", QZ%H)) }
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< < max {G(gaﬁ1, gz, gzh), Gga?, ga?, g22,), G(ga®, ga®, g23),

...,G(gz™, gx",gz,’,ﬁ)})
(3.29)

—¢ < max {G(gwl, gzt gz)), G(g2?, g2?, g22,), G(g2°, g2°, gz2)),

... ,G(gx",gx”,gz&)}) .
Set,
Oy = Max {G(g(El, gxla gzyanrl)? G(gxza gxza 9331+1)7 G(g.%'3, 91'37 gz§n+1)7

ey G(g;tn, gxn’ gzxwrl)}
Then, from (3.29)), we get

'(/J(am) < 1/J(04m71) - (b(amfl)- (330)

Since, ¢ is non negative, therefore we obtain ¥(ay,) < ¥(m—1) = @m < Qm_1-
Therefore {a,,} is a monotonically decreasing sequence of non-negative real num-
bers. So, there exists a > 0 such that a,, — o as m — co.

Letting the limit as m — oo in , one can get

¥(a) < (a) — d(a).
Which gives, ¢(a) = 0 and by the property of ¢ we get « = 0. Hence

lim «,, =0.
m—r 00

Which yields
lim G(g', 92", g2,,11) =0, lim G(ga?,g2% 927, 11) =0, ...,
lim G(g2", 9", g275,41) = 0.
Similarly, one can show that
lim Glgy', gy 9%m41) =0, lim Glgy*, 9y, 97041) =0, ...,
lim G(gy", 9y™, 927,41) = 0.
Now, by the rectangle inequality of G-metric, we have

G(gz', gzt gy') < Glgat, gat, 92}, 1) + Glgzhi1, 92841, 9y") — 0,
G(gx?, gx?, gy®) < G(ga?, g2, 922, 1) + G(922 41, 97041, 9Y%) = 0,

G(gx™, gx", gy™) < G(gxn7gxnvgz'?n+l) + G(QZ?n-s-hngnvayn) — 0,
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as m — oo. From the above inequality, we obtain

gt =gy', g¥ =gy®, ..., gx"=gy". (3.31)
Since,
F(at 2?23, .. a") = gat,
F(2?,2%,... 2" 2t) = ga?,
F(a™ 2t 2%, .. 2" ) = ga™.

And by the commutativity of F' and g, we have
g(F(zt 2% 22,.. . ,a")) = F(gaxt, g2?, ga3, ..., ga") = gga?,
g(F(z?,23, ... 2", 21)) = F(gx?,g23,..., ga", gxt) = gga?,

g(F(z™, 2t 22, ... 2" 1Y) = F(ga™, gxt,g2?%, ..., go

") = gga”.
Now, put gz! = u', gz? = u?,..., gz" = u™, then above inequality turns into
Flul,u?,u?, ... u") = gut,
Fu?,u3, ... u™ul) = gu?,
(3.32)
Fu™ ut,u?,. .. u" 1) = gu™.
Hence, (u',u?,u3,...,u") is an n-tupled coincidence point of F' and g. Now, put
grt = gu', grt=gu?®, ... |, gaz" =gu".
This gives,
gul =ut, gu=w? ..., gut =u" (3.33)
From (32) and (3:33), we get
Fubu? v, .. um) = gut = ut,
Fu?,u?, ... uul) = gu® = u?,
Fu™ vl u?,. . um ) = gu™ = u™.
Thus, (ul,u? u3, ..., u") is n-tupled common fixed point of F and g. To prove the
uniqueness, assume that (v, v?,v3,...,v") is an another n-tupled common fixed

point of F' and g. From (3.31]), we obtain

1 1 1 1
gur =u =guv =0,

gu? = u? = gv? =02,

n n n n

gu" =u" = gv" ="

And this makes end to the proof. O
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Following example establishes the usability of Theorem

Example 3.3. Let X = R be equipped with the G-metric defined by
G, y, 2) = max{[z — yl, |y — 2|, | — |},

for all z,y,z € X and the order < defined by x <y <z <.

Then (X, G, <) is a complete partially ordered G-metric space.

Take ¢ = % for all ¢ € [0, 00).

Consider the (continuous) mapping F : X™ — X given by

=222 + 323 — ... —nz"

F 1 2 3 ny —
(@, 2% 2%, 2" 2n(n+1)

for all (2!, 22,23, ...,2") € X and n > 1. And the mapping g : X — X given by
gr = 3.

Clearly F' has the mixed g-monotone property, g is continuous and commutes with
F and F(X™) C g(X).

Then for (z%,22,...,2"), (y', 92, ..., y"), (z1,22,...,2") € X ,

with gz > gy' > g2t g2 < gy? < g22%, ..., ga" < gy < gz", we have

1/)<G(F(J;1,x2,x3, ...,x”),F(yl,yQ,yS, ...,y"),F(zl,zz,zS, ,z")))

_y G(x1—2x2+3m3—...—nac" yt—2y% + 3% — .. —ny"
B 2n(n+1) ’ 2n(n+1) ’

2l — 222 4323 — —nz”)
2n(n+1)

— ‘(x1—2x2—|—3x3— coo— ) — (21 =222 4323 — . —n2?)
B 2n(n+1)
22 ‘ (gzt — g2b) — 2(gx? — g2%) + 3(gz® — g23) — ... — n(gz™ — gz")
23 n(n+1)
< L(\gfcl = '+ 20ga® — g% + 3lga® — g% + ..+ nlga” - 92"
= B+ 1)
11
< 2*3<Ilﬂa><{lgﬂc1 —g7'],1ga? — g2%,|ga® — g2°|, ... |ga" — gZ"I})

11

=53 (maX{G(gscl, gy', 92"), G(g2?, gy, g2%), G(g2%, gy°, 92°),
o Gga", gy", gzn)})

< w(maX{G(9w17 gy', g2"), G922, gy?, 92%), G(g2%, gy°, 92°),

. ,G(gw",gy”,gzn)})
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- ¢(maX{G(gx1, gy*,92"),G(gz%, gy, 92°), G(gz®, gy°, 92°),

. ,G(gw"",gy",gzn)}).

Hence, inequality 1} of Theorem is satisfied with the choice of ¢(t) = % and
o(t) = %. Finally, we assert that all the conditions of Theorem are satisfied.

Clearly, (0,0,0,...,0) is an n-tupled unique common fixed point of F' and g.

Corollary 3.4. Let (X, =) be a partially ordered set and suppose that there exists
a G-metric on X such that (X,G) is a complete G-metric space. Let F : X" —
Xand g: X — X be two mappings on X. Assume that there exists k € [0,1) such

that for,

(el 22, . 2), (yh o2, .y, (21 22, L., 2™ € X, we have

G(F(zh 22, .. 2™, F(y',y?, ... y"), F(2', 22, ..., 2")
< k.max{G(gz', gy',92"), G(92”, 9y%, 97%), ..., G(92", gy", 92")},
with gr' = gy' = gz', gr? = gv? < g22,...,g2™ < gv™ < gz". Suppose that F has

the mized g-monotone property, F(X™) C ¢g(X), g is continuous and commutes
with F. Also, assume that, either

(a) F is continuous, or

(b) X has the following properties:

(i) if a non-decreasing sequence {x,} is such that x,, — x, then x, < x for all n;
(i) if a non-increasing sequence {yn} is such that y, — y, then y X y, for all n.

If there exist x},x3, 23, ... 28 € X such that

1 1,2 .3

gxy = F(ap, xg, x5, ..., 28),
2 .3 n .1 2

F(zg, 5, - -, 25, 7p) = 924,

F(al, b, 23, ...,x0™ ") < gap.
Then F and g have an n-tupled coincidence point in X.

Proof. It is sufficient to take ¢ (t) = ¢ and ¢(t) = (1 — k)t for all ¢ > 0 in Theorem
B.1 O

Corollary 3.5. Let (X, =) be a partially ordered set and suppose that there exists
a G-metric on X such that (X,G) is a complete G-metric space. Let F : X" —
Xand g: X — X be two mappings on X. Assume that there exists k € [0,1) such
that for,

(et 22, o a), (yh 2, .y, (21 22, L, 2™ € X we have

G(F(xl,zZ, ...,x"),F(yl,yz, ...,y"),F(zl,ZQ, o 2M)

k
<= (G(gmﬂgyl,gzl) +G(g2°, 9y*, 92°) + ...+ G(gx",gy",gZ”))7
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with gx' = gy' = gz', gx? < gv? < g2%, ..., gz" < gv™ = g2". Suppose that F has
the mized g-monotone property, F(X™) C g(X), g is continuous and commutes
with F. Also, assume that, either

(a) F is continuous, or

(b) X has the following properties:

(i) if a non-decreasing sequence {x,} is such that x, — x, then x,, <X x for all n;
(i) if a non-increasing sequence {yn} is such that y, — y, then y X y, for all n.

If there exist x}, 23,23, ..., 28 € X such that
gry 2 F(xd, 23,23, ... 2l),
F(x3,23, ... 28, xd) < g3,
F(ay, xd, 23, . gl < gal.
Then F and g have an n-tupled coincidence point in X.
Proof. We have
max{G(g:cl,gyl,gzlhG(g$27gy27922), ---,G(gz",gy",gzn)}

< Gga',gy', 92") + Gg2?, gy*,92°) + ... + G(gz", gy", g2")
< nmax{G(gz", gy', g2"),G(g9a”, gy*, g2°), ..., G(ga", gy", 92")}.

gr' = gyt = gz, ga? X gu? < g2%, gt < g™ < g2
Therefore, Corollary [3.5] follows from Corollary O

Remark 3.6. In Theorem if we restrict F' : X x X — X, then we obtain
Theorem 3.1 and 3.2 by Yeol Je Cho et al. in [13].

Remark 3.7. Theorem 3.1 and 3.2 of B.S. Choudhury and P. Maity [14] are
particular case of Corollary [3.5] by taking n =2 and g = I.

Remark 3.8. Corollary 3.1 and 3.2 of H. Aydi et al. [15] are particular case of
Corollary [3.5] by taking n = 2.

Remark 3.9. Theorem 3.1 and 3.2 of H. Nashine [16] are particular case of
Corollary by taking n = 2 and restricting k € [0, 1).

Remark 3.10. Corollary 2.2 of Z. Mustafa [17] is a particular case of Corollary
by taking n = 4.

Remark 3.11. In Theorem if we take n = 2 and g = I then we obtain
Theorem 2.1 and 2.2 of H. Lee [18§].
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