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Abstract

In this paper, we introduce the concept of a quasi-metric-like space, and by defining
the w-compatibility of two mappings, we obtain multidimensional coincidence point
and multidimensional fixed point theorems for generalized r-quasi-contractions in
quasi-metric-like spaces. Our results extend the fixed point theorems in Vetro and
Radenovi¢ (Appl. Math. Comput. 219:1594-1600, 2012) and references therein.
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1 Introduction and preliminaries
In 1987, Guo and Lakshmikantham [1] initiated the study of the coupled fixed point. In
2010, Samet and Vetro [2] presented the concept of a fixed point of N-order as an extension

of the coupled fixed point.

Definition 1.1 ([2]) Let X be a non-empty set and let F: XN — X (N > 2) be a given
mapping. An element (x1, %, ...,xy) € XV is called a fixed point of N-order of the mapping
Fif

F(xlixe ey XN-1» xN) = X1,

F(erxS;u'nyrxl) =X2,

F(xn,%1,%2,...,%N-1) = XN

Subsequently, a number of papers occurred on tripled fixed point and quadruple fixed
point theory (see, e.g,, [3-10]). Berzig and Samet [11] discussed the existence of the fixed
point of N-order for m-mixed monotone mappings in complete ordered metric spaces.
Very recently, Roldan et al. [12] extended the notion of the fixed point of N-order to the
®-fixed point and obtained some ®-fixed point theorems for a mixed monotone mapping
in partially ordered complete metric spaces. Afterward, many results on multidimensional
fixed points have been established (see, e.g., [13-18]).
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Matthews [19] introduced the notion of a partial metric space where the self-distance
does not need to be zero. By generalizing the partial metric, Hitzler and Seda [20] pre-
sented the concept of a dislocated metric which was redefined as a metric-like by Amini-
Harandi [21]. The existence of fixed points in dislocated metric (metric-like) spaces has
been discussed by many authors (see, e.g., [22-30]).

Definition 1.2 ([20, 21]) A mapping o : X x X — [0, +00), where X is a nonempty set, is
said to be a dislocated metric (metric-like) on X if, for any x, y,z € X, the following three
conditions hold true:

(01) o(x,y)=0(@,x)=0=>x=y;
(02) o(x,9) =0 (y,x);
(03) o(x,2) <o(xy) +0(y,2).

The pair (X, 0) is then called a dislocated metric (metric-like) space.

Karapinar et al. [31] introduced the notion of quasi-partial metric spaces and studied
some fixed point theorems on quasi-partial metric spaces.

Definition 1.3 ([31]) A quasi-partial metric on a nonempty set X isa functiong: X x X —
R* which satisfies:

QPM;) If 0 < q(x,%) = q(x,9) = q(5,), then x = y,
QPM3) q(x,x) < q(x,9),

QPM3) gq(x,x) < q(y,x), and

QPM,4) q(x,2) +q(0,y) < q(x,9) + q(¥,2),

—~ o~ o~ o~

for all %, v,z € X. The pair (X, g) is called a quasi-partial metric space.

In this paper, similar to the notation of Amini-Harandi [21], we define a quasi-metric-
like space generalizing the metric-like space and the quasi-partial metric space. Further-
more, we discuss the existence and uniqueness of a multidimensional fixed point for a
generalized g-1-quasi-contractive mapping in quasi-metric-like spaces using the new
w-compatibility of two mappings.

2 A quasi-metric-like space
Definition 2.1 A mapping p : X x X — [0, +00), where X is a nonempty set, is said to be
a quasi-metric-like on X if, for any %, y,z € X, the following conditions hold:

(P1) p(x,y)=0=x=y;
(02) p(x,2) < p(x,9) + o, 2).

The pair (X, p) is called a quasi-metric-like space.

Definition 2.2 Let (X, p) be a quasi-metric-like space. Then
(1) A sequence {x,} converges to a point x € X if and only if

lim p(x,,x)= lim p(xx,) = p(x,x).
n—+0Q Hn—+00

In this case, x is called a p-limit of {x,}.
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(2) A sequence {x,} is called a Cauchy sequence in (X, p) if lim,, ;- yo0 0 (%, %,) and
lim,y, 51— 400 £ (%, %) exist and are finite.

(3) The quasi-metric-like-like space (X, p) is called complete if, for every Cauchy
sequence {x,} in X, there is some x € X such that

lim p(x,,x) = lim p(xx,) = p(x,x)

n—+00 n—+00

= lim p@,x,) = lim p(x,,x,).
n,n—+00 m,n—+0Q0

Every quasi-partial metric space is a quasi-metric-like space. Below we give an example
of a quasi-metric-like space.

Example 2.3 Let X = {0,1}, and let

2, ifx=y=0;
1, ifx=0,y=1;
x,9) =
pl5) 2, ifx=1,y=0;
0, ifx=y=1.

Then (X, p) is a quasi-metric-like space, but p(0,0) £ p(1,0), so (X, p) is not a quasi-partial

metric space.

Remark 2.4 Every metric-like space is a quasi-metric-like space. Because the limit of a
convergent sequence in metric-like space is not necessarily unique [25], the p-limit of a

convergent sequence in quasi-metric-like spaces is not necessarily unique.

3 Main results
In this section, we establish the coincidence point and fixed point of r-order theorems,
and an illustrative example is employed to show the validity of our results.

Definition 3.1 Let X be a nonempty set, andlet g: X — X and let F: X" — X (r > 2)
be two given mappings. An element (x1,x,,...,%,) € X" is called a coincidence point of
r-order of F: X" — X and g: X — X if

g(xl) = F(xI)xZ: “ee )xr—ljxr);

g(xZ) = F(erxB) oo »xr,xl);

g(xr) = F(%, %1, %25 .+ » Xr_1)-

If g is the identity mapping on X, then (x1,%3,...,%,) € X" is a fixed point of r-order of the
mapping F.

Throughout this paper, we denote all of the coincidence points of r-order of F: X" — X
and g: X — X by C(F,g,7).

By W we denote the set of real functions ¥ : [0, +00) — [0, +00) which have the following
properties:
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(i) ¥is nondecreasmg,
(ii) ¥(0) =
(iii) hmt_Hoo(t Y (t)) = +00;
(iv) limg_;+ ¥ (s) <t forall £ > 0.
From (iv) and ¥ (¢) < limy_, ;+ ¥ (s) < £, we deduce that ¥ (¢) < ¢ for all £ > 0 [32].
Vetro and Radenovi¢ [32] introduced the concept of a g-y-quasi-contraction. We

present the following definition as a generalization of the g-1-quasi-contraction.

Definition 3.2 Let (X, p) be a quasi-metric-like space, g: X — X and let F: X" — X
(r>2). F is called a generalized g-v-quasi-contraction if there exists ¥ : [0, +00) —
[0, +00) such that

p(F(xl’xZ"H)xr)yF(ylyyZ:n';yr)) = W(M(xl:er--"xr;yl)yb-“’yr))’ (1)

where

M1, %, ey 203 Y1 Y2 es30)
= max{p(gx1, @), p(gx2,£92) - - -
p(gn @), (@0 F1, s ., 22)), (g2 F(as 83, o, 2 61))
(g% E(xrs 1, .., %01)), (@00 F Q15 Y205 91))s
0(€72 F 2,935 391 90)s - (s EGrs Vs Vr-1))»
(20, FG, 2 91)), P (€22, (52,930, ¥ 1))
(€50 FOr 3131 ))s 0 (@010 Ex11 013,
(@2 Feas 53060020 e 0r (@0 EGir 1)) @)

for any (x1,%2,...,%), 1, ¥2,...,9r) € X".
If g is the identity mapping, then F is a generalized v/ -quasi-contraction.

Definition 3.3 Let X be a nonempty set. The mappingsg: X — X and F: X" — X (r > 2)
are called w-compatible if

F(g(x1),g(x2),...,g(x,)) = g(Fx1, %0, ..., %)),
whenever (x1,x,...,%,) € C(F,g,r).

Theorem 3.4 Let (X, p) be a quasi-metric-like space, g: X — X and F : X" — X (r > 2).
Suppose that F is a generalized g-\-quasi-contraction with € V. If F(X") C g(X) and
g(X) is a complete subspace of X, then C(F,g,r) is nonempty.

Proof Let (x),9,...,x4°%) € X". Since F(X") C g(X), we can construct a sequence {(x{,x,
..,%)} such that

n n-1

1 a1 1 -1 <
gy = Fx o a al) fori=1,2,..,r
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Define

0 0 0 0,0 0 1 1 1 non "

O (a0, %9, ..., xY) = {gx), gx3, ..., %0, gX1, 8X%s .., @Ko .., GXT, X, .. XL ),
0.0 0 0,0 0 1 .1 1

O(x7,%3,...,%)) = {gn), g3, ... g%}, gx1, @5, . s @Hys - QXY @ g0 ),

8a(x),23,...,20) = diam (0, (x),49,...,22)) = sup{p(x,y) : 5,y € Oy (a7, %3,...,47) }.

If there exists ng € N such that §,,(x),x9,...,x%) = 0, then for any 0 < k < ng - 1,
(x’f,x’z‘,...,x’,‘) e C(F,g,r).

We suppose that §,(x},x,...,42) >0, forall n € N.

Step 1. We shall prove that for each n € N,

Sn(x), %9, a0) = max{ sup  p(gx),gx)),  sup p(gxf,gx?)]. 3)

1<il<r,0<s<n 1<il<r,0<s<n

In fact, forany 1 < i,/ <r,1<j,s < n, we have

(e ex) = p(F(

i+17°
F(x;fl,x;;i,...,xi*%xi*%x?i%)>

<YM
), N

where

i1 _
M(x/ - le ). 1x1 lix; 1’ ’xs 1’xl e ’x; 11)

=max{p(gx’l:_1,gx§’1), (g "/Hpgxm) ’P(g"lz 18X 1)
p(g,gl;—l,F(,g el ),

s—1 _s-1 1 ,.s-1

LE( Ao L ag),
CRE R A )
p(gxi, E(Xs a5 ox L ag ),
(
(

o ),
p(gxit, E(xina ™ ox b al ™ L xgh),
e F D),

a7 a e as L a L),
P L)
p(@dn F(eiaig o ™))
p(ex L E( 6 LT a),

-1 o1 s -
(&KL F@ %™ a)

}
= max{p(gd ", gxi"), p (X1, xii1), o P (¥ 10801,
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p(gx g2, p(gxi™,gx), P (e¥ir1s 80 ), P(8X1T1, 8501 )s s
p(gd 8% 1), p(gxiTt gxi ). p(gni ™ gv)), (g i),
P(&¥i71,8%1), 0 (891 8% )s - 0 (@i 8%01), P (@6 1,25 4) ).

So, for1 <i,l<r,1<j,s <n,wehave
p (e, gx5) < ¥ (8,(a0,43,...,40)) < 8, (a2,43,...,40). (5)

Hence, equation (3) is true.
Step 2. Now, we claim that for each n € N, lim,,_, , Sn(x(f,xg, . ,x?) < +00. For this, we
distinguish three cases.
Since the sequence {3,(x),x),...,x%)} is nondecreasing, there exists lim,_, 00 8, (xY, x5,
0
cnX)).
Case 1. If, forall m € N, 8,(x?,x9,...,40) = diam{gx?, gx9,...,gx"}, then the claim holds.
Case 2. Suppose that there exist ny € N, 1 < ip,ly <r,and 1 < sy < ng such that

Sup (7,59, .., %7) = p (g, gx)°),
then, for any n > ny, there exist 1 < i,/ <r,and 1 <s < n such that
Sa(x),23,...,20) < p(gr), gx)).
By equation (5), we obtain

8,43, .,07) < ol gm7) + p(g41,8x7)

< p(gn),gx)) + ¥ (8, (x),43,...,47)),
which implies that
Su(x), 9, .., al) = ¥ (8, (3,49, ..., a0)) < p(gx?, gx)). (6)
Suppose that lim,,, ;00 8,(x,%,...,40) = +00, from the property (iii) of ¥, we have

nli)rpoo(én(x?,xg,...,xf) — Y (8u(x), 49, ...,47))) = +oo0.

Nevertheless, by equation (6), we get

lim (8, (x),%9,...,x0) = ¥ (8u(x),23,...,%7))) < p(gr?.gx))

n—+00

which is a contradiction. Thus, lim,,_, ;0 8,,(x), 43, ...,x%) < +00.
Case 3. If there exist n; € N, 1 < ij,/; <r,and 1 < s; < n; such that

(0, 20) = p e 12,

the proof is similar to Case 2.

Page 6 of 15
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Step 3. Next, we prove that, for every 1 <i <r, {gx/'} is a Cauchy sequence in (X, p).
Let

O(grl. g2, ....g0%) = (g gnb, ... a0 gt @y, g, Y,
and let

§(4,45,...,a%) = diam(O(g}, gx5,...,g40)), p=0,1,2,....
Then,

S(), b, .. a) < 8(x),x3,...,47)

Since
0<s(, ", ) <545, 40), p=0,12,...,
there exists § > 0 such that

lim §(xf,5,...,4%) = .

p—>+00

If § > 0, using the monotonicity of {§(x,x5,...,4)} and the property (iv) of ¥, we con-

clude that
pEerW(S( b, ab)) = B(x{’,agl,.i..r,rxlf)—%* Y (8(7,a5,...,47)) <. (7)

However, by equation (4), we have, for any p > 0,

S ) < U (5 D)),

r

which implies that

§= lim 8(x" a8, a2 < lim Y (5(x, 5, ... 40)),

p—>+00 T p—o+o0

which contradicts equation (7). Therefore, lim,_, .o 8 o, ab,...,40) = 8 = 0, that is, for ev-
ery1l <i<r, {gx!} is a Cauchy sequence in (X, p).
Step 4. Finally, we prove that C(F, g, r) is nonempty.

Since g(X) is a complete subspace of X, there exist u; = gx}, i =1,2,...,r, such that

lim p(gxf,gx}) = lim p(gx!,gxf) = lim p(gx!,gx]")

n—+00 n—+00 m,n— +00

= lim p(gx/,gx!) = p(gxf,gx}) = p(ui,us) = 0. (8)

m,n—>+00
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Forl1<i<r,neN, from
p(gx!t F(xf, x5 x a0 xl )
<p(gx! gxt) + p(gns, F(xf, 50, X5 2,60 ))
and
p(gxt F (%, %o % x5, oxy)) = p(gxt, gt
< p(gd F(xf, a5 085 25,020 1)
we get

lim p(gx!",

n—+00

= p(gx), F (x5, af 10080580, x ). 9)

(x xz+1’ . ,x;‘,xi“, e ”‘7—1))

Foranyl <i<r,ne N, we have

iLF (x xt+1’ :x:;xf,...,x?_l))

plexi™,
= p(F (& s sl &), F (o 500 X5 850X )

S UM XX XX XXX LX), (10)
where

MR KL XK X XK X, 2 )
= max{p(ex], gx}), (¥ &X51), -+ P(X1 821,
o(gx!, E(x,alys o xluxls ),
p(gxs, F(af,at,p, .o x5, 28, x5 ),
(&1 F (61808006067,

(g1 F(X s Xy o X555 oy x0)),

F (o xls.ox)), (g, F(xt,xy, .. oxiy),

(gxt, F (2,2, .o x)), (g, F (5,5, .., %7)), oo

—
3

>

p(gxl F(Xy,xls o xlh a0, xly),
(¥ Py o X 6 o) ),
(@8 (W gy X060,
P(&x F (XX e X 00 ),
(gt F(6 s &gs ool a0 x),
(@ E (50K o Ky 0))s

(gxt, F(xl s oy))s o (gt F (x5, %5, .0 %y),s

Page 8 of 15


http://www.journalofinequalitiesandapplications.com/content/2014/1/27

Zhu et al. Journal of Inequalities and Applications 2014, 2014:27 Page 9 of 15
http://www.journalofinequalitiesandapplications.com/content/2014/1/27

p(gxl, F (], x5,...,x))), p(gx}, F(x}, 5, ...,%7)), ..
p(gxr, F(Xy,xls ..o xhx, . ,x),
(@A F (X X570 ) ) |

By equations (8) and (9), for any ¢ > 0, there exists no € N, and, for every n > ny and

1 <i<r,wehave

*

max{p(gxf, (%], 25,10 o X% %))
p(gxt, F(x5,5, .., x00)), p(gnl, F(65, %5, %5)),
p(gx, F(xf,xt,.ox ), .. x0,)) )
SM(X KLy XX XX XX L a))

*

<max{p(gxf, F(x, 85000 %5 85, ,x5 )5

p(gxl, F(x5,47,....x01)), p(gxf, F (5], %5, .., %%)), -,

p(gxr F(X,xfs o xi,xl, . x,)) ) + e (11)
Thus, foreach1 <i<r,

. no.n non no, .k % * % *
lim M(xi,x”l,...,x,,xl,...,xH,xi,xm,...,x,,xl,...,xifl)
H—>+00
* o o *
:max{p(gxi,F(xi,xm,...,xr,xl,...,xi_l)),...,
* * %k * * * Uk *
p(gxl, F(x5, 47, ....x01)), p(gxf, F (5], %5, ..., %5))s- .,

p(gxt 1, F(x a0, oxs x5, ,x0,)) 12)
If

max{ o (g}, F(x), %50 X% 1))
p(gxs, F(x), a7, ..x0)), p(gnl, F (57,45, ...,%%)), ..,

p(gxf_l,F(xf_l,xj‘, X ,xj‘_z))} >0,

using equations (9), (10), (11), and (12) and the property (iv) of ¥, we obtain, for every
1<i<r,
@t F(5 1l 50)

2 1 * * *
= lim p(gx™ F(xf, a0, 65 x0,.0x0 )

n—+00

1 1 n M M * k k >k
< ETOOW(M(xi,...,xr,xl,...,xi_l;xi,...,x,,xl,.‘.,xi_l))
n

< max{p(ng‘,l—"(x?‘,xj‘w e E s H X))
p(gxl, F(x5,47,....x01)), p(gxf, F (5], %5, ..., %%)), ..,
p(gxt 1, F(x a0, oxs x5, ,x0,)) | (13)
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By the arbitrariness of i in equation (13), we deduce that

max{p (g6, F(x, 200 65,00 o201 )
pgnt F(xi,a, o)), o, E (a5, o))
D@L F (5155500 L0)) )
<max{p(grt, (&, 8o o2l ) oo
p(@x) F(x,xt o xiy)) p(end F(x), 25,0 )),

* k * * k *k
p(gxi—l’F(xi—l’xi e XXy "’xi—Z))}’
which is a contradiction. Therefore,

max{ o (g}, F (%], 45,1 X% %))
p(gxs, F(x), a5, ....x0)), p(gnl, F (5], %5, ...,%%)), ..,

p(gxt, F(xfpxt, . oxaf,..,%0,))} =0,

which implies that p(gx}, F(x}, %}, 1,...,x5,%7,...,471)) =0,i=1,2,...

Thus,
k k k k * .
g = F(X5, XXX, xy), i=12,..,7,

i+17

that is, (x7,%%,...,x7) € C(F,g,7).

,T.

O

Theorem 3.5 Let (X, p) be a quasi-metric-like space. Let g : X — X and let F : X" —

X (r>2) be mappings satisfying all the conditions of Theorem 3.4. If F and g are w-

compatible, then F and g have a unique coincidence point of r-order, which is a fixed point

of g and a fixed point of r-order of F. Moreover, the coincidence point of r-order is of the

form (u*,u*,...,u*) for some u* € X.

Proof Suppose that there exist (x],%3,...,4%), (¥, %3%,...,%5*) € C(F,g,r), that is, for each

1<i<r,

* * % * % *
i S CHE R A PR S R

3k Kk

Fk ok kk ok
gt = F(af™ . oa™ ™, a).

First, we prove that, for any 1 <i,j,k <r,
gx; =gx; = gxi”.
By equations (1), (14), and (15), for 1 <i <r -1, we have

*

o(gx,gx) = P(E(X xf X025, ),

sk ok sk sk ok
F(xf, a8, ox® 6, L))

(14)

(15)

(16)

< w(M(x;‘,fo, O A S ST ST 0TI A S ,x}“*)), (17)

Page 10 of 15
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where
1LY CE R P P ST ST SOOI A S i
= max{p(gx},gx5"), ..., p(gxi_1, %), p (g%}, gx7"),
p(ex3",8x1), P (€457, 8%3), - p(g%)" g%, 1), £ (841", 8%)),
p(gx1,gx)), - 0(gx7,8%7), p(gx1",8%17)s o p (g, 8") |- (18)
Set

¢ =max{p(gxi,gx5"),. .., p(gxi_ 1 gx™), p(gxs, gx7"),
P(gx3"8%7), p(€x57,8%3), o p (g7 %7 ), p(&X1™, 8%7),
o(gx},gxt), ..o p(gni,gxs), p(gnl™ gxt™), ... o (gx*, gxi™) ). (19)

Similarly, we have
plgxigxt™) <v(@),  plegx™g) <v () (20)
and
p(gxii gxf) <v(), i=1,2,...,r-1L (21)
By equations (1), (14), (15), and the monotonicity of v, for 1 < i <r, we also have
p(gx},gx;) < v (max{p(gx},gn}) ..., p(gx5 %)) }) < ¥ (¢) (22)
and
p(gx*,gx*) < ¥ (max{p(exi™,gx"), ..., p(ex)", g27) }) < ¥ (0). (23)
From equations (17) to (23), we can conclude that

¢ =<¥(©),

which is a contradiction, unless ¢ = 0. So

max{p(gx7,gx3"), .., (gx71,8%7"), p(¢%7,8577),
o(gxs*,gx7) p(gns" gx3),- . p(gx)™ gxiy), p(gnl™  gx)),
p(gx5,gx5)s - (gl gxt), p(gn™, g8, ... p (g, gx) } = O,
that is,

gxi=gxit, i=12,...,r-1, (24)

gxr = gxi™. (25)
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On the other hand, for any 1 <i <r, we obtain

p(gx;,ext)
<YM, x, xS a a,,x)
= (max{p(¢x],gx;"),., (&%) 8%7"), p (¢4, 8407), -
p(&x71,8571), £ (g4, 881)5 o P (g4, 857), p (81" 8407), -
p(gnygx"), p(gxi",8x7), - o (g%, 87 ), o (841,857

p(gxiex4)})-
Set

A = max{p(gx},gx"),.... p(gxl, %), p(gx], 2%), . .
P(gxi18x7%1), P (&A1, 8x1)s - P (87,87 ), p (€31, 881 "), s
p(gxy",gxy"), p(gx]™,gx)s o p(gx)" 8%7), £ (g4, 881) -

p(exgxly) }
Similarly, for any

§ € {p(gxl gxi),-.. o(en),gx7), o (ex7", 851" ) . p (g0, gx))
p(ex,gx7)s - p (g%, gx7), p(gx1*gx7), o p (€07 gxi0) |

we have
§<y).
By equations (26), (27), and (28), we get
A =y(2)
which is a contradiction, unless A = 0. That is,

* k3% .
gx;=gx;7, i=12,...,r1.

Therefore, equations (24), (25), and (29) imply that equation (16) is true.

Next, we prove that the coincidence point of r-order is unique.
In view of equation (16), let gx} = u*,i=1,2,...,r.
Using the w-compatibility of F and g, we conclude that

* *

au = g(gx;) = g(F(x],%f 0 X585 X1 1))
= F(gx;‘,gx}:l, g gx, ,gx}“_l) = F(u*, u,..., u*)

So, u* € C(F,g,r). By equation (16), we can deduce that gu* = gx},i=1,2,...,r.

(26)

(28)

(29)

Page 12 of 15
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Thus,

* *

u* =gx} = gu* =F(u*,u",...,u"). (30)

Moreover, equations (16) and (30) imply that (#*,u*,...,u*) is the unique coincidence
point of r-order of F and g, u* is a fixed point of g, and (u*, u*,...,u*) is a fixed point of
r-order of F. 0

For each a € (0,1), setting ¥ (¢) = at in Theorem 3.4 and Theorem 3.5, we obtain the
following results.

Corollary 3.6 Let (X, p) be a quasi-metric-like space, let g: X — X and let F: X" — X
(r > 2). Suppose there exists a € (0,1) such that F is a generalized g- -quasi-contraction
with ¥ (t) = at. If F(X") C g(X) and g(X) is a complete subspace of X, then C(F,g,r) is
nonempty.

Corollary 3.7 Let (X, p) be a quasi-metric-like space. Let g : X — X and let F: X" — X
(r > 2) be mappings satisfying all the conditions of Corollary 3.6. If F and g are w-
compatible, then F and g have a unique coincidence point of r-order, which is a fixed point
of g and a fixed point of r-order of F. Moreover, the coincidence point of r-order is of the
form (u*,u*,...,u*) for some u* € X.

Example 3.8 Let X = {0,1,2}, Define p : X x X — [0, +00) as follows:

1
0(0,0) =0, ,0(1,1)=3, p(2,2) = 5)
3 5
0,1)=3, 0,2)=—, 1,0)=—,
0(0,1) p(0,2) 5 p(1,0) 5
4
p(2,0) =3, p(1,2) = = p(2,1) =4.

Then (X, p) is a complete quasi-metric-like space.
Defineg: X x X — X by

and F: X" — X (r>2) by

0, ifxlzx2:...=xr;
F(xi1,%0,...,%,) = ) ;
min{xy,xs,...,%,}, otherwise.

It is easy to prove that g and F satisfy all conditions of Theorem 3.4 by taking v (£) = %t,
and the proof would be lengthy.
Here, (2,2,...,2) € C(F, g, 7).
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