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Abstract

The notion of generalized contractions of rational type on a closed ball is introduced and used to establish some common
fixed point theorems for two, three and four mappings in complete ordered partial metric spaces. These results improve several
well-known, primary and conventional results. We give an example to illustrate the main idea of our results that there are
mappings which have only fixed points inside or on the closed ball instead of whole space. (©2017 All rights reserved.

Keywords: Common fixed point, closed ball, generalized contraction, partial metric space.
2010 MSC: 47H09, 47H10, 54H25.

1. Introduction and preliminaries

A partial metric on a nonempty set X is a function p : X x X — [0, co) such that

(p1) x =y < plx,x) =p(x,y) =py,y);
(p2) p(x,x) < plx,y);
(p3) p(x,y) =ply,x);
(ps) P(x,y) <plx,2z) +p(z,y) —plz 2).

Partial metrics were introduced in [16] as a generalization of the notion of metric to allow non-zero
self distance for the purpose of modeling partial objects in reasoning about data flow networks. The self
distance p(x,x) is to be understood as a quantification of the extent to which x is unknown. A partial
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metric space is a pair (X,p) such that X is a nonempty set and p is a partial metric on X. Matthews
[16] proved an analogue of Banach’s fixed point theorem in partial metric spaces. After this remarkable
fixed point theorem, many authors took interest in partial metric spaces and its topological properties
and established many well-known fixed point results successfully (see [1, 2, 5, 6, 11]).

The study of fixed point theorems on contractions involving rational expression was coined by Dass
and Gupta [10]. In [17], Karapinar et al. gave partial metric version of theorem presented by Dass and
Gupta in [10]. Following Dass and Gupta, Almeida et al. [3] established some fixed point theorems on
contractions of rational type which generalize theorem presented by Dass and Gupta [10].

In this paper we work on more general contractive conditions of rational type and present several
fixed point theorems for one, two, three and four mappings in partial metric spaces. These results can
be applied to show the existence of equilibrium points of a dynamical system within or on the magnetic
field.

Consistent with [8, 9, 12-16], the following definitions and results will be needed in the sequel.
Throughout this paper, we denote (0, co) by R™, [0, 00) by IRSr , (—00, +00) by R and set of natural numbers
by IN.

Let T : X — X be a mapping. A point x € X is called a fixed point of T if x = T(x). Let xo be an
arbitrarily chosen point in X. Define a sequence {x, } in X by a simple iterative method given by

Xnt1 = T(xn), wherene{0,1,2,---}.

Such a sequence is called a Picard iterative sequence and its convergence plays a very important role in
proving an existence of a fixed point of a mapping T.

Each partial metric p on X induces a Ty topology T(p) on X which has as a base the family of open
balls {By(x,€) : x € X, e > 0}, where By (x,¢) ={y € X:p(x,y) < p(x,x) + ¢} forall x € X and & > 0. Also
B(xo,7) ={y € X:p(x,y) < p(x,x) + ¢} is a closed ball in (X, p).

It is clear that p(x,y) = 0 implies x = y by (P1) and (P;). But if x =y, then p(x,y) may not be 0. A
basic example of a partial metric space is the pair (RJ, p), where p(x,y) = max{x, y} for all x,y € R

Example 1.1 ([16]). If X = {[a,b] : a,b € R,a < b} then p([a, b], [c,d]) = max{b, d} — min{a, c} defines a
partial metric p on X.

Definition 1.2 ([16]). Let (X, p) be a partial metric space. Then we have the following.

(a) A sequence {xn}in (X,p) converges to a point x € X if and only if li_r)n P(xn, x) = p(x,x).
n o
(b) A sequence {x,}in (X, p) is called a Cauchy sequence if lig P(Xn, xm ) exists and is finite.
n,m—oo

(c) (X,p) is said to be complete, if for a Cauchy sequence {x,} in X, there exists some z € X such that

n’grgmp(xn, Xm) = lim plxn,z) =plzz).

(d) If (X, p) is a partial metric space, then ps(x,y) = 2p(x,y) —p(x,x) = p(y,y), x,y € X, is a metric on
X.

Lemma 1.3 ([16]). Let (X, p) be a partial metric space.

(@) {xn}is a Cauchy sequence in (X,p) if and only if it is a Cauchy sequence in the metric space (X, ps).
(b) (X,p) is complete if and only if the metric space (X, ps) is complete. Furthermore, 1131 Ps(xn,z) =0if and
n—oo

only if p(z,z) = lim plxn,z) = Lm_plen, xm).
Definition 1.4 ([4]). Let X be a nonempty set. Then (X, <, p) is called an ordered partial metric space if

(i) p is a partial metric on X; and
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(ii) < is a partial order on X.

Definition 1.5. Let (X, <) be a partial ordered set. Then x,y € X are called comparable if x <y ory < x
holds. We define V = {(x,y) € X x X | x and y are comparable}.

Definition 1.6. Let X be a nonempty set and let T,f : X — X be mappings. A pointy € X is called a
point of coincidence of T and f if there exists a point x € X such thaty = T(x) = f(x). The mappings T, f
are said to be weakly compatible if they commute at their coincidence point (i.e., Tf(x) = fT(x) whenever
T(x) = f(x)).

We require the following lemmas.

Lemma 1.7 ([13]). Let X be a nonempty set and f : X — X a mapping. Then there exists a subset E C X such that
f(E) = f(X) and f: E — X is one to one.

Lemma 1.8 ([7]). Let X be a nonempty set and let S, T,f : X — X have a unique point of coincidence v in X. If
(S,f) and (T, f) are weakly compatible, then S, T and f have a unique common fixed point.
2. Common fixed point theorems for two mappings

This section contains some common fixed point theorems for a pair of generalized contractions of
rational type on a closed ball in an ordered partial metric space. We begin with the following definition.

Definition 2.1. Let (X, <,p) be a complete ordered partial metric space and Sy, Ty : X — X be two
mappings. We say that (S4, Ty) is a pair of generalized contractions of rational type on a closed ball if
they satisfy the following condition:

p(%, Sg ()P, To(y)) p(X/Sg(X))P(Ung(U))} 2.1)

p(sg(x)/Tg(U)) gAmaX {P(X/U)/ 1+p(X,y) s 1+p(59(x),Tg(y))

for all (x,y) € (B(xo,7) x B(xp, 1)) NV, A €[0,1) and for any xo € X.

Theorem 2.2. Let (X, =<,p) be a complete ordered partial metric space and Sq, Ty : X — X be two mappings such
that the following conditions hold.

(1) (Sg, Ty) is a pair of generalized contractions of rational type on a closed ball;
(2) Sy, Ty are nonincreasing mappings such that xo = Sq(xo);
(3) p(x0,Sg(x0)) < (1 —=A)[r+p(x0,x0)].

Then there exists a point x* such that p(x*,x*) = 0. Also if for a nonincreasing sequence {xn } in B(xo, 1), {xn} — u
implies that u =< xy, then x* = Sg(x*) = T4(x*). Moreover, x* is unique if any two points x,y in B(xo, 1) are
comparable.

Proof. Let xo be any initial point in X and choose a point x; in X such that x; = S4(xo). Since Sg(xo) = xo,
(x1,%0) € V and let x = Tg(x1). Since x; = Tg(x1), (x2,x1) € V. Continuing this process and having
chosen x,, in X such that

x2i+1 = Sglx21) and x2i42 = Tg(x2141), wherei=0,1,2,---,

we obtain (xn11,xn) € V for all n € N. We claim that x,, € B(xg, ) for all n € N. By assumption (3), we
have

p(x0,Sg(x0)) < (1 =A)[r+p(xo,%0)]
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< T+p(X0,X0).

It follows that x; € B(xo, 7). Let x3,---,%; € B(xo, 1) for some j € N. If j = 2i+1, then (xpi41,%21) €
(B(xg, 1) xB(xg,1)) NV, wherei=0,1,2,--- %1 By (2.1), we obtain

P(x2i+1,%2i+2) = P(Sq(x2i), Tg(x2i+1))

oy P, Sg(x2i))p(x2i41, Tg(x2i41))

Px2t, X2i41), 1+ 02t 2111)

p(x2i, Sg(x21))p(x2i41, Tg(x21+1))
1+p(Sg(x2i), Tg(x2141))

) p(x2i, %2i4+1)P(X2i 11, X21+2)

14+ p(x2i, X2141)
P(x2i, X214+1)P (X2141, X2142)

1+ p(x2i41,X2i42)
< Amax{p(x2i, X2i+1), P(X2i+1,X2i42)},

7

< Amax

7

P(x2i, X2i41
= Amax

which implies that

P(X2i, X2i41)

P(X2i+1,%2i42) <A
Ap(xai_1,%21) < -+ <A p(xg,x1).

<
<

If] = 21+21 then X1, X2, %5 € B(XO/T) and (X21+2/X2i+1) € (B(XQ,T) XB(XO,T)) ﬂV, (l = O/ 112/‘ o /%)
We obtain .
P(x2i42,%2i43) < A7 2p(xq, x1). (2.3)

Thus from (2.2) and (2.3), we have
P(xj,%541) < Np(xo,x1), for somej e N. (2.4)
Now consider

plxo,x1) + - +px5,%511) — [p(x1,x1) + - +p(x5,%5)]
p(xo,x1) ++ -+ Nplxo,x1)  (by (2.4))
plxo,x1)[1+---+ N1+ N]
(1—-N*h

1—A

p(x0,%j41) <
<

< (1 =A)[r +p(xo,x0)]

N

T+ p(x0,%0),

which gives x;,1 € B(xg,T). Hence x, € B(xo, 1) for all n € N. Also (xn41,%n) € (B(xo,1) X B(xo,1)) NV
for all n € N. It implies that

p(an Xn+1) < }\np(XO/ Xl)/ vn € N. (25)
From (p2), we have
p(Xn/Xn) < p(xn/ Xn+l) (2 6)
< A"p(xp,x1) — 0, asmn — oo. '

Moreover,

Ps (XnJrl/ Xn) = 2P(an Xn+l) - P(Xn, Xn) - p(XnJrl/ Xn+1)
< 2p(Xn, Xn+1) (2.7)
<Aplxoxi).  (by (25)
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Thus by the triangular inequality, we get

ps(Xn+k/ Xn) < Ps (Xn—i—k/ Xn+k— 1) + - +ps(xn+1/ Xn)
<2AMIp(xg,x1) + -+ 2AMp(x0, 1) (by (2.7))
= 2Ap(xo, x1) AR T+ AR T2 4 1)
kK
< 2A™p(x0, x1) — ) —0, asn — oo.
Hence the sequence {x,,} is a Cauchy sequence in (B(xo, ), ps). By Lemma 1.3, {x,} is a Cauchy sequence
in (B(xo, 1), p). Therefore, there exists a point x* € B(xg, r) with lgn Xn = x*. Also hm ps(xn, *)=0.
n o
Now by Lemma 1.3 and (2.6), we have
p(x*,x*) = lim p(xn,x*) = lm p(xn,xm)=0. (2.8)

n—oo n, m—oo

In addition, by the given assumption, x, — x* as n — oo implies that (x*,x,) € V. Also,

(x*, xon+1) € (B(xo,1) x B(xo,1)) N V.
Then

P(X%, Sg(x*)) < p(X", xan+2) + P(x2n+2, S (x™)) — p(xan+2, Xon+2)

pl
px* X2n+1),
P( ( )) (X2n+1/ g(x2n+1))
< p(x*, x2n42) +Amax 1+p(x*, xon 1)
p(X*/Sg(X*))p(x2n+1/Tg(X2n+l))
1+p(sg(X*)rTg(X2n+l))

On taking limit n — oo and by using (2.5) and (2.8), we obtain

7

p(X*/Sg(X*)) < OI

and x* = Sg4(x*).
Similarly, by using

p (X", Tg(x™)) < p(x*, xan11) +P(Xany1, Tg(x™)) — p(X2nt1, X2n 1),

we can show that x* = T4(x*). Hence Sy and Ty have a common fixed point in B(xp, 7). In order to
show the uniqueness of f1xed point, suppose on the contrary that y is another point in B(xp, 1) such that
Yy = S4(y) =Tg4(y). Since x* =y,

p(x*,y) = p(Sq(x™), Tg(y))
| p(x* (x

pP(x*,y),
S
T p(Syx7), Ty )

« PO Xy, y) px*, x")ply,y)
<)\max{p(x -y T+p(x*y) ~ T+pxy) }
< Ap(xF,y),

*

(y, Tg(y))
/Y)
)

7

))p
px*
(y)

which implies p(x*,y) = 0. Now, using the properties (p1) and (pz), we have x* =y, as desired. O
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In Theorem 2.2, the assumption (3) is imposed to restrict the contractive condition (2.1) only for x,y
in B(xo, 7). The following example explains Theorem 2.2 and describes the importance of restrictions
imposed in Theorem 2.2.

Example 2.3. Let X = R} be endowed with order x <y if p(x,x) < p(y,y) and let p : X x X = Rj U{0} be
the complete ordered partial metric on X defined by p(x,y) = max{x, y}.

X
—, if x € [0,1],
ng:{?—‘* if x € (1
7/ IOO)I
and
x if x € [0,1]
Tq(x) =< 267 T
? {x—g, if x € (1,00).

Clearly, Sy and T4 are nonincreasing mappings. Take A = %, X = %, T = % Then we have p(xg,xo) =
max{},1} = 1 and B{xo, 1) = [0, 1]. Also

272
3.1 1 4
(T—=A)[r+plxo,x0)] = (1 — 5)[5 + EJ ==
1 1 11 11 1 4
p(XO/Sg(XO)) :p(il gi) ZP(E, %) = maX{E, %} = E < ?

Without loss of generality we can assume that x > y and for x,y € (1, o),

4

p(Sq(x), Tg(y)) = max{x — ;,y — %} =x—>

3 Xy Xy
> 7max{x,1+x+ ;—kx}'
p(x,Sq(x))ply, Tg(y))
A e
p(x,Sq(x))ply, Tg(y))
1+p(Sq(x), Ty(y))

7

P(Sq(x), Tg(y)) > Amax

So the contractive condition does not hold on X. Now if x,y € B(xg, 1), then

1
P(S4(x), Ty(y)) = max{%, 2‘-16} = 35 max(x,05y)
<3m
S ? X

3 Xy Xy
_7max{x'1+x+1"3+l}

P(x,Sq(x))ply, Tg(y))

pixy) 1+p(x,y)

P(x,Sq(x))ply, Tg(y))
1+p(Sq(x), Tg(y))

Therefore, all the conditions of Theorem 2.2 are satisfied. Moreover, x = 0 is a common fixed point of S
and T,.

= Amax

Corollary 2.4. Let (X, =, p) be a complete ordered partial metric space, xo,x,y € X, v > 0and Sg: X — X bea
nonincreasing mapping. Suppose that there exists A € [0,1) such that the following conditions hold:
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(1) Sq is a generalized contraction of rational type on a closed ball;
(2) Sq is a nonincreasing mapping such that xo = Sg(xo);

(3) p(x0,Sg(x0)) < (1 —=A)[r+p(xo,x0)].

Then there exists a point x* such that p(x*,x*) = 0. Also, if for a nonincreasing sequence {x } in B(xo, 1), {xn} = u
implies that u < X, then x* = S4(x*). Moreover, x* is unique if any two points x,y in B(xo, ) are comparable.

Proof. Setting Tg = Sy in Theorem 2.2, we get a unique point x* € B(xg, 1) such that x* = Sg(x*). O

The following result relaxes the condition (3) of Theorem 2.2 but imposes the condition (2.1) for all
comparable elements in the whole space X.

Corollary 2.5. Let (X, =, p) be a complete ordered partial metric space and Sg, Ty : X — X be two nonincreasing
mappings. Suppose that there exists A € [0,1) such that the following condition holds for all (x,y) € V

p(x, Sg(x))p(y, Tg(y))

p(x,y),
1+p(xy)
P(Sq(x), Tg(y)) < Amax P(x, Sq(x))ply, Tg(y))

1+p(Sq(x), Tg(y))

Then, there exists a point x* such that p(x*,x*) = 0. Also, if for a nonincreasing sequence {xn} in X,{xn} — u
implies that u < xy, then x* = S4(x*) = Tg(x*).

Corollary 2.6. Let (X,p) be a complete partial metric space and Sg, Ty : X — X be two mappings such that

P(x, Sq(x))ply, Te(y))

p(x,y),
1+plxy)
P(Sg(x), Toly)) SAmax (i s (x))p(y, Ty (y))

1+p(Sq(x), Tg(y))

for all x,y € B(xo,v). Then, there exists a point x* such that p(x*,x*) = 0 and x* = Sg(x*) = T4(x*). Moreover,
x* is a unique common fixed point of Sy and Tg.

3. Common fixed point theorems for three and four mappings

Now we apply Theorem 2.2 to obtain a unique common fixed point of three mappings on a closed
ball in complete partial ordered metric space. The technique and style of our proof is quite smart and
innovative.

Theorem 3.1. Let (X, =,p) be an ordered partial metric space, xo,x,y € X, v > 0 and f be a nonincreasing
mapping on X such that S4(X) U Ty (X) C f(X), B(f(xo),7) C f(X) and (Ty(x),f(x)), (Sq(x),f(x)) € V. Assume
that Sy and Ty are self-mappings which satisfy the following condition

P(f(x), S (x))p(fly), Ty (y))

p(f(x), f(y)), ’ )
1+ p(f(x), f
P(Sg(x), Tg(y)) < Amax P(F(), S (0)p(Fly), T P(( )()X) (y)) G.1)

1+p(Sq(x), Tg(y))
forall (f(x), f(y)) € (B(f(xo0), ) x B(f(x0), 1)) NV, A € [0,1). In addition,
p(f(x0), Tg(xo0)) < (1 —A)[r+p(f(xo), f(x0))I. 3.2)

If for a nonincreasing sequence {xn } in B(f(xo), 1), {xn} — wimplies that u < xn, f(X) is a complete subspace of X
and (Sg, f) and (Ty, f) are weakly compatible, then Sy, Tg and f have a common fixed point f(z) in B(f(xo), r) with
p(f(z),f(z)) = 0.
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Proof. Due to Lemma 1.7, there exists E C X such that f(E) = f(X) and f : E — X is one-to-one. Now since
Sg(X)UTy(X) C f(X), we define two mappings ¢, : f(E) — f(E) by ¢(fx) = Sg(x) and P(fx) = Tg(x),
respectively. Since f is one-to-one on E, ¢, are well-defined. Since (Sq4(x),f(x)) € V implies that
(d(fx), fx) € V and (T4(x),f(x)) € V implies that (P(fx),fx) € V, ¢ and | are nonincreasing. Now
f(xo) € B(f(xo),r) € f(X) and so f(xg) € f(X). Let yo = f(xp). Choose a point y; in f(X) such that

Y1 = P(yo). Since Y(Yo) = Yo, (Y1,Yo) € V and let yo = d(y1). Now d(y1) =X yi1 gives (y2,y1) € V.
Continuing this process and having chosen y,, in f(X) such that

Yoitr1 = V(y2t) and yris2 = d(y2iq1), wherei=0,1,2,---,

then yoi11 = P(y2i) =< yoi implies (yY2iy1,Y2i) € V. By a similar argument of Theorem 2.2, we can get
Yn € B(f(xg), 7). Due to (3.2), we have

p(f(xo0), W(f(x0))) < (1 —A)[r+p(f(xo), f(x0))]-
By (3.1), (f(x), f(y)) € (B(f(xo), 1) xB(f(xp), 7)) NV and

p(f(0), fly)), P )'“;(f;z]{)&f%;v(f(y))),
POFO), WD) S Amax 3 e(), ¢ (£(x)))p (L), W (F(y)))
1+ p(p(f(x), W (f(y)))

Since f(X) is a complete space, all the conditions of Theorem 2.2 are satisfied, and we deduce that there
exists a common fixed point f(z) € B(f(xg), r) of ¢ and . Also p(f(z), f(z)) = 0. Now f(z) = $(fz) =P (fz)
or f(z) = S4(z) = Ty(z) = f(z). Thus f(z) is the point of coincidence of Sy, Ty and f. Let v € B(f(xo), 1) be
another point of coincidence of f, Sy and Tgy. Then, there exists u € B(f(xo), 7) such that v = f(u) = S4(u) =
Tg(u), which implies that f(u) = ¢(f(u)) = W(f(u)). This contradicts the fact that f(z) € B(f(xo),7) is a
unique common fixed point of ¢ and . Hence v = f(z). Thus Sy, Ty and f have a unique point of
coincidence f(z) € B(f(xo), ). Now since (Sg,f) and (Tg, f) are weakly compatible, by Lemma 1.8, f(z) is
a unique common fixed point of Sy, Ty and f. O

Now we can apply Corollary 2.5 to obtain a unique common fixed point result of three mappings in a
complete partial ordered metric space.

Corollary 3.2. Let (X, =, p) be an ordered partial metric space and f be a nonincreasing mapping on X such that
Sg(X)UTg(X) C f(X) and (Tg(x), f(x)), (Sq(x), f(x)) € V. Assume that Sy, Ty are self-mappings on X satisfying
the following contractive condition

p(“")'“y”'p(f(x)iigéﬁgz)“ﬁﬁjgg(y”,
S0, Tylu)) < Amaxd oo LR
1+ p(Sq(x), Tg(y))

forall (f(x), fy)) € Vand A € [0,1). Assume that, for a nonincreasing sequence {xn} in f(X), {xn} — u implies
that uw = xn and (X) is a complete subspace of X. In addition, if (Sy,f) and (T4, f) are weakly compatible, then
Sy, Ty and f have a unique common fixed point f(z) in £(X) with p(f(z), f(z)) = 0.

In the following theorem, we establish the existence of a unique common fixed point of four mappings
on a closed ball in a complete partial metric space.

Theorem 3.3. Let (X,p) be a partial metric space, xo,x,y € X, v > 0 and f be self-mapping on X such that
S¢(X), Tg(X) C £(X) = ¢(X) and B(f(xo),r) C f(X). Assume that Sy and Ty are self-mappings which satisfy the
following conditions

p(d(y),
1+p(f(x), d(y)) '
) ) (3.3)
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forall f(x),f(y) € B(f(xo), 1), where A € [0,1) and

p(f(x0), Sq(x0)) < (1 —=A)[r+p(f(xo), f(x0))]. (3.4)

If £(X) is a complete subspace of X and (S, f) and (Ty, &) are weakly compatible, then Sg, Ty, f and ¢ have a
unique common fixed point f(z) in B(f(xo), r) with p(f(z), f(z)) = 0.

Proof. Due to Lemma 1.7, there exist Ej,E; C X such that f(E1) = f(X) = ¢(X) = ¢(E2),f : E1 —

X, ¢ : E2 — X are one to one. Now define the mappings 11,0 : f(E;) — f(Eq) by TT(f(x)) = S4(x) and

O(g(x)) = Tg4(x), respectively. Since f, p are one to one on E; and E; respectively, the mappings IT,© are

well-defined. Since f(xg) € B(f(xp), 1) C f(X), f(x0) € f(X). Let yo = f(xp). Choose a point y; in f(X) such

that y; =T1(y,) and let yo = ©(y;). Continuing this process and having chosen y,, in f(X) such that
Yoit1 =TM(y21) and yziy2 =O(y2it1), wherei=0,1,2,---,

and by a similar argument of Theorem 2.2, we can get y, € B(f(xo), ). Also by (3.4), we have

p(f(x0), TT(f(x0))) < (1 —A)[r +p(f(x0), f(x0))].
By (3.3), for f(x), d(y) € B(f(xo), r), we have

P, oy, P TINp(60),O(0(3))
P (TG, OUbLy)) < Amaxy (), T1(+(x))p( (), Oy
1+ p(TT(F()), ©(0(y)))

Since f(X) is a complete space, all the conditions of Corollary 3.2 are satisfied, and we deduce that there
exists a unique common fixed point f(z) € B(f(xg),r) of TT and ©. Further 1T and © have no fixed point
other than f(z). Also p(f(z),f(z)) = 0. Now f(z) = TI(f(z)) = ©(f(z)) or f(z) = S4(z) = f(z). Thus f(z)
is a point of coincidence of f and Sy. Let w € B(f(xo), r) be another point of coincidence of S4 and f.
Then, there exists u € B(f(xp), ) such that w = f(u) = S4(u), which implies that f(u) = TI(f(u)). This
contradicts the fact that f(z) € B(f(xo), 1) is a unique fixed point of I. Hence w = f(z). Thus Sy and f have
a unique point of coincidence f(z) € B(f(xg), 7). Since (Sg, f) are weakly compatible, by Lemma 1.8, f(z)
is a unique common fixed point of Sy and f. Since f(X) = ¢(X), there exists v € X such that f(z) = ¢(v).
Now we have

T(f(z)) = O(f(2)) = f(z) = T($(v)) = O(d(v)) = d(v) = Tg(v) = $(v)

and thus ¢(v) is a point of coincidence of Ty and ¢. Now

Tg(x) = d(x) = BO(d(x)) = d(x).

This implies that ¢(v) = ¢(x). Since Ty and ¢ are weakly compatible, we obtain a unique common fixed
point ¢(v) for Ty and ¢. But ¢(v) = f(z). Thus, Sy, Ty, ¢ and f have a unique common fixed point
f(z) € B(f(xp), 7). O
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