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COINCIDENCE AND COMMON FIXED
POINTS OF NON-SELF HYBRID MAPPINGS
IN METRICALLY CONVEX SPACES

H. K. PATHAK, M. S. KHAN AND RENY GEORGE

ABSTRACT. Ahmed and Khan obtained some results on common fixed points
for a pair of multi-valued and single valued mappings in metrically convex
spaces which extends many known results. However the proofs of their results
contain some errors. In this paper we rectify these results and prove some
common fixed point theorems for a single valued and a pair of multi-valued
non self mappings in metrically convex metric spaces. Our results generalize
and extends the results of Ciric and Ume, Assad and Kirk, Assad, Itoh and
Khan.

1. INTRODUCTION

The study of fixed point theorems for multi-valued mappings was initiated
by Nadler [10] and Markin [9]. Subsequently a number of generalizations of
Nadler’s contraction principle were obtained by many authors. Recently non
linear hybrid contractions, that is contraction types involving single-valued
and multi-valued mappings have been studied by many authors. Sufficient
conditions for the existence of fixed points of multi-valued mappings of a
closed subset K of a complete metric space into a class of closed bounded
subsets of X have been studied by many authors([3],[4],[7],[8],[11]). Ahmed
and Khan [1] obtained some results on common fixed points for a pair of
multi-valued and single valued mappings in metrically convex spaces which
extends many known results. However the proofs of their results contain some
errors. In this paper we have rectified and improved the results of Ahmed and
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Khan [1] in a more general setting. Our results also generalize, improves and
extends the results of Ciric and Ume [6], Assad and Kirk [4], Assad [3], Itoh
[7] and Khan [8].

2. PRELIMINARIES.

Let (X,d) be a metric space and CB(X) denote the family of nonempty
closed and bounded subsets of X. For A, B € CB(X), let H(A, B) denote the
Hausdorff metric induced by d on CB(X) i.e.

H(A,B) =max{(supD(a,B) : a € A), (sup D(A,b) : b€ B)}

where D(z,A) = inf{d(z,a) : a € A}. CB(X) is a metric space with the
distance function H.

Mappings f: X — X and S : X — CB(X) are said to commute at a point
ze X iff fSz C Sfz; f and S are said to commute on X iff f and S commute
at every point of X. Weak commutativity, compatibility, weak compatibil-
ity and commutativity of two single valued self maps on a metric space are
equivalent at their coincidence point, but commutativity of f and S at their
coincidence point is more general than compatibility, weak compatibility and
weak commutativity of f and S. (Refer [12])

3. MAIN RESULTS

Ahmed and Khan [1] established the following result:

Theorem A. [1, Theorem 3.1]. Let (X,d) be a metrically conver metric
space and K a nonempty closed subset of X. Let T be a mapping of K into
CB(X) and f be a mapping of K into X such that

(1) H(Tw,Ty) < ad(fz, fy) + 0{D(fz,Tz) + D(fy,Ty)}
+{D(fz, Ty) + D(fy,Tx)}
) where a, 3,7 >0 (atB+m1+5+7) <1
9 Y — ? (1 _ ﬁ _ ’7)2
3) 0K C f(K), T(K) C f(K), flz) e K= Tz CK
4) {T, f} is a weakly commuting pair and
5) f is continuous on K,
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Now we show that [1 ,Theorem 3.1] admits a counter example.
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Example 1. Let X =R be endowed with usual metric. K =1[0,1]. T : K —
CB(X) and f : K — X be such that Tx = {0,1} and fx = 1 — x for all
x in K. We see that f and T satisfies all conditions of [1, Theorem 3.1].
Although 0 and 1 are coincident points of f and T, there do not exist any z
in K satisfying z = fz € Tz.

The main problem with [1, Theorem 3.1] is in their proof (page 282) where
they have used the inequality d(T'z,,Tz) < H(Fx,—1, Fz) which is incorrect.
Similar error is found in [2] also.

Throughout this paper, we assume X to be metrically convex metric space
in the sense of Menger, that is, X has the property that for each z,y in X
with x #£ y, there exists z in X, x # 2,y # z such that

d(x, 2) +d(z,y) = d(z,y)

Further (Refer [4],[5]) if K is a closed subset of X and if v € K,y ¢ K, then
there exist z in JK, such that

d(z, 2) +d(z,y) = d(z,y)

In all that follows, C'(A, f) denotes the set of coincidence points of the map-
pings A : X — CL(X) and f: X — X, ie. CAf) = {u: fue Au},
C(A, B, f) denotes the set of coincidence points of the mappings A : X —
CL(X),B: X —- CL(X)and f: X — X, ie. C(AB,f)={u: fuc
Au () Bu}, where CL(X) denotes the family of closed subsets of X.

We now state the following lemma which will be used in our main theorem.

Lemma 1. ([6]) If A,B € CB(X) and a € A, then for any positive number
q < 1, there exists b in B such that qd(a,b) < H(A, B).

Our main theorem is as follows.

Theorem 1. Let (X, d) be a metrically convex metric space and K a nonempty
closed subset of X. Let S, T be mappings of K into CB(X) and f be a mapping
of K into X such that

(3.1) H(Sz,Ty) < ad(fx, fy)
+B8max{D(fx, Sz)+D(fy,Ty), D(fz,Ty)+D(fy,Sx)}
+vymax{D(fx,Sx)+D(fy,Sx), D(fz,Ty)+D(fy,Ty)}
(32) A=a+3(B+27)+a(B+27) <1, o« fB,7>0,
(3.3) S(0 ) [(K), T(OK) C f(K) and O(f(K)) C f(0K), and
(3.4) f(K) is complete
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Then, (1) f, S and T has a coincidence point.

Further if f{C(S,T, f)} C K, then

(2) f, S and T has a common fized point fu provided f(fu) = fu and f
commutes with S and T at w € C(S,T, f).

Proof. Construct the sequences {z,} in K and {y,}, {z,} in X, as follows:
For some arbitrary xg in 0K choose x1 in K such that z; = y; = fx1 € Sxg.
Let a be any fixed number such that 0 < a < 1/2. Put

qg= A"
Then from (3.2), ¢ < 1. By Lemma 1 we can choose y3 € T'z; such that
qd(y1,y2) < H(Swo,Tx1)

If yo € f(K), put zo = y2 = faa. If yo ¢ f(K) then choose z2 € O(f(K)) such
that d(z1,22) + d(z2,y2) = d(21,y2). By (3.3) there will exist 2 in K such
that zo = f(x2). Choose y3 € Sxy such that

qd(y2,y3) < H(T'z1, Sx2)

Continuing this process we can form sequences {z,} and {y,} in X and {z,}
in K such that
(i) yn € Sz if nis odd and y,, € Tx,,—1 if n is even
(i1) qd(yn,Yn+1) <H(Sxp_1,Txy) if n is odd and
qd(Yn, Yn+1) <H(Txzp_1, Sxy) if n is even
(iii) 2z, = f(zy,) for alln € N
(iv) yn = zp if y, € f(K) else z,, € K and
d(zn—la Zn) + d(Zn, yn) = d(zn—la yn)
Let P={z; €{zn}:2zi =ui}, Q ={z € {zn} : zi # vi}
Observe that if z, € @ for some n, then 2,1 and 2,41 belong to P, as two
consecutive terms of {z,} cannot be in Q.
We claim that sequence {z,} is a Cauchy sequence. We consider the following
three cases.
Case 1. z, € P and 2,41 € P. If n is odd, then from (ii) and (2.3) we have

qd(zn, 2n+1) = qd(Yn, Yn+1) < H(Sxp—1,Tx))
< ad(frp_1, fr,) + Bmax{D(frn_1,5n_1) + D(fx,, Tx,),
D(fxp—1,Txy) + D(fry, SxHno1)}
+ymax{D(fxn_1,5%n-1) + D(frn, STH_1),
D(fxp_1,Txy) + D(fry,, Tx,)}
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< ad(frn-1, frn)
+ Bmax{d(frn—1, frn) + d(frn, frni1), d(fTn—1, fTni1)}
+ymax{d(frn-1, fzn), d(fTn—1, fTni1) + d(fTn, fTni1)}

< O‘d(fxn—lv f$n) + Ig{d(fxn—lj fxn) + d(fl’n, fxn—l—l)}
+H{d(frn-1, fn) +2d(fn, frni1)}

< ad(frn—1, fxn) + B{d(frn_1, fr,) +d(fzn, froni1)}
+y{2d(fxpn-1, frn) +2d(frn, frni1)}

Hence using (iii) we get,

d(zn, 2n+1) < [(@+ B+ 27)/(q = B = 2v)]d(2n—1, 21) (1)

A similar inequality is obtained for an even n.
Case 2. z, € P and z,41 € @ then using (iv) we have

qd(ZTu Zn+1) < qd(zn7 yn-‘rl) = qd(yn7 yn+1)'

Proceeding as in Case 1, we have for odd and even n

d(zn, Zny1) <[+ B+ 27)/(¢ = B = 2v)ld(zn—1, 2n) (2)

Case 3. 2z, € Q and 2,41 € P, now we have

d(Zn, ZnJrl) < d(zny yn) + d(yn’ Zn+1) = d(zn’ yn) + d(yna yn+1)-
Let n be odd. Then from (ii) and (3.1) we have

qd(zn, Zn+1)

< qd(2n, Yn) + qd(Yn, Yn+1) < qd(2n,Yn) + H(STp_1,Ty)

< qd(zn,yn) + ad(fan,_1, fx,)
+Pmax{D(fxn_1,5C,—1)+D(frn,Txn),D(frn_1,Txn)+D(fr,,STm_1)}
+ymax(D(frp—1,5C,—1)+D(fxn,STn—1),D(frn_1,Txn)+D(fr,,Tx,)}

< qd(zn,yn) + ad(frpn-1, fTn) (3)
+ Bmax{d(frn—1,yn) + d(f2n, Ynt1), d(fTn-1, fTni1) + d(f2n, yn)}
+ymax{d(frn—1,Yn) + d(fTn,Yn), d(fTn—1, 2ny1) + d(fTn, 2ns1)}

since a < A* = q and d(zp, yn) + d(2n—1, 2n) = d(2n—1,Yyn) we have

qd(zn, Yn) + @d(zn—1, 2n) < qd(Zpn—1,Yn)- (4)
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Also by the triangle inequality,

d(fxn—la fxn-l-l) + d(fxna yn) < d(fl'n—ly fxn) + d(fl'na fxn—l-l) + d(fl‘n, yn)
= d(fmn—layn) +d(fxn7fxn+1) (5)

and, using (iv) we have

d(zn-1,2n) + 2d(zn, Zn+1)
d(zn—la yn) + 2d(zn> Zn+1) (6)
2d(zn—1ayn) + 2d(zn’ Zn+1)

d(zn—h zn—i—l) + d(zn7 Zn+1)

VANVANVAN

Thus we have, using (3), (4), (5) and (6)

d(2n, 2ny1) < [(q+ B+ 27)/(q — B —27)]d(zn—1,Yn)- (7)

A similar inequality is obtained for an even n.
Since z, € () we have z,_1 € P, and hence proceeding as in Case 2 we get

d(zn-1,yn) < [(@+ 5 +27)/(q = 8 = 27)]d(zn -2, 2n-1)- (8)
Hence, using (7) and (8)

(a+8+2y)(q+B+27)
(q—B—2v)(q—B—2y)

d(2n72n+1) < d(Zn—Z;Zn—l)-

Let

- (@t 0+29)(a+0+27)
(q—B—2v)(q—B—2y)
(a+B+2y)(qg+ B+2y)+ 298 +4qy — 4678% — ¢° — 47°
(g — 0 —27)?

Since ¢ = A% < 1, we have

(a+ B4 27)(qg+ B+ 2v) +2¢8 + 4qy — 4675% — ¢* — 47?

Pl (q— B —27)?
_ ¢ (a+3(8+29) +a(B+2)
(q—B—27)? '

Since A\* > A\?% > [, by (3.2) we conclude that h < 1
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Thus we see that in all cases
d(zn, 2n+1) < hmax{(d(zn—2,2n-1),d(zn-1,2n)}, foralln > 2.
Hence we have
d(2n, 2ns1) < BT max{(d(zo,z1),d(z1, )},
For m > n > N, we get
BN/2

d(znazm) < Zd('ziazi-l—l) < mmax{d('ZOaZl)vd(zlaZZ)}a
i=N

Thus {z,} is a Cauchy sequence. Since f(K) is complete, the sequence {z,}
being contained in f(K) has a limit say z in f(K). Let u € f~'2. Thus there
exist u in K such that fu = z. From the way in which the {z, } is constructed,
there exists an infinite subsequence {z,, } of {2,} such that {z,,} € P. Then
for an odd n; = m, we have

D(zn,,, Tu) < H(Szp—1,Ty)
< ad(frm-1, fu) + Bmax{(D(frm—1,STm-1) + D(fu, Tu),
D(fxm—1,Ty) + D(fu,STm-1)} +ymax{(D(fxm—1,Tm—1)
+ D(fu, Stm-1), D(frm-1,Tu) + D(fu,Tu)}
< ad(frm—1, fu) + Bmax{(D(fxm—1, fxm) + D(fu, Tw),
D(f$m—17 Tu) + D(fua fxm)}
+ymax{(D(fzm—1,fxm)+D(fusfrm), D(fTm—1,T)+D(fu,Tu)}-
Taking the limit as k — oo yields
D(fu,Tu) < (B8 +2v).D(fu,Tu),

which implies, as 3+2v < 1 that D(fu,Tu) = 0. Since Tu is closed, fu € Tu.
Similarly, we can show that fu € Su.
From (3.1)

H(Su,Tu) < ad(fu, fu)

+ fmax{D(fu, Su) + D(fu,Tu), D(fu,Tu) + D(fu, Su)}

+ ymax{D(fu, Su) + D(fu, Su), D(fu,Tu) + D(fu,Tu)}=0,
Which implies Su = T'u. Thus u is a coincidence point of f, S and T.
To prove (2), let w = f(u). Then using commutativity of f and S at u we
have w = fu = f(fu) € f(Su) C S(fu) = Sw. Thus w is a common fixed

point of f and S. Similar argument yields that w is a common fixed point of
fand T. O

We now apply Theorem 1 to prove the following:
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Theorem 2. Let (X, d) be a metrically convex metric space and K a nonempty
closed subset of X. Let S, T be mappings of K into CB(X) and f be a mapping
of K into X such that (3.3), (3.4) and the following hold;
(3.5) H(Sz,Ty) < ad(fz, fy) + B(D(fz, Sz) + D(fy, Ty)) + v(D(fz, Ty)
+D(fy,Sx)) + 6(D(fx,Sz) + D(fy, Sx))
+n(D(f:r(, Ty)ﬁJr D(fzy(§ Ty2))7)<1 5 24+ 21)
at+B+y+20+20)(1+ B+ +20+ 2
(3.6) where o, 3,7,0,mn > 0, A= —n—20 27
Then, (1) f,S and T has a coincidence point.
Further if f{C(S,T, f)} C K, then
(2) f,S and T has a common fixed point fu provided f(fu) = fu and f
commutes with S and T at uw € C(S,T, f).

Proof. 1t is clear that (3.5) implies

<1

H(Sz,Ty) < ad(fz, fy)
+(B47) max{D(fxz, Sx)+D(fy,Ty)), (D(fx, Ty)+D(fy, Sx))
+(0+n) max{D(fxz, Sx)+D(fy, Sz)), (D(fx,Ty)+D(fy, Ty))

Also, (3.6) implies
A=a+3(B+y+200+n)+aB+v+20+n) <1,

Thus we see that all assumptions of Theorem 1 (with 5 + 7 instead of Sand
d + n instead of v) are fulfilled. O

Theorem 3. Let (X,d) be a metrically convex metric space, K a nonempty
closed subset of X and let F' = {T}}; € J be a family of multi-valued mapping
of K into CB(X) and f be a mapping of K into X. Suppose that there exists
some T; € F' such that for each Tj € F
(3.7) H(Ty, Tyy) < a;d(f, fy)
+3; max{D(fz, o)+ D(fy Ty3). D(fx, Tyy)+D(fy. T:a)}
+vj max{D(fx, T;x)+D(fy, Tix), D(fx,Tjy)+D(fy, Tjy)}
Where o, 35,v; > 0 are such that
(3:8) Aj = +3(8; + 27;) + (B +27;) <1
If in addition for each Tj € F
(3.9) Ty(0K) C f(K) and O(f(K)) C f(9K)
(3.10) f(K) is complete
Then (1) there exists some u € K, such that fu € Tju for all T; € F.
Further if f{C(Tj, )} € K, then
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(2) f, and T; has a common fized point fu provided f(fu) = fu and f com-
mutes with T; at w € C(T}, f) for all T; in F.

Proof. Let T}y be an arbitrary, fixed member of F. Then from Theorem 1 with
S =T; and T = Tjo, there will exist v in K such that fu € Tjou = Tju. Let
T; € F, Tj # Tjo be arbitrary. Then from (3.7) we have

D(fu,Tju) < H(Tyu, Tju) < ojd(fu, fu)
+ B max{D(fu, Tyu) + D(fu, Tju), D(fu, Tju) + D(fu, Tiu)
+ maX{D(fua Tlu) + D(fuv Tlu)v D(f“) Tju) + D(fua T]u)}

And hence
(1= Bj = 2v5)D(fu, Tju) < 0.

Since 1 — 3; — 2v; < 1 we have D(fu,Tju) = 0, hence fu € Tju, which
completes the proof.

To prove (2), let w = f(u). Then using commutativity of f and T, at u we
have w = f(w) = f(fu) € f(Tju) C Tj(fu) = Tjw. Thus w is a common
fixed point of f and Tj. O

In view of Example 1, we see that [1, Theorem 3.3] is also incorrect. With
a view of giving a corrected and improved versions of [1 Theorem 3.3|, we now
present the following results:

Theorem 4. Let (X, d) be a metrically convex metric space and K a nonempty
compact subset of X. Let S, T be continuous mappings of K into CB(X) and f
be a continuous mapping of K into X such that (3.3), (3.4) and the following
hold:
(3.11) H(Sz,Ty) < ad(fz, fy)
+Bmax{D(fz, Sz)+ D(fy,Ty), D(fz,Ty)+ D(fy, Sz)}
+ymax{D(fz,Sz)+ D(fy, Sz), D(fz,Ty) + D(fy, Ty)}
(3.12) where A\=a+3(8+2v)+a(f+2y) =1, a,8,7v>0
Then (1) f,S and T has a coincidence point.
Further if f{C(S,T, f)} € K, then
(2) f,S and T has a common fixed point fu provided f(fu) = fu and f
commutes with S and T at uw € C(S,T, f).

Proof. Define g1(z) = D(fx,Sx) and g2(x) = D(fz,Tx) for all x € K. Since
for all z,y € K
D(fx,Sz) = d(fz, fy) + D(fy, Sz) and D(fy, Sx) = D(fy, Sy) + H(Sy, Sz)
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We have

l91(x) — g1(y)| = [D(fz, Sz) — D(fy, Sz)| + |D(fy, Sz) — D(fy, Sy)|
=d(fx, fy) + H(Sz, Sy).

Since f and S are continuous, g1 () is continuous. Similarly it can be shown
that go(z) is continuous. Hence the function h(x) = min{g;(z),g2(x)} is
continuous, and since K is compact, there exists z € K such that h(z) =
min{h(x) : x € K}. Suppose h(z) = D(fz,Sz). i.e.

D(fz,5z) <min{D(fz,Sx),D(fz,Tx)} for all z € K.

We claim that D(fz,Sz) = 0. Suppose not. Then h(z) > 0 for all z € K.
Consider the sequence {z,} in Sz, such that

Limy,—od(fz,zn) = D(fz,Sz). 9)

Suppose there exists an infinite subsequence {z,, } of {z,} which is contained
in f(K). Then since f(K) is compact {z,, } will converge to some zo = f(xo).
Since Sz is closed, f(zo) € Sz. Thus d(fz, fxo = D(fz,Sz). From (3.11) we
have,
D(fxzo,Txo) = H(Sz,Tx)
<ad(fz, fxog) + fmax{D(fz,Sz)+D(fxg,Txo), D(fz,Txo)}
+ ymax{D(fz,Sz), D(fz,Txo) + D(fxo,Txo)}

Now since D(fz,Txo)=d(fz, fxo) + D(fxo,Txo)=D(fz,Sz)+ D(fxo, Txo)

we have

D(fxo,Txo) < ad(fz,Sz) + B{D(fz,52) + D(fxo, Txo)
+{D(fz,52z) +2D(fxo,Txo)}

Since D(fz,Sz) = D(fxo,Txo), we have
D(fl‘g,Two) = (a + 26 + 3")/)D(fl’0, Txo) < D(f$0,T$0),

a contradiction.
Now suppose z, ¢ f(K) for all sufficiently large n. Then since X is convex
and fz € f(K), for each z, there exists y,, € 9f(K) such that

d(fzayn) +d(ynvzn) = d(fz,zn). (10)
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By (3.3) there will exist w,, € 0K, such that y, = f(w,,).
Since 0K is compact, let {w,} converge to some wy € OK. Since gy is

continuous,
lim D(fwy,, Tw,) = D(fwy, Twp). (11)

n—o0

By (10), (3.11) and triangle inequality, we have

D(fwy, Twy,) < d(fwn, zn) + D(zn, Twy,)
d(fz,zn) —d(fz, fw,) + H(Sz, Tw,)
<d(fz,zn) —d(fz, fw,) +ad(fz, fw,)
+ B max{D(fz,Sz)+D(fwy, Twy,), D(fz, Tw,)+D(fwy, S2)}
+ymax{D(fz, S2)+D(fwn, S2), D(fz, Tw,)+D(fwn,, Twy,)}
< d(fz,zn)+ Pmax{D(fz,Sz) + D(fw,, Tw,),
D(fz, fwn) + D(fwp, Twy) + D(fwn, 2n)}
+ymax{D(fz,Sz) + d(fwn, fz) + D(fz,Sz),
d(fz, fwn) + D(fwn, Twn) + D(fwn, Tw,)}
<d(fz, zn)
+Bmax{D(fz,Sz)+D(fwy, Twy), D(fz,z,)+D(fwy,, Tw,)}
+ymax{2D(fz,S2) + D(fz, zn) + 2D(fwp, Tw,)}

Taking the limit as n tends to infinity and considering (9) and (11), we get

D(fw07TwO) S D(fZ,SZ) + ﬁ{D(fZNS’Z) + D(wa7Tw0)}
+{2D(fz,Sz) + 2D(fwy, Twy)}.

Hence
(1+5+2y)

(1-8-2y)
Since wy € 0K, Twy C f(K). Thus Twy is compact and so there exists

u € Twy such that d(fwg,u) = D(fwy, Twy). Let u = fv, for some v € K.
From (3.11),

D(f’u}o,Two) < D(fZ,SZ) (12)

D(fv,Sv) < H(Twy, Sv)
< Oéd(f’U, fUJ()) + ﬂmaX{D(fv, SU) + D(fw07 Tw0)> D(waa S’U)}
+ ymax{D(fv, Sv) + D(fwg, Sv), D(fwe, Twy)}
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Since D(fwo, Sv) < d(fwo, fv) + D(fv,Sv) = D(fwo, Two) + D(fv, Sv), we
have

D(fv,Sv) < aD(fwy, Two) + B{D(fv,Sv) + D(fwo, Two)}
+v{2D(fv, Sv) + 2D(fwo, Twg)}

Hence
o+ 3 + 2
/YD

D(fv,Sv) < m

(fw(), Tw())
So by (12) we have

(a+B+2y)(1-8-2y)

D(fv,Sv) < 1-B-27)(1-8-2v)

D(fz,Sz). (13)

Since,

(a+84+29) (1-8—-27)  a+3(8+27)+a(8+27)—2(8—27)+(8—27)?

(1-8-2y) (1-58-2v) 1—2(8—27y)+ (B —27)?

by (3.12) we get
(a+8+2y)(1-5—2y)
(1-8-2y)(1-8-2)

Hence by (13), we have

<1.

D(fz,8z) < D(fz,Sz),

a contradiction.
Hence D(fz,Sz) = 0. Since Sz is closed, we get fz € Sz.
If fz ¢ Tz, then by (3.11) we have

D(fz,Tz) < H(Sz,Tz) < (B+27)D(fz,Tz),

a contradiction.
Thus z is a coincidence point of f, S and T. The remaining proof goes on the
same lines as that of Theorem 1. O
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Theorem 5. Let (X, d) be a metrically convex metric space and K a nonempty
compact subset of X. Let S, T be continuous mappings of K into CB(X) and f
be a continuous mapping of K into X such that (3.3), (3.4) and the following
hold:
(3.13) H(Sz,Ty) < ad(fz, fy) + S{D(fz,Sz) + D(fy,Ty)}
+ U D(fz, Ty) + D(fy, Sx)} +{D(fz, Sx)+ D(fy, Sx)}
+n{D((fw,ﬁTy) + Dz(gy,igy))(}l ; 25+ )
a+f+vy+20+20)(1+ B+ +25+2n
(3.14) where o, 3,y > 0, (==~ —0—2)
Then (1) f,S and T has a coincidence point.
Further if f{C(S,T, f)} € K, then
(2) f,S and T has a common fized point fu provided f(fu) = fu and f
commutes with S and T at v € C(S,T, f).

<1

Proof. 1t is clear that (3.13) implies

H(Sz,Ty) < ad(fx, fy)
+(B+7) max{(D(fz, Sx)+D(fy, Ty)), D(fz,Ty)+D(fy, Sz)}
+ (6+n) max{(D(fxz, Sz)+D(fy, Sv)), D(fx, Ty)+D(fy, Ty)}

Since (3.14) implies
A=a+3B+7+2(6+n)+aB+v+20+n) <1,

we see that all assumptions of Theorem 4 (with 3 + « instead of 8 and § + 7
instead of ) are fulfilled. Hence the proof follows from Theorem 4. U

Now we derive certain corollaries from our Theorems, which contain and
improve many coincidence and fixed point theorems in convex metric spaces.
Taking v = 0, in Theorem 1 we have the following.

Corollary 1. Let (X, d) be a metrically convex metric space and K a nonempty
closed subset of X. Let S, T be mappings of K into CB(X) and f be a mapping
of K into X such that (3.3), (3.4) and the following holds
(3.15) H(Sz,Ty) < ad(fz, fy)

+Bmax{D(fz,Sx) + D(fy,Ty), D(fz, Ty) + D(fy, Sz)}
(3.16) where a, 3 >0, A=a+38+af <1

Then all conclusions of Theorem 1 are true.

Taking 0,17 = 0 in Theorem 2 we have the following:
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Corollary 2. Let (X,d) be a metrically conver metric space and K a non
empty closed subset of X. Let S, T be mappings of K into CB(X) and f be a
mapping of K into X such that (3.3), (3.4) and the following holds
(3.17) H(Sz,Ty) < ad(f=, fy) + B(D(fz, Sz) + D(fy, Ty))
+'Y(D((ffc, Tﬁy) +)l(71(fy,6556)))
a+B+7)1+B8+y
(3.18) where o, B,y > 0, (=32

Then all conclusions of Theorem 1 are true.

<1

Corollary 3. Let (X,d) be a metrically convexr metric space and K a non
empty closed subset of X. Let T be a mapping of K into CB(X) and f be a
mapping of K into X such that (3.3), (3.4) and the following holds
(3.19) H(Tz, Ty) < ad(fz, fy) + B(D(fz,Tx) + D(fy,Ty))

+7(D((fx, Tﬁy) + )l(?l(fy,ﬁT:v)))

a+p+y)L+0+7v

(3.20) where a, 3,y > 0, TR
Then f and T has a coincidence point.
Further if fC(T, f) C K, then
(2) f, and T has a common fized point fu provided f(fu) = fu and f com-
mutes with T at u € C(T, f).

<1

Proof. The proof follows by taking S =T in Corollary 2. U
Taking v = 0, in Theorem 3 we have the following:

Corollary 4. Let (X,d) be a metrically convex metric space, K a nonempty
closed subset of X and let F' = {T'j};jin; be a family of multi-valued mapping
of K into CB(X) and f be a mapping of K into X. Suppose that there exists
some Ti € F such that for each Tj € F, (3.10), (3.11), (3.12) and the following
holds

(3.21) H(Tiz, Tjy) < ajd(fa, fy) + B max{(D(fz, Tiw) + D(fy. Tyy),
Where o, 3; > 0 are such that

(322) /\j =a; + 3ﬁ] + Odj,@j <1

Then all conclusions of Theorem 3 are true.

Taking 0,17 = 0 in Theorem 5 we have the following:

Corollary 5. Let (X,d) be a metrically conver metric space and K a non
empty compact subset of X. Let S, T be continuous mappings of K into C B(X)
and f a continuous mapping of K into X such that (3.3), (3.4) and the fol-
lowing holds
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(3.23) H(Sz, Ty) < ad(fz, fy) + B(D(fz, Sx) + D(fy,Ty))
+y(D(fx,Ty) + D(fy, Sx))
(3.24) where a, 6,7 > 0, L2 fltfyﬁ)(i iyr)f ) o

Then all conclusions of Theorem 1 are true.

Corollary 6. Let (X,d) be a metrically convexr metric space and K a non
empty compact subset of X. Let T' be a continuous mapping of K into C B(X)
and f a continuous mapping of K into X such that (3.3), (3.4) and the fol-
lowing holds
(3.25) H(Tz,Ty) < ad(fz, fy) + Bb(D(fz, Tz) + D(fy,Ty))

+vg((D(fg7 Ty; (Jlr D(ﬁfy, T)fc))

a+p+y)L+0+v

(3.26) where o, B,y > 0, (EEE <1
Then, (1) f and T has a coincidence point.
Further if fC(T, f) C K, then
(2) f, and T has a common fized point fu provided f(fu) = fu and f com-
mutes with T at u € C(T, f).

Proof. The proof follows by taking S =T in Corollary 5. (]

Remark 1. Corollary 3 and Corollary 6 are the corrected and improved ver-
sions of [1, Theorem 3.1] and [1, Theorem 3.3] respectively.

Remark 2. Corollary 2 and Corollary 5 are the corrected and improved ver-
sions of [2, Theorem 3.1] and [2, Theorem 3.4] respectively.

Remark 3. If f = idx (the identity map of X), then Corollary 1, 2, 4 and 5
reduces to Theorem 2.1, Corollary 2.1 Theorem 2.2 and Theorem 2.3 respec-
tively of [6]. Moreover we require the completeness of f(K) only instead of
the completeness of the entire space X as used in [6]. Hence our result is a

substantial generalization, extension and improvement of the results of Ciric
and Ume [6], Khan [8], Assad [3] and Itoh [7].

Remark 4. There exists many coincident point theorems for non self map-
pings. It seems that there do not exist fized point results for hybrid non self
mappings. Our results shows the existence of fized points for hybrid mappings
even if the mappings under consideration are not self maps.

The following example supports our claims.

Example 2. Let X = (0,00), K =[1,2], 5,7 : K - CB(X) and f : K - X
be given by Sx =Tx ={1,3/2,2} and fr =3 —x. We see that all conditions
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of Theorem 1 are satisfied and 3/2 is a common fized point of f,S and T,
where as Theorem 2.1 of Ciric and Ume [6] is not applicable as X is not
complete. Moreover, we see that the mappings f and S are not self mappings.

10.
11.

12.
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