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ABSTRACT. We use the notion of Hausdorff metric on the family of closed
bounded subsets of a dualistic partial metric space (DPMS) and establish
a common fixed point theorem of a pair of multivalued mappings satisfying
Mizoguchi and Takahashi’s contractive conditions. Our result extends some
well-known results in the literature.

1. INTRODUCTION

In 1922, Banach established the most famous fundamental fixed point theorem
(the so-called the Banach contraction principle [9]) which has played an important
role in various fields of applied mathematical analysis. It is known that the Ba-
nach contraction principle has been extended in many various directions by several
authors (see [1]-[29]).

In the other hand, the study of metric spaces expressed the most important role
to many fields both in pure and applied science such as biology, medicine, physics
and computer science. Some generalizations of the notion of a metric space have
been proposed by some authors, such as, rectangular metric spaces, semi metric
spaces, pseudo metric spaces, probabilistic metric spaces, fuzzy metric spaces, quasi
metric spaces, quasi semi metric spaces, D-metric spaces, and cone metric spaces
(see [ [M,[12],[15],[21,). Branciari [11] introduced the notion of a generalized metric
space replacing the triangle inequality by a rectangular type inequality. He then
extended Banach’s contraction principle in such spaces.

In the last thirty years, the theory of multivalued functions has advanced in a
variety of ways. In 1969, the systematic study of Banach-type fixed theorems of
multivalued mappings started with the work of Nadler [24]. He used the concept of
the Hausdorff metric to establish the multivalued contraction principle containing
the Banach contraction principle as a special case. His finidings were followed by
Azam et al.[8] and many others (see, e.g.,[16],[20],[28]).
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In 1994, Matthews [22] intoduced the concept of partial metric spaces and ob-
tained various fixed point theorems. In particular, he established the precise re-
lationship between partial metric spaces and the so-called weightable quasi-metric
spaces, and proved a partial metric generalization of Banach’s contraction mapping
theorem. Later on, Neill in [25] introduced the concept of dualistic partial metric
spaces (DPMS) by extending the range R™ — R. He developed several connections
between partial metrics and the topological aspects of domain theory. In 2004,
Oltra et al.,[26] established Banach fixed point theorem for complete DPMS. Re-
cently many authors developed some fixed point theorems using complete DPMS
for Banach’s contraction principle and partial order respectively. For the sake of
continuity of work on DPMS, we establish some common fixed point theorems of
a pair of multivalued mappings satisfying Mizoguchi and Takahashi’s contractive
conditions in the setting of DPMS.

2. PRELIMINARIES

Throughout this paper the letters R, RT and N will denote the set of real num-
bers, the set of nonnegative real numbers and the set of natural numbers, respec-
tively.

Definition 2.1. [25] Let X be a nonempty set. Suppose that the mapping D :
X x X — R, satisfies:

(1) z=y < D(x,z) =D (y,y) = D (z,y);

(2) D(z,z) < D(z,y) for all z,y € X;

(3) D(z,y) =D (y,z) for all 2,y € X;

(4) (xz)<D(xy)—|—D(y,) D (y,y), for all x,y,z € X.

Then D is called a dualistic partial metric on X, and (X, D) is called a DPMS.

Note that if R is replaced by R™ then D is known as partial metric on X. To
make a difference between partial metric and dualistic partial metric, we discuss an
example. Let us define D : X x X — R by D (z,y) = Sup{z,y}. Now if X =R,
then D is dualistic partial metric but nor partial metric on X, for if x = —1 and
y = —3 then Sup{—1, —3} = —1 = D («,y) which is not possible in partial metric.
Each dualistic partial metric D on X generates a 7¢ topology 7 (D) on X which has a
base topology of open D—balls {Bp (z,¢) : x € X, e > 0} and Bp (z,¢e) ={y € X :
D (z,y) < e+ D (x,z)}. From this fact it fallows that a sequence (z,),, in a DPMS
converges to a point x € X if and only if D (x,2) = lim, 0o D (2, 2,) .

Definition 2.2. Let X be a nonempty set. Suppose that the mapping d :
X x X — R*, satisfies:

(1) d(z,y) =d(y,z) =0 x =y, for all z,y € X;
(2) d(z,z) < d(z,y) +d(y, z) for all z,y,z € X.

The pair (X, d) is called quasi metric space.

Each quasi metric d on X generates a 9 topology 7 (d) on X which has a base
topology of open d—balls {Bg(z,¢) : z € X, ¢ > 0} and By (z,e) = {y € X :
d(z,y) < e}.

Moreover if d is quasi metric, then d® (z,y) = max {d (x,y),d (y,z)} is a metric
on X.
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Let us define modulus of a dualistic partial metric by

D (z,y) if D(x,y) > 0;
1D (z,y)| ={ -D (:p,yy) ifD(x,yy) <0.

Lemma 2.3. [26] If (X, D) is a DPMS, then the function d, : X x X — R*
defined by

dp(x’y) :D(x’y)_D(aj?x)v

for all z, y € X, is a quasi metric on X such that 7 (D) = 7(d,). Now if d, is
quasi metric on X then d3 (z,y) = max{d, (z,y),d, (y,z)} is metric on X.

Lemma 2.4. [26] (¢) The sequence {z,} in DPMS (X, D) converges to a point
x if and only if D (z,z) = lim, 00 D (Tn, ) .

(43) The sequence {x,, } in DPMS is called cauchy sequence if lim,, ;1,00 D (@1, T1m)
exists.

(7i7) The DPMS is complete if and only if the metric (X , d;) is complete and fur-
ther lim,, o d, (xn,2) =0iff D (z,2) = limp—00 D (Tp, ) = liMy, 1m—y00 D (Tn, T ) -

A subset A of X is called closed in (X, D) if it is closed with respect to 7 (D).
A is called bounded in (X, D) if there exists g € X and M > 0 such that a €
Bp (zg, M) for all a € A, i.e,

D (zo,a) < D (xg,z0) + M for all a € A.

Let CBP (X) be the collection of all nonempty, closed and bounded subsets of
X with respect to the dualistic partail metric D. For A € CBP (X), we define

D (z,A) =infyca D (z,y).

For A,B € CBP (X),

5 (A B) = sup,eq D (a, B),

6p (B, A) =supyep D (b, A),

Hp (A, B) =max{dp (4,B),dp (B,A)}.

Note that D (v, A) = 0 = d; (v, A) = 0, where d, (z, A) = infyca d; (2,y) .

Proposition 2.5.[7] Let (X, D) be a partial metrlc space. For any A B, C e
CBP (X), we have

(1) op (A, A) =sup{D (a,a) : a € A};

(“) dp (A7 A) <ép (Aa B) )

(#4i) 6p (A,B) =0= A C B;

(iv) 0p (A,B) <ép (A,C) 4+ dp (C,B) —infecc D (¢, c).

Proposition 2.6.[7] Let (X, D) be a partial metric space. For any A, B, C €
CBP (X), we have

(i) Hp (A,A) < Hp (A, B);

(1) Hp (A, B) < Hp (B, A);

(ZZZ) Hp (A7B) < Hp (A C) + Hp (C, B) —infeec D (C, C) .

Remark 2.7.[7] Let (X, D) be a partial metric space and A be any nonempty
set in (X, D), then a € A if and only if

D(a,A) =D (a,a),

where A denotes the clouser of A with respect to partial metric D. Note that A
is closed in (X, D) if and only if A = A.

Lemma.2.8. Let A and B be nonempty, closed and bounded subsets of a
DPMS (X, D) and 0 < h € R. Then for every a € A, there exists b € B such that
D(a,b) < Hp (A, B) + h.
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Proof. We argue by contradiction. Suppose there exist h > 0, such that for any
b € B we have

D (a,b) > Hp (A, B) + h.
Then,
D(a,B)=inf{D (a,b), be B} > Hp (A,B)+ h > p (A, B) + h,

which is a contradiction. Hence, there exists b € B such that D (a,b) < Hp (A, B)+
h.

Definition 2.9. [13] A function ¢ : [0, +00) — [0, 1) is said to be M T —function
if it satisfies Mizoguchi and Takahashi’s conditions (i.e., lim sup, .+ ¢ (r) < 1 for
all t € [0, +00) ).

Proposition 2.10. [I3] Let ¢ : [0,+00) — [0,1) be a function. Then the
following statements are equivalent.

1. ¢ is an MT—function.

2. For each t € [0, c0), there exists rt(l) €[0,1) and 5%1) > 0 such that ¢ (s) < rt(l)
for all s € (t,t—|— 61(51)) .

3. For each t € [0, 00), there exists rt@) €[0,1) and 5,52) > 0 such that ¢ (s) < r§2)
for all s € (t,t + 59) .

4. For each t € [0, 00), there exists 7“253) €1[0,1) and 5,(53) > 0 such that ¢ (s) < rt(g)
for all s € (t,t + 5%3)) .

5. For each t € [0, 00), there exists rt(4) €[0,1) and 6,(54) > 0 such that ¢ (s) < r,E
for all s € (t,t + 5%4)) .

6. For any nonincreasing sequence {z,, }, v in [0,00), we have 0 < sup,,c v ¢ (z5)

1)

1.
7. ¢ is a function of contractive factor [I4], that is, for any strictly decreasing
sequence {7, }, . in [0,00), we have 0 < sup,,cy ¢ (z,) < 1.

3. THE RESULTS

Mizoguchi and Takahashi proved the following theorem on complete metric
spaces in [23].

Theorem. 3.1. Let (X,d) be a complete metric space and let the map-
ping S : X — CB(X) be a multivalued map and ¢ : [0,400) — [0,1) be an
MT—function. Assume that

H(Sz,Sy) < ¢ (d(z,y))d(z,y); (3.1)

for all x, y € X, Then S has a fixed point in X.

We use the notion of Hausdorff metric on the family of closed bounded subsets
of a dualistic partial metric space and establish a common fixed point theorem of a
pair of multivalued mappings satisfying MT-function. Following is our main result.

Theorem. 3.2. Let (X, D) be a complete DPMS. S, 7 : X — CBP(X) be
multivalued mappings and ¢ : [0, +00) — [0,1) be an MT—function. Assume that

Hp(Sz,Ty) < ¢ (D (x,y)) D (z,y); (3.2)

for all z, y € X, then there exists z € X such that z € Sz and z € Tz.

<
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Proof: Let 29 € X and z1 € Sxg. If D (29, 21) =0, then o = z1 and
Hp(Sxzo,Tx1) < ¢ (D (xg,21)) D (20, 21) = 0.

Thus, Sxg = Tz, which implies that
x1 = x9 € Sxg = T'xr1 = Txp, and we finished. Assume that D (zg,z1) > 0. By
Lemma 2.8, we can take x9 € Tz such that

< HD(Sl’o,Til'l) + ‘D (1’0,1171)|

D (@1,22)] < ; (33)

If D(x1,22) =0, then z; = x2 and
Hp(Tx1,Sz2) < (D (21,22)) D (z1,22) =0,

then T'xy = Sxo. That is x5 = 21 € Tx1 = Szy = Sx and we finished.
Assume that D (z1,22) > 0. Again By Lemma 2.8, we can take x5 € Sxzo such
that
Hp(Txy, S D (x4,
D (s, 2] < TR0 502 2D (1 22)] (3.0
By repeating this process, we can construct a sequence x,, of points in X and a

sequence A, of elements in CBP (X) such that

Sz, j=2k k>0
xﬂ'ﬂeAﬂ—{ Te;, j=2k+1, k>0 (3.5)
and
Hp(A;_1,A;))+|D (x;_1,;
1D (g, 2] < T2 A D 50,2 (3.5

2 9
with j > 0, along with the assumption that D (x;,x;+1) > 0 for each 7 > 0. Now
for j =2k + 1, we have
Hp (Aj-1,4;) +|D (zj-1, ;)|
2 b
Hp (Szok, Txogy1) + | D (ok, Tart1)]

)

|D (zj,2j41)] <

IN

¢ (D(zak, xop+1)) (D(z2k, Topt+1) + | D (z2k, Togt1)]

<¢(D($j—217xj))+1) |l2)(l‘j1’$j)v |

< D(zj-1,zj).

IN

IN

Similarly for j = 2k 4+ 2, we obtain

Hp (Txop11, Staky2) + D (-1, 25)|
2 )

|D (xj,741)] <

. (Sp (D (xj_;,xj)) + 1) |D (zj-1,25)|,
< D(-'L'jflvxj)'

It fallows that the sequence {D (z,,Zn+1)} is decreasing and converges to a
nonnegative real number ¢ > 0. Define a function % : [0,00) — [0,1) as fallows:

pQ+1

v =25
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Then
lim sup ¥ (¢) < 1.

¢—tt
Using Proposition 2.10, for ¢ > 0, we can find §(¢) > 0, Ay < 1, such that
t <7 <§(t)+timplies ¢ (r) < A, and there exists a natural number N such that
t < D(xn,xnt1) <0 (t) +t, when ever n > N. Hence

Y (D (@, Tnt1)) < Ay, whenever n > N.
Then forn=1,2,3,-- -

D] < (B D, ),
S ’l/) (D (xnflamn)) |D (xn717xn)| )
< max {max v (D (2a-1,20)), A} 1D (20-1,20)]
2
< [max fma g (D (w01, 20)) A ] 1D (2020 m01)],

< [max {rgjéicw (D (zn-1,2n)), /\tHn 1D (zo,21)] -

Put max {max}_, ¢ (D (zn_1,2,)), A} = @, then ® < 1,

1D (0, 2ns1)| < "D (w0, 21)]. (3.7)
Also we can deduce from the contraction that
|D (2, 2,)| < 20" |D (0, 21)]. (3.8)

To prove that {z,} is a cauchy sequence in (X, D), we will prove that {z,} is a
cauchy sequence in (X, d5) . Since

dp(xvy) =D ((E,y) -D (CL’,.’E) .
Therefore
dp (xnvxn—i-l) = D ('rnvxn—i-l) -D (xnyxn) )

dp (:L‘ny anrl) + D (-T’ruxn) D (xnaanrl) )
S |D(xn7xn+1)| .

By (3.7), we have
dp (xnv xn—i—l) + D (xn; mn)

dp (xn; $n+1)

(bn ‘D ($0,$1)| 9
" |D (zg,21)| — D (Tn, xn) ,
" ‘D (xo,z1)| +|D (xmxn)‘ .

IA A CIA

By using (3.8), we have
dp (T, Tnt1) < O™ |D (29, 21)| + 20" |D (20, 21)] -
This implies that
dp (T, Tny1) < " (3 = 2¢) [D (0, 21)], (3.9)

and
dp (Tps1, Tny2) < @"TH(3 = 2¢) |D (20, 71)] . (3.10)
Continuing in the same way, we have

Ay (@nty—1: Tnte) < 17 (3= 20) [D (w0, 1)) (3.11)
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Now using the triangular inequality and equations (3.10)-(3.11), we have
S dp (xru anrl) + dp (anrla mn+2) +e +dp ((En+’yfl; (EnJr'y) )
< @"(3-2¢)|D (z0,21)| + 2" (3 —2¢) |D (o, 1)+ +
XT3 = 20) | D (wo, 21)]
@n
g B~ 20D (o, 21)].

Similarly, we can conclude that

dp (T, Tntry)

IN

n
1-@
Now taking limit as n — oo of last two inequalities, we obtain that

dp (Tt Tn) < (3 = 2¢) D (o, 21)] -

nh_}rrgo dp (X, Tnyy) =0 = nlgr;o dp (Tpgrys Tn) -

This implies

nh_}n;o dy, (Tn, Tntny) = 0.

This implies that {z,,} is a Cauchy sequence in (X, d3). Since (X, d3) is complete
metric space, there exist z € X such that z,, — z as n — 0. i.e,
) s _
nll_>IIOlO dy, (xn,2) = 0.

S

Now from Lemma 2.4, we have lim,,_,~ d5 (z,, 2) = 0 if and only if

P
D(z,z) = nh_}rr;o D (xn,2) = nlellgoo D (xp,zpm).
Since
n,rlrlLriloo dp (mT“ xm) = 0
lim [D(zp,2m) — D (xn,z,)] = 0,
n,M—00
lim D (zp,zmm) = lm D (x,,z,).
n,m—o0 n,m—o0

But (3.8) implies that
lim D (z,,z,)=0.

n,m—oco

It fallows directly that
lim D (zy,2m)=0.

n,m— oo

This implies that

D(z,z)= nlLII;OD (Tn,2) = nli_{&D (Tp,xn) = 0. (3.12)
Now, by (3.12), we have
dy,(2,Tz) = D(z,Tz)—D(z,z2),
= D(z,Tz). (3.13)
So
D (z,Tz) > 0.

Now from (P3) and (3.2), we get
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D (52, z) D (Sz,22n+42) + D (¥2n+2,2) — D (T2n42, Tant2) ,
D (xon+2,5%) + D (an42,2) + | D (Tant2, Tont2)]

sup D (u,Sz)+ D (zan42,2) + |D (Tan+2, Tant2)|

u€TT2n 11
0p (Twan41,8%) + D (w2042, 2) + |D (Tant2, Tani2)l,
Hp (Tw2n41,52) + D (22042, 2) + |D (T2nt2, Tan2)! s
© (D (72n41,2)) D (T2n41,2) + D (22042, 2) + |D (Tant2, T2ny2)| 5
D (z2n41,2) + D (2242, 2) + |D (2042, Tant2)| -
Taking limit as n — co, we get
D (Sz,z)=0. (3.14)

Thus from (3.12) and (3.14), we get

D (z,z) =D (S%,2)

Thus by remark 2.7, we get that z € Sz. It fallows similarly that z € Tz. This
completes the proof of the theorem.

Example 3.3. Let X =R and D (z,y) = % |z —y| + %max{a:,y}, for all z,y €
X. Note that if d, is quasi metric on X, then dj (z,y) = max{d, (v,y),d, (y,v)} is
metric on X. Hence, dj (z,y) = |z —y| and so (X,d5) is a complete metric space.
Also define mappings S,7 : X — CBP (X) by

Sx =B (O, %), Ty=1B (0, %)

Then

Hp (B (O, %),B (O, %)) = max [%, %] and

IA A CIA

VAN VAN VAN VAN

T x
Hp (Sz,Ty) = max {Z, 5]
1
T3 max {z,y} < kD (z,y).

Therefore, for ¢ (t) = 75, all the conditions of theorem 3.2 are satisfied. Also it is
clear that for all x € X, the set Sz and Tz are bounded and closed with respect to
the topology 7 (D) = 7 (dp) . Hence, we can show that (3.2) holds for all z,y € X.

i.e.,

IN

— y QD _Y
Now we deduce the result for single-valued self-mappings from Theorem 3.2.
Theorem 3.4. Let (X,d) be a complete DPMS. S,T : X — X be two self

mappings and ¢ : [0, +00) — [0,1) be an MT—function. Assume that
D(Sz,Ty) < (D (,9)) D (z,y);

for all z, y € X, then S and T have a common fixed point.
Corollary 3.5. Let (X,d) be a complete DPMS. S,7 : X — CBP(X) be
multivalued mappings satisfying the following condition

for all z, y € X, and k € [0,1), then S and T have a common fixed point.
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