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COMMON FIXED POINT THEOREM FOR TWO MAPPINGS IN bi-b-METRIC
SPACE

Varsha D. Borgaonkar!, K.L. Bondar, and S.M. Jogdand

ABSTRACT. In this paper we have used the concept of bi-metric space and into-
duced the concept of bi-b-metric space. our objective is to obtain the common
fixed point theorems for two mappings on two different b-metric spaces induced
on same set X. In this paper we prove that on the set X two b-metrics are defined
to form two different b-metric spaces and the two mappings defined on X have
unique common fixed point.

1. INTRODUCTION.

The Banach Contraction Mapping Principle is very useful theorem. Hence it is
very popular tool in solving existence problems in many branches of mathematical
analysis. Banach fixed point theorem has many applications inside and outside
Mathematics. In 1989, an interesting concept of generalized b-metric spaces was
introduced by Bakhtin [2]. In 1993 Czerwik [7] extended the results of b-metric
spaces. Many researchers generalized the Banach fixed point theorem in b-metric
space. Czerwik [8] 1998 presented the generalization of Banach fixed point theo-
rem in b-metric spaces. The existence and uniqueness theorems in b-Metric Space
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was presented by Agrawal []1] .in 1968 Maia generalized the result of well known
Banach Contraction Principle by taking two metrics on a set X. Mishra [13]] gen-
eralized the Maia’s fixed point theorem in bi-metric spaces. Soni [[12] gave the
fixed point theorem for mappings in bi-metric spces.

We want to extend some fixed point theorems in bimetric spaces which are also
valid in bi- b - metric spaces. Chopade [6]] obtained common fixed point theorems
for contractive type mappings in metric space. Roshan [10] gave the common
fixed point of four maps in b-Metric space. Suzuki [11]] obtained some basic
inequalities on a b-Metric space and it’s applications.

2. SOME BASIC DEFINITIONS AND PRELIMINARIES

Definition 2.1. Let X be a non-empty set .A function § : X x X — R is called as a
metric provided that for all u,v,w € X,
i. 0(u,v) >0,
ii. 0(u,v) = 0if and only if u = v,
iti. 6(u,v) = 0(v,u),
iv. d(u,v) = 6(u,w) + 6(w,v).

A pair (X, 0) is called a metric space.

Definition 2.2. Let X be a non-empty set and s > 1 be a given real number. A
function § : X x X — R is called as a b-metric provided that for all u,v,w € X,
i. 6(u,v) >0,

ii. 6(u,v) = 0if and only if u = v,

iti. d(u,v) = o(v,u),

iv. 6(u,v) < s{é(u,w) + é(w,v)}.
A pair (X, 0) is called a b-metric space. It is clear that definition of b—metric space is
an extension of usual metric space.

Remark 2.1. If s = 1, then the b—-metric space is a usual metric space.

Example 1. Let (X, d) be a metric space and 6(u,v) = (d(u,v))?, where p > 1is a
real number. Clearly, §(u,v) is b-metric with s = 2P~1.
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Example 2. Example 2.2: If X = R, be the set of real numbers and d(u,v) = |u—v|
a usual metric, then §(u,v) = (u—v)? is a b-metric on R with s = 2, but not a metric
on R.

Example 3. By Boriceanu [2|], Let M = {0,1,2} and § : M x M — R is defined as,
5(0,2) =6(2,0) =m > 2,
5(0,1) = 6(1,0) = 6(1,2) = 6(2,1) = 1,
5(0,0) =4(1,1) =0(2,2) = 0.

Here, 0(u,v) is a b-metric on M with s = .

Definition 2.3. Let (X, 0) be a b—metric space then a sequence {u, } in X is called as
convergent sequence if there exists u € X such that for all ¢ > 0 there exist n(¢) € N
such that n > n(e) we have, (u,,u) < e. In this case we write lim,,_,, u, = u.

Definition 2.4. Let (X, ) be a b-metric space then a sequence {u, } in X is called as
Cauchy sequence if for all e > 0 there exist n(e) € N such that m,n > n(e) we have,
O (Up, Um) < €.

Definition 2.5. Let (X, ) be a b—-metric space then X is said to be complete if every
Cauchy sequence in X is convergent sequence in X.

3. MAIN RESULT

We use the following Lemma to prove the main result.

Lemma 3.1. [11]] Let (X, §) be a complete b—metric space and let {x,,} be a sequence
in X. Assume that there exist r € [0, 1) satisfying

I Tpi1, Tns2) < 16(2y, Tpy1) for any n € N.

Then {x,} is Cauchy sequence in X.

Theorem 3.1. Let (X, dy, s) and (X, d,t) be a bi - b -metric space ,where, s > 1 and
t > 1 such that,

i. 01(u,v) < dg(u,v) for all u,v € X.
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ii. S: X = Xand T : X — X be any two selfmaps on X satisfying,
do(u, Su).62(v, Tv)
d9(Su, Tv) <
2(Su, Tv) < aég(v,TU) + d2(v, Su)
0 1+ 6a(u, S do(v, S
(311) + B Z(Ua U)[ + 2(u7 u) + 2(,07 U)]
1+ da(u, v) + da(u, Su).09(u, Tv).09(v, Su).02(v, Tv)
[52(U, Su)52(u7 TU)}
da(u,v) 7
where, o, 3,7 € [0,1) are such that a +  + 2yt < 1
iti. There exist a point uy € X such that the sequence {u,} of iterates defined as
Uy = SUQ,UQ = Tul, ceny Uop = TUanl,'LLQnJrl = SUQn fOT' any n € N has a
convergent subsequence u,, converging to u*in (X, d;).
iv. Both the mappings T' and S are continuous in (X, d,). Then, T and S have
unique common fixed point in X.

Proof.

Existence: Given, uo € X, and {u, } be a sequence of iterates in X defined as
(312) S<U2n> = Ugn+1 and T(u2n_1) = Ugp,N = 17 2, e

Using equation (3.1.1) and (3.1.2) we obtain that,

92 (U2n+1, U2n+2)
= 02(Suan, Tuzn+1)

52 (UQn, SUQn).(SQ (U2n+1, TU2n+1)
= 02(uant1, Tuons1) + 02 (ugnt1, Suon)
L5 02 (Uzn, Uzn41)[1 + d2(U2n, SUzn) + Uzni1, Stan]
1+ (52 (UQn, U2n+1) =+ 52 (’U,Qn, SUQTL)(52(U2”, TUQn+1)52 (U2n+1, SUQn)(SQ(UQn+1, Tu2n+1)
02 (U2, Suan)d2(uzn, TUun11)
02 (U2n, U2n41)
02 (Uzn, U2n+1)-02(U2n 41, U2n12)
02 (u2n41, U2n+2)
n 552(’“27” U2n41)[1 + G2 (u2n, U2n+1)]
1+ 62 (u2n, U2nt1)
02 (u2n, U2n+1)02(u2n, Uzn42)
02 (u2n, U2n+1)

+7

< ad2(ugn, Ugnt1) + 552(U2m u2n+1) + v02 (u2n, uzn+2)

< (a4 B)d2(ugn, ugnt1) + Y02 (uan, Uant1) + Y02 (U2n+1, U2n+2)
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(1 = t)d2(uzn+1, uant2) < (@ + B+ vt)d2(uzn, u2n+1)
(a+ B+t
(1—n1)
O2(U2n+1, U2n+2) < 7.02(U2n, U2n+1),

02(u2n+1, U2n+2) < d2(u2n, U2n+1)

where r = % < 1. In general, for alln € N,
(3.1.3) O(Uny1, Ung2) < 70(Up, Uns),
where r = @8+

(1-)
Therefore by Lemma 3.1 the sequence {u,} is Cauchy Sequence in X. Since

the cauchy sequence {u,} defined by (3.1.2) has convergent subsequence {u,,;
in (X, ;) converging to u* in (X,d;) , the sequence {u,} also converges to u* in
(X, 61). Hence,

lim u, = lim ug, = lim ug, 1 = lim wug, 1 = u*.
n—oo n—oo n—oo n—oo

Now we show that «* is fixed point of both the mappings S and 7. As S and T
are continuous in (X, ¢, ), therefore,

S(u*) = S[nh_{lolO Usy) = JLIEO[SU%] =u".

Similarly,

T(U,*) = T[,,}LD;lO u2n_1] = nlLHO]'O[TUQR—l] — U*.

Thus «* is common fixed point of the mappings S and T'.

Uniqueness:
Suppose, u* and v* be two common fixed points of the mappings 7" and S. There-
fore, Su* = Tu* = v* and Sv* = Tv* = v*. Consider:

do(u*,v*) = 6o (Su™, Tv"),

do(u*, Su*).09(v*, Tv*)
5 * * <
2(u',v7) < a52(v*,TU*) + o (v*, Su*)
L5 do(u*, v*)[1 + 09 (u*, Su*) + do(v*, Su*)]
1+ da(u*, v) + do(u*, Su*).62(u*, Tv*).05(v*, Su*).d2(v*, Tv*)
[02(u*, Su*)da(u*, Tv*)]
do(u*, v*)
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do(u*, u*).09(v*, v*)

a

= Ga(vr vr) + Ga(vr, u¥)
do(u*, v*)[1 + dg(u*, u*) + do(v*, u*)]

+ 8
1+ 0o (u*, v*) 4 da(u*, u*).da(u*, v*).02(v*, u*).09(v*, v*)
[0a(u*, u*)da(u*, v*)]

do(u*, v*)
(u*, v*)[1 + do(u*, v*)]

(14 dg(u*,v*)]

do(u*,v*) < Bhay(u*,v™).

But, § < 1. Therefore we have, ¢(u*,v*) < 6(u*,v*). This is contradiction, Hence,
T and S have unique common fixed point in X.

< g2

This completes the proof. O

Corollary 3.1. If Conditions (i), (ii) and (iv) of theorem (3.1) holds and moreover
(X, d1) is complete b—metric space then T : X — X and S : X — X have unique
common fixed point in X.

Theorem 3.2. Let (X, 1, s) and (X, d2,t) be a bi - b -metric space ,where, s > 1 and
t > 1. Let P = {T; : i € I, the set of positive integers } be a family of mappings on X
such that the following conditions holds
i. 01(u,v) < do(u,v) for all u,v € X.
ii. X is complete with respect to ;.
iti. foreach T; : X — X € P there exist T; : X — X € P such that

d2(u,v).02(v, T;"v)
0o (u, T;"™u) + 02 (v, T;™u)

6o (1w, T;™) < v

02 (u, v)[1 + 0a(u, T;"u) + d2(v, T;"u)]

(3.2.1) H 1+ 05(u,v)
o 52(U7Emu)'52(u77—‘jnv)
+7 ;
52(“7 U)
where, m,n are positive integers and «, 3,y € [0,1) are such that o + 8 +
29t < 1,

iv. mapping T; is continuous in (X, 1) for all i € I, then P has a unique common
fixed point.
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Proof.

Existence: Given, ug € X. We define a sequence of iterates {u,} in X as
(322) Uop—1 = ﬂm(U2n72> and Uop = 7}”(u2n,1), n = 1, 2, e
Using equation (3.2.1) and (3.2.2) we obtain that,

02 (Uon 41, Uant2)
= 52(Timu2n, Tjnu2n+1)
09 (Uon, Usni1)-02(Uzni1, T Uony1)
= Oa(ugn, TiMugn) + 02(uzni1, Ti™uan)
n 552(U2n, Ugny1)[1 4 02 (Uon, T5 " Uan) + 02 (Uzng1, T3 tan)]
1 4 02 (ugn, Uon+1)
52(U2n, Timuzn) -(52(U2n, Tjnu2n+1)
2 (U2n, U2n+1)
52(U2n, U2n+1) ~52(U2n+17 U2n+2)
= Oo(uan, uznt1) + O2(Uant1, U2nt1)
n 652(U2n, Uon+1)[1 + O2(Uan, Uont1) + 02(Uany1, Uznt1)]
1+ 02 (tan, Uni1)
0o (Uzn, Usny1)-02(Uzn, Usny2)
02 (Uan, Un+1)

+7

+7

Uy, Uznt1)[1 4 O2(Uzn, Uant1)]
1 + 6o(uan, u2nt1)

< abo(Ugnt1, Usnta) + B2 (Uan, Usni1) + YO2(Uzn, Uzn2)

)
< a.0z(ugnt1, Ugnga) + 5 2( + Y02 (Uan, Uzn2)

< ada(Uznt1, Usnt2) + BO2(Up, Usnt1) + V02 (Usn, Uspt1) + YE02(Uspt1, Uzps2)

(1 — o — yt)b2(Uont1, Uant2) < (B + Yt)02(Uon, Usnt1)

(B+1)
02 (Ugni1, Uznt2) < 7—————02(Uap, Uzn
2(Uony1, Uznt2) < 1—a—) 2(Ugn, Uznt1)
02 (Uznt1, Ugnt2) < 7.02(Uzn, Uznt1),

where r = % < 1. In general, for alln € N,

(3.2.3) O(Uny1, Ung2) < 70(Up, Uns),

where r = (l(f ngt) < 1. Therefore, by Lemma 3.1 the sequence {u,} is Cauchy
Sequence in X. Since, the sequence {u, } defined by (3.2.2) is a cauchy sequence in
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X and (X, d,) is complete, therefore, sequence u,, is convergent in (X, d;). Hence,
lim u, = lim us, = lim ug, 1 = lim ug,;1 = u™.
n— 00 n— 00 n— 00 n— 00
Now we show that u* is fixed point of both the mappings 7;™ and T;".
As T;™ and T;" are continuous in (X, ¢, ), therefore,
T;™(u*) =T, im ugy,] = lim [T, ug,| = u™.
n—oo n—oo
Similarly,
73" (u*) = T;" [ im wug,—q] = lm [T} ug,—1] = u™.
n—oo n—oo

Thus, v* is common fixed point of the mappings 7;™ and 7}".

Uniqueness:
Suppose, v* and v* be two common fixed points of the mappings 7;™ and 7;".
Therefore, T;"v* = T;"u* = u* and T;"v* = T;"v* = v*. Consider
52(U*, U*) _ 52(7—;mu*’ jv]nv*) _ 52(7—%mu*’7—vjnv*)

do(u*, v*).09(v*, T;"v*)
do(u*, T;"u*) + do(v*, T;™u*)
do(u*, v*)[1 + 0o (u*, T;™u*) + do(v*, T;"u*)]

1+ 0o (u*, v*)
do(u*, T u*). 0o (u*, T} v*)
do(u*v*)
da(u*, v*).62(v*, v*)
6 * * <
Q(U 7U ) —_ a52(u*7u*) + 52(1)*7“*)
N 5(52(U*, V)1 4 o (u*, u*) + do(v*, u*)]
1+ (52(U*, U*)
[0 (u”, w”)da (", v")]
do(u*, v*)
da(u*, v*)[1 + 0o (v*, u*)]
1+ o (u*, v*)
do(u*,v*) < Bogy(u*,v")
do(u*,v") < da(u*,v"),

since, § < 1. Therefore we have, 6(u*, v*) < 6(u*,v*). This is contradiction. Hence,

do(u*,v") <«

+ 5

+

+ 8

u* is unique common fixed point of 7;" and 7}".
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The fixed point of 7;™ is a fixed point of 7; and the fixed point of 7" is fixed
point of 7};. Therefore, v* is unique common fixed point of 7; and 7. Hence, u* is

unique common fixed point of P.

This completes the proof. O

4. DISCUSSION AND THE CONCLUDING REMARKS

In this paper, we have proved the existence and uniqueness of common fixed

points for two contractive type mappings in bi-b-metri space.
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