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Abstract. A fixed point theorem for a generalized weak contractive map in a metric space is proven by
generalizing some recent results of Dori¢ [4, Theorem 2.2], Zhang and Song [30, Corollary 2.2] and others.
The result is illustrated by examples.

1. Introduction

For the sake of brevity, we follow the following notations, wherein T is a map to be defined specifically in
a particular context, while x and y are elements of some specific domain:

d(x, Ty) + d(y, Tx) }

7

Mg(Tx, Ty) = max {d(x, y),d(x, Tx),d(y, Ty), >
M(Tx, Ty) = max{d(x, y), d(x, Tx), d(y, Ty), d(x, Ty), d(y, Tx)}.

The classical Banach contraction theorem has numerous extensions and generalizations (see, for instance,
[1]-[30]). The following important generalization is due to Ciri¢ [2].

Theorem 1.1. Let X be a complete metric space and T : X — X. Assume there exists r € [0,1) such that for every
x,y€X

d(Tx, Ty) < rMy(Tx, Ty). (1.1)

Then T has a unique fixed point.
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A map T satisfying (1.1) is called a generalized contraction. The following is the quasi-contraction theorem,

given by Ciri¢ [3], and is considered the most general contraction theorem in metric fixed point theory (cf.
[14], [18]-[20]).

Theorem 1.2. Let X be a complete metric space and T : X — X. Assume there exists r € [0,1) such that for every
x,yeX

d(Tx, Ty) < rM(Tx, Ty). (1.2)
Then T has a unique fixed point.

Notice that (1.1) implies (1.2), that is, T satisfying the condition (1.1) also satisfies (1.2). We remark that (1.1)
is the condition (21") and (1.2) is the condition (24) in a comprehensive comparison of contractive conditions
listed by Rhoades [19] (see also [14]).

Recently, Suzuki [28, Theorem 2] obtained a powerful generalization of the Banach contraction theorem,
and the same has been extended in various ways (see, for instance, [6], [10]-[13], [17], [25], [29]). Using the
idea of the Suzuki contraction [28] (see also [27]) and the generalized contraction (1.1), Pori¢ and Lazovi¢
[6, Corollary 2.3] obtained the following generalization of Theorem 1.1 in the following manner.

Theorem 1.3. Define a nonincreasing function 0 from [0, 1) onto (0,1] by

0={i_, [ =
Let X be a complete metric space and T : X — X such that for every x,y € X,

0(r)d(x, Tx) < d(x, y) implies d(Tx, Ty) < rMg(Tx, Ty).
Then T has a unique fixed point.

The Banach contraction theorem and its several extensions have been generalized using recently developed
notion of weakly contractive maps. The following basic result is due to Rhoades [18].

Theorem 1.4. Let X be a complete metric space and T : X — X such that for every x,y € X,

d(Tx, Ty) < d(x, y) = p(d(x, y)), (1.4)

where @ : [0,00) — [0, 00) is a continuous and nondecreasing function with ¢(0) = 0 and @(t) > O for all t > 0.
Then T has a unique fixed point.

Dutta and Choudhary [7] obtained the following generalization of Theorem 1.4.

Theorem 1.5. Let X be a complete metric space and T : X — X such that for every x,y € X,

Y((Tx, Ty)) < P(d(x, y)) — p(d(x, y)), (1.5)
where

(i) ¥ :[0,00) — [0, c0) is a continuous and monotone nondecreasing function with P(t) = 0 if and only if t = 0.
(if) @ : [0, 00) — [0, 00) is lower semi-continuous function with @(t) = 0 if and only if t = 0.

Then T has a unique fixed point.
Further, the contractive condition (1.5) has been found to be equivalent to some (¢, ¢)-contractive conditions

studied by Jachymski (for details, one may refer to [8, Theorem 3]).
Theorems 1.1 and 1.5 have been generalized by Dori¢ [4, Theorem 2.2] in the following manner.
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Theorem 1.6. Let X be a complete metric space and T : X — X such that for every x,y € X,
Y((Tx, Ty)) < p(Mg(Tx, Ty)) — (My(Tx, Ty)), (1.6)
where 1 and @ are defined as in Theorem 1.5. Then T has a unique fixed point.

Now, the question is, whether it is possible to further generalized Theorem 1.6. Our main result provides
an answer to this question. Also we present a weakly contractive version of Theorem 1.3 and generalize
Theorems 1.1,1.4, 1.5 and 1.6.

2. Main Results

The following is the main result of this paper.

Theorem 2.1. Let X be a complete metric space and T : X — X such that for every x,y € X,
%d(x, Tx) < d(x, y) implies Y(d(Tx, Ty)) < P(Mg(Tx, Ty)) — p(Mg(Tx, Ty)), (2.1)

where 1 and @ are defined as in Theorem 1.5. Then T has a unique fixed point.

Proof. Pick xy € X. Construct a sequence {x,} in X such that x,,,1 = Tx,, n =0,1,....
Notice that for any 7,

201, 30) < dxya, ) 22)
Therefore by (2.1), we have

Y(d(Txn, Txp-1)) < PMy(Txy, Txu-1)) — p(My(Tx, Txyp-1)).
By (2.1) and the definition of M,, we have

Y(d(xn+1,X4)) < Pd(Txy, Txu-1))
< I;b(Mg(Txnr Txn—l)) - gD(Mg(Txn/ Txp-1 ))

‘rllT n— n— ’T ;
= IP(max {d(x”’x”_l)’d(x”’Txn)/d(xn—l,Tx,,_l), d(xn, Txtno1) + d(xn1, Tx )})

2

om0, 50 8, T 51, Ty, 2 T M T

d(x,, x,) + d(xp-1, Xn+1) })

2

d(xn/ xn) + d(xn—l/ xn+1) })
2

= IP (max {d(xnr xn—l)r d(-xn/ xn+1)r d(xn—lz xn)/

-@ (max {d(xn, Xn-1), d(Xu, Xn+1), d(Xn-1, Xn),

So

(A1, X)) < P(max{d(xy, xu-1), d(Xn, Xn11)}) = @(maxid (X, Xn-1), d(@Xn, Xn41)})-
This yields

P(d(xns1, X)) < P, Xn-1)) = @A, Xn-1)) < YA, X0-1))-
Consequently,

IP(d(anr xn)) < 1P(d(xnr xl’l—l))/
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and by the property of ¢,
A(u1, Xn) < d(Xn, Xn-1), (2.3)

and this is true for any #.
Hence the sequence {d(x,.+1, x,)} is monotonic nonincreasing and bounded below. So, there exists r > 0 such
that

Hm d(x41, x0) = 1= lim d(x, x0-1), (2.4)
Therefore, by the lower semi-continuity of ¢,
p(r) < hmi{}f@(d(){m Xp-1))-
We claim that ¥ = 0. In fact taking upper limits as # — oo on each side of the following inequality:
PAdxns1, xn)) < P, Xn-1)) = @0, Xn-1)),
and using (2.4), this gives
P(r) < Y(r) = ().

Consequently ¢(r) < 0. Hence by the property of the function ¢, @(r) = 0. But ¢(r) = 0 implies r = 0. So,
we have

lim d(x,41,x,) =7 =0. (2.5)

Next we show that {x,} is a Cauchy sequence. If not, there is an ¢ > 0 and there exist integers 1, and 7
with my > n; > k such that

A(Xpy, Xn,) =€ and  d(xy—1,%n) < €.
Now (2.5) and the inequality
& < dXmy, Xn,) < d(Xp, Xme—1) + A(Xp—1, X, ) implies that I}l_)rg A(Xp,, Xn,) = €.
Also (2.5) and the inequality
A, Xn,) < Ay, Y1) + A(Xy41, X))
gives that ¢ < ]}1_{?0 A(Xm+1, Xy, ), while (2.5) and the inequality
A1, Xn) < AXmyr1, Xmy) + A(Xg, Xn)
yields I}Lrg d(Xpy 41, Xn,) < €. Hence
%1_{2 (X1, Xn,) = €.
By a similar way, we obtain
1}1_)1?0 A(Xn,, Xy42) = €.
Now

1 1
Ed(xmk’ Txmk) = Ed(xmk’ xmk+1) < d(xmkr xmk+1) < d(xmk/ xnk+1)
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[since my > ng so my + 1 > n + 1 so by using (2.3)]. Therefore by (2.1),
YA(Txmy, Txn1)) < YMg(Txm,, Txnes1)) — @(Mg(Txmy, Ty 41))-

Now from the definition of M, we have

A, Txp+1) + A1, Tx,)
Mg<Txmk,Txnk+1)=max{d(xmk,xnﬁl),d(xmk,Txmk),d(xw,wa), i e T

2
Then

Jim My (T, Tii1) = max (e, 0, 0, 25} =
Thus
1P(d(xi’l1k+1/x}’lk+2)) = 11b(d(’1—'xmk/ Txnk+1))

< ll) (max {d(xmk/ xnk+1)/ d(xmk/ Txmk)/ d(xnk+lr Txnk+l)/

d(xmk/ Txnk+1) + d(xl’lk+1/ Txmk)
2

d(xmk/ Txﬂk+1) + d(xﬂk+1/ Txmk) })
> .

- (P (max {d(xmk/ xnk+1)/ d(xmk/ Txmk)/ d(xnk+1/ Txnk+1)/

By taking limits as k — oo, it follows that 1(¢) < 1(¢) — @(¢), which is a contradiction with ¢ > 0, it follows
that {x,} is a Cauchy sequence in X. Since X is complete, it has a limit in X. Call it z.
Now we show that z is a fixed point of T. We claim that

1 1
Ed(xzn, Txy) < d(x24,2) or Ed(x2n+1rTx2n+l) < d(x2n41, 2).
Otherwise, we have:

A(xXon, Xon+1) < Ad(Xon, 2) + d(2, X2p41)

1 1
< zd(xm,szn) + Ed(x2n+1/Tx2n+l)
1
< i[d(xm, Xon41) + A(X2n41, X2n42)]
1
< E[d(xm,xznn) + d(X2n, X2n41)] (as d(xy, X,+1) is nonincreasing)

= d(X2n, Xon4+1)-

Therefore, d(x2,, X2441) < d(X2n, X2n4+1) is @ contradiction. Then, there exists a subsequence {n;} of {n} such
that %d(xnk,xnkﬂ) < d(xy,,2). So, by (2.1), one gets:

P(A(Txy, T2)) < P(My(Txn, T2)) = p(My(Tx,, T2))

=1y (max {d(z, Xy,),d(z, T2),d(x,,, Txy,), d(xy,, Tz) + d(z, Txy,) })

2
(xn,, Tz) + d(z, Txy,) })
5 .

d
-@ (max {d(z, Xy ), d(z, T2), d(xp,, TXp,),

Making n — oo,

Pd(z, Tz)) < Y(d(z, T2)) - (d(z, T2)).
This yields z = Tz.



Shyam Lal Singh et al. / Filomat 29:7 (2015), 1481-1490 1486

In order to prove the uniqueness of the fixed point z, suppose that y is another fixed point of T. Then

%d(z, Tz)=0<d(y,z)

implies

P(d(y, 2)) = P(d(Ty, Tz)) < p(My(Ty, Tz)) = p(M,(Ty, Tz))
= P(d(y, 2)) - p(d(y, 2)).

This gives @(d(y,z)) < 0. Hence y = z. This completes the proof. [J
The following results are derived from Theorem 2.1.

Corollary 2.1. Let X be a complete metric space and T : X — X such that for every x,y € X,

1 Lo
Ed(x, Tx) <d(x,y) implies P(d(Tx, Ty)) < Pd(x, y)) — e(d(x, y)),
where Y and @ are defined as in Theorem 1.5. Then T has a unique fixed point.

Corollary 2.2. Let X be a complete metric space and T : X — X such that for every x,y € X,

240 T <d(x,y) implies d(Tx,Ty) < d(x,y) - pld(x, ),

where @ is defined as in Theorem 1.5. Then T has a unique fixed point.

Corollary 2.3. Let X be a complete metric space and T : X — X such that for every x,y € X,

Y((Tx, Ty)) < P(M,(Tx, Ty)) — p(M,(Tx, T)),
where 1 and @ are defined as in Theorem 1.5. Then T has a unique fixed point.

We remark that Corollary 2.3 is a particular case of [24, Corollary 2.9]. Further, a result of Zhang and Song
[30, Corollary 2.2] is obtained from Corollary 2.3 when () = t.

The following example shows the generality of Theorem 2.1 over Theorems 1.5. Further, it is interesting to
note that the map T of Example 2.1 does not satisfy the hypotheses of Theorem 1.2.

Example 2.1. Let X = {(0,0),(0,4),(4,0),(0,5),(5,0),(4,5), (5,4)} be endowed with the metric d defined by

al(x1,x2), (y1, y2)1 = lx1 — y1l + lx2 — 1ol
Let T be such that

Tt x2) = {(’”’O) fu <0

(0, XZ) ZfX1 > Xo.
Then T does not satisfy the condition (1.2) of Theorem 1.2 at x = (4,5), y = (5,4). Choose y(t) = t and ¢(t) = 1t,
it is readily verified that the condition (1.5) of Theorem 1.5 is not satisfied at x = (4,5), y = (5,4). However, all the
hypotheses of Theorem 2.1 are easily verified for the map T. This example can also be discussed under the conditions
of Corollary 3.2 of [5].

The following Example shows the generality of Theorem 2.1 over Theorems 1.6. Further, it is interesting to
note that the map T of Example 2.2 does not satisfy the hypotheses of Theorem 1.3.
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Example 2.2. Let X ={(1,1),(1,5),(5,1),(5,6),(6,5)} be endowed with the metric d defined as in Example 2.1 and
let the self-mapping T on X be defined as follows:

(x1,1) ifx1 <x
(1,XQ) zfx1 > Xo.

T(xlf xZ) = {

Choose Y(t) = 3t and @(t) = §t. It is readily verified that T does not satisfy the condition (1.6) of Theorem 1.6 at
(x, y) = ((5,6),(6,5)) and ((6,5), (5, 6))-

Also T does not satisfy the condition (1.3) of Theorem 1.3 at x = (5,6), y = (6,5). However, all the hypotheses of
Theorem 2.1 are easily verified for the map T.

The following Example 2.3 shows the generality of Corollary 2.1 and 2.2 over Theorems 1.4 and 1.5.

Example 2.3. Let X = {(0,0), (0,4), (4,0), (4,5), (5,4)} be endowed with the metric d defined as in Example 2.1 and
let the self-mapping T on X be defined as follows:

(x1,0) ifx1 <x
(O,XZ) ZfX1 > Xo.

T(x1,x2) = {

Choose (t) = t and @(t) = %t. Then it is seen that the conditions (1.4) and (1.5) of Theorem 1.4 and Theorem 1.5 are
not satisfied at x = (4,5), y = (5,4). However, all the hypotheses of Corollaries 2.1 and 2.2 are easily verified for the
map T. Examples 2.2 and 2.3 can also be discussed under the contractive conditions of Theorem 3 of [29].

The following example shows the generalization of the main result (Theorem 2.1) of this paper as compared
to Theorem 3 of [29], although it fulfils the contractive constraints of Corollary 3.2 of [5]:

Example 2.4. Let X = {(1,1),(1,4),(4,1)} be endowed with the metric d defined as in Example 2.1 and let the
self-mapping T on X be defined as follows:

1,1) fol <X

T, x2) = {(1,4) if x1 > X,

Choose Y(t) = 3t and @(t) = t. It is readily verified that T does not satisfy equation (1) of Theorem 3 of [29] at
(x,¥) = ((1,1), (4,1)), since the true constraint:

24, T) = 24(1,1), T, 1) = 2((1, 1), (1L,1) = 0 < d(x, ) = d((1,1), 4, 1) =3

does not imply the constraint:
d(Tx, Ty) =d(T(1,1),T(4,1)) =d((1,1),(1,4)) =3 <d(x,y) =d((1,1),(4,1)) = 3,

which is also a contradiction. However, all the hypotheses of Theorem 2.1 of this paper are easily verified for the map
T for every x,y of X. The above example agrees with the contractive constraints of Corollary 3.2 of [5].

The stability of discrete dynamic systems can be discussed under wide general conditions by using Theo-
rem 2.1 in an “ad-hoc” way for such a purpose as it is discussed in the subsequent example:

Example 2.5. Consider X = R with (X, d) being a complete metric space endowed with the Euclidean metric, which
is also the Euclidean norm || || so that (X,d) = (X, || |l) is also a Banach space, and let T : R — R be a self-mapping
which generates the scalar sequence x,41 = Tx, = apx,; ¥ 1 € Z, with xo # 0 and {a,} C R being bounded. In this
case the Euclidean metric and norm are defined by the absolute value, that is, d(x,y) = |x — y| for any pair x, y in

R. The real subsequence {xZ’k’;é pk} of {x,} of the trajectory solution of the discrete dynamic system is now considered
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under Theorem 2.1 as follows. Replace x,—1 — Xpnt o Ty = @y, Xpnr ), Xn = Xyo o, and Tx, — ap,Xyr ., in
Theorem 2.1 and then replace accordingly My(Tx,, Tx,-1) by

Mg (TxZZ:O Pk’ sz}r{z:_& Pk) = maX(b(Pn—ll pn)/ b(pn—lr Pn)/ f(pn—l)/ g(pn—ll pn)) ‘xzz;} Pk (26)

where

pn—1
a
szpn_l[ B

) . 2.7)

—1
b =[1- [T
1 n_l
s =5 ([Tl -a,

k=ﬁn71

;o c(Pn-1,p0) = 1 —ap,| ;o flon) =N —ap, |

Pn
1- Hk% [a]

+

Note also that

RN

= ‘1 - HZ;; [ax]

so that the contractive conditions and (2.1) takes the following form:

n—1
=gt <2i-TT ]
= @max(bu-1,Pn), bPn-1, 1), fPn=1), 9Pn-1,Pn)))
< l;b(max(b(pn—l/ pn)/ b(pn—l/ Pn)/ f(pn—l)/ !](Pn—l, pn))) -y (|szj(’:0 |7 TxZ”—l

k=0 Pk

d (xz:;é ¥ Lizo n) = |xz;:;5 PO VI |x2;;;5 pk| = b(pu-1,Pn)

) 2.8)

subject to 1 < py — pu—1 < pforalln € Z, and some fixed p € Z,.
Theorem 2.1 leads to the following result concerning Example 2.5:

Theorem 2.2. The class of scalar discrete dynamic systems X,s1 = apXn,, ¥ 1 € Z, with xo # 0 is globally
asymptotically stable to the origin x = 0, for any initial condition and any bounded parameterizing sequence
{[a.]} C R, provided that:

(i) there is some strictly increasing sequence of nonnegative integers {p,}, with the bounded incremental positive
sequence {p, — pn—1} being subject to 1 < p, — py,—1 < p for all n € Z,. and some fixed p € Z, such that (2.8),
under the definitions (2.7), holds for any given functions @, : [0,00) — [0, o) fulfilling the conditions of

Theorem 1.5.
.. . pn—1
(ii) hl:l_iljp |1 -1I2, [ac]| # 0.

The point x* = 0 is the unique fixed point of T : R — R and also the equilibrium point of all such a class of dynamic
systems.

Proof. 1t follows from Theorem 2.1 that the Cauchy sequence subsequence {xZZié Pk} — x = Tx which

. . .. . . _ pn—1 _
is the unique limit so that it has to be zero from limsup ll Kepus [ak]| # 0 and |xZZZO b T Xpety,

n—oo

‘1 - Hprl ] [ak]| |xzpn-1 pk| — 0as n — co. Now, note that the points of the sequence {x,} also converge to zero
—FPn= k=0

since {ng pk} — 0 implies, since {[a,]} C R is bounded:

17 (vger,) = (T ) (e, = 0
n- P = n— = n— 4
Xy peti T ne kepoo1 L Xz

forall1 < j<p,jandalln € Zy:. Thus x* = 0 is the unique equilibrium point of the dynamic system and
also the unique fixed point of the self-mapping T : R — R which generates the sequence trajectory solution
from any initial condition. [
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Remark 2.1. Note that Theorem 2.2 is also valid if the parameterizing sequence is solution-dependent so that
ay =ay(xj: 0 < j<n).

Remark 2.2. Note also that the extension of Theorem 2.2 is direct to the case when x,.1 = Aux, with any given
initial condition xo where {A,} is matrix function sequence of square matrices of n-th order A, = Ay(xj : 0 < j < n)
by simply taking matrix norms with replacements of the type |a| — ||All, |1 —a| — |[I — All where I is the identity
matrix of n-th order.

Remark 2.3. Finally, note that Theorem 2.2 can be also reformulated with no difficulty to the previous formulations
discussed in Section 1, in particular under Theorems 1.1 to 1.5, by giving the necessary changes in the corresponding
contractive conditions.

The problem of common fixed points and the related one of coupled fixed points are of wide interest
nowadays. See, for instance, [4], [15], [23], [25]-[26] and some references therein. We now propose a further
question and a new conjecture as a theorem as follows:

Question 2.1. Can we extend Theorem 2.1 for a pair of maps? Indeed, we conjecture the following:
Theorem 2.3. Let X be a complete metric space and S, T : X — X such that for every x,y € X,

2 min{d(x, $2),d(y, Ty) < dGx, )
implies

P(d(Sx, Ty)) < Y(m(x, y) = @(m(x, y)),

where Y and @ are defined as in Theorem 1.5, and

d(x, Ty) +d(y, Sx)}
> i

m(x,y) = max {d(x, y),d(x, Sx),d(y, Ty),

Then S and T have a unique common fixed point.

References

[1] EE. Browder, On the convergence of successive approximations for nonlinear functional equations, Nederl. Akad. Wetensch.
Proc. Ser. A 71,Indag. Math. 30 (1968) 27-35.

[2] Lj.B. Ciri¢, Fixed points for generalized multivalued contractions, Mat. Vesnik 9 (24) (1972) 265-272.
[3] Lj.B. Ciri¢, A generalization of Banach’s contraction principle, Proc. Amer. Math. Soc. 45 (1974) 267-273.
[4] D. Dori¢, Common fixed point for generalized (¢, ¢)-weak contraction, Appl. Math. Letters 22 (2009) 1896-1900.

[5] D.Dori¢, Z.Kadelburg and S. Radenovi¢, Edelstein-Suzuki-type fixed point results in metric and abstract metric spaces, Nonlinear
Anal. 75 (2012) 1927-1932.

[6] D.Dori¢ and R. Lazovi¢, Some Suzuki-type fixed point theorems for generalized multivalued mappings and applications, Fixed
Point Theory Appl. 2011 (2011), 13 pages.

[7] PN. Dutta and B.S. Choudhary, A generalization of contraction principle in metric spaces, Fixed Point Theory Appl. 2008 (2008)
Article ID 406368, 8 pages.

[8] J.Jachymski, Equivalent conditions for generalized contractions on (ordered) metric spaces, Nonlinear Anal. 74 (2011) 768-774.

[9] M.S. Khan, M. Swaleh and S. Sessa, Fixed point theorems by altering distances between the points, Bull. Austral. Math. Soc. 30
(1984) 1-9.
[10] M. Kikkawa and T. Suzuki, Three fixed point theorems for generalized contractions with constants in complete metric spaces,
Nonlinear Anal. 69 (2008) 2942-2949.

[11] M. Kikkawa and T. Suzuki, Some similarity between contractions and Kannan mappings, Fixed Point Theory Appl. 2008 (2008)
Art. ID 649749, 8 pages.

[12] M. Kikkawa and T. Suzuki, Some similarity between contractions and Kannan mappings II, Bull. Kyushu Inst. Technol. Pure
Appl. Math. 55 (2008) 1-13.



[13]

[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]

[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]

Shyam Lal Singh et al. / Filomat 29:7 (2015), 1481-1490 1490

M. Kikkawa and T. Suzuki, Some notes on fixed point theorems with constants, Bull. Kyushu Inst. Technol. Pure Appl. Math. 56
(2009) 11-18.

J. Kinces and V. Totik, Theorems and counter examples on contractive mappings, Math. Balkanica 4 (1990) 69-90.

V. Lakshmikantham and L. Ciri¢, Coupled fixed point theorems for nonlinear constraints in partially ordered metric spaces,
Nonlinear Anal.: Theory, Methods & Appl. 70 (12) (2009) 4341-4349.

G. Mot and A. Petrusel, Fixed point theory for a new type of contractive multi-valued operators, Nonlinear Anal. 70(9) (2008)
3371-3377.

O. Popescu, Two fixed point theorems for generalized contractions with constants in complete metric space, Cent. Eur. J. Math.
7(3) (2009) 529-538.

B.E. Rhoades, Some theorems on weakly contractive maps, Nonlinear Anal. 47 (2001) 2683-2693.

B.E. Rhoades, A comparison of various definitions of contractive mappings, Trans. Amer. Math. Soc. 226 (1977) 257-290.

I.A. Rus, Generalized Contractions And Applications, Cluj-Napoca, 2001.

K.PR. Sastry and S.V.R. Naidu, Fixed point theorems for generalized contraction mappings, Yokohama Math. J. 25 (1980) 15-29.

M. De la Sen, Fixed best proximity points of cyclic jointly accretive and contractive self-mappings, J. Appl. Math. 2012 (2012),
Article ID 817193, 29 pages.

M. De la Sen and R.P. Agarwal, Common fixed points and best proximity points of two self-mappings, Fixed Point Theory Appl.
2012 (2012) 17 pages.

S.L. Singh, Ashish Kumar and S. Stofile, Coincidence and fixed points of weakly contractive maps, ]. Adv. Math. Stud. 5(2) (2012)
68-81.

S.L. Singh, S.N. Mishra, Renu Chugh and Raj Kamal, General common fixed point theorems and applications, J. Appl. Math.
2012 (2012) 14 pages, Article ID 902312.

S. L. Singh, Renu Chugh and Raj Kamal, Suzuki type common fixed point theorems and applications, Fixed Point Theory 14(2)
(2013).

S.L. Singh and S.N. Mishra, Fixed point theorems for single-valued and multivalued maps, Nonlinear Anal. 74 (2011) 2243-2248.

T. Suzuki, A generalized Banach contraction principle that characterizes metric completeness, Proc. Amer. Math. Soc. 136 (2008)
1861-1869.

T. Suzuki, A new type of fixed point theorem in metric spaces, Nonlinear Anal. 71(11) (2009) 5313-5317.
Q. Zhang and Y. Song, Fixed point theory for generalized @-weak contractions, Applied Mathematics Letters 22 (2009) 75-78.



