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MODIFIED GENERALIZED WEAKLY CONTRACTIVE AND
F-CONTRACTION MAPPINGS WITH FIXED POINT RESULTS

MOOSA GABELEH, REZA KARAMI

ABSTRACT. The purpose of this article is to present the existence and unique-
ness results of a fixed point for cyclic generalized weakly contractive mappings
as well as for cyclic F-contraction mappings in metric spaces. In this way, we
extend and improve the conclusions of Xue [Zhiqun Xue, Fixed point theo-
rems for generalized weakly contractive mappings, Bull. Aust. Math. Soc.,
(2015) 1-9] and Wardowski [Dariusz Wardowski, Fixed points of a new type
of contractive mappings in complete metric spaces, Fixed Point Theory Appl.,
(2012) 1-6]. Examples are given to useability of our conclusions.

1. INTRODUCTION AND PRELIMINARIES

In 2003, an interesting generalization of the Banach contraction principle was
presented by Kirk, Srinivasan and Veeramani as follows.

Theorem 1.1. ([9]). Let A and B be two nonempty closed subsets of a complete
metric space X = (X,d). Suppose that T : AUB — AU B is a cyclic mapping i.e.
T(A) C B, T(B) C A, such that

d(Tz,Ty) < ad(z,y) (1.1)

for some o €]0,1] and for allx € A,y € B. Then ANB # 0 and T has a unique
fized point in AN B.

It is worth noticing that the cyclic mapping T considered in Theorem [1.1]is not
continuous on it’s domain necessary. We refer to [1, 2] for more information about
the existence of fixed points for various classes of cyclic mappings.

Very recently, Xue ([I3]) established another interesting extension of the Banach
fixed point theorem as below (see also [14] for similar results).

Theorem 1.2. Let (X,d) be a complete metric space and T : X — X be a mapping
such that for all x,y € X,

P(d(Tz,Ty)) < p(M(z,y)) — p(M(z,y)),

where M(z,y) = max{d(z,y), d(x, Tx), d(y, Ty), 1[d(x, Ty) + d(y, Ta)]} and ¥,
satisfy the following conditions:
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(1) ¥, :]0,4+00) = [0,400) are two functions with ¥ (t) = p(t) =0 iff t =0,
(#) liminf, (1) > limsup,_,; ¢¥(7) — iminf,_,; () for all t > 0.
Then T has a unique fized point.

Theorem extends and improves some recent fixed point theorems appeared
in [4, [5]. We also refer to [3| [6] [7] for some recent relevant results.

Another interesting fixed point theorem was established by Wardowski in [I1].
In what follows RT denotes the set of all positive real numbers.

Definition 1.3. Let F: Rt — R be a function satisfying:

(Fy) F is strictly increasing;

(Fy) For each sequence {a,} of positive numbers lim, _ «, = 0 if and only if
lim,, o0 F(ap) = —00;

(F3) There exists v € (0,1) such that lim, o+ o" F(a) = 0.

Suppose (X,d) is a metric space. Then a self-mapping T : X — X is called F'-
contraction if there exists T > 0 so that

ATz, Ty) > 0= 7+ F(d(Tz,Ty)) < F(d(z,y)),
for any x,y € X.

We refer to Examples 2.1, 2.2 and 2.3 of [11] to illustrate this contractivity
condition on self-mappings.
Next existence and uniqueness theorem is a main result of [I1] (Theorem 2.1 of

[11]).

Theorem 1.4. (Wardowski’s fized point theorem) Let (X, d) be a complete metric
space and let T : X — X be an F'-contraction mapping. Then T has a unique fized
point * € X and for any xo € X a sequence {T"xo} is convergent to x*.

In this article, we extend and improve Theorems and to cyclic map-
pings under modified conditions. We also present examples to illustrate our main
conclusions.

2. CYCLIC GENERALIZED WEAKLY CONTRACTIVE MAPPINGS
We begin the main results of this paper with the following theorem.

Theorem 2.1. Let A and B be two nonempty and closed subsets of a complete
metric space (X,d) and T : AUB — AU B be a cyclic mapping such that for all
(x,y) € Ax B,

P(d(Tz,Ty)) < b(M(z,y)) — p(M(z,y)),
where M is defined as in Theorem and ¥, ¢ : cl(rand) — [0,00) are functions
so that
(1) ¥(t) = o(t) =0ifft =0,
(#) liminf, (7)) > limsup,_,; ¢¥(7) — Uiminf,_,; () for all t > 0,
where cl(rand) denotes the closure of the value of the metric d defined on X x X.
Then AN B is nonempty and T has a unique fized point in AN B.

Proof. Choose xg € A and consider the Picard iteration z,+; = Tz, where n €
NuU {0}. Since T is cyclic on AU B, {z2,} and {z2,4+1} are sequences in A and B
respectively. We show that d(z,,z,+1) — 0. If d(xy,z,41) = 0 for some n > 0,
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then we are finished. So we assume that d(x,, x,+1) > 0 for all n. It follows from
the condition (i) that

Y(d(T2n+1, T20)) = Y(d(TT20, TT2-1)) (2.1)
<YM (220, 72n-1)) — (M (220, T2n—1)) (2.2)
< Y(M(x2n, Tan—1)), (2.3)

where M (xay,, Ton—1) = max{d(xan, Tan—1), d(Tan+1, Ton)}. Now if d(zont1, Ton
d(zan, xan—1), then from (2.3), we obtain
Y(d(x2n+1,Ton)) < Y(d(Z2nt1,T2n)) — @(d(@2n41, T2n)),

which is a contradiction. Thus we must have d(zan+1, T2n) < d(Tan, Zon—1). Again,
by using (2.3) we conclude that

V

¢(d($2n+17 x2n)) < 1/J(d(902n, 517277,,1)) (24)
< Y(M(x2n—1,T2n—2)) — (M (22n—1,T2n—2)) (2.5)
<YM (22n—1,Tan—2)), (2.6)

for which M (x25,—1, T2 —2) = max{d(z2n—1,T2n—2), d(T2n, Tan—1)}. Hd(z2,, 22n_1) >
d(x2n—1,T2n—2), then we get a contradiction by (2.6). Thus
d(Zan41, T2n) < d(Ton, Ton—1) < d(Zon—1, Ton—2), (2.7)

which concludes that M(Ign_l, Z'Qn_g) = d($2n_1, Ign_g) and so ’l/)(d(:l?2n+17 I’Qn)) S

Y(d(xan—1, Tan—2)). Thereby, the sequences {¢(d(x2n+1, T2n))} and {d(x2,41,T2n)}
are decreasing. Suppose

lim d(l’gn+1,$2n) =7r and lim ¢(d($2n+1,1’2n)) = R.
n—o00 n—00

Note that if > 0, then from the relation (2.6)
R = Tim 4(d(r2nt1,22n))

< nILH;O Y(d(T2n—1,T2n—2)) — linlgiol.}f o(d(xon—1,Ton—2))

=R-— lirginfcp(d(xgn,l, Ton—2)),

which is a contradiction with (i7). Therefore, » = 0. Moreover, d(x2y,, Z2,-1) — 0
from (2.7). We now prove that the sequence {x2,} is a cauchy sequence. Suppose
the contrary. Then there exist & > 0 and the subsequences {my} and {n;} such
that ng > my > k and

d(Tam,,Ton,) > € and  d(zam,,Ton,—1) < €.
So,

£ S d(-Tka ) xan)
S d(x2mk ) $2nk_1) + d(x2nk—17 x2nk)
<e+d(xon,—1,%am,) > (k— o0).

That is, limg_ 0o d(2m,,, T2n, ) = €. We now have

¢(d($2mk ) 'rQTLk+1)) S w(M(Z‘ka_l, 3327%)) - @(M(xQTI’Lk—ly xQTLk))? (28)
for all £ € N. Also,

M($2mk71, x2nk) = maX{d(xzmk—l, xan)v d($2mr1, QOk)a d(xana $2k+1),

1

§[d(x2mk—17 xan-‘rl) + d(Ika ) xan)]}
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On the other hand,

1
i[d(fwmk—l, ZTong+1) + Ad(T2m,, ;s Tan,, )]
1
S i[d(l‘ka—la x?nk) + d(xQ’ﬂk ) x?nk-‘rl) + d(.Z'ka ) mek—l) + d(l‘ka_l, Z‘an)}
1
< 5[2d($2mk—1, Ton, ) + d(Tan, , Tong+1) + d(Tamy , T2my—1)]-
Hence,

d(QOk—la xan) S M(mek_l, x2nk) S d(x2mk—17 x?nk)+d('r2nk ) ank+1)+d(x2mk 9 .szk_l).
Letting k& — oo, we obtain limy_, oo M (Tam,—1,%2n,) = Mg oo d(Tamy—1, Tan,)-
Also,
|d(‘r2mk717 x2nk) - d(iL'an, (Eka)| S d(x2mk717 x?mk,) — 0.

Therefore, |limg—, o0 d(T2m, —1,T2n, ) — €| = 0, that is,

lim M (xom,—1,%2n,) = lm d(Tom,—1,Ton,) = €.

k—o0 k—o00
Besides,

lim d(xgmk,xgnk+1) < lim [d(.ﬁgmk,l‘gnk) + d($2nk7m2nk+1)] =e.
k—o0 k— 00

It follows from (2.8) that
JHZlf]; Y(d(T2m,;, Tan;+1)) + ]11212 O(M (w2, -1,T2n,))
< i o .
< }ggw(M(mmJ 15 %2n;))
< sup w(M(l'%m—lv me))a
ik
which implies that
o - <1
llgglf¢(t) + hgnﬁlglf o(t) < lu:lj;lp P(t),

which is a contradiction with the condition (ii). Thereby, {z2,} is a Cauchy se-
quence in A. Since A is closed, {x2,} converges to a point of A, namely p. We
have
d(p,x2n+1) < d(p, v2n) + d(z2n + T2nt1)-

Taking n — oo in above relation, we obtain d(p, 2,4+1) — 0 and so, x2,11 — p.
Hence, p € AN B and the sequence {z,,} converges to the point p € AN B. It now
follows from the similar argument of the proof of Theorem that p is a unique
fixed point for the mapping 7" and this completes the proof of theorem.

O

Next result is straightforward consequence of Theorem [2.1

Corollary 2.2. (Extension of Theorem 2.2 of [B], Theorem 4 of [8]) Let A and
B be two nonempty and closed subsets of a complete metric space (X,d) and T :
AUB — AU B be a cyclic mapping such that for all (z,y) € A X B,

P(d(Tx, Ty)) < P(M(z,y)) — p(M(z,y)),
where M is defined as in Theorem[I.4 and o, satisfy the following conditions:
(1) 9 :]0,00) = [0,00) is a monotone and nondecreasing function with ¢ (t) = 0 if
and only if t =0,
(#5) ¢ : [0,00) — [0,00) is a function with ©(t) = 0 if and only if t = 0 and
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liminf, s ¢(ay) > 0 if lim, o0 ap, = a > 0.
(7i) @(a) > (a) — Y(a—) for any a > 0, where ¥(a—) is the left limit of ¢ at a.
Then AN B is nonempty and T has a unique fixed point in AN B.

Let us illustrate Theorem [2.1] with the following example.

Example 2.1. Let X = [—?, ?] and define a metric d on X by

d(z,y) 0 ifzx=y,
€T =
Y max{|z|, |ly|} if x #vy.

Obviously, cl(rand) = [0, g] Let A= [-1,0land B=[0,4] and T : AUB — AUB
the cyclic mapping given by

Tw — {x2 2ifx6A,
—z* ifxeB.
Define v, ¢ : cl(rand) — [0, 00) with
Y(t) =Vt & ot)=Vt—t.
It is easy to verify that the condition

thn_glf (1) > 11I7I_1_S>Llp (1) — hrTn_glf (1),

holds for all ¢ € cl(rand) with t > 0. On the other hand, by the definition of M
and the metric d

d(Tz,Ty) = max{a?,y*},
1
M(Iv y) = maX{maX{7I7 y}7 max{fxa ‘T2}7 max{y, y2}7 5 [max{fm, y2}+max{ya I2}]}

= max{—=z,y}.

for all (z,y) € A x B. We now have the following two cases.
Case 1. If x =y =0, then

P(d(Tz,Ty)) = 0 = p(M(z,y)) — p(M(z,y)).

Case 2. If x # y, then
'(/)(d(Tx7 Ty)) = w(max{an yQ}) =V max{xQ, y2} = max{—x, y}

= M(z,y) = VM(z,y) - (VM(z,y) = M(2,y)) = $(M(z,y)) — o(M(z,y)).

Therefore, all of the conditions of Theorem hold and so T has a unique fixed
point in AN B and it is clear that this point is p = 0. It is interesting to note that
our result cannot be obtained from Theorem due to Xue because of the fact
that the considered function ¢ does not map [0, 00) to [0,00) (indeed, ¢(t) < 0 for
any t > 1).
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3. F-CYCLIC CONTRACTIONS

Motivated by Theorem we extend and improve the Wardowski’s fixed point
theorem as follows.

Theorem 3.1. Let A and B be two nonempty subsets of a metric space (X,d) and
T:AUB — AUB be a cyclic mapping such that

d(Tz,Ty) >0=7+ F(dTz,Ty)) < F(M(x,y)), V(r,y)€ AxB (3.1)

where M is defined as in Theorem 7 >0 and F : cl(rand)™ — R is a function
satisfying:

(Fy) F is strictly increasing;

(Fy) For each sequence {ay} of positive numbers lim, oo c, = 0 if and only if
lim,, o0 F(ap,) = —00;

(F3) There exists v € (0,1) such that lim, o+ o F(a) = 0.

If A is complete and T'| 4 is continuous, then AN B is nonempty and T has a unique
fixed point in AN B.

Proof. Let zy € A and define x,,11 = Tx,. Since T is cyclic on AU B, {z3,} and
{xan_1} are sequences in A and B respectively. Put 6, = d(x, z,41). If we have
Tng+1 = Tn, fOr some ng € N, then we are finished. So assume that x,, # x,41 for
all n € N. We now have

F(52n) = F(d(z27zyx2n+1)) = F(d(TmQH—laT'TQ'IL))

d($2n—12, $2n+1) })

d(z2n—1,%on) + d(T2n, Tont1) N
2

= F(max{d(xzn,l, .’[Qn), d((EQn, 1’2n+1)}) — 7.

< F(max{d(xan—1,2n), d(T2n—1,Z2n), d(T2n, Ton+1)s -7

< F(max{d(zan—1,%2n), d(T2n, T2n+1), -7

Notice that if max{d(x2,_1,T2n), d(Ton, Tant1)} = d(T2n, Ton,1) for some n € N,
then we obtain F(d2,) < F(d2,) — 7, which is a contradiction. So we must
have d(xan, Tont1) < d(x2n—1,%2,) for all n € N, which implies that F(d2,) <
F(02,,—1) — 7 for all n € N. Continuing this process and by induction, we conclude
that

F(625,) < F(09) — 2nr.
Thus lim, o0 F(d2,) = —oo which concludes that ds, — 0. Similarly, we can see

that F(d2,—1) < F(01) —2(n — 1)7 and so 3,1 — 0. Therefore, é,, — 0. It now
follows from the condition of (F3) that there exist r1,75 € (0,1) so that

lim 5£;LF(5271) = 0, lim 5;271F(62n,1) =0.
n— oo

n— oo

Thereby, for all n € N we have
057, F(02n) — 053, F (o) < 03, (F(ro) — 2nT) — 65, F(ro) = —2ndy, T,
which deduces that lim,,_, . nd5., = 0. Equivalently,
O5n—1F (02n—1) — 055 F(r1)
< 0551 (F(r1) = 2(n — 1)7) = 657, _1 F'(r1)
— —2(n - )ay_,7,

n
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and so, lim,,_,o nd52_; = 0. Suppose there exists N € N such that nd;, <1 and
noy2 ;1 <1 for all n > N. Hence,

1 1
52n§717 62n71 S ) VTLZN

nri nr2

Now, for each m > n > N we have

m—+1
d(x2m, Tan) < Z [d(22j, T2j41) + d(w2541, T2542)]
j=n
=) (025 +02541) <Y (82 + Faj11)
j=n j=n

This concludes that {x2,} is a Cauchy sequence in A and by the fact that A is
complete, xo, — p for some p € A. Continuity of T' on A implies that zo,11 =
Txo, — Tp. So
d(p,Tp) = lim b9, = 0.
n—oo
The uniqueness of the fixed point for the mapping 1" can be obtained from a similar

way of the proof of Theorem 2.4 of [12].
([

Remark. It is worth noticing that we can replace the condition of continuity of the
mapping T on A with the condition of continuity of the function F (see Theorem
2.4 of [12] for more details).

We mention that the condition (3.1) of Theorem [3.1]is a sufficient but not nec-

essary condition. Let us illustrate this fact with the following example.

Example 3.1. Consider X = [0,1] UZ with the following metric

0 ifz=y,

max{z,y} ifz#y,x,ye]l0,1],
max{ﬁ,ﬁ} ifx#y, x,y€Z—-{0,1},
max{mw—;‘}, ifxel0,1], ye Z-{0,1}.

d(x,y) =

Then it is easy to see that (X, d) is a complete metric space and that cl(rand) =
[0,1]. It is worth noticing that any convergent sequence in X converges to 0. Let
A =10,1] and B =Z — N and define the cyclic mapping T : AUB — AU B as

Ty — 0 ifzeA,
"7 \ake ifzeB {0}

We also define the function F : cl(rand)™ — R as F(a) = — cot v/a. We have the
following facts about the function F"
(F1) F is strictly increasing. To see this, it is sufficient to note that

Fl(a) = %(1 +cot? Va) >0, Va € (0,1].
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(Fy) Tt is clear that for a sequence {an} of positive real numbers, «,, — 0 if and
only if lim,, .., — cot ./04 = -
(F3) For any r € (0, 3) we have
az "
hm " cot = = 9% lim ———
V= a~>0+ tan \f a0t 1+ tan?\/a

Now, assume that (z,y) € A x (B —{0}). Then we have

1
T&T;ji}v d(x,y) = max{z,

Since F' is strictly increasing, we conclude that

=0.

1

d(Tx,Ty) = max{0, ol

.

F(d(Tz,Ty)) = — cot

ﬁ

< F(d(x,y)) t ) /max{x }
Put
\/T
7 := inf (cot — cot
nEN n
Since
. 1
lim (cot —coty/—) =0,
n—>oo n

we must have 7 = 0. Thereby,
F(d(Tz,Ty)) < F(d(z,y)), V(z,y) € Ax (B-{0}),

that is, the condition (3.1) does not hold where as T' has a unique fixed point in
ANB.

Remark. It is interesting to note that Example 3.1 cannot be concluded from The-
orem [1.4] due to Wardowski because the function F is not defined on R*.

Remark. The results of the current paper can be extended to generating space of
a b-quasi-metric family which was introduced by P. Kumari and D. Panthi in [10]
in order to find coincidence and common fixed points of two cyclic mappings.

Acknowledgments. The authors thank the referees for their valuable suggestions.

REFERENCES

[1] A. Abkar, M. Gabeleh, Best prozimity points for cyclic mappings in ordered metric spaces,
J. Optim. Theory Appl. 150 (2011), 188-193.

[2] A. Abkar, M. Gabeleh, Generalized cyclic contractions in partially ordered metric spaces,
Optim. Lett. 6 (2012), 1819-1830.

[3] J. Ahmad, A. Al-Rawashdeh and A. Azam, New fized point theorems for generalized F-
contractions in complete metric spaces, Fixed Point Theory and Appl., 2015 (2015), 1-18.

[4] B.C. Choudhury, P. Konar, B.E. Rhoades and N. Metiya Fized point theorems for generalized
weakly contractive mappings, Nonlinear Anal., 74 (2011), 2116-2126.

[5] D. Doric Common fized point for generalized (¢, p)-weakly contractions, Appl. Math. Lett.,
23 (2009), 1896-1900.

[6] N. Hussain, J. Ahmad, A. Azam, On Suzuki- Wardowsk: type fized point theorems, J. Nonlin-
ear Sci. Appl. 8 (2015), 1095-1111.

[7] H. Piri, P. Kumam, Some Fized Point Theorems Concerning F-Contraction in Complete
Metric Spaces, Fixed Point Theory Appl. 2014 (2014), 1-11.



MODIFIED GENERALIZED WEAKLY CONTRACTIVE AND F-CONTRACTION MAPPINGS9

[8] O. Popescu Fized point for (1, p)-weak contractions, Appl. Math. Lett. 24 (2011), 1-4.
[9] W. A. Kirk, P. S. Srinivasan, P. Veeramani, Fized points for mappings satisfying cyclic
contractive conditions, Fixed Point Theory, 4 (2003), no.1, 79-86.

[10] P. S. Kumari, D. Panthi, Cyclic compatible contraction and related fixed point theorems,
Fixed Point Theory Appl. 2016 (2016), 1-18.

[11] D. Wardowski, Fized point of a new type of contractive mappings in complete metric spaces,
Fixed Point Theory Appl. 2012 (2012), 1-6.

[12] D. Wardowski, N. Van Dung Fized point of F-weak contractions on complete metric spaces,
Demonstratio Mathematica 47 (2014), 146-155.

[13] Z. Xue, Fized point theorems for generalized weakly contractive mappings, Bull. Aust. Math.
Soc. 93 (2016), 321-329.

[14] Z. Xue, The existence of fized points for generalized weak contractions, KYUNGPOOK Math.
J. 55 (2015), 1089-1095.

[15] B. Alvarez, The Cauchy problem for a nonlocal perturbation of the KdV equation, Differential
Integral Equations 16 10 (2003) 1249-1280.

[16] D. J. Benney, Long waves on liquids films, J. Math. Phys. 45 (1996) 150-155.

[17] H. A. Biagioni, J. L. Bona, R. J. I?rio, M. Scialom, On the Korteweg-de Vries-Kuramoto-
Sivashinsky equation. Adv. Differential Equations 1 (1996), 1, 1-20.

(18] H. A. Biagioni, F. Linares, On the Benney-Lin and Kawahara Equations, J. Math. Anal.
Appl. 211 (1997) 131-152.

[19] J. Bourgain, Fourier transform restriction phenomena for certain lattice subsets and applica-
tions to nonlinear evolution equations. II. The KdV-equation, Geom. Funct. Anal. 3 (1993)
209-262.

[20] X. Carvajal, M. Scialom, On the well-posedness for the generalized Ostrovsky, Stepanyams
and Tsimring equation, Nonlinear Anal. 62 2 (2005), 1277-1287.

[21] T. Cazenave, An introduction to monlinear Schrédinger equations, Textos de Metodos
Matemadticos 22 (Rio de Janeiro), (1989).

[22] B. I. Cohen, J. A. Krommes, W. M. Tang, M. N. Rosenbluth, Non-linear saturation of the
dissipative trapped-ion mode by mode coupling, Nuclear Fusion, 169 (1976) 971-992.

[23] J. Ginibre, Y. Tsutsumi and G. Velo, On the Cauchy problem for the Zakharov system, J.
Funct. Anal. 151 2 (1997) 384-436.

[24] C. E. Kenig, G. Ponce and L. Vega, Well-posedness and scattering results for the generalized
Korteweg-de Vries equation via the contraction principle, Comm. Pure Appl. Math. 46 4
(1993) 527-620.

[25] C.E. Kenig, G. Ponce and L. Vega, A bilinear estimate with applications to the KdV equation,
J. Amer. Math. Soc. 9 2 (1996) 573-603.

[26] C. Laurey, On a Nonlinear Dispersive Equation with Time Dependent Coefficients, Advances
in Differential Equations 6 (2001) 577-612.

[27] J. Duoandikoetxea, Andlisis de Fourier, Ediciones de la Universidad Auténoma de Madrid,
1991.

[28] L. Molinet, F. Ribaud, The Cauchy problem for dissipative Korteweg de Vries equations in
Sobolev spaces of negative order. Indiana Univ. Math. J. 50 (2001), 4, 1745-1776.

[29] L. Molinet, F. Ribaud, On the low regularity of the Korteweg-de Vries-Burgers equation, Int.
Math. Res. Not. (2002), 37, 1979-2005.

[30] G. Staffilani, On the growth of high Sobolev norms of solutions for KdV and Schrédinger
equations, Duke Math. J. 86 1 (1997) 109-142.

[31] L. A. Ostrovsky, Yu. A. Stepanyants, L. Sh. Tsimring, Radiation instability in a stratified
shear flow, Int. J. Non-Linear Mech. 19 (1984) 151-161.

[32] J. Topper, T. Kawahara, Approzimate equations for long nonlinear waves on a viscous fluid,
J. Phys. Soc. Japan, 44 (1978) 663-666.

MoosA GABELEH
DEPARTMENT OF MATHEMATICS, AYATOLLAH BOROUJERDI UNIVERSITY, BOROUJERD, IRAN
E-mail address: gab.moo@gmail.com

REzZA KARAMI
DEPARTMENT OF MATHEMATICS, AYATOLLAH BOROUJERDI UNIVERSITY, BOROUJERD, IRAN
E-mail address: rkarami53@gmail.com



	1. Introduction and Preliminaries
	2. Cyclic generalized weakly contractive mappings
	3. F-cyclic contractions
	Acknowledgments

	References

