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FIXED POINT RESULTS OF GENERALIZED SUZUKI-GERAGHTY
CONTRACTIONS ON f-ORBITALLY COMPLETE B-METRIC SPACES

Bahru Tsegaye Leyew', Mujahid Abbas?

In this paper, we introduce the concept of a generalized a-Suzuki-Geraghty type
contraction mapping and obtain fixed point results in the framework of an f-orbitally
complete b-metric space. The results proved herein improve, generalize, and unify vari-
ous comparable results in the existing literature. Some examples are presented to validate
the effectiveness and applicability of our main result. It is also shown that the presented
results are proper extensions of corresponding results in the existing literature. As an
application of our obtained result, we establish the existence of a solution of integral
equations in the setup of b-metric spaces.
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1. Introduction and preliminaries

Fixed point theory deals with the conditions that guarantee the existence of one
or more points in a nonempty set which remain invariant under the action of mapping.
This theory has attracted considerable attention due to its several applications in areas
such as variational and linear inequalities, optimization, and approximation theory. Banach
contraction principle has been generalized in many directions. In some generalizations, the
contractive nature of the mapping is weakened (see [3], [4], [8], [15], [16] ) and in other cases,
the structure of ambient space is generalized (see [3], [6], [7], [9] and references therein).

In the sequel, N and R will denote the set of natural and the set of real numbers,
respectively. We set R = [0, 00) and Ny = N U {0}.

Theorem 1.1. [8] If (X,d) is a compact metric space and [ : X — X satisfies
d(fz, fy) < d(z,y) (1)
for all x,y € X, with x # y. Then f has a unique fixed point in X.

Theorem 1.2. [16] Let (X,d) be a compact metric space and f a self mapping on X. If for
any x,y € X with x # vy,

1
S, f2) < d(,y) = d(f, fy) < dla,y), 2
then f has a unique fized point in X.

Suzuki type fixed point theorems characterize the completeness property of underlying
metric spaces [15] but Banach contraction principle does not characterize this property [5].
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Definition 1.1. [2] Let X be a nonempty set, f : X — X and xy € X. Choose a point
x1 € X such that x1 = fxg. Continuing this process having chosen x1,...,xx, we choose
Tri1 € X such that x,11 = fa, = f" oy, n=0,1,2,.... The sequence {x,,} thus obtained
1s called a sequence of successive approximations or Picard sequence with initial point xg.
The set {xq, fxo, f?x0, fx0,...} is called an orbit of f at the point x¢ and is denoted by

Oy (o).
Let 8 be the class of all mappings 8 : Rf — [0,2) which satisfy the condition:

lim,, o t, = 0 whenever lim, . B(t,) = % for some s > 1. Note that 8§ # ). For instance,
a mapping 8 : Ry — [0, 1) given by 8(t) = e if t > 0 and B(t) = 0 if t = 0, qualifies for
a membership of 8.

Theorem 1.3. [9] Let (X,d) be a complete metric space and f : X — X be a mapping.
If there exists B : RS — [0,1) which satisfies the condition lim,,_,o B(t,) = 1 implies that
lim, o t, =0 and for any x,y € X, we have

d(fz, fy) < Bld(z,y))d(z,y), (3)
then f has a unique fized point z € X. Moreover for any choice of an initial point x¢ € X,
sequence of successive approximations converges to z.

Definition 1.2. [10, 12, 14] Let X be any nonempty set and a : X x X — R. A mapping
f X — X is said to be (i) a-admissible if a(x,y) > 1 implies that o(fz, fy) > 1; (ii)
triangular a-admissible if it is an a-admissible and «(x,z) > 1 and a(z,y) > 1 imply that
a(z,y) > 1; (ii) an a-orbital admissible if o(z, fz) > 1 implies that o fz, f2x) > 1; (iv)
triangular a-orbital admissible if f is a-orbital admissible and o(z,y) > 1 and oy, fy) > 1
imply that oz, fy) > 1.

Lemma 1.1. [12] Let f be a self triangular a-admissible mapping on a nonempty set X.
If there exists xog € X such that a(xo, f(xo)) > 1, then a(f™xo, fMx0) > 1 for all m,n € N
with m < n.

Let X be any nonempty set and o : X x X — R. A mapping f : X — X is said
to have a property (H), if for any xz,y € X with = # y, there exists w € X such that
a(z,w) > 1, a(y,w) > 1 and a(w, fw) > 1.

Let f: X — X. We set

N(z,y) = max {d(x, ). d(z, fz). d(y, Jy).

d(z.y) d(z, fo)d(z, fy) + d(y, fy)d(y, fz)
e 1+ s(d(x, d(fx, ’
L(z,y) = max d(z, fz)d(z, f;:) +< d((y yf)yJ)rd((ff J)Cy)) ’ ©)
)

L+d(x, fy) +d(y, fx
d(z,y),d(x,fx),d(y,fy),dé(Jf%fJ")z)’g(fo,z)/),
1 1 x, fy) +
gd(f2x,fy),%d(f2z,x) %25
M(z,y) = max{ d(z, fz)d(z, [y) + d(y, fy)d(y, fz) . (6)

1+s(d(z,y) +d(fz, fy)) '

d(z, fr)d(z, fy) + d(y, fy)d(y, fr)
L+ d(z, fy) + d(y, fz)
Definition 1.3. [12] Let (X,d) be a metric space and a : X x X — R. A mapping
f X — X is called a generalized a-Geraghty contraction if there exists a B : Ry —
[0,1) such that li_>m B(t,) = 1 implies that li_>m tn, = 0 and for any x,y € X, we have

oz, y)d(fz, fy) < B(N(z,y))N(z,y).

d(z, fy)

d(y, fx) } , ()

_|_
2
y)
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Theorem 1.4. [12] Let (X, d) be a complete metric space, a: X x X - R and f: X — X.
If following conditions hold:

(1) f is a generalized a-Geraghty contraction and a triangular a-orbital admissible map-
ping;

(2) there exists xg € X such that oz, fro) > 1;

(3) f is continuous.

Then f has a fizxed point x. € X and {f™xo} converges to ..

The concept of a b-metric space was introduced by Czerwik in [6]. Since then, several
papers have been published on the fixed point theory of various classes of single valued and
multivalued operators in b-metric spaces (see [6, 7, 11]).

Consistent with [1, 3, 7, 13], the following definitions and results will be needed in
the sequel.

Definition 1.4. [6, 7] Let X be a nonempty set and s > 1 a given real number. A function
d: X x X — R{ is said to be a b-metric if for any x,y,z € X, the following conditions hold:
(bml) d(z,y) =0 if and only if x = y;
(bm2) d(z,y) = d(y, z);
(bm3) d(z,y) < s(d(z,z) +d(z,y))

The pair (X,d) is called a b-metric space.

Example 1.1. [13] Let (X,d) be a metric space, and p(x,y) = (d(z,y))?, where p > 1 is a
real number. Then p is a b-metric with s = 2P~ 1,

Note that a b-metricd: X x X — RS‘ is not necessarily continuous in each variable.
Also, if b-metric d is continuous in one variable, then it is continuous in the other variable

(see [1]).

Definition 1.5. [3] Let (X, d) be a b-metric space. Then a sequence {x,} in X is called (a)
Cauchy sequence if and only if for all € > 0 there exists n. € N such that for each n,m > n.,
we have d(x,,, ;) < €; (b) a convergent sequence if and only if there exists x € X such that
for all e > 0 there exists n. € N such that for all n > n. we have d(x,,x) < e. The b-metric
space X is complete if every Cauchy sequence {x,} in X is convergent to some point x € X.

Latif et al. [11] proved the following Suzuki type theorem in the context of a complete
b-metric space.

Theorem 1.5. [11] Let (X, d) be a complete b-metric space and f a triangular a-admissible
self mapping on X. If there exists a B € 8§ such that for any z,y € X,

Sl f) < sd(w,y) = sa(e,v)d(fz, fo) < BL( ) L(,y).

Then f has a fived point provided that the following assertions hold:

(i) there exists zg € X such that a(zg, fzg) > 1;
(ii) for any sequence {xy} in X with axy,xnt1) > 1 for n € Ng such that z, — = as
n — 00, we have axy,x) > 1.

Definition 1.6. [4] A b-metric space X is said to be f-orbitally complete if every Cauchy
sequence in Of(xo) converges in X, where f is a self mapping on X and o € X.

Note that every complete b-metric space is f-orbitally complete. But the converse
does not hold in general.
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Example 1.2. Let X = R. Define d(z,y) = |e® — e¥|>. Then (X,d) is a b-metric space
with parameter s > 2. It is known that (a + b)Y < 2P=1 (a? + bP) for all a,b > 0 and p > 1.
Let ©,y,z € X. Then

e — eV < (| — 7] + et — )P < 22 (jeF — e e — eV]?)

implies that d(x,y) < 2 (d(x, z) + d(z,y)). The space (X,d) is not a complete b-metric space.
Indeed, for the sequence {x,} defined by x,, = —n, there exists N € N such that N <n <m

implies that d(zm,x,) = |e® —e*n|® = (e™™ —67")2 <e?N 5 0as N — co. Hence
the sequence {—n} is a b-Cauchy sequence. However, {—n} is not convergent. If x, — x
for some x € X, then d(z,,x) = |e™™ — e””|2 — 0 gives that ¢* = 0, a contradiction. Let

f: X — X be the mapping defined by fx = xq for some o € X. Then (X,d) is f-orbitally
complete b-metric space.

Definition 1.7. Let (X,d) be a b-metric space with parameter s > 1 and o : X x X — R.
A mapping f: X — X is called a generalized a-Suzuki-Geraghty contraction if there exists
a €8 such that for any z,y € X,

S, f) < sdly) = sale,9)d(fz. y) < B, ) My (2. y). @

2. Main Result
In the sequel, we assume that a b-metric d is continuous in one variable.
Theorem 2.1. Let (X,d) be a b-metric space with parameter s > 1, a: X x X — R and

f: X — X. Assume that X is f-orbitally complete and the following conditions hold:

(a) there exists xg € X such that oz, fxo) > 1;

(b) f is a generalized a-Suzuki-Geraghty contraction and a triangular a-orbital admissible;

(c) either f is continuous or for any sequence {x,} in X with a(x,, Tpi1) > 1 such that

ZTp = T as n — 00, we have a(x,,x) > 1 for all n € Ny.

Then f has a fized point z in X and {f"xo} converges to z. Moreover, [ has a unique fized
point if condition (a) is replaced with the property (H).
Proof. Let xg be a given point in X such that a(zg, fxg) > 1. Define a sequence {z,}
in X by 2,41 = fz, = f"tlxg, n € Ng. Since f is a-orbital admissible, we obtain that
a(fxo, f2w9) > 1, that is, (a1, x2) > 1. Continuing this way, we get a(x,,, ,+1) > 1 for all
n € No. If ,, = xp,+1 for some ng € Ny, then x,, becomes a fixed point of f and the proof
is finished. Assume that x,, 11 # x, for all n € Ng. Now we show that nh_{rgo d(Tpn, Tpt1) = 0.

1
Clearly, id(mn,fxn) < sd(Tp, Tna1). As oy, Tpy1) > 1 and s > 1, we have

d(@nt1, Tnt2) = d(f2n, frni1)
< sa(Tn, Tpt1)d(fon, foni1) < B(Mp(Tn, Tng1)) My (Tn, Tny1),
where
d(@n, Tng1), d(@n, f0), d(@ng1, fonta), d(fPan, fon),
A2 2sa)s (%, fonsn), 5od(Fn, ),
d(@n, fTni1) + d(@ns1, f70)
(

2s
d Tn, fxn)d(mna ,fxn—i-l) + d(xn—i-lv fxn-‘rl)d(xn-‘rly f-rn)

14+ s(d(@n, Tpt1) +d(fzy, f$n+18) ’
d(mna fxn)d(xna fxn—i-l) + d(xn—i-lv fxn-‘rl)d Tn41, fxn)

L+ d(zn, frai1) + d(@py1, fon)
< max {d(Tn, Tni1), d(Tpy1, Tny2)} -

My(xn, Tne1) = max
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Thus, we have
d(Tn+1, Tpt2) < Bmax {d(Tn, Tn+1), d(@nt1, Tnt2)}) max {d(zn, Tnt1), d(Tnt1, Tnto) }
If max {d(xn, Tni1), A Tpt1, Tnt2)} = d(Tnt1, Tnia), then we obtain d(,41, Tnio) < B(d(Xnt1, Tnt2))d(XTnt1, Tont
M < d(Tp+1, Tny2) a contradiction. Hence
d(Tna1, Tnao) < B(d(xn, Tpt1))d(Tn, Tpa1) < d(@p, Trgr)- (8)

Thus {d(z,, n+1)} is (strictly) decreasing sequence of positive real numbers. Consequently,
there exists £ > 0 such that lim,, o d(z,, Tny1) = €. We claim that ¢ = 0. If not, then by
(8) we have

d(Zni1, Tpyo) d(Tpi1, Tnga) 1
sd(xp, Tpir1) —  d(Tn, Tptr) < Bd(@n, Tni1)) < s
which implies that lim B(d(zy,zn41)) = 1 and hence lim d(zy,z,41) = 0, a contradiction.
Therefore A A
nl;ngo d(xp, Tpy1) = 0. 9)

Now we show that {z,} is a b-Cauchy sequence. Assume on the contrary that {z,} is not
a b-Cauchy sequence. Then we may choose an € > 0 such that for all k& > 1, there exists
ng > my > k with

(T, s Ty, ) > €. (10)
Without any loss of generality, we assume that ny is the smallest index satisfying (10). Then
ATy, Tny—1) < €. (11)

Note thate < d(@m,, Tn,) < SA(Tmys Tmp+1) + SA(Tmy+1,Tn, ). On taking upper limit as
k — oo, we have

S < limsup (@41, %m,)- (12)
S k— o0
Now we claim that either
1
id(xmk; f‘rmk) < Sd(xmk ) xnkfl) (13)
1
or §d(.rmk+17fxmk+1)) < 8d(Tmp 415 Trg—1) (14)

hold for all k € Ny. If not, there exists a ky € Ny such that

1
id(mmko ) fxmko) > Sd(xmko ’ ‘rnkofl) and id(‘rmk[ﬂrlv fxmk0+1) > Sd(l’mk0+1, xnkofl)'
(15)
Now by (8) and (15), we have

d(a:mko,xmkoﬂ) < s(d(zmko,xnko_l) + d(xmk0+1, l’nko—l))

1 1
< §d($mk0 ) fxmko) + §d<xmk0+la fmmkoJrl)
1 1
= id(l‘mko 3 xmk0+1) + §d(xmko+17 xmk0+2)
1

1
< §d(xmko ) xmk0+1) + id(xmko ) xvmco-&-l) = d(xmko ) xmko-i-l)

a contradiction and hence the claim follows. Suppose that (13) holds. By Lemma 1.1, it
follows that a(zm,,Zn,—1) > 1. Now by (7) and (12), we have

€ < slimsup d(@m, 41, Tn,, ) < Hmsup sa(Tm,, Tny—1)d(fTmy, [Tni—1)
< limsup(B(My(Zmy, Tr—1)) M (Tmy s Trp—1))-

k—o0
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Note that
lillinsup Mg (T, Tny—1)
—00
d(xmkaxnkfl)a d(xlmkv fxmk)a d(xnkfla fxnk71)7 d(fzxmkv fl'mk)a
A(f*Tmy> Tny—1), ;d(f%jmka fn,-1), %d(fQ‘/I;mk?xmk)?
d(xmk ) fz"k—l) + d(xnk—lv fxnlk)
= lim sup max s ’
k—o0 d(l'm;C ] fxmk)d(wmk ) fxn;C 1) + d(xngC 1 fxnk 1)d(xnk71; fxmk)
1+ s[d(Tm,,, Tn +d (T [Tn,—1)] ’
d(l‘mk,flfmk) xmk?f‘r"k 113 + *T’nk 1, fxnk 1)d($nk—1’ fxmk)
1+ d(xmkV fxnkfl) + d(xnkfla fxmk)
d(xmk7x7lk—1)’d(xmk7xmk+1)7d(xnk_l?xnk)’d(xmk+27x'ﬂlk+1)7
d(xmk+27 Ink—l)a 7d(xmk+27 znk)a ?Sd(zmk-&-% xmk)a
d(Zrmy > Ty ) + d(Zry -1, xmk+1)
= lim sup max 2s ’
k—o0 ATy s Ty +1) ATy s Trg ) + A(@Tny—1, Tng )A(Trg =15 Ty 1)
1+s[d(xmk7xnk*1) +d(mmk+17xnk)] ’
d(xmmxmk+1)d(xmk7xnk) + d(xnkfla m'nk)d Tnj—1, «kaJrl)
1+ d(@m,, Tn,) + d(Tny—1, Tmy+1)

< max {¢, s¢, s¢,0, €} = se.

Thus
€< li]rcnsup (BMy (T Trgg—1)) My (T Ty —1)) < s€ liinsup BM¢(Tm,,, Tny—1))-
—00 —0
As B € 8, we obtain limsup B(My(zm,, Tn,—1)) = <. Consequently, we have hm My (2m,,
k— 00 k—o0

ZTn,—1) = 0 and hm d(Xm,,, Tny—1) = 0. This further gives that hm d(acmk,mnk) =0,
a contradiction to (10) We now assume that (14) holds. Then by (10) we obtain that
€ < d(Tmy, Tny) < ATy, s Timp+2) + SA(Tmy+2, Tn, ) Which implies that

E < hmsup d(mmk+27xnk)' (17)
S

k—o0
It follows from (9) and (11) that

lim sup d(m,+1, Tny—1) < S€. (18)
k—o0

Also, from Lemma 1.1, we have a/(@, 41, Zn,—1) > 1. Now

€ < slimsup d(@m, +2, Tn,, ) < Hmsup sa(Tm, 41, Tny—1)d(fCmp+1s [Tni—1)

<lim SU»p(ﬁ(Mf(xmk-i-lv xnk—l)))Mf(xmk-i-lv xnk—l)-

k— o0
where

lim sup M ¢ (%m, 41, Tng—1)
k—o0

d(xmk+1; xnkfl)v d(wkarla fxmk+1); d(‘rnkflv fxnkfl)v
d(f xmk+17 fxmk+1)> d(fokarl? xnk71)7 7d(f2xmk+17 fxnkfl)ﬂ

1 d(x s fxn, —1) +d(xpn, -1, fTm,
(f xmk+17xmk+1) ( mp+1 f N 1) ( nk—1 f mk+1)

)

< lim sup max

2s 2s
k—o00 A(@mp+1, [Tmp+1) A @mpt15 [Tni—1) + A @np—15 fTnp—1)d(@ngp—1, fTmp+1)

1+ SJd(xkaFl’ "I"Tbkfl) + d(fxkarl’ fxnkflg]
d(mnlk-‘rla f‘rmk+1)d m7nk+17 f‘rnk—l) + d(l‘nk—la fxnk—l) x'r‘%—l? fxmk-i-l

)

]- + d(xmk+1v f‘rnkfl) + d(xnkflﬂ fxmk+1)
— s+1 —
= max {SE, SE€, S€, (T) e} = se.

)
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Thuse < limsup (B(Mf(Zmy+1, Tny—1) M (Zmpt1, Tnp—1)) < eslimsup B(Ms(Tmp+1, Tnyp—1))

k—o0 k—o0

1
gives limsup (M ¢ (@m;+1, Tn,—1)) = — as B € 8 which further implies that hm Mf(xkarl,
k—o0
T, —1) = 0. Consequently, by (6) we have khm ATy 41, Tny—1) = 0 Wthh further gives
—00

hm d(a:mk,:z:nk) = 0, a contradiction to (10). Thus {x,} is a b-Cauchy sequence in the

orblt Oy (z). Since X is an f-orbitally complete metric space, {z, } b-converges to a point
z € X. Now we prove that either

1

1
or id(anrhfan) < sd(zpy1, 2) (21)
hold for all n € Ny. If not, there exists ng € Ny such that
1 1
id(scno,facno) > sd(xp,, z) and §d(xn0+1,fxn0+1) > sd(Tpg+1, 2)- (22)

Now by (8) and (22), we have

1 1
d(xno’ In0+1) <s (d(znovz) + d(xno-‘rl’ Z)) < 56[(.1’"0, fxno) + id(xno-l-lv fxno+1)
1

1 1
= Ed(xnovzno-i-l) + id(zno-ﬁ-l?zno-‘r?) < id(xnovxno-l-l) + id(xno7xno+1) = d(xnovxno-i-l)

a contradiction. Hence either (20) or (21) hold for all n € Ny. Next, we prove that z = fz.
If not, then d(z, fz) > 0. Note that

—_

lim My(z,, 2)

e d(Tn, 2), d(Tn, fTn),d(z, £2),d(f22n, f2n), d(f2an, 2),
L 2), (P ), L2 G )

2
— Jim maxd @@, f20)d(mas £2) + d(z, F2)d(z, f2n)
e 1+s [d(xn,zg + d%ffvn,fZ)] ’
d(@n, frn)d(zn, f2) +d(z, f2)d(2, fzn)
1+d(xn, f2) +d(z, fx,)

=d(z, fz).
If (20) holds for all n € Ny, then we have,
A2, 02) < 5l (0, onss) + Ao, £2)) = 5 T (@(Fn, 1)+ d(wni,2)
< s lim_(30(22)d(f2, £2) + (w11, 2))
< s Tim (B(M (w0 2)) My (20, 2) + (w41, )
<s lim B(My(zp,2)) nh_}rgo My (xy,2) + snh_{rgo d(xpy1,2)

n—oo

<s lim B(Mj(wn,2))d(z, f2).
This further implies that < lim B(Mj (2, z)). Consequently, we have lim B(My(zy,2)) =
n—oo n—00

1
— and hence hm Mf(xn, z) = 0. That is d(z, fz) = 0, a contradiction. Similarly, if (21)

holds for all n E No, then we have d(z, fz) = 0, a contradiction. Hence z is a fixed point of
f- To prove the uniqueness: Let z and z* be two fixed points of f such that z # z*. Then
by condition (H), there exists w € X such that a(z,w) > 1, a(z*,w) > 1 and a(w, fw) > 1.
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Since f is a triangular a-orbital admissible, we obtain that a(z, f"w) > 1 and a(z*, fmw) > 1
for all n € No. As 1d(z, fz) = 0 < sd(z, f"w), by (7) we have

d(z, "M w) < salz, frw)d(z, 7 w) < B(My(z, fhw)) My (2, fhw) (23)
for all n € Ny, where

d(z, frw),d(z, f2), d(f"w, [ w), d(f?z, f2),d(f?z, frw),
n+1 n
La(s, i), d(fz, ), DL AT ),
s 3 s

M (z, ffw) = max ¢ d(z, fz)d(z, [ w) +d(frw, T w)d(f w, fz)

1+ s[d(z, frw) +d(fz, frHlw)] ’
d(z, f2)d(z, [ w) + d(f"w, P w)d(fw, f2)

L+d(z, frHw) + d(fw, fz)

Note that the sequence {f"w} is a Picard sequence that converges to a fixed point z** of f.
On taking limit as n — oo on both sides of the above equality, we get

d(z, frw),d(f?z, frw), Sd(f22, [ w),
lim My(z, f"w) = lim maxq{ d(z, f*Mw) + d(frw, fz)

n— oo n— o0
2s

=d(z,2"").
If z # z**, then from (23) and (?7) we have

1 . d(z, ) . d(z, ) ) 1

-=lim ———— < lim ——= < 1 M " -

S nl—>nclo st(z’f’ﬂw) _nl_{go Mf(z,f"w) —nl_{EOB( f(Z,f U))) < S’

that is, lim B(My(z, ffw)) = % Consequently lim M¢(z, f"w) = d(z,2**) = 0, a con-
n—oo © n—oo

tradiction. Therefore, z = z**. Similarly z* = 2**. Thus we have z = z*, a contradiction.

Hence the result follows. g

Remark 2.1. As complete b-metric space is f-orbitally complete b-metric space and tri-
angular a-admissible mapping is triangular a-orbital admissible mapping (but the converse
does not hold in general [12, Example 7]), replacing My (z,y) with L(z,y) in Theorem 2.1,
we obtain Theorem 1.5 as a special case of Theorem 2.1. We also observe that Theorem 2.1

extends Theorem 1.4 which in turn generalize Banach contraction principle and Theorems
1.1, 1.2, and 1.3.

The following corollary is the generalization of Theorem 1.4 in the context of b-metric
spaces.

Corollary 2.1. Let (X,d) be a b-metric space with parameter s > 1, 8 € 8, and « :
X x X — R. Suppose that a mapping f : X — X is such that for any x,y € X, %d(m, fx) <
sd(z,y) = sa(z,y)d(fz, fy) < B(N(z,y))N(z,y). If X is f-orbitally complete and the
following conditions hold:

(a) f is a triangular a-orbital admissible mapping;

(b) there exists xg € X such that a(xo, fzo) > 1;

(¢c) either [ is continuous or for any sequence {x,} in X with a(x,,xp+1) > 1 forn € Ny

such that x,, — x as n — 0o, we have a(x,,x) > 1 for all n € Ny.

Then f has a fized point z in X and {f™xo} converges to z. Moreover f has a unique fized
point if condition (b) is replaced with condition (H).

If we set B(t) = 5=, Ms(z,y) = N(x,y) and a(z,y) =1 for all z,y € X in Theorem
2.1, then we have the following result.
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Corollary 2.2. Let (X,d) be a b-metric space with parameter s > 1 and f : X — X. If for
any x,y € X, +d(z, fz) < sd(z,y) implies sd(fz, fy) < 3=N(z,y). Then f has a unique
fixed point z in X and {f"xo} converges to z for any choice of xg in X provided that X is
f-orbitally complete.

Corollary 2.3. Let (X, d) be a complete b-metric space with parameter s > 1 and f : X —
X. If for any x,y € X, d(z, fr) < sd(x,y) implies sd(fz, fy) < 2Sal( y). Then f has a
unique fized point z in X and {f™xo} converges to z for any choice of xg in X.

Proof. Take N(z,y) = d(z,y) for all z,y € X in Corollary 2.2. |
Example 2.1. Let X = {x1,22,73,24}. Defined: X x X = R by

d(w1,79) = d(x1,23) = %7 d(z1,24) = d(z2,23) = d(v3,24) = %7 d(z2,24) = 1,
d(z,z) =0 and d(z,y) = d(y,x) for all x,y € X.

As 1 = d(x2,24) £ d(z2,21) + d(z1,24) = 2, d is not a metric on X. Clearly, (X,d) is a
complete b-metric space with parameter s > % > 1. Define a mapping f: X — X by
| oz, if =21, 20, 23,
fo= { To, if T = x4.

Let B : RS — [0, %) be defined by B(t) = S+t Clearly for any x € X, any sequence in Of(x)
converges to x1 € X. Hence (X,d) is f-orbitally complete b-metric space. Let

B{ (x1,21), (x1,22), (T2, 21), (1, 23), (T2, T2), }

(z2,73), (73, 21), (T3, 2), (T3, 23), (v2, T4)

Definea : X x X — R{ bya(ac,y)z{ 1zf(x,y).€B Afx € {a1, 22, 23}, then a(z, fr) =

0 otherwise
a(z,r1) = 1 implies that o fz, f?x) = a(z1,21) = 1. If x = x4, then a(x, fr) = 0. Hence
for any x € X, alx, fx) > 1 implies that o fz, f2x) > 1. If v,y € {x1,12,23}, then
alz,y) =1 and aly, fy) = a(y,z1) = 1 imply that o(x, fy) = alz,z1) = 1.If £ = x5 and
y = x4, then a(z,y) =1 and a(y, fy) = a(y,z2) = 0. Hence for any z,y € X, a(z,y) > 1
and a(y, fy) > 1 imply that a(x, fy) > 1. Therefore f is a triangular a-orbital admissible
mapping. Note that, for any x,y € X, the inequalities %d(z,fx) < %d(z,y)anda(x,y) >1,
give
(l‘ y) { (ZZ?1,£L’1), (‘Tl’xQ)’ (132,131), ($1,$3), }
’ (w2, 73), (z3,71), (T3, 72), (T2, 74)
As b- metric d is symmetric, we focus on the set {(x1,x1), (x1,x2), (x1,x3), (z2,23), (T2,24) }.
(z,

Ifx,y € {x1,x2, x5}, then we have a( y)d(fz, fy) =0 < B (Ms(z,y)) Ms(z,y). Ifx = x2,
Yy = x4, then we obtain that

sala,)d(f, fy) = 0(as, 2a)d(frs, fa3) = 3d(er,2) = §
< 2 = B (dlwa,aa)) Az, 04) < B (My(2,20)) My (2, 22)

SO, foranyz,y € X, 3d(z, fr) < 3d(z,y) implies sa(z,y)d(fz, fy) < B(My(z,y)) My (z,y).
Thus all the conditions of Theorem 2.1 are satisfied. Moreover, z = x1 is a fixed point of
f. On the other hand, a(x1,22) = 1, a(ze,z4) = 1 and a(x1,24) = 0. Thus f is not a
triangular a-admissible. Hence Theorem 1.5 is not applicable in this case.

Example 2.2. Let X = {x1,22,23,24,25}. Defined: X x X — RS‘ by

d(:l?l,itg) = d(l‘hl‘:g) = 87 d(fEl,CC4) = d(d?l,lig,) = 6, d(I27I4) = 12,
d(z2,x3) = d(x2,75) = d(x3,24) = d(x3,25) = 2, d(v4,75) =4,
d(z,x) =0 and d(z,y) = d(y,x) for all z,y € X.
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Since 12 = d(z2, x4) £ d(x2,25) +d(x5,24) = 6,and 12 = d(x2, 24) £ d(22, x3) +d(z3,24) =
4,hence d is not a metric on X. Clearly, (X,d) is a complete b-metric space with s > 3 > 1.
Define the mapping f: X — X by

X1, fo = x1,T2,T3,
fr= To, if T = x4,
x3, if T = x5.

Let B: R — [0, 1) be defined by B(t) = 3. Clearly for any x € X, any sequence in Of(x)
converges to x1 € X. Hence (X,d) is f-orbitally complete b-metric space. Let

_ (IEl,l’l),(xl,l’g),(l’g,l‘l),(l’l,:t )a(z%x?)v(x%x )a(x 7x1)7(x 7932)7
¢= { (z3,23), (T4, 24), (T4, T5), (965,53?1), (z5,25) ’ 3 ’ } .

Define a : X x X — RT by a(x,y) = 1 if (z,y) € C and a(z,y) = 0 otherwise. If x,y €
{z1, 22,3}, then a(z,y) = 1 implies that a(fx, fy) = a(xr,21) = 1. If 2,y € {x4, 25},
then a(x,y) = 1 implies that o(fz, fy) = 1. Thus for any x,y € X, a(x,y) > 1 implies
that o(fx, fy) > 1. If z,y,z € {x1, 22,23}, then a(z,y) = 1 and a(y,z) = 1 imply that
a(z,z) = 1. If v,y,z € {x4,25}, then a(x,y) = 1 and a(y,z) = 1 imply that a(z,z) = 1.
Hence, for all x,y,z € X we have a(z,y) > 1 and a(y,z) > 1 imply that a(z,z) > 1. Also,
if © € {x1,22, 23}, then a(z, fx) = 1 implies that o(fx, f?x) = 1 and if x € {z4, 75}, then
we have a(z, fr) = 0. Thus, for any x € X, a(x, fx) > 1 implies that o(fx, f2z) > 1.
For all x,y € {zx1,22,23}, a(z,y) = 1 and a(y, fy) = 1 imply that a(z, fy) = 1. For
x,y € {x4,x5}, we have a(z,y) =1 and a(y, fy) = 0. Hence, for any xz,y € X, a(z,y) >1
and a(y, fy) > 1 imply that a(x, fy) > 1. Therefore f is a triangular a-orbital admissible
mapping. Note that, for any x,y € X, the following inequalities %d(x,fx) < 3d(z,y) and
alz,y) > 1, give

($7y) € {(m17x1)7 (56'1,1'2), ($2,$1)7 (1'17373)7 (.’172,.’)33), (.’I}3,,’E1), (xS; (EZ); (:E4; m5)7 (1‘57.’154)} .
As b- metric d is symmetric, we focus on the set {(x1,21), (x1,22), (€1, x3), (€2, x3), (x4, x5)}.
If v,y € {z1, 22,235}, then we have 3a(z,y)d(fz, fy) = 0 < B(My(z,y)) My(z,y). If
x € {z4, x5}, then 3oz, z)d(fz, fx) =0 < B (Ms(x,x)) My(x,x).If v = x4, y = x5, then

3oz, y)d(fz, fy) = 3a(za, x5)d(fza, frs) = 3d(x2,23) = 6
<10 = B (d(w2,74)) d(w2,24) < B (Mg(74,75)) My(74,75).
So, for any z,y € X gd(x, fx) < 3d(z,y) implies 3w, y)d(fx, fy) < B(My(2,y)) My (z,y).
Thus all the conditions of Theorem 2.1 are satisfied. Moreover, z = x1 is a fized point of f.
On the other hand, if we take x = x4, y = x5, then 3a(z,y)d(fz, fy) = 3a(xy, x5)d(fxa, fas5) =
3d(xa,w3) = 6 £ & = B (L(x4,35)) L(x4, x5),where
d(I4, 1‘2)d($4, 1‘3) + d(1‘5, 333)d(1‘5, 1‘2)

d(x4,5), 1+ 2(d(zg,75) + d(x2,23)) ’ 28
d(x4, 25)d(ws, w5) + d(ws, 23)d(xs5, 23)

1+ d(zg,x3) + d(xs5,22)

Hence Theorem 1.5 does not hold in this case.

L(z4,25) = max

3. Applications to existence of solutions of integral equations

We consider the following integral equation:

b
u(r) =v(r) + )\/ G(r,z)F(z,u(z))dz, (24)

for all 7 € [a,b], where A\ € R, G : [a,b] x [a,b] = RY, F : [a,b] x R = R, v : [a,b] — R
are known continuous functions. Let X = Cla,b] = { g : [a,b] — R is continuous} and
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d: X x X — R} be the b- metric defined by d(u,v) = max,<,<p [u(r) — v(r)|>. Define the
mapping f: X — X by fu(r) =v(r) +)\fab G(r,z)F(z,u(z))dz, r € [a,b]. Note that (X,d)
is a complete b-metric space. Let the mapping o : X x X — RS‘ be defined by a(z,y) =1
for all z,y € X.

Theorem 3.1. If the following conditions hold:
(1) |\ <1 for A e R;
(2) max f G?(r,2)dz < ﬁ;
(3) for any 71,22 € R, s > 1, we have |F(z,21) — F(z,25)|° < 77 |21 — 22 2
(4) for any x,y € X and s > 1, we have ; (z, fr) < sd(x,y).
Then the equation (24) has a unique solution u* € X.

Proof. By Cauchy-Schwarz inequality and the conditions (1)-(3), we obtain that
sd(fua, fug) < $ lax, | fur(r) = fus(r)[”

2

=s|A]? max ’/ G(r,z)(F(z,u1(z)) — F(z,u2(z)))dz

< sIAP max {/ G2 (r, 2 dz/ P, un (2 F(z,ug(z))|2dz}
INE {mfui(b/ G2(r, 2) } {/ (2 un (2 F(z7u2(z))2dz}
<o {2 {232 /b|u1<z>—u2<z>|2dz}

b
s b [ s ()~ walr)

_ P

2s a<r<b

A2

1
x Jui(r) — ua(r)* = gd(ulﬂm) < %d(ulauQ)'

Hence, all the conditions of Corollary 2.3 are satisfied. Therefore the mapping f has a unique
fixed point u* € X, that is, the integral (24) has a unique solution in X = Cla, b]. O

4. Conclusions

In this paper, we presented the concept of a generalized a-Suzuki-Geraghty type con-
traction mapping and obtained fixed point theorems for such mappings in the framework
of f-orbitally complete b-metric space which improve, generalize, and unify various compa-
rable results [8, 9, 11, 12, 16] in the existing literature. Examples are given to prove that
the generalization is proper and important one. These main results obtained here can be
applied in the existence of a solution of Integral equations.
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