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Abstract: In this paper, we first introduce the class of partial symmetric spaces and then prove some
fixed point theorems in such spaces. We use one of the our main results to examine the existence and
uniqueness of a solution for a system of Fredholm integral equations. Furthermore, we introduce
an analogue of the Hausdorff metric in the context of partial symmetric spaces and utilize the same
to prove an analogue of the Nadler contraction principle in such spaces. Our results extend and
improve many results in the existing literature. We also give some examples exhibiting the utility of
our newly established results.
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1. Introduction

The classical Banach contraction principle is one of the most powerful and effective results in
analysis established by Banach [1], which guarantees the existence and uniqueness of fixed points in
complete metric spaces. This principle has been extended and generalized in many different directions.
One of these ways is to enlarge the class of spaces, such as partial metric spaces [2], metric-like
spaces [3], b-metric spaces [4], rectangular metric spaces [5], cone metric spaces [6], and several
others. Sometimes, one may come across situations wherein all the metric conditions are not needed
(see [7-11]). Motivated by this reality, several authors established fixed point and common fixed point
results in symmetric spaces (or semi-metric spaces).

A symmetric d on a non-empty set X is a functiond : X x X — R which satisfies d(x,y) = d(y, x)
and d(x,y) = 0if and only if x = y, for all x, y € X. Unlike the metric, the symmetric is not generally
continuous. Due to the absence of a triangular inequality, the uniqueness of the limit of a sequence is no
longer ensured. To have a workable setting, Wilson [12] suggested several related weaker conditions
to overcome the earlier mentioned difficulties, which we will adopt to our setting. Such weaker
conditions will be stated in the preliminaries.

In 1969, Nadler [13] initiated the study of fixed points for multi-valued contractions using the
Hausdorff metric, and extended the Banach fixed point theorem to set-valued contractive maps.
The theory of multi-valued maps has applications in control theory, convex optimization, differential
equations, economics, and so on.

On the other hand, Matthews [2] introduced the concept of partial metric spaces as a part of
the study of denotational semantics of dataflow networks, and proved an analogue of the Banach
contraction theorem, and Kannan-Ciri¢ and Ciri¢ quasi-type fixed point results.
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Combining the ideas involved in the concepts of partial metric spaces and symmetric spaces,
we introduce the class of partial symmetric spaces, wherein we prove existence and uniqueness fixed
point results for certain types of contractions in partial symmetric spaces. Furthermore, with a view to
prove a multivalued analogue of Nadler’s fixed point theorem, we adopt the idea of the Hausdorff
metric in the setting of partial symmetric spaces. Finally, we use one of the our main results to examine
the existence and uniqueness of a solution for a system of Fredholm integral equations.

2. Preliminaries

In this section, we collect some relevant definitions and examples which are needed in our
subsequent discussions.
Now, we introduce the partial symmetric space as follows:

Definition 1. Let X be a non-empty set. A mapping P : X x X — Ry is said to be a partial symmetric if, for
all x,y,z € X:

(1P) x=yifandonlyif P(x,x) =P(y,y) = P(x,y);
2P) P(x,x) < P(x,y);
(3P) P(x,y) =Py, x).

Then, the pair (X, P) is said to be a partial symmetric space.

A partial symmetric space (X, P) reduces to a symmetric space if P(x,x) = 0, for all x € X.
Obviously, every symmetric space is a partial symmetric space, but not conversely.

Example 1. Let X = R and define a mapping P : X x X — Ry forall x,y € X and p,q > 1, as follows:
Pxy) =[x =yl +x — yl".
Then, the pair (X, P) is a partial symmetric space.
Example 2. Let X = R and define a mapping P : X x X — Ry forall x,y € X and p,q > 1, as follows:
P(x,y) = (max{x,y})? + (max{x,y})".
Then, the pair (X, P) is a partial symmetric space.
Example 3. Let X = [0, 77) and define a mapping P : X x X — R forall x,y € X and a > 0, as follows:
P(x,y) = sin|x —y| +a.
Then, the pair (X, P) is a partial symmetric space.

Let (X, P) be a partial symmetric space. Then, the P-open ball, with center x € X and radius
€ > 0, is defined by:
Bp(x,e) ={y € X: P(x,y) < P(x,x) +¢€}.

Similarly, the P-closed ball, with center x € X and radius € > 0, is defined by:
Bplx,e] ={y € X: P(x,y) < P(x,x) +€}.
The family of P-open balls for all x € X and € > 0,

Up = {Bp(x,e):x € X,e >0},
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forms a basis of some topology 7p on X.

Lemma 1. Let (X, Tp) be a topological space and f : X — X. If f is continuous then, for every convergent
sequence x, — x in X, the sequence fx, converges to fx. The converse holds if X is metrizable.

In subsequent future discussions, we need some more basic definitions, namely: Convergent
sequences, Cauchy sequences, and complete partial symmetric spaces, which are outlined in the
following:

Definition 2. A sequence {x,,} in (X, P) is said to be P-convergent to x € X, with respect to Tp, if

P(x,x) = lim P(xy, x).

n—oo
Definition 3. A sequence {x,} in (X, P) is said to be P-Cauchy if and only if . ,lérﬂ P (xn, xm) exists and is
finite. ,

Definition 4. A partial symmetric space (X, P) is said to be P-complete if every P-Cauchy sequence {x, } in
X is P-convergent, with respect to Tp to a point in x € X, such that

P(x,x) = lim P(x,,x) = lim P(xpy, xp).

n—s00 n,m—o0

Now, we adopt some definitions from symmetric spaces in the setting of partial symmetric spaces:

Definition 5. Let (X, P) be a partial symmetric. Then

(A1) lim P(xn,x) = P(x,x) and nh_r)rolo P(xn,y) = P(x,y) imply that x =y, for a sequence {x,}, x, and
yin X.

(A2) A partial symmetric P is said to be 1-continuous if nh_r)r;o P(xn,x) = P(x,x) implies that
nlgrolo P(xn,y) = P(x,y), where {x,} is a sequence in X and x,y € X.

(A3) A partial symmetric P is said to be continuous zfnlgx;to P(xn,x) = P(x,x) and r}ijl;op(xn,y) =P(x,y)
imply that nh_r};o P(xn,yn) = P(x,y) where {x, } and {y,} are sequences in X and x,y € X.

(A4) r}iilgop(xn,x) = P(x,x) and J%P(xn,yn) = P(x,x) imply nggop(yn,x) = P(x,x), for
sequences {xn }, {yn}, and x in X.

(A5) nh_r>ro10 P(xn,yn) = P(x,x) and nh_r)r;o P(Yn,zn) = P(x,x) imply nh_r>ro10 P(xn,zn) = P(x,x), for
sequences {xn}, {yn}, {zn}, and x in X.

Remark 1. From the Definition 5, it is observed that (A3) = (A2), (A4) = (A1), and (A2) = (A1) but,
in general, the converse implications are not true.

3. Fixed Point Results

Let (X, P) be a partial symmetric space and f : X — X. Then, for every x € X and for alli,j € N,
we define

S(P, f,x) = sup{P(f'x, flx) : i,j € N}. 1)
Definition 6. Let (X, P) be a partial symmetric space. A mapping f : X — X is said to be a «-contraction if
P(fx fy) <xP(xy), Yoy eX, 2

where k € (0,1).
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Now, we prove an analogue of the Banach contraction principle in the setting of partial
symmetric spaces:

Theorem 1. Let (X, P) be a complete partial symmetric space and f : X — X. Assume that the following
conditions are satisfied:

(i) f is a x-contraction, for some x € [0,1);
(ii)  there exists xo € X such that S(P, f,xy) < oo; and
(iii) either

(a)  f is continuous, or

(b) (X, P) satisfies the (A1) property.

Then, f has a unique fixed point x € X such that P(x,x) = 0.
Proof. Choose xp € X and construct an iterative sequence {x, } by:
X1 = fxp, X2 :fzxo, X3 :f3x0,...,xn = f"xo,...
Now, from (2) (for all i, j € N), we have
P(f*ixg, f1*xg) < kP (F~ g, F1~1ixg).
The above inequality holds for all i, j € N; therefore, by conditions (i) and (1), we have
S(P, f, f'x0) <k&(P, f, ' xp).
Repeating this procedure indefinitely, we have (for every n € N)
S(P, f, f'x0) < «"S(P, f, x0). (3)
Let n,m € N, such that m = n + p for some p € N. Using (3), we have
P(f"x0, f*Px0) < &(P, f, f'x0) < x"&(P, f, x0)-
As S(P, f,xy) < ccand x € (0,1), we have

lim P(xn,Xm) = 0,

n,m—00

so that {x, } is a P-Cauchy sequence in X. In light of the P-completeness of X, there exists x € X such
that {x, } P-converges to x. Now, we show that x € X is a fixed point of f.
Assume that f is continuous. Then,

* = g, s = (i, ) = fr
Alternately, assume that (X, P) satisfies the (A1) property. Now, we have
P(fxn, fx) < P(xn,x),

which, on taking n — co, implies that lim P(xp+1, fx) = 0. Thus, from the (Al) property, fx = x.
Therefore, x is a fixed point of f. To prove the uniqueness of the fixed point, let on contrary that there
exist x,y € X such that fx = x and fy = y. Then, by the definition of x-contraction, we have

P(x,y) = P(fx, fy) < «P(x,y),
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a contradiction. Hence, x = y; that is, x is a unique fixed point of f. Finally, we show that P(x,x) = 0.
Since, f is x-contraction mapping, we have

P(x,x) =P(fx, fx) < «P(x,x).
This implies that P(x, x) < 0, implying thereby that P(x, x) = 0. This completes the proof. [
Now, we recall the definition of the Kannan-Ciri¢ contraction condition [14]:

Definition 7. Let (X, P) be a partial symmetric space. A mapping f : X — X is said to be a Kannan-Ciri¢
type x-contraction if, for all x,y € X,

P(fx, fy) < xmax{P(x, fx), Py, fy)}, 4
where x € [0,1).

Next, we prove a fixed point result via Kannan-Ciri¢ type x-contractions in the setting of partial
symmetric spaces:

Theorem 2. Let (X, P) be a complete partial symmetric space and f : X — X. Assume that the following
conditions are satisfied:

(i) f is a Kannan-Cirié type x-contraction mapping,
(ii)  f is continuous.

Then, f has a unique fixed point x € X such that P(x,x) = 0.
Proof. Take xp € X, and construct an iterative sequence {x, } by:
X1 = fX(), Xy = fsz, X3 = f3X(),. oy Xn = f”xo, v

Now, we assert that lim P(x,, x,+1) = 0. On setting x = x,, and y = x,,41 in (4), we get

n—oo

P(xn, xu1) = P(fxn-1,fxn)
< xkmax{P(x,-1, fxn-1), P(xn, fxn)}
< kmax{P(x,_1,%n), P(xn, xp11)}- (5)

Assume that max{P (x,_1, xn), P(xn, Xp41)} = P(xn, Xy+1), then from (5), we have
P(xn, Xnt1) < xP(Xn, Xnt1),
a contradiction (since « € (0,1)). Thus, max{P (x,,—1,xn), P(xn, Xn+1)} = P(x_1, Xn). Therefore, (5)

gives rise
P(xn, xp+1) = kP (x-1, %) foralln € N.

Thus, inductively, we have
P(xn, xy41) = €"P(x0,x1) foralln € N.
On taking the limit as n — oo, we get

lim P(xy, x,41) = 0. (6)

n—oo
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Now, we assert that {x, } is a P-Cauchy sequence. From (4), we have, for n,m € N,

P (xn, Xm) P(fxn-1, fxm-1)

S KmaX{P(xn—llfxn—l)/P(xm—lzfxm—l)}
< xmax{P(x,_1,%n), P(Xm_1,%m)}

By taking the limit as 1, m — co and using (6), we have

lim P(x,,x,)=0. (7)

n,m—o0

Hence, {x,} is a P-Cauchy sequence. Since (X, P) is P-complete, there exists x € X such that
ILm P (xn,x) = 0. Now, we show that x € X is a fixed point of f. By the continuity of f, we have
n—o00

* = g o = Sl a) = f

Therefore, x is a fixed point of f. For the uniqueness part, let on contrary that there exist x,y € X
such that fx = x and fy = y. Then, from (4), we have

P(x,y) = P(fx fy)
< xmax{P(x, fx), Py, fy)},
< xmax{P(x,x),P(y,y)}

So, either P(x,y) < xP(x,x) or P(x,y) < «P(y,y), which is a contradiction. Therefore, x is a
unique fixed point of f. Finally, we show that P(x, x) = 0. From (4), we have

P(x,x)

kP (fx, fx)

kmax{P(x, fx), P(x, fx)},
xkmax{P(x,x), P(x,x)},
kP (x,x),

ININ A

this implies that P(x, x) < 0, implying thereby that P(x, x) = 0. This completes the proof. [

Now, we present some fixed point results for Ciri¢ quasi contractions in the setting of partial
symmetric spaces. We start with the following definition.

Definition 8. Let (X, P) be a partial symmetric space and f : X — X. Then f is said to be x-weak contraction
if, forall x,y € X, and x € (0,1)

P(fx, fy) < xmax {P(x,y), P(x, fx), P(y, fy), P(x, fy), Py, fx)}. ®)
Proposition 1. Let f be a k-weak contraction for any « € (0,1). If x is a fixed point of f, then P(x,x) = 0.

Proof. Suppose x € X is a fixed point of f. Since f is a k-weak contraction, we have that

P(x,x) = P(fx, fx)
< xmax {P(x,x), P(x, fx), P(x, fx), P(x, fx), P(x, fx)}
= wmax {P(x,x),P(x,x),P(x,x),P(x,x),P(x,x)}
kP(x,x),

this implies that P(x, x) < 0, implying thereby P(x,x) =0. O
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Theorem 3. Let (X, P) be a P-complete partial symmetric space and f : X — X. Suppose that the following
conditions hold:

(i) f is a x-weak contraction for some x € [0,1);
(ii)  there exists xg € X such that S(P, f,x) < oo; and
(iii)  f is continuous.

Then, f has a unique fixed point.
Proof. Assume x( € X, and construct an iterative sequence {x, } by:
x1 = fxo, X2 = f2x0, X3 = f°x0,...,%n = f"xq,...
Let n be an arbitrary positive integer. Since f is a x-weak contraction, for all 7, j € N, we have

P(fn+iXQ,fn+on) < xmax {P(fn_1+ix0,fn_l+jx0)/P(fn_1+ix0/fn+ixo)/
rp(fn71+jx0,fn+jxo)l zp(fnflﬂ'xolfwrjxo), P(fnflJrij’anxo) }

Since the above inequality is true for all i, j € N, therefore by conditions (ii) and (1), we have
S(P, f, f'x0) < x&(P,f, f" xg).
Continuing this process indefinitely, we have, foralln > 1,
S(P,f, f"x0) <x"S(P, f,x0)- )
Now, for each n,m € N, such that m = n + p for some p € N, we have, due to (9), that
P(f"x0, " Fx0) < S(P, f, f"x0) < K"S(P, f, x0). (10)
Since S(P, f,xp) < c0oand k € (0,1), we have

lim P(xy,xm) =0,

n,m—00

so {x,} is a P-Cauchy sequence in X. In view of the P-completeness of X, there exists x € X such that
{xn} P-converges to x. Now, we show that x is a fixed point of f. By the continuity of f, we have

¥ = g e = Sl w) = f

Therefore, x is a fixed point of f. For the uniqueness part, let on contrary that there exist x,y € X
such that fx = x and fy = y. Thus, by using the condition (8), we have

P(xy) = P(fx fy)
< xmax {P(x,y), P(x, fx), Py, fy), P(x, fy), Py, fx)}
= xmax{P(x,y),P(x,x),P(v,y), P(x,y), P(y,x)}.

By using the property (2/P), we have
P(xy) < kP(xy) < Plxy),

a contradiction, and so P(x,y) = 0; which implies that x = y. Thus, f has a unique fixed point. This
completes the proof. O

Now, we furnish the following example, which illustrates Theorem 3.
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Example 4. Consider X = [0,1] and a partial symmetric P : X x X — Ry defined by P(x,y) = max{x,y},
forall x,y € X. Define a self-mapping f on X by

2
fx= 2%,forullx € X.

Observe that
P(fx, fy) = max{fx, fy}
- 2x2 2y
= max{ =g }
2 2
gmax{x,y} = gP(x,y)
< Zmax {P(xy), Pl fx), Py, f1), Plx fy), Py, f)},

IN

forall x,y € X. Observe that f is continuous and condition (ii) holds. Thus, all the conditions of Theorem 3 are
satisfied and so f has a unique fixed point (i.e., x = 0).

Notice that this example can not be covered by metrical fixed point theorems.

Corollary 1. The conclusions of Theorem 3 remain true, if the contractive condition (8) is replaced by any one
of the following:

fx, fy) <
fx fy
fx fy

P(fx, fy
w)ﬂﬂ@émm&mwmm”mwww>mm

(i) P(fx, fy) < Kmax{P(x,y),P(x,fx), (v, fy), M

i P
(i) P
(iii) P
(iv)

5[P(x fy) + Py, fx)];
<;<max{73 xY), P(x, fx), P (%f]/)};
< x max {P(x,y),P(x,fy),P(yrfx)};

< xmax {p(w), PO/ EPfy) | Plofu)+Pluf) };

/\ ~ —~
—_— — — —

Lo
}

4. Application

In this section, we endeavor to apply Theorem 1 to prove the existence and uniqueness of a
solution of the following integral equation of Fredholm type:

x(t) = (/ah G(t,s,x(s))ds + h(t) forall t,s € [a, b], (11)

where G, h € C([a,],R) (say, X = C([a, b],R). Define a partial symmetric space P on X:

P(x,y) = sup |x(t) —y()|P + sup |[x(t) —y(t)|9, forallx,y € X, and p,q > 1.
te(a,b] te(a,b]

Then, (X, P) is a complete partial symmetric space.
Now we are equipped to state and prove our result, as follows:

Theorem 4. Assume that, for all x,y € C([a, b],R),

G(t,s,x(s)) = G(t,5,y(s))| < z(bl_a)IX(S) —y(s)l, (12)
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forallt,s € [a,b]. Then, Equation (11) has a unique solution.

Proof. Define f : X — X by

Fx(t) = /Hb G(t,s,x(s))ds + h(t) for all t,s € [a,b].

It is clear that x is a fixed point of the operator f if and only if it is a solution of Equation (11).
Now, for all x,y € X, we have

’ p

|fx(t) = fy(IP + [fx(t) — fy(H)]T < (/ |G(t,s,x(5))_G(t,s,y(s))‘ds)
! q

+(/a |G(t,s,x(s)) *G(t,S,y(s))|ds)

< /bﬁu(s)—y(snds)”
/ 20 —a) ")~ (s)‘ds)q
< m;ﬁ%"‘ or (], «)
1
e 2 <0 O ([
< A sup [x(t)— y(B)F + sup [x(t) — y()]9).
tela,b) tE[a,b]

Thus, condition (12) is satisfied, with A = max{zl—,,, %} € [0,1). Hence, the operator f has a
unique fixed point; that is, the Fredholm integral Equation (11) has a unique solution. O
5. Results Involving Set-Valued Map

In this section, first we extend the idea of Hausdorff distance to partial symmetric spaces.
Let (X, P) be a partial symmetric space and CB7 (X) be the family of all nonempty, Tp-closed, and
bounded subsets of (X, P). Observe that A will be bounded if there exist xy € X and M > 0 such that,
foralla € A, P(xg,a) < P(a,a)+ M.

Moreover, for A, B € CBP(X) and x € X, we define:

distp(x, A) = inf{P(x,a) :a € A};
0p(A,B) = sup{distp(a,B) :a € A}; and
dp (B, A) = sup{distp(b,A) : b € B}.
Remark 2. Let (X, P) be a partial symmetric space and A a non-empty subset of X, then
a € Aifand only if distp(a, A) = P(a,a),

where A denotes the closure of A, with respect to the partial symmetric P. Also, A is P-closed in (X, P) if and
onlyif A = A.

Proposition 2. Let (X, P) be a partial symmetric space. For A, B,C € CBP X, we have the following:
(i)  op(A,A)=sup{P(aa):ae€ A};

(i) Op(A,A) <ép(A,B);

(iii) B C C=p(A,C)<ép(A, B);
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(iv) op(A,B)=0 = A C B;and

(v) dp(AUB,C) =max{ép(A,C),dép(B,C)}.

Proof. (i) Suppose A € CBP(X).Since a € A if and only if P(a, A) = P(a,a),
Op(A,A) =sup{distp(a,A):a € A} =sup{P(a,a):a € A}.

(ii) Suppose a € A. By definition of the partial symmetric space, we know that P(a,a) < P(a,b),
which implies that
P(a,a) < distp(a,B) < dp(A,B).

Hence, condition (i) gives rise to
op(A,A) <ép(A,B).
(iii) Suppose A, B,C € CB” (X), such that B C C. Then,
distp(x,B) < distp(x,C) foralla € X.

Thus,
BCcC= 57)(A,C) < (573(A,B>

(iv) Suppose A, B € CBP(X), such that 5p(A, B) = 0. Then,
sup{distp(a,A) :a € A} =0 = distp(a,B) =0foralla € A.
In view of the above conditions (i) and (ii), we have
P(a,a) <6p(A,B)=0= P(a,a) =0, foralla € A.

Therefore, distp(a, B) = P(a,a) for all a € A implies that ‘a’ is in the closure of B for alla € A.
Since B is P-closed, we have A C B.
(v) Suppose A, B,C € CBP(X). Then,

dp(AUB,C) = sup{distp(x,C):x € AUB}
= max { sup{distp(x,C) : x € A}, sup{distp(x,C) : x € B}}
= max{ép(A,C),ép(B,C)}.

O
Next, let (X, P) be a partial symmetric space. Define
Hp(A,B) = max{ép(A,B),ép(B,A)}.

Proposition 3. Let (X, P) be a partial symmetric space. For A, B,C,D € CBP (X), we have the following:

(1H)  Hp(A,A) < Hp(A,B);
(2H)  Hp(A,B) = Hp(B, A); and
(3H)  Hp(AUB,CUD) = max{Hp(A,C),Hp(B,D)}.

Proof. (1H) By condition (ii) of Proposition 2, we have

Hp(A,A) = 5p(A, A) < 5p(A,B) < Hp(A,B).
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(2H) By the definition of Hp, we have
Hp(A,B) = max{ép(A,B),(Fp(B,A)} = max{ép(B,A), §7J(A, B)} = Hp(B, A)
(3H) By condition (v) of Proposition 2, we have

p(AUB,CUD) = max{ép(A,CUD),ép(B,CUD)}
< max{dp(A,C),ép(B,D)}
< max{Hp(A,C),Hp(B,D)}.

Similarly, we obtain
dp(CUD,AUB) <max{Hp(A,C),Hp(B,D)}.
Hence, by the definition of Hp, we have, forall A,B,C,D € CBP (X), that
Hp(AUB,CUD) =max{Hp(A,C),Hp(B,D)}.
O
Proposition 4. Let (X, P) be a partial symmetric space. For A, B € CBY (X), we have
Hp(A,B)=0 = A =B.
Proof. Let Hp (A, B) = 0. Then, by the definition of Hp, we have
op(A,B) =ép(B,A) =0.
Thus, by condition (iii) of Proposition 2, we get A C Band B C A, which implies A = B. [
Now, we prove the following lemma which is needed in the sequel:

Lemma 2. Let (X, P) be partial symmetric space and A, B € CBP (X). Then, for any h > 1 and a € A, there
exists b € B such that
P(a,b) < hHp(A, B). (13)

Proof. First, we consider A = B. From (i) of Proposition 2,

Hp(A,B) = Hp(A,A) = 6p(A,A) =supP(a,a).
acA

Observe that, for any a € A and any > 1, we have

P(a,a) <supP(a,a) = Hp(A,B) <hHp(A,B).
acA
Consequently, b = a satisfies the inequality (13). Now, let A # B. Then, there exists a € A such
that
P(a,b) > hHp(A,B) forallb € B.

Then,
inf{P(a,b) : b € B} > hHp(A, B),

so that
distp(a,B) > hHp(A, B).
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Hence,

Hp(A,B) > 6p(A, B) = supdistp(a,B) > distp(a, B) > hHp(A, B),
acA

a contradiction, since h > 1. O

Recall that, if f : X — CBP(X) is a mapping, then an element x € X is said to be a fixed point of

fifx € fx.

Now, we state and prove our main result in this section:

Theorem 5. Let (X, P) be a complete partial symmetric space and f : X — CBP (X). Assume that the
following conditions are satisfied:

(i) there exists x € [0,1) such that
Hp(fx, fy) <«P(x,y)forall x,y € X;

(ii)  there exists xo € X such that S(P, f,xy) < oo; and
(iii)  f is continuous.

Then, f has a unique fixed point x € X, such that P(x,x) = 0.

Proof. Suppose xp € X and x; € fxg. From Lemma 2 with h = ﬁ, there exists xp € fx1 such
that P(xl,xz) < ﬁHp(on,fxl). Since Hp(fX(),fxl) < KP(XQ,Xl), then P(xl,xz) < \/EP(xo,xl).

Similarly, for x; € fx; there exists x3 € fxp such that

P(x2,x3) < \}EHP(fxl,fxz) < VP (x1,x2).

Inductively, we obtain a sequence {x, } in X, such that
Xpi1 € fxpand P(x,41, %) < VEP (x4, x,_1), foralln € N.
By condition (i), for all i, j € N we have
P(f”“xo,fnﬂxo) < \/E’])(f”71+ix0,f”71+jxo).

Therefore, by condition (ii) and (1), we have

&(P,f, f"x0) < Vx&(P, f, f*'x0).
Continuing this process, we have, for every n € N,

&(P, f. f"x0) < (V&)"S(P, f, x0). (14)
By using (3), we have, for n,m, p € Nsuch thatm =n +p,

P(f"x0, f*"Px0) < &(P, f, f"x0) < (VK)"S(P, f, x0).

Since S(P, f,xp) < oo and k € (0,1), then

lim P(xy,xm) =0,

n,m—oo
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so that {x, } is a P-Cauchy sequence in X. In view of the P-completeness of X, there exists x € X such
that {x, } P-converges to x. Therefore,

P(x,x) = lim P(x,,x) = lim P(x,,xp) = 0.

n—sco n,m—00

As Hp(fxy, fx) < kP (xy, x), implies that

lim Hp(fxy, fx) = 0.

n—o0

Hence, x;,11 € fx,. Therefore,

distp (xy41, fx) < 0p(fxn, fx) < Hp(fxn, fx).

Hence,
nlgr.}o distp(x,41, fx) = 0.

By the continuity of f, we obtain
distp(x, fx) = 1i_r>n distp(x,41, fx) = 0.
n—oo

Thus, we have P(x, x) = distp(x, fx) = 0. As fx is P-closed, then we have x € fx. Hence, x is a
fixed point of f in X. This completes the proof. O

Next, we adopt the following example to demonstrate Theorem 5.

Example 5. Consider X = {0,1,2} equipped with the partial symmetric P : X x X — R defined by

1 1
Px,y) = §|x —y]?+ Z(max{x,y})z, forall x,y € X.

Then (X, P) is a P-complete symmetric space. Note that {0} and {0, 1} are bounded sets in (X, P). In
fact, if x € {0,1,2} then

x € {0} <& distp(x,{0}) = P(x,x)
w2

4 4
& x=0 < xe {0}
Hence, {0} is closed with respect to the partial symmetric P. Next,

xe€{0,1} & distp(x,{0,1}) = P(x,x)

. [3x% 1 , 1 ) x2
= mm{z,2 x—1| —l—zl(max{x,l}) }—4
< x€{0,1}.

Hence, {0,1} is also closed with respect to the partial symmetric P.
Now, define f : X — CBP (X) by:

fO0=f1={0}and f2={0,1}.

Notice that f is continuous under the partial symmetric P. Now, to show that the contractive condition (i)
of Theorem 5 is satisfied, we distinguish the following cases:
Case 1. Let x,y € {0,1}. Then,

Hp(fx, fy) = Hp(0,0) =0,
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so that the contractive condition (i) satisfied.
Case 2. Let x € {0,1} and y = 2. Then, with k = %, we have

Hp(fx,f2) = Hp({0},{0,1})
max {dp ({0}, {0,1}),6p({0,1},{0})}
= max {distp(0,{0,1}), max{P(0,0), P(1,0)} }

— Z < kHp(x,2).

Case 3. Let x =y = 2. Then, with k = %, we have

Hp(f2,f2) = Hp({0,1},{0,1})
op({0,1},{0,1})
max {distp(0,{0,1}), distp(1,{0,1})}
= max {0,min{P(1,0),P(1,1)}}

= i < kHp(2,2).

Hence, the contractive condition (i) of Theorem 5 is satisfied for k = %
By routine calculation, one can verify the other conditions of Theorem 5. Observe that f has a unique fixed
point (namely, x = 0).

6. Conclusions

First, we enlarged the class of symmetric spaces to the class of partial symmetric spaces,
wherein we proved several results which included analogues of the Banach contraction principle, the
Kannan-Ciri¢ fixed theorem, and the Ciri¢ quasi-fixed point theorem, in such spaces. We also furnished
some examples, exhibiting the utility of our newly established results. Furthermore, we used one of
the our main results to examine the existence and uniqueness of a solution for a system of Fredholm
integral equations. Moreover, we extended the idea of Hausdorff distance to partial symmetric spaces,
and proved an analogue of Nadler’s fixed point theorem and some related results.
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