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Results via Partial-b Metric and Solution of a Pair of Elliptic
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Anita Tomar'*, Deepak Kumar?, Ritu Sharma® and Meena Joshi*

ABSTRACT. We give a method to establish a fixed point via partial
b-metric for multivalued mappings. Since the geometry of multival-
ued fixed points perform a significant role in numerous real-world
problems and is fascinating and innovative, we introduce the no-
tions of fixed circle and fixed disc to frame hypotheses to establish
fixed circle/ disc theorems in a space that permits non-zero self-
distance with a coefficient more significant than one. Stimulated
by the reality that the fixed point theorem is the frequently used
technique for solving boundary value problems, we solve a pair of
elliptic boundary value problems. Our developments cannot be con-
cluded from the current outcomes in related metric spaces. Exam-
ples are worked out to substantiate the validity of the hypothesis
of our results.

1. INTRODUCTION

Recently fixed point theory has gained remarkable significance in pure
and applied mathematics, engineering, computer science, and physical
sciences. In 1922, Stefan Banach [3] established a fixed point in a com-
plete metric space of contractive mapping and this conclusion is famous
as a Banach contraction principle. Later, this principle has been gener-
alized by many researchers in one way or another in various directions
(see, for instance, [, 9, 11, 21, 23, 40, 42, 45] and references therein). A
few of them are Nadler [24], who generalized it considering multivalued
contraction; Matthews [22], who introduced with the partial metric;
Bhaktin [4] (Czerwick [8]), who introduced with the b-metric, Shukla
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[B2], who introduced with the partial b-metric as an enhancement of
both b-metric as well as partial metric (see also [35-41]) and Ozgiir and
Tag [25, 26], who initiated the study of the geometry of fixed points. In a
metric space (Q, d), if C(so,t) = {s € Q : d(s,sp) = t} is a circle centred
at so and radius v and if 7s = s for every s € C(sp,t) then the circle
C(so,v) is called the fixed circle [25] of a single-valued self mapping 7.
However, if D(sp,t) = {s € Q : d(s,s0) < t} is a disc centred at sy and
radius v and if 7s = s for every s € D(sp,t), then the disc D(sp,t) is
the fixed disc [28] of 7.

The property of non-zero self-distance of any point with a coefficient
greater than one in a partial b-metric makes it significant, different, and
more generalized than usual metric space. Consequently, we determine
the fixed point in a complete partial b-metric space, which can not be
concluded from the outcomes in related metric spaces. Also, we demon-
strate in this work that our discontinuous multivalued mappings not
only fix one element of the space under consideration but also fix a set
of fixed points under appropriate conditions which may include some
geometrical shape. Further, encouraged by the reality that the theory
of fixed point is frequently used for solving boundary value problems,
we solve a pair of elliptic boundary value problems.

2. PRELIMINARIES

Definition 2.1 ([32]). A partial b-metric on a non-empty set @ is a
mapping p: Q x Q — RT satisfying:
(i) s =riff p(s,s) =p(s,r) = p(r,r);
(i) p(s,s) < p(s,r);
(i) p(s, ) = p(r, );
(iv) 3 a real number a > 1 satisfying p(s, w) < a(p(s,r)+p(r,w)) —
p(/r"r)?S? r’w e Q'
Here, (Q,p) is a partial b-metric space for constant o > 1.

Remark 2.2 ([32]). If p is a partial b-metric p(s,r) = 0 = s =,
s, € @, however reverse implication need not be valid.

Remark 2.3 ([B2]). It is fascinating to notice that each partial metric
is also a partial b-metric for & = 1 and each b-metric is also a partial
b-metric wherein the distance between any point is zero and the same
coefficient but the reverse may not be valid.

Example 2.4 ([32]). Let Q =R*" and p: Q x Q — R* be defined as
p(s,r) = [max{s,r}]k +ls—r*, k>1lands,reQq.

Then, p is a partial b-metric for @ = 2 > 1, however, it is none of a
partial metric or a b-metric.
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Definition 2.5 ([32]). Let {s,} be a sequence in a partial b-metric space
(Q,p) for any constant « > 1. Then
(i) {sn} converges to s if lim p(sy,s) = p(s,s).
n—oo
(ii) {sn}is a Cauchy sequenceif lim p(sp,Sn) exists and is finite.
,1M—00

(iii) (Q,p) is a complete partial b-metric if, for every Cauchy se-
quence {s,} in @, there exists s € @) satisfying liI_I)l (S, Sm) =
n,Mm—00

nl;n;op(sn, s) = p(s,s).

It is fascinating to notice that via partial b-metric, the limit of a con-
vergent sequence need not be unique.

If map T': Q — Q of a non-empty set @ is a multivalued map, (@, p)
is a partial metric space [22] and C'B(Q) denotes the set of all -empty,
bounded, and closed subsets_of (@, p), then an element s € @ is called
a fixed point of T"if s € T's [24].

Definition 2.6 ([2]). Let P, R, S € CB(Q) and H (P, R) = max{d,(P, R),
dp(R, P)}, where, 0,(P,R) = sup{p(p,R) : p € P} and 0,(R,P) =
sup{p(r,P) : r € R} We have
(1) H(P,R) = 0 implies that P = R;
(i) H(P.P) < H(P,R).
(ii) H(P,R) = H(R, P);
(1v) (P R) < H(P,S)+ H(S,R) — infses p(s, s).

H : CB(Q) x CB(Q) — [0,00) is known as partial Pompeiu-Hausdorff
metric induced by p.

H
H
H
H

Lemma 2.7 ([2]). Let P and R be non-empty bounded and closed subsets
of a partial metric space (Q,p) and & > 1. Then for any p € P there
exists T = r(p) € R such that p(p,r) < EH(P, R).

Lemma 2.8 ([2]). Let P and R be non-empty, closed, and bounded
subsets of a partial metric space (Q,p) and o € P, then fore > 0,3 8 €
R satisfying p(a, f) < H(P,R) + €.

3. MAIN RESULTS

First, we establish the fixed point of a discontinuous multivalued map-
ping making use of iterations via the Hausdorff metric.

Theorem 3.1. Suppose T : Q — CB(Q) be multivalued mapping in a
complete partial b-metric (Q,p) for a > 1, satisfying the conditions

(3.1) H(Ts,Tr) < aip(s,Ts)+ asp(r,Tr)+ asp(s, Tr)+ asp(r, Ts)
p(s, Ts)(1+p(s,Ts)).
1+ p(s,7) ’

+ asp(s,r) + ag
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s,7€Q and a; > 0,1 <i <6, with a1 + ag + 23 + ag + a5 + ag < 1
and ag > ay. Then, T has a fized point.

Proof. Choose any sy € (. Suppose s1 € Tsg. By Lemma @, we may
select so € T s1, satisfying

(3.2) p(s1,82) < H(Ts0,Ts1) + (a1 + aas + as + o).
Using equation (@) in equation (@), we obtain

p(s1,52) < a1p(so, Tso) + aap(si, Ts1) + asp(so, Ts1) + aup(si, T so)

p(807 TSO)(l + p(507 TSO))
1+ p(s0,51)

+ asp(so, 51) + s

+ (o1 + aas + as + ag)
< a1p(so, s1) + @2p(s1, s2) + azp(so, s2) + aap(si, s1)
p(s0,51)(1 + p(s0,51))
1+ p(s0, 51)
+ (o1 + aas + as + ag)
= (a1 + a5 + ag)p(so, s1) + aep(si, s2) + asp(so, s2)
+ aup(s1, s1) + (@1 + aaz + as + ag)
< (a1 + a5 + ag)p(so, s1) + aap(s1, $2)
+ az(a(p(so, s1) + p(s1, 52)) — p(s1,51))) + aap(s, s1)
+ (o1 + aas + as + ag)
= (a1 + aag + as + ag)p(so, s1) + (ag + aas)p(s1, s2)
— (a3 — aq)p(s1,s1) + (1 + aag + a5 + ag),

+ asp(so, 51) + a6

that is,

p(31 32)< a1 + aas + as + g p(s s)— R p(s s)
’ - 1—(0424—040[3) 021 1—(0[24—040[3) Lot

(041 + a3 + as + Ozﬁ)
1 — (a2 + aas)

<<a1+aa3+a5+a6> (s S)+<a1+aa3+a5+a6
- 1 — (a2 + aas) PLs0, 51 1 — (o2 + aag) '

Using Lemma @, there exists s3 € T s2 such that

a1 + aas + as + ag)?
1 — (g + aas)
Using equation (@) in equation (@), we get

p(s2,s3) < a1p(s1, Ts1) + cop(s2, T s2) + azp(st, Tsa) + cup(s2, T s1)

(3.3) p(s2,83) < H(Ts1,Ts2) + (
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p(s1, Ts1)(1+ p(s1,Ts1))
1+ p(s1,s2)

+ asp(s1, 52) + ag

(041 + aas + as + a6)2
1 — (a2 + aas)
< ai1p(s1, s2) + aop(s2, s3) + asp(si, s3) + aap(sz, s2)
p(s1,52)(1 + p(s1, 52))
1+ p(s1,s2)
(Oq + aas + as + a6)2
1 — (a2 + aas)
< aqp(s1, 82) + aop(s2, s3) + az(a(p(s1, s2) + p(s2, s3))
— p(s2,82)) + aup(sa, 52) + asp(s1, s2)
p(s1,52)(1 + p(s1,52)) (o1 + aas + as + ag)?
1+ p(s1,82) 1— (a2 + aas)
= (a1 + aag + as + ag)p(s1, s2) + (ag + aas)p(sa, s3)
(041 + ooz + a5 + oz6)2
1 — (o + aas)
< (aq + aas + as + ag)p(s1, s2) + (ag + aas)p(sa, s3)
(a1 + cag + as + ag)?
1 — (o + aog)

+ Oé5p(31, 82) + Qg

+ ap

— (a3 — ay)p(s2, 82) +

Which implies

Dlss, 53) < a] +aasz + a5+ ag ps1,82) + o1 4 aos 4 as + ag 2
278 = 1 — (2 + aa) b 1 — (o + ang)

Continuing this procedure and using the principle of mathematical in-

duction, we acquire a sequence {s,}, where s,, € Ts,—1 and s,41 € T sp,
such that

p(s s )< a1 + aas + as + ag (s s)
nyon+l) > 1—(&2+O&O&3) P(Sn—1,5n
n o+ ooz +as +ag " neN
1 — (o + aoy) ’ )

Therefore
P(Sn, Sn+1) < kp(sp—1,Sn) + k"
<k (kp(sn—2,$n—1) + k") + k"
< ka(sn_g, Sn—1) + 2k"
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P(8n,8n41) < k"p(s0,51) + nk",

where

b — <a1+aa3+a5+a6>
1 — (a2 + aas) '

Now,
P(sn, 5n+p) < ap(sn; Snt1) + a2p(8n+1, Spy2) + oo+ O‘pp(Sner*la Sn+p)
— (P(sn+41s Snt1) + P(Sna2, Sng2) +- - +p(‘—"’nerflv 5n+p*1))
< alk™p(so, 51) + nk™] + 2 [k" M p(so, 51) + (n + DE" ] + - ..
+ P [k p(s0, 81) + (n +p — D"
< [ak™ + 2k 4 4 aPE"TP (s, 1) + [ank™
+a?(n+DE" 4 aP(n+p— DV

< [Z ak”} p(so,$1) + [Z omk"] .

Since, 0 < k < 1, > ak™ and ) ank™ have the same radius of conver-
gence and {s,} is a Cauchy sequence. Completeness of @) implies that
there exist v € @) satisfying

3 Jim ) =l p(o )
= p(v,v).
Now,

p(v, Tv) < ap(V, Sn+1) + P(Snt1, TV)) — P(Snt1, Snt1)
=a (p(v, spt1) + (T $n, TV)) — P(Snt1, Sn+1)
< OZP(% 8n+1) + aH(TSm TV) - p(3n+17 3n+1)

< ap(t, sns1) + (a1p<sn, Tsu) + anp(v, Tv) + asp(sn, T)

P(8n, Tsn)(1 + p(sn, Tsn)))
1+ p(sn,v)

+ oup(v, Tsp) + asp(sn, v) + ag
— p(Sn+1,5n+1)
< ap(v, spt1) + o (alp(sm Sp+1) + aop(v, Tv) + asp(sn, Tv)

P(5n, 5n41) (1 + p(sn, Sn+1))>
L+ p(sp, v)

+ aup(V, spt1) + asp(sn, v)as

— P(Sn+1, Sn+1)-
Taking the limit as n — oo, we get
(1 —a(ag + ag))p(v, Tv) <O0.
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This implies p(v, Tv) =0, i.e., v € Tw. O

Example 3.2. Let (@, p) be the complete partial b-metric space, where
Q = [0,3] and p(s,r) = [max{s,7}]?> + |s — r|?>. Suppose the mapping
T:Q — CB(Q) is defined as

{01, 0<s<2
73_{ {2}, 2<s<3.

. 1 1 3 7 2
Taking oy =0, ag = 3, a3 = 55, s =0, a5 = 75, % = 35, s = 27 > 1,
a1 + ag + 203 + ay + as = %—8 < 1 and a3 > a4. Now, we have the
following cases:

Case I: when s,r € [0,2),
48
H(Ts,Tr) =0<0+ 8as + 8as. + 0+ 8as + 8ag < =

Case II: when s € [0,2) and r € [2, 3],

6 1598
H(Ts,Tr)=2<0+8as+ 18asz + 0+ 185 + —apg < ——.
19 190
Case III: when s € [2,3] and r € [0, 2),
72 1449
H(Ts,Tr)=2<0+2as+8a3+0+ 18as + —ag < ——.
19 190
Case IV: when s,r € [2,3],
6 1161
H(TS,TT‘) :0 S 0+20{2+20¢3+0+18a5+ﬁa6 S m

Thus, all the hypotheses of the Theorem @ are validated and F =|0, 1]U
{2} are the fixed points of a discontinuous multivalued mapping 7. Fur-
ther, one may verify that p(s, s),s € F is not equal to zero.

Next, we determine the common fixed point of discontinuous multival-
ued mappings using of the iterations via the Hausdorff metric. Notably,
the containment of range space of the underlying pair of mappings is not
exploited, which is frequently used to establish a common fixed point in
numerous settings.

Theorem 3.3. Suppose T,S : Q — CB(Q) be multivalued mappings of
a complete partial b-metric (Q,p) for a > 1, satisfying the conditions:
(3.5)

H(TS, ST) < Ollp(S, TS)""O‘QP(T? ST)"'QBP(S’ ST)—FOQHO(’I“, TS)+Oé5p(S, T)v

s,7 € Qanda; > 0,1 <1 <5 with (a1+a2)+(az+ay)(@®+a)+2aas <
2, Z?Zl a; =1 and as > ay, Then, T and S have a common fixed point.
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Proof. Choose sg € @ and let s; € Tsg and By Lemma @, we select
$9 € Ss1 such that
p(s1,82) < H(Tso,Ss1) + (a1 + a5 + acg)
< a1p(s0, T's0) + aop(s1,Ss1) + azp(so, Ss1) + aup(s1, Tso)
+ asp(so, 51) + (a1 + a5 + aas)
< a1p(s0,51) + azp(s1, 52) + asp(so, s2) + aup(s1, 51)
+ asp(so, s1) + (a1 + a5 + aas)
< a1p(so, 81) + ap(s1, s2) + asa (p(so, s1) + p(s1, 82))
— asp(s1, 51) + aup(s1, s1) + asp(so, s1) + (@1 + a5 + aas).
On solving, we get
(3.6)
(1 — (a2 + aag))p(s1, s2) < (a1 + aas + as)p(so, s1) — azp(s1, s1)
+ aup(s1,s1) + (a1 + as + aas).

By symmetry, we have

p(s1,82) = p(s2,51)
= p(Ss1,Tso)
< H(Ss1,Ts0) + (a2 + aay + as)
< anp(s1, Ts1) + aep(so, Sso) + asp(s1, Sso) + aap(so, Ts1)
+ asp(s1, 80) + (a2 + acy + as)
< aip(s1, s2) + aap(so, s1) + azp(si, s1) + aup(so, s2)
+ asp(s1, o) + (a2 + aas + as)
< a1p(s1, s2) + aop(so, s1) + azp(s1, s1) + asa(p(so, 51)
+ p(s1,52)) — aup(s1, 81) + asp(s1, o) (a2 + aay + as).
On solving, we get
(3.7)
(1 — (a1 + aou))p(s1, s2) < (a2 + aay + as)p(so, s1) + asp(s1, S1)

— aup(s1,s1) + a2 + aoy + as.
By adding and solving equations (@) and (@), we get

a1 + ao + aag + aayg + 205
3.8 51,52) < S0, S
B8 ploe) < (G TN TONTIN) )

n a1 + ag + aasg + aay + 2a;
2— (a1 + a2+ aas+aay) )
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Now consider s3 € T s2, we have

(a1 + a5 + 04043)2

(2 — (a1 + ag + aas + aoy)

< anp(s1, Ts1) + aop(se, Ss2) + azp(si, Ss2) + asp(s2, Ts1)
(Ctl + a5 + OzOtg)Z

(2 — (a1 + ag + aas + 04044)

= a1p(s1, s2) + azp(s2, s3) + asp(si, s3) + aap(s2, s2)
(041 + a5 + Odeg)2

(2 — (o + a2 + aas + aoy)

< aap(s1, s2) + op(sa, 83) + asa(p(s1, s2) + p(s2, 83))

— azp(sa, s2) + aup(s2, s2)

(Oq + a5 + aa3)2

(2 — (a1 + a2+ aas + aay)

p(s2,83) < H(Ts1,Ss2) +

+ asp(s1,82) +

+ asp(s1,82) +

+ asp(sy, 52) +

On solving, we get
(3.9)

(1 — (a9 + aas))p(s2, s3) < (a1 + aas + as)p(s1, s2) — asp(sa, $2)

(041 + a5 + 04043)2
(2 — (041 + oo + aag + OzO¢4)'

+ aup(s2, s2) +

By symmetry, we have

p(s2,83) = p(s3, 52)
= p(Sso,Ts1)
< H(Ss9,Ts1) + (o1 + as + aaz)?
< a1p(s2,Ss2) + aap(s1, Ts1) + asp(s2, Ts1) + asp(si, Ss2)
(a2 + as + aay)?
(2 — (a1 + ag + aag + aoy)

< aip(sg, s3) + aap(si, s2) + asp(se, s2) + asp(s1, s3)
2

+ asp(s2, 51) +

(042 + a5 + aa4)
(2 — (a1 + ag + aas + aoy)
< aqp(s2, s3) + agp(si, s2) + asp(se, s2) + asa(p(sy, s2)

+ p(s2,53)) — aap(sa, s2) + asp(se, 51)
2

+ asp(s2,51) +

(042 + a5 + 04044)
(2 — (o1 + ag + aag + 04044)'
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On solving, we get
(3.10)

(1 — (o1 + ay))p(s2, 83) < (g + ay + as)p(s1, s2) + azp(se, 52)
(g + aay + as)?

2— (o —|—Oé2+01043—|—04044)‘
On adding and solving equations (@) and (), we get
a1 + ag + aas + aay + 20
3.11 S2,83) < S1,8
(3:11) pls2 3)<2—(a1+a2+aa3+aa4)>p(l 2)

<a1 + a9 + aas + aoy —|—2a5>2
2 — (Ozl + a2 + aas +C¥Oz4>

— ayp(s2, 52) +

Continuing like this and using the principle of mathematical induction,
we get a sequence {s, }, where so,+1 € T Sap, Son+2 € Sson+1, satisfying.
(a1 + a5 + aag)?nt!
(2 = (1 + a2 + aas + aay)?”
< aup(s2n, Ts2n) + @ap(s2n+1, Ss2nt1) + @zp(s2n, Ss2nt1)
+ aup(s2nt1, T520) + a5p(S2n, S20+1)
(a1 + as + aag)?nH!
(2 = (a1 + a2 + aas + aoy)?”
< a1p(s2n, S2n+1) + @2p(S2n+1, S2n+2) + @3P(S2n5 S2n+2)
+ aup(S2n+1, S2n+1) + a5p(S2n, S2n+1)
(a1 + a5 + aag)?"H!
(2 — (a1 + as + aas + aay)??
< a1p(82n; S2nt1) + @2p(S2n415 S2nt2) + a3s(p(S2n, S2n41)

+p(52n+1, 52n+2)) - Oé3p(52n+1, 52n+1) + a4p(52n+1, 52n+1)
)2n+1

P(S2n+1, Sont2) < H(T Son, SSont1) +

+

(a1 + a5 + aas
2 — (a1 + az + aas + aay)

+ asp(sen, s2n+1) + ( T

On solving, we get

(3.12) (1 — (a2 + aas3))p(s2n41, S2n12)

< (a1 + aas + as)p(san, Sant+1) — @3p(S2n+1, S2n+1)

(041 + a5 + aa3)2"+1

2 — (1 + ag + aas + aay)®™

+ aup(s2n41, S2n+1) + (

By Symmetry, we have

P(82n41, S2n+2) = P(S2n42, S2nt1)

(a2 + aay +a5)2n+1

< H(Ss2541,T 8on) +
>~ ( 2n+1 2 ) (2*(0{1+O&2+OLO&3+O{O¢4))2’"‘




RESULTS VIA PARTIAL-b... 215

< a1p(s2n41, SSant1) + a2p(san, Ts2n) + az3p(s2ni1, T S2n)
+ a4p(s2n, Ss2n41) + asp(S2n+1, S2n)
(2 + aau + ag)? ]!
(2 — (a1 + as + aaz + aay))?”
< aap(San1, Sant2) + a2p(S2n, Song1) + a3p(S2ni1, S2n41)
+ a4p(S2n, S2nt2) + as5p(S2n41, S2n)
2n+1

(a2 + aag + as)
(2 = (a1 + a2 + aaz + aay))?”
< a1p(Son+t1, Sant2) + a2p(San, S2nt1) + a3p(Sont1, Sant1)

+ au(p(San; S2n+1) + P(S2nt15 S2nt2)) — Qap(Sant1, S2nt1)
)2n+1

+

(a2 + acy + as
2 — (a1 + ag + aaz + aay))?

+ asp(sant1,S2n) + (

On solving, we get
(3.13)

(1 — (a1 + aou))p(s2n+1, Sant2) < (a2 + oy + as)p(san1, S2n)
+ azp(s2nt2, S2nt2) — 4p(52n41, S2n41)
(2 + aay + a5)2"+1

(2 — (a1 + a2 + aag + aay))?
By adding and solving equations (Eli) and (Eli), we get
a1 + as + aaz + aayg + 205

s , S
2 — (Ozl + a9 + aas + 04044) ) p( n+l 2n)

<oq + a9 + aos + aoy + 2a5>2”+1
2 — (a1 + a9 + aas + aay) '

_l’_

(3.14) p(s2n+1,s2n+2) < (

Therefore,

P(sn, 8n41) < kp(sn—1,5n) + k"

< k*p(sn—2, sn—1) + k"7 + 2K"

P(8n, Sn+1) < k"p(s0,51) + nk™,

where
b — <a1 + as + aasg + aay +2a5>
2 — (a1 + a2 + aas + aay) '

Now,

P(5n, 5n+p) < ap(sn, Spt1) + a2p(5n+1a Spy2) + oo+ Oépp(anrp*l? 3n+p)

- (p(3n+17 Sp+1 T p(5n+27 5n+2) + -+ p(Snerfla 8n+p71))
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< a[k"p(s0,51) + k"] + 2[k" p(s0, 51) + (n+ k"
+ o P[P (s, 81) 4+ (n 4 p — DE"TPTY

= [ak™ + k" 4 oo 4 @PE" TP (s, 51) 4 [ank™
+ a2(n + 1)kn+1 4ot ap(n +p— 1)kn+p—1]

= {Z ak”} p(s0,51) + [Z ank"} .

Since, 0 < k < 1, > ak™ and ) ank™ have the same radius of conver-
gence. So, {s,} is a Cauchy sequence. Completeness of @) implies that
3 v € @ satisfying

(3.15) nh_{rgop(sn,y) = m}érgoop(sn, Sm)
= p(y, V)'

We shall demonstrate that the common fixed point of 7 and S is v.

p(v, Sv) < alp(v, s2n+2) + P(s2nt2, SV)) — P(S2n+2, S2n+2)
< a(p(v, san+2) + H(s2n42, Sv)) — p(S2n42, S2n+2)
< a(p(v, s2n+2) + H(T 52041, Sv)) — p(S2n42, S2n+2)
< a(p(v, s2nt2) + ca1p(s2nt1, Ts2nt1) + aep(v, Sv)
+ asp(san+1, Sv) + aup(v, Ts2n+1) + asp(s2n+1, 7))
— p(S2n+2, S2n+2)
< a(p(v, s2n+2) + a1p(s2nt1; S2nt2) + azp(v, Sv)
+ azp(san+1, Sv) + aup(v, sant2) + asp(sant1,v))
— p(S2n+2, S2n42)-
Letting n — oo, we get
(3.16)
p(v,Sv) < a(p(v,v) + a1p(v,v) + azp(v, Sv) + asp(v, Sv) + asp(v,v)
+ asp(v, 1)) — plo,v)
or
(3.17)
p(v,Sv) — aasp(v, Sv) — aasp(v,Sv) < a(p(v,v) + a1p(v,v) + aup(v, v)
+ asp(v,v)) — p(v,v)
or
(1 — a(ag + as))p(v,Sv) < 0.

As (1 — a(az + a3)) <0, we have v € Sv.
Similarly, we get v € Tv. Hence, 7 and S have a common fixed
point. O
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Example 3.4. Let (Q,p) be the complete partial b-metric space, where
Q = [0,4] and p(s,r) = [max{s,r}]?> 4+ |s — r|2. Suppose the mappings
S, T :Q — CB(Q) be defined as

[ 0,1, 0<s<?2,
'”@_{ {2}, 2<s<3

and

1,4, 0<s<2,
&@Z{ bﬂ 2<5<3.

Takingm:0,a2:%,agzi,oq:O,ag,:%,a:?>1,
al+ag+az+agt+as =1, a3 > ag and (a1 + o) + (a3 + ag)(a® +
a) + 2aas = % < 2. Now, we have the following cases:
Case I: when s,r € [0,2),
H(Ts,8r) =4 <0+ 8as + 8az+ 0+ 8as < 8.
Case II: when s € [0,2) and r € [2,4],
248

H(Ts,Sr)=2<0+8as+ 8as+ 0+ 32a5 < ETR

Case III: when s € [2,4] and r € [0, 2),

872
H(Ts,S8r)=2<0+32as + 8az + 0+ 32a5 < —.

28

Case IV: when s,7 € [2,3],
248
H(Ts,8r)=0<0+8az+ 8az + 0+ 32a5 < 28

Thus, all the hypotheses of the Theorem @ are validated and 1 and 2
are common fixed points of multivalued mappings 7 and S. Further,
one may verify that p(1,1) and p(2,2) are not equal to zero.

Remark 3.5. The uniqueness of fixed points has been a significant
area of research for more than a century. However, in the real world,
there may arise situations when the fixed point is not necessarily unique.
Mappings having non-unique fixed points may fix some geometric figures
and find applications in numerous real-life problems. We call such a
figure, a fixed figure and it arises naturally. For more work in this
direction, we refer to [5, 1017, 23, 25-80, B3-44], and so on.

Remark 3.6. Noticeably, Theorem @ and Theorem @ are appropri-
ate generalizations of Nadler [24] and many others. Also, it is a gen-
eralization, improvement, and extension of some celebrated and recent
conclusions in the literature. For instance, Banach [3], Chatterjea [6],
Ciri¢ [[7], Kannan [18, 19], Kirk [20], Reich [31], and many others to the
set-valued case. Further, on taking distinct values of a;;, t =1,2,...,5,
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we achieve some conclusions which are generalizations of some celebrated
and recent contractions existing in the literature.

Following, Joshi et al. [13] and Tomar et al. [42] (see also, [25] and
[28] for the standard metric version), we define a circle as well as a disc
in partial b—metric space as:

Definition 3.7. A circle with a centre at the point sy € @) and radius
v in a partial b—metric space (Q,p) is described as

(3.18) C(so,t) ={s € Q :p(so,s) =t+p(s0,50)}, so€Q,te€(0,00).

If the sign of ’equality’ is replaced by ’less than or equal to sign’ in (B.1§)
then the above definition reduces to that of the disc and we write

(3.19) D(so,t) = {s € Q : p(s0,s) <t+p(s0,50)}, $s0€Q,te (0,00).

Geometrically, a circle or a disc in any partial b—metric space may not
be similar to the circle or a disc described in a Euclidean space.

Theorem 3.8. Let C(sg,t)/D(so,t) be a circle/ disc in a partial b—metric
space (Q,p). Suppose there exists a multivalued mapping T :QQ — CB(Q)
satisfying the subsequent hypotheses:

(i)

p(s,Ts) < oap(s, Ts)+ aop(so, T so) + azp(s, T so) + aap(so, T's)

p(s, Ts)(1 + p(s, s))
1 +p(s, So)

+ a5p(8, 80) + ag ) ERS C(So,t)/D(s()?t);
(i) v+ p(so,s0) < p(s,Ts) for s #Ts,

where, sp,8 € Q and a1 + as + az + 204 + a5 + ag < 1. Then,
C(s0,t)/D(s0,t) is a fized circle/ fized disc of T.

Proof. Suppose T sg # so. Now

p(s0, Ts0) < a1p(so, Tso) + azp(so, T s0) + asp(so, T s0) + cap(so, T so)
p(s0, Ts0)(1 + p(s0; $0))
1+ p(s0, 50)
< (a1 + g + a3 + g + a5 + ag)p(so, T s0)
< p(s0, T s0),

+ asp(so, s0) + ag
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a contradiction. Hence, T sg = sg.
Again suppose s € C(sg,t)/D(sp,t) such that Ts # s. Now, using (i)
p(s,Ts) < aup(s,Ts) + aap(so, Tso) + azp(s, Tso) + asp(so, Ts)
p(s, Ts)(1+p(s,s))
1+ p(s,s0)
= a1p(s, T's) + aap(so, s0) + asp(s, s0)
p(s, Ts)(1 +p(s,s))
1+ p(s, s0)
< a1p(s, Ts) + aap(so, o) + as(r + p(so, 50))
+ aq a (p(so, s) +p(s, Ts)) — p(s, s)]
+ 055(t + p(So, 50)) + aﬁp(sv TS)
< (o2 + a3z + aoy + as) (v + p(so, s0)) + (1 + aos + ag)p(s, T's)

+ asp(s, s0) + ag

+ oup(so, Ts) + asp(s, s0) + ae

or
(1 -1 —aag —ag)p(s, Ts) < (ag + as + aag + as) (v + p(so, So))

or
ag + a3 + aoy + as
1— o1 —aoyg — ag

p(s,Ts) < (t+ p(so,80)) < t+ p(so, S0),

that is, p(s, Ts) < v+ p(so, S0), a contradiction. Hence, Ts = s, s €
C(So,t)/D(So,t). ]

Example 3.9. Let (Q,p) be the partial b-metric space, where @ =
[0,10] and p(s,r) = [max{s,r}]?2 + |s — 7|2. Suppose the mapping T :
@ — CB(Q) is defined as

0,6], 0<s<7

TG)=9 f03, 7<s<1o0.

Define a circle C'(2,2) having a centre at 2 with a radius of 2 units as
C(2,2) ={s€Q:p(2,5) =2+p(2,2)}
={se€Q:[max{2, s}]? + |2 — s> = 6}.
Now, we have the following cases:
Case I: when s < 2,4+ (2 — 5)2 =6, then —2 4+ /6 € C(2,2).
Case II: when s > 2, s2 + (2 — 5)? = 6, then 2 + /14 € Q,
that is, C(2,2) = {-2+ 6,2+ V14}.
Here, p(s,7s) =7 <2+ p(2,2) = 6. For a; = 11—0, Qg = i, Qg = 2—10,
as =0, as = %, agzz—lo, o1 + ag + aos + 2aaq + a5 + ag = % <1
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Thus, all the hypotheses of the Theorem @ are validated and C'(2,2)
is a fixed circle of a discontinuous multivalued mapping 7. Further,
one may verify that D(2,2) = [~2 + /6,2 + v/14] is a fixed disc of 7.

Remark 3.10. It is significant to notice that (see, Theorem @ and
Example @) if a multivalued mapping fixes a disc, it also fixes a circle.
But its reverse implication may only sometimes be accurate. Also, a
fixed circle_of a multivalued mapping is only sometimes unique (see,
Example B.9) and the discs lying in the interior of a fixed disc are also
fixed discs.

4. APPLICATION TO ELLIPTIC BOUNDARY VALUE PROBLEM

Now, we exploit Theorem @ to solve the following pair of elliptic
boundary value problems:

—32;; = F(55(2)), Z€0,1]
p(0) = p(1) = 0.
and i
—S3 =KGa(2), zel0.]
(4.1) 4(0) = ¢(1) =0,

where, C(I) is the space of continuous functions on I = [0, 1] and func-
tions F,K : C(I) x C(I) — R are continuous. Then, the corresponding
Green function linked to the underlying pair of elliptic boundary value
problems (@) is:

(4.2) G(z,7) = { i) 8
Define p : C(I) x C(I) — [0,00) as p(p,§) = supze; |P(2) — G(2)]> + k,

p,q € C(I) and k > 0. Here, (C(I),p) is a partial b—metric space for
s = 4, which is complete.

e
INIA
AR SH

L,
L.

INIA
INIA

Theorem 4.1. Suppose S,T : C(I) — C(I) are operators which are

described as: .
)= [ 6l F .50
0
and

(4.3) / Gz, D)K. 4(7))do,

forall zZ € 1. Suppose F,K : C(I) x C(I) — R are continuous functions
satisfying

(4.4) [ F(2,p) = K(2.9* < 64.0(5,9),
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p,q € C(I),z € 1, where ©(p,q) is right-hand side of (@) Then, a
pair of elliptic boundary value problem ) has at least one solution
p* e C).

Proof. Noticeably, p* € C(I) is a solution of (@) iff p* € C(I) is a
common fixed point of operators S and 7 given by (§.3).

Suppose p, G € C(I). Using (), we get

2

1
TH(2) - SA(3)? = /0 G (2,9) [F(5.5(9)) - K(5,d(9)))] di

< [/01 G20 F(7.5(7)) — K(7.d(7))|d ]2

= 64.0(p, q) (Z}g [/01 G(z, ﬁ)dﬁ]2> .

Since fol G(Z,0)dv = =5~ + Z for all Z € I, then we have

which implies that
p(Ts,8%) < O(p, q).

Therefore, all the hypotheses of Theorem @ are verified. Thus S and
ﬁave a common fixed point p* € C(I), which is a solution of equation
(H.1)). O

5. CONCLUSION

We have given a method to establish a fixed and common fixed points
utilizing a partial b-metric for discontinuous multivalued mappings. Also,
we have explored the geometry of the multivalued fixed points in a par-
tial b-metric space, utilized novel contractions to establish a multivalued
fixed circle and disc, and furnished elucidatory examples to establish
the validity of the hypotheses. Further, we have exploited our result to
solve a pair of elliptic boundary value problems. Our investigation of
multivalued fixed points (or common fixed) and their geometry will be
a fascinating area for future study and contributes to the expansion of
fixed point theory.

Acknowledgment. The authors are thankful to the anonymous ref-
eree and the editor for their careful reading and valuable suggestions to
improve the manuscript.
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