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1 Introduction

In 1874, Cantor defined set theory as a branch of mathematics. This theory deals with the problems that contain
certain results. But in real life situations, there are various uncertain problems which have imprecise results. To
deal with these problems, Molodtsov [1], in 1999, introduced soft set theory and applied this theory in various
fields like game theory, operations research etc. In 2002, Maji et al. [2,3] “worked on soft set theory and its
applications in decision making problems”. In 2011, Ali et al. [4] “defined various operations in this theory”. In
2013, Wardowski [5] worked on soft mappings with the fixed point theorems.

As metric space is one of the prominent branches of mathematics, thus to explore this idea using soft sets, Das
and Samanta [6,7] investigated the properties of soft real numbers in 2012 and in 2013, they introduced the
concept of soft metric space. After this, several researchers worked on soft metric spaces and their properties. In
2008, Bashirov et al. [8] defined multiplicative metric space. Then various authors worked on this space
[9-14]. Rathee et al. [15] combined “soft metric space and multiplicative metric space and generated a new
space called soft multiplicative metric space”.

Fixed point theory plays a vital role in various fields of mathematics. In 2016, Wadkar et al. [16] proved fixed
point results related to soft sets and in the same year, Yazar et al. [17] proved some fixed point theorems of soft
contractive mappings. In 2017, Hosseinzadeh [18] proved fixed point theorems in soft metric space. Then,
Abbas et al. [19] introduced various results on fixed point theorems in soft metric spaces. After this, in 2021,
Bhardwaj et al. [20] investigated some new fixed point results in soft metric space. Rathee et al. [15] derived
some fixed point theorems in soft multiplicative metric space. In 2017, Solankki et al. [21] “generalized the
concept of soft weak contractive mapping and proved various fixed point theorems in soft metric space”.
Extending the work of Solankki et al. [21] and Rathee et al. [15], we generate some new fixed point theorems
using generalized multiplicative weak contraction mapping in soft multiplicative metric space.

2 Preliminaries

This section contains some basic definitions and results which are useful for our research work.

Definition 2.1[6]. “Let | be an initial universal set and Q be the non-empty parameter set. Then, a pair (T,Q)

is called a soft set over | if T is a set valued mapping on Q taking valuesin 2'i.e., T:Q—>2".”

Definition 2.2[6]. “A soft set (T,©) over | is said to be an absolute soft set if T(a)=1 VaeQ.lIt is
denoted by I »

Definition 2.3[6].“A soft set (T,Q) over | is said to be a soft point if there is exactly one « € Q such that
T(a)={i}forsome iel and T(B)=¢ VBeQ\{a}. Sucha softpoint is denoted by T,.”

NOTE. The collection of all soft points of a soft set (T,Q) is denoted by SP(T,Q) .

Definition 2.4[6].“Let R be the set of real numbers and B(R) be the collection of all non-empty bounded

subsets of R . Then, the function by T:Q — B(R) is called a soft real set and is denoted by (T,Q).If Tisa
single valued function on Q taking values in R, then the pair (T,Q) or simply T is called a soft real number.
We denote soft real number and soft constant real number by 7,5, and 7,5, T respectively where T will denote

a particular type of soft real number such that (@) =T forall o c©.”

Definition 2.5[6]. “For two soft real numbers p and g , the following conditions hold for all & € Q:
(8) p2qif ple)<d(a);
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(b) PG if p(e)20q(a);
©) p<qif Pla)<q(a);
d) p>gq if Pla)>G(a).”

Definition 2.6[6]. “A mapping p : SP(I)xSP(I) — R(Q)* is a soft metric on the absolute soft set T if O
satisfies the following conditions:

)20 forall T,,T) ESP(I);

oYl

1 i
a’? ﬁ
2. p(T,T}))=0 ifandonlyif o= g and i = j forall T, T} &SP();
3. p(T,.TH=p(T,.T,) forall T,,T) &SP(i);
4 AT E AT+ A(TLTY) forall T,.T) T &sP(D).

The soft set T together with soft metric £ is called a soft metric space and is denoted by (f,ﬁ, Q) or simply by

(i p).”

Definition 2.7[8]. “A mapping P*:1 x| = R* is multiplicative metric if ™ satisfies the following

conditions:
1. p*uv)=lforall uver:
2. p*(u,v)=lifand only if u=Vforall uver;
3. p*uv)=p*(V,u)forall uver:
4. p*UwW)<p*(uV) p*(v,W) for all u,v,wel.

The pair (1, p*) is called a multiplicative metric space.”

Definition 2.8[15]. “A function /*:SP(I)xSP(I) — R(Q)* is soft multiplicative metric on the absolute soft

set T if P ™ meets the following properties:

1. p*(T,,T))21 forall T,,T) &SP(i);

2. p*(T, TH=1ifandonlyif o= pand i=j forall T, T} &SP(i);
3. p*(.T))=p*(T).T) forall T, T)&SP(I);

4. pHTLTOZp*(TLTHA*(T),TY) forall T),T),TF & SP(I).

The soft set T together with soft multiplicative metric 0™ is called a soft multiplicative metric space and is
[,p

denoted by (I, 0*,Q).”

Definition 2.9[15]. “Suppose (I, 5*) is a soft multiplicative metric space. Then, a sequence {T,;} in (1, %)is

soft multiplicative convergent to a soft point ﬂ &l if for given & > 1, we have a unique positive integer N,

such that ﬁ*(T;:,TﬂJ)ié forallN>n;i.e., ( ~,,j)—>1as n—ow.”
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Definition 2.10[15]. “Suppose (I, 5*) is a soft multiplicative metric space. Then, a sequence {Tr3in (T, p*)is
soft multiplicative Cauchy sequence if for given #>1, we have a unique positive integer N, such that

p*(Tr Thy<é forall MN2Nyie, p*(Tr,Tr)—>1as mn—>o.”
Definition 2.11[15]. “A soft multiplicative metric space (I, 5*) is complete, if every soft multiplicative Cauchy

sequence in T converges to some soft pointin |.”

Definition  2.12[17]. “Let (I,5Q) and (I,p'Q) be two soft metric spaces. Then,

(hw):(I,5,Q) — (I, ', Q") is a soft mapping where h: 1 — 1'and w:Q— Q' are two mappings.”

Definition  2.13[15]. “Consider a soft multiplicative metric space (I,p*Q). A function
(hyw): (I, 5*,Q) — (I, p*,Q) is said to be soft multiplicative contraction mapping if for every soft point
T!,T) T, there exists a soft real number 4, 0< 2 21 such that 5*{(h,w)(T), (hy)(T D} {5 (T, THY.”

Definition 2.14[21]. “A mapping (h,w): (I, 5,Q) —(I, 5,€) , where (I,5,Q) is a soft metric space, is said to

be soft weakly C-contractive or a soft weak contraction if v T, T, & SP( f),

Al(hw)(T).(h, y/)(”)}ég[ (T2 () (T A (T4 () (T}
~<[p{. () ()} A{T (T}

_ 2 — _ e —
where & [0,00) - [0.00) is a continuous mapping such that £(T,,T))=0 ifand only if one of T,,T)=0.”

Definition 2.15[21]. “A mapping (h,y): (I, 5,€) —(I, 5,©) , where (I, 5,Q) is a soft metric space, is said to

be soft generalized weakly contractive or a soft generalized weak contraction if v T ! ,'I’ﬁj & SP( f),
B o ,a{fa‘,(h,y/)(f;)},ﬁ{ﬁ, h,
Ay )(T, ). (how)(T, ) < 7 | max B N

e (F2) (T2} ATy )(T))). A

-<

) 0 ifand only if

3 Main Results

In this section, we define soft multiplicative generalized weakly contractive mappings and prove fixed point
results using these mappings.

Theorem 3.1. Let (I, 5*,Q) be a complete soft multiplicative metric space and (hy): (1, 5*,Q) = (I, p*,Q)
be a mapping, which satisfies the soft multiplicative generalized weak contractive mapping:
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) T3 A,
Sl ()T {77
P () (1) 11 2% (T1).T2)

_o.1 - 2 =
where p,g are non-negative soft real numbers such that P+ <3 and 52[1,00) —>[1,00) is a continuous

function such that g(f;, fﬂj,fy",f;):I iff one of T,, T}, T, T,=1.Then, there exists a unique fixed point of
(hy) .

Proof. Let T be any soft point in SP(T). Fix

== (hy)Te
2 =(hw)T:
T =(hy)T,
Now
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and thus
(T ) 2{px(Th T ) p*(T T ) =Tl T ) =T T )
(o (T ) (Tt )} (o (T T ) (T )f
= (T T 2 fpr )
= [)*("gl 1’f;:)§{/3*( ND:,. -lj:j)}fﬁﬁﬁ
= [)*(;j,f;:)é{ﬁ*(z ,T;‘:j)}ﬁ, where 7 = —E%fq
= (T T (T )
= (T TR px(T )
Forany m>n, where m,ne N
P Ty Lp*(Th T p* (T T}
L px(Te T o> (o T ) { p* (T T
L pH(h T A (T T ) (T T ) > (T Tin )}
LB (T Ty Lo (T Ty (o™ (T Ty £ (Te Ty
ety

2
2

IA
=
*
R -
N
-
[
=)

1 S L _ .
Since P+Qq <E thus 7<1 and hence p*(Ty,T,n)—>1 as mn—oo. So, the soft sequence {T}is soft

multiplicative Cauchy sequence in I . Being the completeness of (f,[)*,Q) , there exists a soft point 21 el
suchthat T —»T[ as N>,

Also,
pH{(h)(T2). T 2 A () () (T ) () (2) i |2 { () (7))
() () T | () () T} ]
Ll (7) T oe{t ) (72) T ] [o{( ) (72) T2
: pH{(h)(T2) T | () (T2 ) T
{0 )(T2) e} o {(hw) (T ). T2
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{ﬁ*{(h,l//)( ;ii), 2*},5*( s T )}
P () T o0k )] (1)
: ﬁ*{(h,v/)(f; )’f;:}’ﬁ*(N,j:j, ),

ﬁ*{(h,l//)(ﬂ*) f;"}“[,*(f{: T )
(T )l

s W)(TE) T} o (T 7)) (T T2)
el (T)T {ﬁ*{(h,w)(f;:),f;},ﬁ*(fa:i ;':)}
pH{ (b ) (T) T (T T2

Since ﬁ+q<5, thus 1-Pp-G>0 and hence ﬁ*{(h,v/)(f;:), Nai:}=1. This signifies that T . is a “soft

fixed point” of (h,y).

Now, if 'Ii: be another “soft fixed point” of (h,l//) . Then,

I G U U TR U
&l (T 7)o (T T0) A (T ) A (T T}
et 21
Since TJHT%% and P>0 ,thus 1-2G >0 and hence [)*(ﬂi,fi.)zi: =T

Hence, there is one and only one soft fixed point of (h, ).

Theorem 3.2. Let (I, 5*,Q) be a complete soft multiplicative metric space and (h,y): (I, 5*,Q) —(I, 7*,€)

be a mapping, which satisfies the soft multiplicative generalized weak contractive mapping vT,, 'I:ﬂ" g SP( f) ,

39



Nagpal et al.;J. Adv. Math. Com. Sci., vol. 38, no. 1, pp. 33-51, 2023; Article no.JAMCS.95326

and &:[L,0) »[L0) isa

where 5, g and T are non-negative soft real number such that ﬁ+§q ral
T, T, T"=1. Then, there exists a

continuous function such that §(f;,fﬂj,f7k,f;,fkm)zi iff one of T',

unique fixed point of (h,y) .

N
w2
<
>
A

Proof. Let T > be any soft point in SP(T). Fix

o =(hy)Ty
T = ().
T =(hy)T,

Since £ satisfies the given condition, thus
ﬁ*(f;mi ,f;n ),ﬁ*(f;n ’f;nj ),
5 Nn+] n n n-1]

pH(TeTin) 1
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and thus

p*(T Ty 2 {p* (T ) p* (T Tm)}
o T AT T AT Tll )}
P T A (T o) ™ (T To)f (o (Tt T )}
(T T o> (T Ty l{p*(T% T 5> ;'0 ) XA
SR L

Since P+20+2F <1, thus 7<1. Therefore, p*(Tr Tr)—>1 as mn—>. So, the soft sequence {T )} is
soft multiplicative Cauchy sequence in T . Being the completeness of (I , 0%, Q) , there exists a soft point
T, €l suchthat T» T as N—oo.

Also,

Since p+2q+ Zland p> 50, therefore 1— q-r1 50 and henceT « is a “soft fixed point” of (h l//)
Now, if Ta, be another “soft fixed point” of (h,l//) . Then,
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Hence, there is one and only one soft fixed point of (h, ).

Theorem 3.3. Let (I, 5*,Q) be a complete soft multiplicative metric space and (hy): (1, 5*,Q) — (I, p*,Q)
be a mapping, which satisfies the soft multiplicative generalized weak contractive mapping:

A hy)(T,).(hw)(T} )} 2 [ﬁ*{f;’(hlw) )y ﬂ v, Tlesp(l
{(h)(T2).(n) (7)) 2 GO L R ()
AT (na) ()1 2{(T2) () (T2)

where p, g are non-negative soft real numbers such that p+24<31 and &
function such that g(fa‘,f/},‘fy",ﬂ,fkm)zi iff one of T, T),T",T;,T."=1.Then, there exists a unique fixed

point of (h,y) .

Proof. Let T be any soft point in SP(T). Fix

A=),
o =(hy )T
Tot=(hy)Ts
Now
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Ohy Oy

slpr(Tente) (Tt o (i) 1} =1

where M= max{,b*(fin—l Th ),ﬁ*(f;:,f;:f )}

Oy oy 1

Now, two cases will be arised:

n+l

(
~ Fin T \ 2 | ~ Ciny T o a - _ q

= p(Th T )2 (T T } where 7 -

= (T T 2 (T Tl

= pA(T TR

CASE 2. 1fM= 3*(T!,Th ), then

pe(TeTe) (T T {oe(Th T ) o (T i)

(For To)}"
(T
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= pH(Th T ) {pe(T Ta)f' where 7= 0
= o (T )2 {pH(T )
= pH(T T 2 ()

Using both the cases, for any m>n, where m,ne N, we have

PH(E ) 2{p* (T Tion) p* (s T )}
<o tmle i Tt o)
P T s T (s o )} {p* (T T}
SaGhB {p*(n TP (e T (P Ty
2gpe(ie gy
P UR

Since P+24 <1, therefore 77 <1 and hence p*(Tr,Tin)—1 as mNn— oo, So, the soft sequence {T "} is soft

multiplicative Cauchy sequence in I . Being the completeness of (f,[)*,Q) , there exists a soft point T:: el
suchthat T» »T as N>,

Also,

ﬁ*(f;i,T;::ll)max[/}*{T;: h y/)(fa'nn )},ﬁ*{f;i,(h,y/)(T; )} p*(f;n f;i)}
() () o T (T2 )f

,s*{finn,(h,w)(f; )}, pH{Tan () (T)} A*(Th 70

4 y " N .

| ;”n'(h,t//)(Tcl*)},ﬁ*{ e () (Th )}
(it Jmax (T Tt ) (T2 (v (72 (72 )
() (7)) o~( T )

o (T Tt ) o (T () () 2+ (7 )
P () (T 2 (T )
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(T T )max[ﬁ*(f;: Tt ), o T () (T2 )] (T ,f;:)] ’

(3.2

where M,, = max[ p* (T, T, p*{T0 () (T}, 2> (Mo T

Suppose M, = 5*(T,»,T,»*). Then, from equation (3.1), we have

(et ) o)) (i)

IA

[T ]

IA

n+l

IA

g

-1 as noow
Since P+2G<1 and P30, therefore 1§30 which indicates that ﬁ*{f;:,(h,l//)(::)}:i and hence
T.% is a “soft fixed point” of (h,y).
Now, assume M, = 5*(T,,T..). Then, from equation (3.1), we have

[T (m))] " 2 (et} () for(e 7))
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= [ﬁ*{f;:,(h,l//)(T;)}T_q —1 as n—owo.
Since P+2G<1 and P30, therefore 130 which indicates that ﬁ*{f;:,(h,l//)(::)}:i and hence

T.% is a “soft fixed point” of (h,y).

Now, if M, =p*{T",(h,w)(T>)}. Then, from equation (3.1), we have

-1 as n—ooo.
Since P+20 <1, therefore 1-q— PS>0 which indicates that ﬁ*{f;:,(h,l//)( Nai:)} =1 and hence T is a “soft

fixed point” of (h,y).

Thus, in all the cases, we get 'I:;: as a “soft fixed point” of (h,l// ) .Now, if Tl: be another “soft fixed point” of

(h,y) . Then,

P (1T )= | () (T2). () (T2

(T2

Pt
g{z (o ))p;:((::;p (A L-)}

: ] I G
Lip*(Th 1),
§{~ i), )}
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Since P+24 <1, therefore 1-p-2G350. Thus, p*(T1, T )=1= T.=T.

y Ly

Hence, there is one and only one soft fixed point of (h,y).

Theorem 3.4. Let (I, 5*,Q) be a complete soft multiplicative metric space and (hy): (1, 5*,Q) — (I, p*,Q)
be a mapping, which satisfies the soft multiplicative generalized weak contractive mapping

. - \2 =
where p, g and T are non-negative soft real numbers such that p+@+T <1 and 51[1,00) —>[1,00) is a
continuous function such that §(T~a‘, T, ,T;k,T;'):I iff one of T/, T}j,fy“,ﬂ =1.Then, there exists a unique fixed

point of (h,y) .

Proof. Let T, be any soft point in SP(f). Fix
Ta=(hy)Te

T =(hy)Te
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Thus, we have

B s E+g+F
- {ﬁ*(Ta' T )}i {/3*(Ta' T )} where 77:12_52_&
2 2

Forany m>n, where m,ne N

p*(Tr Ty Lo Ton) p* (T T )}
o @ T oo e T))

P T p* (T o)) L5 (T T}

{p* (e, T (o> (e, Ty {p*(Tr Ty

- 7n(1+ﬁ+2:72+ +,7"""’1)

<{o*( e T}

<

—_——

SRR

Since P+{+T <1, therefore 77 <1 which indicates that p*(Tr Ty —>1 as mn—>o. So, the soft sequence
{‘l’ojz}is soft multiplicative Cauchy sequence in [ . Being the completeness of (I, 5*,€), there exists a soft

point T,> € I such that T —T% as N—o0.

Also,

2 oo BT )N}Jg{ﬁ*(f;:,f; )
. AT () (Th )} A (T () (T2},
P (T () (T2)) (T () (T2 )} 2 (72 T2
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S %%*T . N p.a
*IT™ (h, Ti 1727%: 5* (T Ti {ﬁ*(Ta:'Talz )} {,0*( P )}2 2
et T e ““‘1)§F*(Ta:,u::i),ﬁ*{"a*,(h,w)( ) ]
(T (b)) (T o (T ). p(T2 )
S U ) K Va2 |
i Tofo o

Since p+d+F<land v>0 , therefore I_g_%iﬁ and hence ﬁ*{f;:,(h,l//)(~;)}=i as n—>w. This

shows that (h,(//)( 'I:;) =T~ and hence T is a “soft fixed point” of (hw).

Now, if fa' be another “soft fixed point” of (h,l//) . Then,

z P ()T o () ji)ﬂg{p*(;' g )}
_ : AT ()T} p*{T (h )T
PHEE (0T} {2 () T2 (T
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Since p+g+F <1and >0 , therefore 1-G~T 50 and hence 5*(T,T!)=T1= T.. =
Hence, there is one and only one soft fixed point of (h,y).

4 Conclusion

“Soft set theory” is a wide mathematical aid for handling vagueness and uncertainty. In this paper, some basic
concepts of soft set and soft metric spaces are considered. We proved fixed point theorem for mappings
satisfying generalized weak contractive conditions in soft multiplicative metric space.

Competing Interests

Authors have declared that no competing interests exist.

References

[1] Molodtsov DA. Soft set theory-first result. Computers and Mathematics with Applications. 1999; 37: 19-
31.

[2] Maji PK, Roy AR, Biswas R. An application of soft real number in a decision making problem.
Computers and Mathematics with Applications. 2002; 42:1077-1083.

[3] Maji PK, Biswas R, Roy AR. Soft set theory. Computers and Mathematics with Applications. 2003;
45:555-562.

[4] Ali MI, Feng F, Liu X, Min WK, Shabir M. On some new operation in soft set theory. Computer and
Mathematics with Applications. 2011; 62:351-358.

[5] Wardowski D. On a soft mapping and its fixed points. Fixed Point Theory and Applications. 2013;182: 1-
11.

[6] DasS, Samanta SK. On soft metric spaces. Journal of Fuzzy Mathematics. 2013; 21:207-213.

[7] Das S, Samanta SK. Soft real sets, soft real numbers and their properties. Journal of Fuzzy Mathematics.
2012; 20:551-576.

[8] Bashirov AE, Kurpirnar EM, Ozgapiri A. Multiplicative calculus and its applications. Journal of
Mathematical Analysis and Applications. 2008; 337:36-48.

[91 Abodayeh K, Pitea A, Shatanavi W, Abdegawad T. Remarks on multiplicative metric spaces and related
fixed points. 2015; arXiv:1512.03771v1:1-7.

50



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Nagpal et al.;J. Adv. Math. Com. Sci., vol. 38, no. 1, pp. 33-51, 2023; Article no.JAMCS.95326

Ozavsar M, Cevikel AC. Fixed Point of multiplicative contraction mappings on multiplicative metric
space. 2012; arXiv:1205.5131v1,1-14.

Agrawal RP, Karapinar E, Samet B. An essential remark on fixed point results on multiplicative metric
spaces. Fixed Point Theory and Applications. 2016; 21:1-3.

Dosenovic T, Pastolache M, Radenovic S. On multiplicative metric spaces: survey. Fixed Point Theory
and Applications. 2016; 92:1-17.

Dosenovic T, Pastolache M, Radenovic S. Some essential remark on fixed point results on multiplicative
metric space. Journal of Advanced Mathematical Studies. 2017;10(1):20-24.

He X, Song M, Chen D. Common fixed points for weak commutative mappings on a multiplicative
metric space. Fixed Point Theory and Applications. 2014; 48:1-9.

Rathee S, Girdhar R, Dhingra K. Fixed point theorems in soft multiplicative metric spaces.
Communications in Mathematics and Applications. 2020; 11:425-442.

Wadkar BR, Mishra LN, Bhardwaj R, Singh B. Fixed point results related to soft sets. Australian Journal
of Basic and Applied Sciences. 2016;10(16):128-137.

Yazar MI, Gunduz C, Bayramov S. Fixed point theorems of soft contractive mappings. Filomat. 2016;
30:269-279.

Hosseinzadeh H. Fixed point theorem on soft metric spaces. Journal of Fixed Point Theory and
Applications. 2017; 18(4):1-22.

Abbas M, Murtaza G. On the fixed point theory of soft metric spaces. Fixed Point Theory and
Applications. 2016; 17:1-11.

Bhardwaj R, Singh S, Pandey S, Wadkar BR. Fixed point results in soft metric space. International
Journal of Modern Agriculture. 2021;10(2):1792-1803.

Solanki S, Bhardwaj R, Singh BK, Sharma M. Fixed point theory of soft weak contraction on a complete
soft metric space. International Journal of Advanced Engineering Science and Technological Research.
2017;41(1):425-432.

© 2023 Nagpal et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your
browser address bar)

https://www.sdiarticle5.com/review-history/95326

51


http://creativecommons.org/licenses/by/3.0

