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multi-attribute evaluations are essential. Additionally, our approach was applied to fractional
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1. Introduction

Mathematical realms have seen some fascinating research in the exploration of new spaces and
their applications. Based on this advancement, the concept of h-metric space is currently gaining a
lot of attention. The foundation of b-metric spaces was initially laid by Czerwik [1], whose work
established a more flexible alternative to the traditional triangle inequality. This framework has since
enabled significant advancements within b-metric spaces, such as hybrid contractions, which have been
applied in both linear and nonlinear contexts and examined by Karapinar and Fulga [2].

There is a lot of ambiguity, imprecision, and uncertainty in the real world. The concepts we
encounter in daily life are more ambiguous than specific. Due to the fact that many real-world issues in
disciplines including biology, economics, engineering, environmental sciences, and medicine require
data with a variety of uncertainties, researchers have recently showed a strong interest in modeling
vagueness. Due to the existence of several types of imperfect information, one cannot effectively use
standard mathematical methods to manage the complexity of vagueness. There are four theories for
handling faulty knowledge in the previous literature. Among these theories, probability theory, fuzzy
set theory, and rough set theory were the three that were used the most. A few settings must be pre-
assigned for each of the aforementioned tools. When these pre-specifications are considered against the
background of insufficient knowledge, everyday issues arise. Molodtsov [3] developed the idea of soft
set theory in response to this worry, attempting to address concepts and phenomena related to vague,
ambiguous, and imprecise contexts. A soft set allows for approximative descriptions of things instead
of requiring pre-specified parameters. Molodtsov [3] underlined the relationship between the fuzzy set
and soft set models. Yang et al. [4] noted that in order to broaden the application of soft set theory to
new domains, it needs to be developed in several ways. Many researchers have now improved upon
the idea of soft sets. Maji et al. [5] introduced the concept of fuzzy soft sets and explored its numerous
characteristics by fusing the concepts of soft sets and fuzzy sets. The reader may review [6] and a
few citations therein for related advances in fuzzy soft sets. The idea of soft set-valued maps was
recently researched by Mohammad and Azam [6-8], who also presented the concepts of e-soft fixed
points and E-soft fixed points of maps whose range set is a family of soft sets. Every fuzzy mapping
is a specific type of soft set-valued map, as demonstrated in [7]. The idea of soft fixed point theorems
is an extension of fuzzy fixed points and fixed points of crisp set-valued mappings since every fuzzy
mapping has a matching multifunction analogue [9].

Our study builds upon these principles, advancing hybrid contractions by incorporating £-fuzzy
soft set mappings. These mappings provide enhanced fixed point frameworks applicable to real-world
problems, offering a robust model for managing complex, uncertain data. Recent advancements in
cognitive processes increasingly highlight sophisticated models like generalized fuzzy soft sets for
complex evaluation scenarios. A comprehensive study was conducted on generalized fuzzy soft sets,
demonstrating their applications in cognitive processes and illustrating their advantages over traditional
fuzzy sets. Fixed point theorems in b-metric spaces with intuitionistic fuzzy parameters have been
explored, laying the groundwork for foundational applications relevant to differential and integral
inclusions. In this context, hesitant fuzzy soft sets have been applied in multi-attribute decision-
making, offering a comparative perspective that supports the approach using £-fuzzy soft sets. Previous
studies have demonstrated the advantages of lattice-valued fuzzy soft sets under uncertainty. Building
on these concepts, this approach incorporates lattice structures within £-fuzzy soft sets to further
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improve their applicability. This lattice-based membership structure enables multi-level evaluation
and prioritization essential for nuanced data handling in complex decision-making scenarios, such
as project management. This concept has proven beneficial in settings like project or operations
management, where hierarchical relationships among attributes allow for effective prioritization of
decision criteria. Research on fractional differential equations with fuzzy solutions provides a
foundation for this approach, reinforcing its significance in addressing fractional inclusion issues.

In practical applications, £-fuzzy soft set models employ lattice-based memberships rather than
traditional binary or real values to create a nuanced decision framework. This model assigns each
attribute a lattice value, providing a hierarchical structure essential in cognitive processes where criteria
such as budget compatibility, quality expectations, or expertise need to be evaluated across multiple
importance levels. By using operators like join (supremum) and meet (infimum), the £-fuzzy soft set
framework derives comprehensive scores that enable informed decisions. Applying fuzzy soft fixed
points in engineering has proven effective, emphasizing the usefulness of fixed-point frameworks in
practical scenarios, which this methodology builds upon. Hybrid models incorporating fuzzy and soft
set theories further reinforce the cognitive framework within £-fuzzy soft sets, particularly in decision-
making applications. The combination of fuzzy soft set theory with decision rules, such as selecting
an alternative based on the highest join value, maximizes satisfaction across criteria, a benefit essential
for applications in scenarios requiring structured, multi-level analysis. The £-fuzzy soft set model is
thus positioned as a refined approach to managing data ambiguity and uncertainty, setting it apart from
traditional models and underscoring its applicability in multi-criteria evaluations for complex project
and operational management scenarios.

2. Preliminaries

We collect the specific b-metric space foundation in the following section. We utilize throughout
this manuscript R, = 7,.
Definition 1. [1] Assume a set Y that is not empty and o0 > 1 is a constant. Consider the following
conditions to be met by the mapping d : T X T — J, foreach {,n,0 € T:

(D) d(&,n) =0iff £ =n;
(2) d(¢,m) =dn, ),
(3) d(Z,6) < old(,n) +d(n,0)] forall ,n,0 €.

Then the triplet (7, d, o) is called a b-metric space.
Example 1. Let T = N and defined : Y X T — T by

6, if (,ne{l,3landl +n
diZ,m)y =3 ¢, if (orné¢f{l,3}and{ +n
0, if ¢=n,

where ¢ > 0 is a constant. Then (', d) is a b-metric space with coefficient o = 5 > 1. But (1, d) is not
a triangular metric space as d(1,3) = 6¢ > 2¢ = d(1,5) + d(5, 3).
Remark 1.

(1) All metrics have the parameter o = 1 and are defined as b-metrics.
(2) A b-metric is typically not continuous.
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Definition 2. [10] Let (Y, d, o) represents a b-metric space.

(1) A sequence {}4}4erv 1s convergent if and only if we can find € Y for which d(#,,9) — 0 as
n — oo, and we write this as lim,,_,, d(3,,%) = 0.

(2) A sequence {¥4}4en is Cauchy Sequence if and only if d(1,, ) — 0 as n,m — oo.

(3) A b-metric space (Y, d, o) is complete if all Cauchy sequences are convergent in Y.

Definition 3. [10] We will consider (Y, d, o) to be a b-metric space. Then, a subset A of T is called:

(1) Compact if and only if, for every sequence of elements of A, we can find a subsequence that
converges to an element of A.

(2) Closed if and only if, for every sequence {1,}, of elements of A that converges to an element
¥, we have 9 € T.

Definition 4. [11] A non-empty subset A of T is called proximal if, for each y € Y, we can find a € A
for which d(y, a) = d(y, A).
Definition 5. [2,12] A function V : J, — J. that does not decrease is said to be:

(1) a c-comparison function if V¢(p) — 0 as ¢ — oo for every p € J,;

(2) a b-comparison function if it is possible to find gy € N, 4 € (0, 1), and a series 220:1 ¥, that is
convergent but non-negative, for which g?*'V4*!(p) < 107V4(p) + 9, for o > 1, ¢ > gy, and any
p > 0, where V is iterated ¢ times denoted by V.

Shown by I1, the group of functions V : J, — J, meet the requirements listed below:

(1) Vis a b-comparison function;
(2) V(p) =0 only if p = 0;
(3) V is not discontinuous.

Remark 2. [2] A b-comparison function is a c-comparison function when o = 1.
Lemma 1. [12] For a b-comparison function V : J, — J,, the following characteristics hold true:

(1) Every time you repeat V%, ¢ € N is also a b-comparison function;
(2) V(p) < p for every p > 0.

Lemma 2. [12] Assuming that V : J, — J, represents a b-comparison function, then each p € J, leads
to the convergence of series .7, 07V/(p).

Remark 3. [2] As each b-comparison function is considered a comparison function in Lemma 2, they
also satisfy V(p) < pin Lemma 1.

2.1. Fuzzy set
Definition 6. Let I’ be an initial universe. Recall that an ordinary subset F of Y is determined by its

characteristics function yr, defined by yr : T — {0, 1}, where:

|1, ifye,

This function indicates whether or not an element belongs to F. By extending this idea, a fuzzy set
allows elements y € T to have membership degree ur(y) in the interval [0, 1]. Thus, a fuzzy set F in Y
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is represented as a set of ordered pairs:

F={0,ur() 1y € T},

where yr : I — [0, 1] is called the membership function, denoting the degree to which y belongs to
the fuzzy set F.
For a fuzzy set F in T, the a-level set (also known as a-cut) for any a € (0, 1] is the set:

[(Flo = {ur(y) 2 a1 y € T},

which includes elements belonging to F to at least the degree a. Similarly, the strong a-level set or
strong a-cut is defined as:

[F15 = {ur(y) > @ : y € T}

Let I" represents the family of all fuzzy sets in Y. A mapping V : T — I" is termed as a fuzzy mapping,
and an element u € Y is a fuzzy fixed point of V if there exists an @ € (0, 1] such thatu € Y.

The precise foundations for soft sets and fuzzy soft sets are compiled hereafter. Thus, let Y represent
the discourse universe and = represent the set of parameters A C = and the power collection T is
expressed via P(().

2.2. Soft set

Let A be a set of parameters, A C E, and P(Y) represent the powerset of the universe Y. Molodtsov
introduced the concept of soft sets with the following definition:
Definition 7. [3] A pair (V,A) is called a soft set over " with respect to =, where A C E and V is
a mapping V : A — P(Y). In this context, a soft set represents a collection of subsets of Y, each
corresponding to a parameter in Z. For example, if Z represents various traits or characteristics, then
for each € € &, V(e) might represent the set of elements in Y that approximately satisfy trait e.
Example 2. Suppose T is the set of all books in a library, and Z={fiction, non-fiction, science, art}
represents categories of books. Define a soft set (V, Z) where:

V(fiction) = {yy, y, y3}, meaning books yy, y,, y3 are classified as fiction;
V(non-fiction) = {yy, ys}, indicating books y,, ys as non-fiction;
V(science) = {y», y¢}, meaning books yi, y,, y3 are related to science;
V(art) = {ys}, representing that y; is related to art.

Under Z, the set of all soft sets over Y is denoted by [P(T)]*.

Definition 8. [7] There is a type of mapping V : ¥ — [P(T)]*] called a soft set-valued mapping. The
term “z-soft fixed point” of V refers to a point 8 € T if 8 € (VB)(w), for few @w € E. Alternatively,
this can be written as 5 € Vg, as a quick recap. If DomVp = = and § € (VpB)(w) for each @w € E, then
B is referred to as a E-soft fixed point of V. The interval I = [0, 1] and I" refer to the family of fuzzy
sets in 1.
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2.3. Fuzzy soft set

Fuzzy soft sets were introduced to handle situations where elements may belong to sets to varying
degrees. Maji et al. defined a fuzzy soft set as follows:
Definition 9. [5] A pair (V, Z) is called a fuzzy soft set over Tif A C Zand V : A — I'. In a fuzzy
soft set, each parameter € € A maps to a fuzzy soft subset of Y, allowing partial memberships.
Example 3. Following the library scenario, suppose we want to measure the extent to which each book
belongs to different genres. Then, a fuzzy soft set (V, A) might be:

e V(fiction) = {y;/0.9,y,/0.7,y3/0.5} where y; has a 0.9 degree of membership in the “fiction”
category

e V(non-fiction) = {y4/0.8,y5/0.9}

e V(science) = {y,/0.6,y¢/0.7}

o V(art) = {y;/0.4}.

Definition 10. [5] Fuzzy soft set-valued maps refer to the mapping V : T — &1,
Definition 11. [8] Take V : T — 1= as a map that has a fuzzy soft set value, w € Y, @ € DomV,
and a € (0, 1]. Afterwards, we have V’s a-level set as follows:

[Viw,;@)]o ={y e T: [Vw,@)](y) = a}.

Keep in mind that for w € Y, Vw € I&", thatis, Vw : 2 — I". This means that (Vw)(w) = V(w; @) €
I'". Accordingly, V(w; @) : T — I, and hence V(w; @)(y) € L. So for a € I, [V(w; @)], is well-provided.
Definition 12. A point w is called a fuzzy soft fixed point of V : ¥ — I&0 if we can find @ € E,
a € (0, 1] for which w € [V(w; @)],. The point w is said to be a common fuzzy soft fixed point of
UV:T=IEDifwe [Uw;, @), N[VW; @)],.

Definition 13. A partially ordered set (£, <¢) is referred to as

(1) alattice,if {Vne£,{ Anefforany {,necL;
(2) a complete lattice, if VA € £, AA € £forany A C £;
(3) distributive, if V(A = V)ALV, LIANMVEO =LA V(A forany {,n,0 € L.

Example 4. Consider the set (91, <) of integers without negatives, partially ordered by division, that is,
w < p if @ divides p. Let the join and meet for any @, p € 9t be defined as:

@ V p = lem{w,p} and @w A p = ged{w, p}.

Then (M, <) 1s a lattice. Moreover, this 1s a complete distributive lattice with 0 and 1 as bottom and top
elements, respectively. The accompanying outline portrays a limited sublattice having whole number
divisors of 360 in Figure 1.
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Figure 1. Lattice of integer divisors of 360, ordered by “divides”.

Definition 14. A £-fuzzy set A on a not-empty set Y is a function A : T — £ with £ being a complete
distributive lattice with 1¢ and Os.

Definition 15. We can consider any set ® as arbitrary and I is a metric space. A mapping 7 is called a
£-fuzzy mapping if V : @ — F¢(Y). A £-fuzzy mapping V is a £-fuzzy set on ® X T with membership
function V(x)(y). V(x)(y) depicts the grade of membership of y in V(x).

Definition 16. Assuming that (', d) represents a b-metric space and V : T — F¢(Y) is a £-fuzzy
mapping, a point z € Y is the ag-fuzzy fixed point of V if z € [Vz],, for few a¢ € £\ {O¢}.

Remark 4. The class of £-fuzzy sets exceeds the class of fuzzy sets since a £-fuzzy set is a fuzzy set if
£=10,1].

2.4. £-Fuzzy soft set

Over Y under Z, £&1 symbolizes a family of £-fuzzy soft sets. By A € £&") we mean the mapping
A:E £
Definition 17. (V, A) is a pair of £-fuzzy soft sets over Y, where A C Zand V : A — £" represents
a mapping.
Definition 18. An a.-level set for £-fuzzy set A is denoted by A,, and is given as follows:

Age ={y s ae <¢ AY) if e € £\ {0c}}, Ao, = ({y 1 Og <¢ ADY.

We mean £7 as a family of £-fuzzy soft sets within .
Example 5. Suppose a £-fuzzy soft set (V, £) which indicates the attractiveness of a collection of shirts
in relation to the parameters given by the wearer.

The set T = {z1,22,23,24,25} is the best of all the shirts considered. £ = {{,n, 0,9} is a set of
complete distributive lattices with { <¢ n <, ¢ and { <¢ 6 <¢ 1}, where n and 6 cannot be compared.
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Interpretation of £: = neutral for both, n = attractive for girl, @ = attractive for boy, and 9 = best
for both.

£ is a collection of all £-fuzzy subsets of Y. Also, let
2 = {w = “colorful’,w, = “bright”,w; = “cheap”, w4 = “warm”}, and let £-fuzzy subsets of T

V(w4) = {%, %’ %9 %, %}'

The family {V(w;,i = 1,2,3,4} of £7 is a £-fuzzy soft set (V, Z) as shown in Table 1:

Table 1. Attractiveness of shirts.

Shirts under consideration V(@) V(w,) V(w3) V(wy)

21 4 n 0 9
2 n 0 ) 0
z3 v 4 n n
24 4 n 4 0
25 0 ) 0 9

For each parameter iz € =, we can generate alpha cuts for each element in the £-fuzzy soft set as:
Consider the parameter @, = colorful:

Apply the definition of the £-fuzzy soft set V : A — £7, and we have V(@) € £ V(@) : T — £
V(w@)(z) € £, which can be written as V(z,@). So, [V(z,@); = {z € V : V(z, @) < {}, which gives
[V(z; @] = {z1, 24}

Similarly, by using the same definition, we will get all other alpha cut sets for all parameters
as follows:

[V(z; @], = {z2}.
[V(z; @)y = {z3).
[V(z;@1)]p = {zs}.

w,: bright
[V(z; @2)],= {21, 24}
[V(z; @2)]p = {22}
[V(z; @2)]; = {z3}.
[V(z; @2)]s = {z5}.
ws: cheap

[V(z; @3)]g = {21, 25}
[V(z; @3)]y = {22}
[V(z; @3)], = {z3}.
[V(z; @3)] = {z4}).
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w4 warm

[V(z; @4)]y = {21, 25}
[V(z; @4)]o = {z5}.
[V(z; ma)], = {z3}.

[V(z; @4)], = 0.

Since n and 6 are not comparable, we cannot combine alpha cuts for 7 and 6. These alpha cuts
provide a way to analyze the £-fuzzy soft set (V, Z) at different levels of granularity.
Task: Choose a shirt for a girl that is cheap but not colorful. From V(w3) and [V(@), we see that:

e 7, 1s cheap Z.
e 75 is not colorful £.

Considering the requirements, z4 is the best choice.
Task: Choose a shirt for a boy that is colorful and warm. From V(@) and [V (w,), we see that:

e 75 1s somewhat colorful 6 for a boy.
e 75 is warm ¢ for both.

Considering the requirements, zs is the best choice.

Definition 19. A set-valued map V : T — £&7) is known as a £-fuzzy soft set.
Definition 20. A point w is called a £-fuzzy soft fixed point of V : T — £&0 if we can find @ € E,
a¢ € £\ {0¢} for which w € [V(w; @)],,. The point w is referred to as a common £-fuzzy soft fixed
pointof U,V : T — £EV if w € [U(w; @)]a; N[V W; @)] e,

For each y € T, an array of all proximal and proximal bounded subsets of Y under = are referred to
as cP*O™ and cPy*"", respectively.

3. Common £-fuzzy soft fixed points of £-fuzzy soft set-valued maps

In this section, we will discuss the idea of a common £-fuzzy soft fixed point of £-fuzzy soft set-
valued maps, which is inspired by the idea of a common fuzzy soft fixed point of fuzzy soft set-
valued maps.

Definition 21. Let (T, d, o) be a b-metric space and U,V : T — £&1 be £-fuzzy soft set-valued maps.
Then, (U, V) forms a BCLFSC, if for all y, w € T and @ € E, there exist a;(y; @), ag(w, @) € £\ {O¢},
such that

dg([U(Y, w)]arg(y;w)a [V(w’ w)](t£(w;w)) < V(C(U,V)(y, (1))), (31)
where
Cuy(y,w) = max {d(y, w), d(w, [U(y, @)]ocy,0))» A, [UY, @)]lasym)) (3.2)
A, [V(@,0)a g (0.0)+d,[U @) ag.0) }
20 '
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Definition 22. Let ((, d, 0) be a b-metric space and U, V : T — £&7 be £-fuzzy soft set-valued maps.
Then pair (U, V) is referred to as Hausdorff continuous (H-continuous) at u € Y, if for any sequence
{Vntnew In Y,

lim d(y,,u) =0 (3.3)
implies that
1im @2 (Vs @)ags [0 @)lagi) = O, (3:4)
and
1im @2 ([U (3 @) lastr [V @)asn) = 0, (3.5)

where @ € E and a; € £\ {O¢}.

We discuss our main finding as follows:
Theorem 1. Let (Y, d, 0) be a complete b-metric space and U, V : Y — £&1) be £-fuzzy soft set-valued
maps. For w € E, suppose that

(1) foreach y € T, we can find ag(y; @) € £\ {O¢}, such that [U(y; @)lsc0) and [V(V; @)]asy:a) are
in P ().

(2) (U, V) 1is a b-Ciric £-fuzzy soft contraction.

(3) U and V are Hausdorff continuous.

Then, U and V have a common £-fuzzy soft fixed point in Y.

Proof. Consider yo € 7, then, by assumptions, we can find a¢(yo; @) € £ \ {O¢}, such that
(U0 @)]acro:m) € Eaﬁ(y 5P)(Y). As w is made fixed, we may write ag(yo) instead of ag(yy; @). Choose
Y1 € [UG0; @)]ac» such that d(yo, y1) = d(yo, [U(yo; @)]ac(y)- Similarly, we can find a¢(y1) € £\{0¢},
such that [V(y1; @)]a, o) € E“f(yl’w)(T). So, we can find y; € [V(y1; @)]acy,), Such that

d(yi,y2) = dy, [V @) econ)-

Continuing in this fashion, we can find a sequence {y, },cyy of elements of " such that

Vor+1 € U2 @)aryo)> Yor+2 € [VV2r+15 @) ac )

and
d(yar, yore1) = dyor, [U(y2r; W)]a,;(yz,)),

d(Yore1, Y2r+2) = AY2re1, [VV2r+15 @) aca))s T € N
By the above relations and the proximality of [U(y2,; €)las(y,,) and [V(yar—1; @)]lasyn,_,)» WE have

A2, Y2re1) < dEAVG2r-13 @) asrnr1)s (U025 @) agia)- (3.6)

d(y2r+l ’ y2r+2) < dg([U(era w)]a£()’2,)9 [V(y2r+1 5 w)]ag(yzHl))' (37)
Assume that y,, = y,,.1, for some p € N and k > 0. Now suppose that y,,.; # y»-+2. Then,

C(U,V)(era y2r+1) =max {d(era y2r+1)’ d(er+1)[U(y2r; w)]afg(yz,))’ d(er,
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[U(er’ w)]aq;(yzr))’
A2 [VV2r+1: @) acon) + A2rs1, [U G20 @) agrn)) }
20

= max {d(era V2r+1)s AV2r+1, Y2r+1), AV2rs Yare1),

d(er, y2r+2) + d(y2r+1 s y2r+l) }
20 )

It gives
d(yar, y2r+2)
(T2
Hence, using the continuity of V and the proximality of [U(y2r; @)lacty,) and [V(y2r1; @)]actran)
we obtain

C(U,V)(YZr» y2r+1) =

IA

dé’ ([U(er; W)]a;_(yz,), [V(yors1s W)]af(yzm))
V(Cwv)2rs Y2r42))

1
V{% (d2r, y2r+2)) }

d()’2r+1 , }’2r+2)

IA

IA

1
< %[Q{d(yzr,yzm) + d@2r+1,y2r+2)}]-
It implies that
1
d(yor+1, Yor2) < Ed(y2r+l 2 Y2r42)s

which is impossible.
It follows that d(y2,+1, y2r+2) = 0. Therefore,

Y2r = Yort1 € [U(er; w)]a;g(yz,)
and
Y2r = Yoret = Y2re2 € [VV2rs1: @) lactynin)-

So, y,, turns out to be a common £-fuzzy soft fixed point of U and V.
Case L. Suppose that d(y,,, y2.41) = d(y2-1, y2,). From (3.6):

d(yar, Yar+1) < dé' ([V(er—l 5D aeya1)> U2 W)]af(n,)) .

CuvyYar-1,y27) = max{d(er—la Y21)s AYor, UV 2215 @) aeys,1))

Ay2r-1, [UY20-15 @) aeyo))
d(er—h [V(era w)]aﬁ(yz,')) + d(er’ [U(er—l 5 w)]a£(y2r_1))}
20

= max {d(y2r—1 2 Y20)s A2y ¥2r), d(Yar-1, Yor)s
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d(yar-1,Y2r+1) + d()’zr,yzr)}
20
d@zr—l,yzm)}

= max {d(yzr—1 2 Y2r)s AYVar—1,Y2r)s >
Y

d(Y2r-1,Y2r+1 )}

= max {d(y2r—l 2 Y2r)s 20

(i) If the maximum is d(y,,_1, y2,) then from (3.1) and (3.6),
d(yar, y2r+1) < V(d(2r-1, y2r))-
Since V is a b-comparison function, then (3.8) implies that
d(yars Yor+1) < d(Yar-1,y2r),

which results in impossibility (a contradiction).

(i) If maximum = 222201 qgqin, from (3.1) and (3.6), we have

1
d(yar, yare1) < V(%d()’zr—b)’zm))-

Since V is a b-comparison function, we get

1
d(YZraer+l) < %(d(er—laer+l))

1
< % Q{d(y2r—lay2r) + d(y2ra y2r+l)}

1
d(yar, yors1) < ) (d(y2r-1,¥2r))
which is impossible. It follows that
d(Yar, yare1) > d(yar—1, Y2r).

Setting n = 2r € N in (3.6), we have

d(yna yn+1) < dg([U(yn—l;w)]a;g(yn_l)’ [V(yn;Q)]a,g(yn)) < V(C(U,V)(yn—layn))'

C(U,V)(Yn—l ,Yn) = Mmax {d(yn—l V) AV, [U (Y1 w)]af(y,,_l)),

dYn-1, [U(n-1; W)]af(yn_,)),
d(yn—h [V(yn’ w)]ag(yn)) + d(yn» [U(yn—l;w)]ag(ynl))}
20

— max {d(yn_l,m,d(yn,yn),d@n_],yn),

d(yn—l ,yn+l) + d(yn’ yn)}
20

(3.8)

(3.9)
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From (3.1), we have

Now let m,n € N with m > n:

d(yn—laynﬂ)}
20
< max [d(yn—l , yn)’ 0 (d(yn—la yn);'gd(yn’ yn+1))]

2d(yn—17 yn)
2

= max {d(yn—l s Yn)> dYn=t15 Yn)s

< max {d(yn_1 2 Yn)s

= d(yn—l, yn)

IA

d(yna yn+l)
d(.)}na yn+1)

V(d(yn—l s yn))
V(V(d(Yn-2, Yn-1)))
VA (V(d(Yn-3,Yn-2)))

IA

IA

AWn, yur1) < V'(d(yo, 1)) (3.10)

AW Ym) < 0dns Yus1) + 02 AGus1:Yna2) + .. + 0" AVt Vi)

AV, ym) < 0V"(d(yo, Y1) + V" (@0, y)) + ... + 0"V (d(0, y1))
= ¢""IV (o, y)) + @V Ao, y1) + L+ QT
V" (d(yo, y1))

Qn—l

0"V (@00, 1)) + @V d (o, ) + -+ 0"

V" (d(yo, y1))

1

Qn—l .

1
<

Qn—l .

m—1

> 0'Vi(dGo, y)

D0V (d(yo, y).
i=0

Applying the limit as n — oo on both sides, we get d(y,,y,,) — 0 indicating that {y,},cv is a Cauchy

sequence in Y.

As Y is complete, we can get a point # € Y such that

lim d(y,,u) = 0. (3.11)

Now, by using the triangular inequality in ', we have

du, [Uw; @),y <

AIMS Mathematics

Y d(ua y2n) + d@zn, [U(M, w)]ag(u)) .
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d(u, [U(u; @)],,) < old(u,yrn-1) + dg([V()’zn—u @) e ran))» LU U5 @) ] e )] (3.12)

Using the Hausdorft continuity of the (U, V) pair, by applying the limit as n — oo in (3.12) and
considering (3.11), we attain

d(u, [U(u; @)]oew) = 0,
which implies that
ue [U(I/t, w)]a,g(u)-

Correspondingly, we can prove that
d(u, [V(u; @)]agw) = 0,

which means that u € [V(u; @)]o,)-
Thus, we have

u € [V, @)]oewy N[V @) ]agwys

that is, u is a common £-fuzzy soft fixed point of U and V. O

Example 6. Let T = [0,c0) and d : T X T — J, is given as d(x,y) = | x — y |*= (x — y)* where k = 2
and then (Y, d,k = 2) is a complete b-metric space. Moreover, let £ = {0, ¢,n,{} with 6 <¢ ¢ <¢ (,
0 <¢ n <¢ { where ¢ and n are not comparable. Then (£, <) is a complete distributive lattice.

For each w € = and y, w € Y consider the £-fuzzy soft set-valued maps

Uy,@),Viw,@w): T — £,

which are defined as the following, if y = w = 1:

{, if u=

[U(y;W)](u)={¢, i ouel
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. e, if u=
[V(w; @)](w) = .
, if wu#l.
Ify+1,w+1:
¢ , O0<u<y’
(U0 @) 0 , Y<u<y*+1
sw)](u) =
 , YVH+1<u<2y’+3
n ., 2*+3<u<oco.
., 0<u<d?
[V( ) n ., W <u<w+1
w; @) ]|(n) =
0 , W+1<u<2w®+3
¢ , 2w +3<u<oo.

Let ¢ = £ and then

2}, if w=
€], if w#l.

CaseLIfy=w=1:

[U; &)]ocry = {2).
[V(1; e)]acr) = {2}

A2 (U1 @)]aectys V(L @)aey) = 0.

dEH([U(l;w)]ag(l)a [V(1;0)]ec1y) < V(Cwvy(1, 1))
< V[max {d(l, 1), d(1, [U(L; )lag(r)s (L, [U(L: @) lagir),

1
%{d(l, V(L @) oy +d(1, [U(; w)]a£(1)>}}].
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Thus (3.1) becomes

1
dE([U(1; @)]aery (UL @) ]aery) < V(max({l, 1, 5})- (3.13)

Since V is a b-comparison function, therefore, (3.13) implies

0<1.
Casell.Ify=2,w=3:

2
[U2; @)]ae2) = [0, 5]-

[V(3; @)]lac2) = [0, 1].
1
dE((UQ2;@)]ae2) [V3; @) ]as3) = )

< V(Cwy)(2,3))
< v[ max {d(2, 3),d(3, [UQ2; @)ag)s 2. [UQ2: @)]ay2),

1
%{c«z, (T3 @)assy) +dG. U w)]a£<2>>}].

Thus (3.1) becomes

7.4
A (U2 ) g2 [V @) yy) < V( max {1, 54,17, 5})' (3.14)

Since V is a b-comparison function, therefore, (3.14) gives us

0.1 <54.

Moreover, it is clear that the pair (U,V) is H-continuous and [U(y; @)]as(y), [V(V; @)]as(y) are proximal
foreachy € T.

As the conditions mentioned in Theorem 1 are fulfilled, we see that U and V have a common £-fuzzy
soft fixed point.

4. Solvability of fractional integral inclusions via £-fuzzy soft set-valued maps

Motivation:

e Dhage [13] investigated the existence and uniqueness of solutions to nonlinear integral equations
using fixed-point methods.

e Baleanu et al. [14] investigated the existence and uniqueness of fractional integral equation
solutions using fixed-point results.

e Shahid et al. [15] used fixed point theory to establish the existence results for the non-linear
fractional differential inclusion under certain conditions.
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These prior experiments show that employing integral equations and inclusions, as well as fixed-point
results, can be used to derive integral equation solutions in terms of fixed or shared fixed points.

In this section, the existence theorem of the solution for the following two types of fractional
integral (Riemann-Liouville and Atangana-Baleanu integral) inclusion systems [16] is proved using
the obtained results for a common fixed point of £-fuzzy soft set-valued maps.

Consider the following fractional Riemann-Liouville integral inclusion system:

{ x(t) € UM + O, I;(T (1, x(1)))),
Y(®) € V(1) + R(t, I;(S (&, (1)),

where x,y, U,V € C([a,b],R), T,S,Q,R € C([a,b] X R,R), [a,b] CR,, Q and R are bounded and

4.1)

k _ L ft k-l
L7(t, x(1) = I J. (t—98)""1(s, x(8))ds, t € [a,b]

is a fractional integral of function 7 € C([a,b] X R,R) and of order k € R,. By a common solution
of (4.1), we mean a continuous function y(#) such that

y(t) = U(0) + O, IN(T (1, y(t)), t € [a, D],
¥(1) = V(1) + R, I5(S (2, y()))), 1 € [a, b],
where T, S, O,R € C([a,b] X R,R).

Theorem 2. Suppose that for every ¢ € [a,b], 0 > 1, and y, w € Y, the following inequality holds:
01 (T4, Y00 = Rt 163 (1, 50| < max {150 = w0, inf [00) = 90, inf () = ),

infepqp) [Y(1) = B@)| + infepqp) (1) — 9(2)|
20

Then, the Riemann-Liouville fractional integral inclusion (4.1) possesses a solution in C[a, b].

} — U@ - V).

Proof. Let ¥ = Cla,b] and defined : T X T — R, by d(x,y) = |x(t) — y(¢)] for all x,y € T. Then
((, d) is a complete b-metric space. Now, let £ = {0, ¢, n,{} with § <¢ ¢ <¢ { and 8 <¢ n <¢ { where
¢, n are not comparable. Then (£, <¢) is a complete distributive lattice. Assume that U,V : T — (0, 1]
are two arbitrary mappings.

Now, let ¢ = ¢ and define a pair of £-fuzzy soft set-valued mappings A, B : T — £&1 as follows:

A:Y — £50: A®y; @) ae(y) = ay(1)

={oe T :o0() € UW) + Q, INT(t, (1))t € [a, b},
B: T — £57 : B(w; @)y = bo(?)

={o€ Y :0() e V() + Rt IXS ¢, w®))), 1 € [a,b]},

such that

U(y), forall ¢eYif 1<w<?2
0, otherwise,

[A(Y; @) ]oen(s) = {
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and

V(w), forall ¢eYif 1<w<?2
0, otherwise.

[B((U’ w)]a£(w)(g) = {
Now, for () € [AY; @)]ac(y)»

0(1) = U® + Q(t, (T (t, y(1)))).

Also, for some J(7) € [B(w; @)]ag(w)> W have

I = V() + R, If(S (1, w(D)))).
For p(t) € [A(Y; @)]acry and 3(1) € [B(w; @)]ag(w),

lp(@) — 3@

U + Q. IE(T (2, y (1)) - {va) +R( IS (1, y(t))))}]

= U@ + Q(t, IX(T (1, y(t)))) — V(£) — R(t, I5(S (¢, y(r))))‘

IA

UG - V<r)| " ‘Q(t, TG y0)) - RGNS G, y(r))))‘

IA

U@ - V)| + max iy - w0, inf (00 = 90l inf 10 - 900,

infepp) (1) — S| + infepqp) lw(F) — 9(0)]
20

max {Iy(0) - @@, inf [0 = p(O), inf 1v0) = p(0),

} - ‘U(t) - V(t)‘

IA

oy () = SO + infregan (1) — g)(t)|}
20
max {d(y, ), d(w, TAG; @)l 40 [A03 D)),
A0y, [B@; @]yt + d(, [A(: w)]w)}
20 '

IA

Hence, by Theorem 1, there exists a common £-fuzzy soft fixed point of mappings A and B. O

The major goal of this calculation is to find a common fixed point for the fractional integral
inclusion. This shared fixed point is a solution to the inclusion, which is a generalization of classical
integral equations.

By applying Theorem 1, we have obtained:

(1) A rigorous mathematical framework for investigating fractional integral inclusions;
(2) The existence and uniqueness of the answer to the inclusion;

(3) That the solution demonstrates stability and robustness;

(4) An application of classical integral equation results to fractional integral inclusions.
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5. Advantages and disadvantages of b-metric space with BCLFSC

In this study, we used the b-metric space framework with a BCLFSC, specifically aiming to address
complex decision-making scenarios that involve both uncertain and multi-level data. We acknowledge
the importance of clarifying the advantages and limitations of this model to illustrate its utility, as well
as its contributions to the field of fixed point theory.

Advantages: Enhanced Handling of Uncertainty and Ambiguity: The BCLFSC model improves
upon traditional problem-solving tools by incorporating £-fuzzy soft sets, which allow for more
nuanced evaluations through lattice-valued memberships. This approach is particularly useful in
contexts where decision criteria are uncertain, complex, or vaguely defined, offering a structured way
to represent ambiguity.

Multi-criteria problem-solving: By utilizing lattice structures, BCLFSC supports multi-level
attribute assessments, making it well-suited for applications involving a hierarchy of criteria, as is
common in real-world problems. This allows for flexible, ordered satisfaction levels and facilitates
cognitive processes by aligning attribute importance with lattice weights.

Broader applicability: The models flexibility allows it to be applied to a wide range of domains,
including differential equations and soft set theory applications. This generalizability makes it an asset
for solving both theoretical and applied problems, from project evaluation to multi-criteria assessments
in environmental sciences and healthcare.

Improved convergence in fixed point theory: The BCLFSC model introduces new types
of contractive inequalities in b-metric spaces, enabling fixed-point solutions that extend existing
results. This is especially advantageous in settings where conventional contractive mappings may
fail, providing a more robust framework for theoretical development.

Disadvantages of computational complexity: The introduction of lattice-based memberships and
BCLFSC requires additional computational resources to handle the complexity of lattice structures,
especially when applied to large datasets. This can limit the models scalability and make it less
accessible for real-time applications where computational efficiency is critical.

Need for specialized knowledge: Implementing the BCLFSC model in practical settings may
require specialized knowledge of lattice theory, b-metric spaces, and fuzzy set logic. This can pose a
barrier to adoption for practitioners unfamiliar with these concepts, potentially limiting the models use
outside academic and highly technical fields.

Limited empirical validation: Although the BCLFSC model is theoretically sound, empirical
validation in real-world scenarios remains limited. As a result, the practical effectiveness and accuracy
of the model in applied decision-making contexts warrant further exploration to establish its reliability
across diverse domains.

6. Conclusions

In this study, we explore fixed point theory within the context of £-fuzzy soft set-valued mappings,
offering a dual contribution to both theoretical and applied mathematics. The research presents novel
fixed-point results that support stable, consistent cognitive frameworks, especially in contexts where
uncertainty and incomplete information challenge conventional cognitive processes. Additionally,
these fixed-point theorems facilitate practical applications in solving integral equations, broadening
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the utility of £-fuzzy soft sets in mathematical modeling. Our framework provides tools for accurate
decision-making and effective integral inclusion solutions, particularly in fields such as engineering,
economics, and healthcare, where ambiguity is a critical factor. This work not only advances the
theoretical underpinnings of £-fuzzy soft sets but also underscores their practical value in complex,
real-world applications, establishing a foundation for further research in both science and analytical
methods for integral inclusions.
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