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1 Introduction

Zadeh [35] introduced fuzzy sets in 1965 as a way to represent objects with vague boundaries. Fuzzy
sets assign a membership value u(x) in the range [0, 1] to each element x in set X', indicating the
degree of membership of x in X. Over time, variations of fuzzy sets have emerged, such as fuzzy
sets of type 2, L-fuzzy sets, interval-valued fuzzy sets, and intuitionistic fuzzy sets. While these
variations share some similarities, they also have distinct characteristics.

In 1994, Zhang [36] introduced bipolar fuzzy sets as a new extension of fuzzy sets and applied
them in decision analysis. Bipolar fuzzy sets have two membership degrees that represent the
satisfaction level for a property and its counter-property. The membership degrees of bipolar fuzzy
sets range from [—1, 1], with a membership degree of 0 indicating irrelevance with the corresponding
property. Membership degrees in the range (0, 1] indicate some degree of satisfaction with the
property, while membership degrees in the range [—1,0) indicate some degree of satisfaction with
the implicit counter-property.

Molodtsov [Z5] introduced the concept of soft sets in 1999, as another mathematical tool for
modelling uncertainty. This concept gained traction in various fields, including algebraic structures.
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For instance, Maji [22] explored its application in decision-making problems, while Aktas [5], Acar
[3], and Sezgin [37] studied soft groups, soft rings, and soft vector spaces, respectively.

In 2011, Cogman [00] introduced a fuzzy soft set as a more precise modelling tool. In 2014,
Abdollah [I] combined the concepts of bipolar fuzzy sets and soft sets, giving rise to the concept
of bipolar fuzzy soft sets as a new generalization. Since then, this idea has been widely researched,
resulting in numerous published papers. For example, Akram [4] examined the applications of
bipolar fuzzy soft sets in K-algebras, Ali [6] utilized parameter reductions of bipolar fuzzy soft sets
to solve decision-making problems, Abughazalah [?] applied bipolar fuzzy sets in BCl-algebras,
and Riaz [29] discussed bipolar fuzzy soft topology in decision-making. Mahmood [23] introduced
the notion of bipolar complex fuzzy soft sets as a generalization of bipolar complex fuzzy sets and
soft sets. More recently, Khan [1] applied bipolar fuzzy soft matrices to solve decision-making
problems.

On the other hand, in 1934, Marty [24] introduced the theory of algebraic hyperstructures by
generalizing the notion of operation into hyperoperation. While an operation assigns a unique
element of a set to any two elements of the context set, a hyperoperation assigns a unique subset
of the set to any two elements. This theory has been extensively studied by researchers in various
branches, with references to books such as [I1], 3], and [84]. The concept of hypervector space
was introduced by Scafati-Tallini [33] in 1990, and has since been investigated by Ameri [8], Sedghi
[31], and author [I5].

These concepts have had an impact on algebraic hyperstructures (as detailed in the book [12]).
For example, Ameri [[d] presented fuzzy hypervector spaces over valued fields in 2005, and studied
their properties in [d]. The author expanded on this work and explored additional properties of
fuzzy hypervector spaces in [I6, [7]. Ranjbar [28] examined the properties of soft hypervector
spaces and fuzzy soft hypervector spaces, while the author [20] investigated results in soft hyper-
vector spaces. Norouzi [27] introduced new directions concerning soft hypermodules and soft fuzzy
hypermodules. Sarwar [30] applied bipolar fuzzy soft sets to hypergraphs, and Muhiuddin [26]
delved into the concept of bipolar-valued fuzzy soft hyper BCK-ideals.

Recently, the author [I8, [Y] applied the notion of bipolar fuzzy soft sets in hypervector spaces
and explored results pertaining to bipolar fuzzy soft hypervector spaces. In this paper, we build
upon the aforementioned studies and present new applications of bipolar fuzzy soft sets in hy-
pervector spaces. Section B reviews some fundamental concepts from references [IR] and [19]. In
Section B, we introduce the notion of bipolar fuzzy soft coset related to a bipolar fuzzy soft hyper-
vector space, resulting in a hypervector space % = (%, @,®,K). We also establish a relationship
between the dimensions of % and %, where W is a specific subhyperspace of V. Additionally, we
examine the correspondence between bipolar fuzzy soft hypervector spaces of % and bipolar fuzzy
soft hypervector spaces of V. Section B focuses on the structure of the quotient hypervector space
% and defines bipolar fuzzy soft sets over % Finally, in Section B, we present ideas for future
research directions.

2 Preliminaries

In this section, we will provide definitions, theorems, and examples that are necessary for our
subsequent discussion. Most of the contents are from references [IR] and [T9].

Definition 2.1. [B6] A bipolar fuzzy set on X can be defined as a mapping that assigns each
element x in X a pair of values (py(x), u3(x)), where i (x) represents the degree to which
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satisfies the property and p 4 (x) represents the degree to which x satisfies the counter-property, i.e.

A= {(x7ﬂjé_l(m)7/‘.,_4(x>)7 x € X}

If the degree of positive satisfaction for A, denoted by % (z), is non-zero (ufi(z) # 0) and
the degree of negative satisfaction for A, denoted by p(x), is zero (u4(x) = 0), then it indicates
that = has only positive satisfaction for A. This means that x satisfies the property of A to some
degree but does not satisfy the counter-property of A.

On the other hand, if uj(az) =0 and p4(v) # 0, it means that x does not satisfy the property
of A, but it satisfies the counter-property of A. In this case, x does not exhibit positive satisfaction
for A, but it does exhibit negative satisfaction, indicating its compliance with the counter-property.

These scenarios illustrate the ability of bipolar fuzzy sets to capture degrees of satisfaction and
counter-satisfaction separately, allowing for a more nuanced representation of fuzzy and uncertain
information.

To simplify the representation, we can use the symbol A = (Nj\? py) or A= (AT, A7) to
denote a bipolar fuzzy set A.

For example, A = {(dragonfly,0.3,0), (mosquito, 1,0), (turtle,0,0), (snake,0,—1)} is a bipo-
lar fuzzy set which represents the fuzzy concept frog’s prey.

Definition 2.2. [25] Let U be a universe set, E be a set of parameters, P(U) be the power set of
U, and A be a subset of E. A soft set over U is defined as a pair (F, A) where F : A — P(U) is
a mapping that assigns subsets of U to elements in A.

Definition 2.3. [[l] Let U represent a set of elements, E represent a set of parameters, and A be a
subset of E. Then, the term “bipolar fuzzy soft set” refers to a pair (F,A), where F is a function
mapping A to BFY (BFY represents the collection of all bipolar fuzzy sets over U), i.e.

Ve € Ai Fle) = {(@ ik (@) iz (@), @ € U).

For any element e belonging to set A, F(e) refers to the collection of elements in the bipolar
fuzzy soft set (F,.A) that are approximately e. The degree to which an element x maintains
the parameter e is denoted as ,u;f.(e) (), while the degree to which it deviates from e is denoted as
B (e (x). To simplify, we can represent F. () as ,u;r_.(e) (z) and F, (z) as HE(e) (z). In simpler terms,
for any e in A, F(e) can be represented as F. and is defined as the set of all (z, F.f (z), F, (z)),
where x belongs to the universal set.

If (F,A) and (G, B) are bipolar fuzzy soft sets over U, we can say that (F,.A) is considered a
bipolar fuzzy soft subset of (G, B) and it is denoted as (F,.A) C (G, B) if A C B and for all e € A,

Fi(x) <GS (x), Fo(z)>G.(2), Yo e A

Definition 2.4. [33] The hypervector space is represented by the quadruplet (V,+,0,K), where
V is an Abelian group under addition “+ 7, K is a field, “o : K x V — Pi(V)” is an external
hyperoperation that maps an element from KC and an element from V to a non-empty subset of V,
and the following conditions must hold for all a,b € K and z,y € V:

(Hy) Right Distributive Law: ao(x+vy) C aox+aoy. This means that the external hyperoperation
distributes over addition from the right.

(H2) Left Distributive Law: (a+b)ox C aox+box. This means that the external hyperoperation
distributes over addition from the left.
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(Hs) Associativity: ao (boxz) = (ab) o x.

(Hy) ao(—x) = (—a)ox = —(aox). This property presents the relation between additive inverses
of scalars and vectors.

(Hs) Identity Element: x € 1o x, where 1 is the identity element of the field K.

Note that in (Hy), aox +aovy is the set of all elements p+ q, where p belongs to the set aox and
q belongs to the set aoy. Similarly we have in (Hy). Moreover, a o (bo x) equals to the union of
all sets aot, for allt € bo .

Furthermore, V is called strongly right distributive if equality holds in the right distributive law
(H1), and similarly, a hypervector space is strongly left distributive if equality holds in the left
distributive law (Hs).

A subhyperspace of a hypervector space V is a non-empty subset W of V that behaves like a
separate hypervector space within V. This means that WV satisfies the properties of closure under
subtraction and scalar multiplication from V), where for any vectors  and y in W and any scalar
a in the field IC, the subtraction of x and y, x — ¥ is still in W, and the scalar multiplication of a
and x, a oz is also in W.

In the rest of this paper, unless stated otherwise, the symbol V represents a hypervector space
over the field K.

Lemma 2.5. [[d] If W is a subhyperspace of V = (V,+,0,K) and v,v1,v2 €V, then

1) v = vy +ve +x, for some x € W, if and only if v = V] + x1 + Vo2 + x2, where x1,x2 € W,
v €vi + W and vy € vo + W.

2) if |1ot| =1, for ally € V, then for every nonzero b € K and everyy € V, t €boy+ W if
and only if t € bo g for some y € y+ W.

Definition 2.6. [iR] If (F, A) and (G,B) are bipolar fuzzy soft sets over a hypervector space
YV =V,+,0,K) and a € K, then the sum of (F,A) and (G, B) is represented as (F,A) + (G, B)
and is defined as the bipolar fuzzy soft set (F + G, AN B), where

(F+G)¢(x) = sup (FF(y) AGS(2), (F+G) ()= inf (F (y) VG, (2)).

T=y+z T=y+z

Also, the scalar multiplication of a scalar value a and a bipolar fuzzy soft set (F,.A) is denoted as
ao (F,A) and results in the bipolar fuzzy soft set (a o F,A). In this case,

sup FS(t) FteV,x€aot,

(aoF)H(x) = { z€aot

0 otherwise,

B inf F_ (t) dteV,x€aot,
(a0 F); (2) = | oo
0 otherwise.
Lemma 2.7. [IR] Let (F,A) and (G,B) be bipolar fuzzy soft sets of hypervector space V =
(V,+,0,K). Then for ally € V ande € A, (F,A) C 1o (F,A) and —(F,A) C (—1) o (F, A),
where (=F)S (y) = F& (—y) and (=F); (y) = Fo (—y).

€

Definition 2.8. [I8] Consider a bipolar fuzzy soft set (F, A) in a hypervector space V = (V,+,0,K).
If for every element e in A, the following conditions are satisfied, then we can say that (F,A) is
a bipolar fuzzy soft hypervector space of V:
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L Fi(x—y) > Fl (@) NF(y), Fo(x —y) < Fo () vV Fo (),
up F, (t) < F. (x).

S
teaox

2. inf FJl(t) > Ff(x),
t€aox
Example 2.9. [[8] In a classical vector space (R?,+,.,R), we can define the external hyperopera-
tion o : RxR3 — P,(R3) as follows: For a given point (xo,yo, 20) and a scalar a, ao(wo, yo, 20) = 1
represents a line “I” with the parametric equations: x = axg, y = ayg and z = t. By considering
V = (R3,+,0,R), we can define V as a hypervector space over the field R. Assuming A = {a,b}
is a set of parameters, we can say that (F,.A) is a bipolar fuzzy soft hypervector space of V. Here,
the functions F and .7-"1:r map R3 to the interval [0,1], while the functions F,, and F, map R3

a a

to the interval [—1,0], by the following rules (X = {0} x {0} xR, Y =R x {0} xR):

(x,y,2) € X | (x,y,2) € Y\ X | otherwise
Fi(z,y,z) 0.7 0.3 0
Fo(z,y,2) ~0.8 —0.4 —0.2
Fi(z,y,2) 0.9 0.4 0.1
Fy, (2,9, 2) —0.6 —0.5 —0.1

Example 2.10. [1R] If K = Zay = {0,1} is a field defined by the followings:

+ 101 -0 1
0101 0]0
111]0 1101

then (Zy,+,0,Z2) is a hypervector space, such that “+ : Zy XLy — Z4" and “o : Lo XLy — Py(Zy4)”
are defined as follow:

+lol1]2]3

0o(o[1[2]3 o| 0 1 2 3

1[1[2]3]0 10,2y | {0y | {oy | {0}
2 [230]1 1] 0,2y [{1,2,3} | {0,2} | {1,2,3}
33012

Suppose A = {c,d,e}. Then (F,.A) is a bipolar fuzzy soft hypervector space of V, where “F., Fj, Fi:
Zy — [0,1)" and “F7,F; ,F; : Zy — [=1,0]" are given by the followings:

(05 z€{0,2} [ =04 ze{0,2}
Fj()_{o.?) ze{1,3} Fc(m)_{—oa z e {1,3}
(07 2€{0,2} [ =06 ze{0,2}
Fj(x)_{ 0.2 ze{l,3} Fq (x)_{ 0.3 ze{L,3}
0.8 z€{0,2} B —0.7 z€{0,2}
F;():{o.zx z € {1,3} Fe():{—o.5 z€{1,3}

Definition 2.11. [19] Let (F,.A) denote a bipolar fuzzy soft set within a hypervector space ¥V =
(V,+,0,K). For any « in the range (0,1] and [ within the interval [—1,0), we can represent the
(av, B)-level soft subset of V as (F, A)ap. This is defined as a soft set

(.7:, A)Oéﬂ = {(Fe)a,ﬁ; €ec *A}v
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where for every e in A, (Fe), g is an (a, B)-level subset of the bipolar fuzzy soft set Fo = (FF, F,")
and can be expressed as:

(Fedag =z €V Fi(2) > 0, Fo (2) < B}

e

Theorem 2.12. [19] Let (F, A) represent a bipolar fuzzy soft set of V = (V,+,0,K). The necessary
and sufficient condition for (F,A) to be a bipolar fuzzy soft hypervector space of V is that for any
values of o in the range (0,1] and  within the interval [—1,0), the soft subset (F,A)q,p satisfies
the properties of a soft hypervector space of V. In other words, for any values of a in (0,1], 5 in
[-1,0), and e in A, the subset (‘Fe)a,ﬁ behaves like a subhyperspace of V.

Theorem 2.13. [19] In a strongly left distributive hypervector space V = (V,+,0,K), if (F,A)
represents a bipolar fuzzy soft set of V, then (F,A) is a bipolar fuzzy soft hypervector space of V
if and only if for any a and b in IC, ao (F, A)+bo (F,A) C (F,A).

Theorem 2.14. [19] If (F,.A) is a bipolar fuzzy soft hypervector space of V, for any é € A,
a € (0,1] and B € [-1,0), the bipolar fuzzy soft set (G, A) of V is defined as follows forms a
bipolar fuzzy soft hypervector space of V:

FH(@) ¢ (Fe)a, oy Fe (@) xé (Fe),,
Ge (x) = { 1 T € (}"é)a; Ge (@) = { -1 xe(Fs a,Z

3 Quotient bipolar fuzzy soft sets relative to hypervector spaces

In this section, we define the notion of bipolar fuzzy soft coset related to a bipolar fuzzy soft
hypervector space and obtain a hypervector space % = (%,@, ®,K) by suitable operation and
external hyperoperation over the set of all bipolar fuzzy soft cosets. Then in an important theorem,
we show that the dimension of the mentioned hypervector space % is equal to the dimension of a
quotient hypervector space -, where W is a particular subhyperspace of V. Next, we prove that
every bipolar fuzzy soft hypervector space of % corresponds to a bipolar fuzzy soft hypervector

space of V.

Lemma 3.1. For any bipolar fuzzy soft hypervector space (F,A) over strongly left distributive
hypervector space V, any parameter e in A and any vectors x and y in V, the following conditions
hold:

1. Ff(z) < FF(0) and F, (z) > F.;(0).
2. if Fr(x —y) > FF(0), then Fl(z) = Fr(y), and if F, (x —y) < F.(0), then F, (z) =
Fe ().

Proof. 1) By Theorem 213, putting a = 1 and b = —1, it follows that 1o (F, A)+ (—1)o (F,A) C
(F,A). Then by Lemma P2,

FE0) = (Lo(F,A)+(-1)o(F,A)I(0)

= sup ((1o(F,A), () A(=1)o(F,A) (2)

O=y+z
> (Lo (F,A)S (@) A (1) o (F,A) (~2)
> Fl(@) A (=F)i(-2)
= Ff(z)AFf(x)

|

\,.]
+

S
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and
Fe(0) < (Lo(F,A) +(=1)o(F,A).(0)
Jnf (Lo (FLADZ 1)V (1) o (FA); ()
< (1o(FA). (#)V((-1) o (F,A), (—z)
< Fo @V (=F) (-
= Fe(x)VF, (x)
= F. (z).

2) Ffi(z) = Ff(x—y+y) > Ff(z —y) AFF(y) > FFHO)AFl(y) = Fr(y). Similarly,
FH(y) > Ff(x) and so Ff(z) = FF(y). Also,

Fe(@)=F (z-y+y <F (x—y)VF (y) <F (0)VF (y)=F. (y)

Similarly, F. (y) < F. (z) and so F, (z) = F; (y). O

e

If W is a subhyperspace of (V,+,0,K), then (V/W, 4, %, K) is a hypervector space over K. In
this context, the external hyperoperation * : K x V/W — P,(V/W) is defined by a x (v + W) =
aov+W.

The next theorem is a valuable resource when examining fuzzy cosets within a bipolar fuzzy soft
hypervector space.

Theorem 3.2. Suppose V = (V,+,0,K) is a strongly left distributive hypervector space. Then
1) If (F,A) is a bipolar fuzzy soft hypervector space of V, where W is defined as

W={yeV; Fl(y) = F(0), F. (y) < F.(0), Ve € A},

then (]:", A) represents a bipolar fuzzy soft hypervector space of % In this case, ﬁj(:c +W) =
Fi(z) and F-(x +W) = F (), for alle € A and z € V.

2) Consider U is a subhyperspace of V and (G,.A) is a bipolar fuzzy soft hypervector space of Z%’
satisfying the conditions G (x +U) = GH(U) and G (x +U) = G_ (U), only when z € U. In such
a scenario, there exists a bipolar fuzzy soft hypervector space (F,A) of V, such that F=G and

{z eV, Ff(z) > FH0), F,(2) < F.(0), Vec A} =U.
Proof. 1) If z,y € W, a € K, then for all e € A,
Fo(x—y) > FH(a) ANFS(y) > FL(0) AFF(0) = F(0),

Feolz—y) < Fo (o) VF(y) < Fo(0)AF(0) = F.(0),
so x —y € W. Also, by Definition IR, for all s € a oz, Ff(s) > ténf Fr(t) > Ff(z) > FF(0)

e

and F_ (s) < sup F, (t) < F. (x) < F7(0). Thus aox C W and W is a subhyperspace of V.
t€aox

Now if e € A, x,y € Vand 2 +W = y+ W, then z,y € W, so F. (x —y) > F.,S(0) and
F(x —y) < F7(0), for all e € A. Thus by Lemma B, F.f(z) = FS(y) and F, (z) = F, (y),

for all e € A. Hence Ff(z +W) = Ff(y+ W) and F, (z + W) = F, (y + W). Therefore, F is
well-defined.



74 O.R. Dehghan

Next, if z,y € V, a € K and e € A, then

FHa+W) = +W) = Fi(z—y)+W)
Fi(z—y)
> Fl(x)NFl(y)
= Frx+W)AFHy+W)

and similarly, 7o ((z + W) — (y 4+ W)) < Fo(z + W)V F (y + W).
Also, if s € a oz, then by Definition R,

Fr(s+W) = FH(s)> inf Fr(t) > Ff(z)=F(z+W),

t€aox
and . .
Fo(s+W)=F_(s) < sup F, (t) < F, (z) = F, (x+W).
t€aox
Thus R R
inf Frs+W) > Ff(z+W),
s+Weax(z+W)=aoz+W
and

sup Fo(s+W) < Fo(z+W).
s+Weax(z+W)=aox+W

Hence, by Definition 23, (.7:" ,A) is a bipolar fuzzy soft hypervector space of %

2) Define a bipolar fuzzy soft set (F,.A) of V, such that for every e € A, F(e) = Fe : V —
[0,1] x [~1,0], given by F. () = GF (x +U) and F, (z) = G_ (x + U), where z belongs to V. It
can be easily verified that (F,.A) qualifies as a bipolar fuzzy soft hypervector space of V.
Moreover, x € V such that for every e € A, Ff(z) > FF(0) and F, (z) < F;(0), if and only if
foralle e A, G (z+U) =G (U) and G, (x +U) = G (U), if and only if z € Y. Thus

Fi+U)=Ff(z+W) = Ff(z) = G5 (z +U),

and
Fola+U)=F (x+W) =F, (2) =G, (z+U).
Hence, F =G and the proof is completed. O

Example 3.3. If (F,A) represents the bipolar fuzzy soft hypervector space of (R3,+,0,R) in
Example 29, then

W = {zeR Ff(z) >07,F (z) >09,F, (z) < -0.8,F, (z) < —0.6}
= {0} x {0} xR.
Thus (]:", A) defined in Theorem 33, is a bipolar fuzzy soft hypervector space of %.
Example 3.4. If (F,A) represents the bipolar fuzzy soft hypervector space of (Z4,+,0,Z3) in
Example 210, then

Wo— {%24, F(z) > 0.5, Ff (x) > 0.7, F, ()>08}

Fo(r) <-04,F; (z) < —-0.6,F, (x) < —0.7
= {0,2}.

Thus (]: A) defined in Theorem B3, is a bipolar fuzzy soft hypervector space of -2 0. 2}
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Definition 3.5. Let (F,A) be a bipolar fuzzy soft hypervector space of V with v € V. Then the
bipolar fuzzy soft set vF of V (vF : A— BFY), is defined as follows:
Yec A,z eV, (vF)F(z)=FFS(v—2z),(vF), () =F, (v—2z),

e

vF is called the bipolar fuzzy soft coset related to F and v. The collection of all bipolar fuzzy soft
cosets related to F is denoted by %, i.€e.

il

v ={vF; veV}

Theorem 3.6. In a bipolar fuzzy soft hypervector space (F,A) over
(%,@, @,/C) s a hypervector space, where the operation @ : ]—VE X % —
operation © : K x ]—VE — P*(%) are defined as follows:

= (V,+,0,K), the set
and the external hyper-

V
s
v

xF @ yF = (x + y)F,
a® (xF)={tF; tcaox},
for all zF,yF € &, a € K.

Proof. One can easily see that “@®” and “©® ” are well-defined and (%, @) is an Abelian group.
Now let o F, x1F, xoF,yF € % and a1, a9,b,c € K. Then

(Hy)
bo (61 F +x2F) = bo ((w1 +x2)F)
= {aF;, z€bo(r1+x2)}
C {aF; v €box;+boux}
= {aF; 2 =351+ s2,51 €Eboxy,s9 €boxa}
= {(s1+s2)F; s1 €Eboxy,s9 Eboxa}
= {s1F @ soF; s1 €Eboxy,s9 €Eboaxsg}
= {s1F; s1 €box1} @ {soF; sa €Ebouxy}
= (bo(x1F))® (b (x2F)).
(Haz)

(a1 +a2)© (yF) = {sF; s€ (a1 +az)oy}
C {sF; s€ajoy+azoy}
= {sF; s=s1+82,51 €a10y,s2 €azoy}
= {(s1+s2)F; s1 €a10y,82 €azoy}
= {s1F @ saF; s1€a10y,5 €azoy}
= {s1F; sy €aroy} ®{ssF; s2 €Eagoy}
= (a1 0 (yF)) @ (a2 © (yF)) .
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(Hs)

boe (co (zF)) = U voetr
tFeco(zF)

= U {sF; sebot}

= {sF; s€bo(coux)}
= {sF; s€ (bc)ox}
= (bc) ® (zF).

(Ha)

be (=(yF)) = be((-y)F)
{tF; tebo(—y)}
{tF; te(=b)oy}

= (=b)e(yF),
similarly, b ® (—(yF)) = —(b®@ (bF)).
(Hs) aF € {tF; 1 €aox} =106 (xF).
Consequently, by Definition B4, the set (]—VE, ®,©, IC) forms a hypervector space. O

Example 3.7. Suppose (F,A) is the bipolar fuzzy soft hypervector space of (R, +,0,R) in Ea-
ample 2, and v = (vi,v2,v3) € R3. Then the bipolar fuzzy soft coset vF related to F and v is
defined by the followings:

((v1,v2,v3)F)F (21,29, 23) = F,(v1 — 21,02 — 72,03 — T3)

0.7 (wl,xg,l’g) S {Ul} X {7)2} X R,
0.3 ($1,1‘2,l‘3) S (R X {UQ} X R) \ ({’Ul} X {’Ug} X R),
0 otherwise,

((v1,v2,v3)F), (x1,22,23) = F, (v1 —x1,v2 — T2, V3 — x3)
—0.8 (561,%2,.%'3) S {’1)1} X {1}2} X R,

{ —-0.4 (1‘1,1‘2,%3) S (R X {UQ} X R) \ ({1}1} X {UQ} X ]R),
—0.2 otherwise,

((v1,v2,v3)F)f (21, 22,23) = F (v1 — z1,v2 — Ta,v3 — x3)
{ 0.9 (1‘1,1’2,1‘3) S {Ul} X {1)2} X R,

0.4 (161,1’2,333) S (R X {UQ} X ]R) \ ({’Ul} X {’UQ} X R),
0.1 otherwise,

((v1,v2,v3)F), (w1, 22,23) = F, (v1 — 21,02 — T2,v3 — 3)

—0.6 (x1,72,23) € {v1} x {va} xR,
—0.5 (l‘l,xQ,xg) S (R X {’Ug} X R) \ ({’Ul} X {1}2} X R),
—0.1 otherwise.
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Now, for every vF = (v1,ve,v3)F,0F = (01, 02,03)F € %, it follows that:

(0F ® 0F)f (v1,02,23) = ((v1 + 01, v + b9, v3 + 93) F) L (21, 22, 73)
{ 0.7 (z1,2z2,23) € S ={v1 + 01} X {va + 02} X R,

0.3 ($1,£C2,563) € (R X {1)2 + ’02} X R) \ S,
0 otherwise,

(vF @ 0F),, (vF @ 0F)) and (vF & OF), are similarly obtained. Also, for every r € R, vF =
(UI,UQ,U?))J:G ]RT};’
re© (wF) = {aF;x€ro(vi,v,v3)}
= {(TUl,T’UQ,t)F;t S R}a

where for every t € R,

((TU]_,T’UQ,t).F)I(QTl,QTQ,.’173) = ‘F;(Tvl — X, Tv2 — 3/775 - Z)

0.7 (z1,z2,23) € X = {rv1} x {rve} xR,
0.3 (z1,22,23) € (R x {rva} xR)\ X,
0 otherwise,

(r® ((v1,v2,v3)F))a s (r @ ((v1,v2,v3)F)); and (r © ((v1,va,v3)F)), are similarly defined.

Example 3.8. Let’s talk about the bipolar fuzzy soft hypervector space (F,A) which is defined on
the algebraic structures (Zy,+, 0, Z2) in Example ZI0. Here Zi; ={vF,v ey} ={0F,1F,2F, 3F},
where for example, O0F and 1F are defined by the followings:

(0F)(z) = Ff (—a) = { oo e ﬁg (0F); () = F; (—2) = { oy he ﬁg
(0F)} () = Ff (~a) ={ 0y Leis 0P =R () ={ P
(0F)F(z) = Ff(—z) = { gi i E ?1)2 (0F)c (z) = Ff (—a) = { :8:; i E ﬁg
and
(LF)F (x) = Fir(1— ) = { oo e }33{ (1F); (2) = Fo (1 —x) = { Bt }é;{
(1F)} (@) = Fi (1 — ) = { 8; i Eg{ (1F); () = Fy (1-a) = { :8:2 e g;{
anie =Fra-a={ 0y LE0Y umcw=ra-a={ 07 1S

2F and 3F are similarly obtained. Moreover, & and © are defined by the following tables:

® | 0F | 1F | 2F |3F

0OF |[OF [1F | 2F | 3F ®| oF 1F 2F 3F
\F | 1F | 2F | 3FF | OF 0 | {0F, 27} {0F} {07} o
2F |2F |3F | OF | 1F 1 [ {0F,2F} | {17, 27,37} | {0F,2F} | {LF,2F,3F}

3F [3F | OF | 1F |2F
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Lemma 3.9. If (F,A) is a bipolar fuzzy soft hypervector space of V, then for every parameter
e € A and every vectors x,y €V, the followings hold:

1. Fi(z) < Ff(y) implies that Ff(x —y) = Ff(z) = FF(y — x).
2. F. (z) > Fl(y) implies that F, (x —y) = F, (x) = F, (y — z).

Proof. 1) F (z—y) > FH (@) \F& (y) = Fl (2). Also, Ff () = Ff (z—y+y) = F (x—y) AF ()
and so F (z) > Ff(x —y). Then F (x —y) = Fl (). Similarly, F.F (y — z) = F ().

2) Fo(z—y) < f(e( )VFe (y) = Fo (z). Moreover, F (z) = F. (z—y+y) < Fo (z—y)VFo (y)

and so F, (z) < y). Thus F, (z — y) = F. (), and similarly, F, (y — z) = F, (z). O
Next lemma will be used for proving Theorem BT, about the dimension of the hypervector

f

space 3;.

Lemma 3.10. Suppose V = (V,+,0,K) is a strongly left distributive hypervector space and (F,.A)
is a bipolar fuzzy soft hypervector space of V. Then for every vector x € V and every parameter
e € A, it follows that F} (z) = FF(0) and F, (z) = F, (0) if and only if xF = OF.

e

Proof. It Ff(x) = FF(0) and Fo(x

e

F.(0), then for all 2 € V, by Lemma B, Ff(z) <

k'"III

FF(0) = Ff(z) and F; (2) > F,(0) = _() Now1f]~“+()<}-€+()and]:e()>]:e()then
by Lemma B9, F'(z —z) = Ff(2) and F, (2 — z) = F, (2). Thus (zF)(z) = (0F)(z) and so
xF = 0F. Also, if Ff(2) = ]:+( )= F}1(0) and F, (z) = F, (z) = F,(0), then

Fi(z =) > FH(2) NFS (2) = FH(0) A FL(0) = F(0),

and

Fe(z—2) <F (2) VI (x) = Fo(0) v Fo(0) = F.(0).

Hence, by Lemma B, F. (2 — z) = F.,7(0) and F, (2 —x) = F, (0). So in this case, zF = 0F,

(& e €

too.
Conversely, (zF)(0) = (0F)(0), and so F. (z) = FS(0) and F, (z) = F,(0), for all z € V,
ec A O

The notion of dimension of a hypervector space was defined and studied by Ameri [§] as follows:
A subset B of the hypervector space V is considered linearly independent, if for every collections
of vectors vy, ..., v, in B, and every coefficients c1, ..., ¢, in the field I, the equation 0 € ¢; ov; +
-+ 4+ ¢, 0 vy, implies that ¢y = --- = ¢, = 0. A basis for V is a linearly independent subset B of
VY such that every vector z in V can be expressed as an element of a linear combination of vectors
1,...,T, in B with coefficients ¢i,...,c, in K, i.e. £ €cyoxy + -+ ¢y 0 2. If a hypervector
space V has a finite basis, it is referred to as finite dimensional. If W is a subhyperspace of V,
then dim 35 = dimV — dim W.

Theorem 3.11. Let V = (V,+,0,K) be a hypervector space with strongly left distributive property,
and (F,A) be a bipolar fuzzy soft hypervector space of V. Consider

W= {xeV; Ff(z) > FS(0), F, (x) < F,(0), Ve € A}.

Then y
dim — = dim —

V W’
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Proof. If for all e € A, Ff and F, are constant, i.e. F. (z) = F,);(0) and F, (z) = F, (0), for
every vector x in V, then by Lemma B0, % = {0F}, W =V and in this case, dim % =0=dim %

So assume that F.} and ]-"e_ are not constant. Let dim)V = n, dimW = m. Suppose
{wy, ..oy Wiy V1,0, T =1 — m is a basis for V and {wi,...,w,,} is a basis for W. Then
{vi+W,...,v, + W} is a basis for 5. It will be shown that B = {1)1.7-" ., 0, F} is a basis for Z.

Note that elements of B are pa1rw1se distinct, for if v;F = v;F, i # j, then (v; — vj)F = 0F
and so by Lemma B0, F (v; —vj) = FF(0) and F. (v; —vj) = F, (0), Ve € A. Thus v; —v; € W
and v; + W = v; + W, which is a contradiction.

Now we show that B generates % Let vF € V7 vF # 0F. Then by Lemma B, F(v) #
FF(0) or F; (v) # F;(0), for some e € A. Thus v + W is a nonzero element of . Hence there
exist coefficients aq, ..., a, in the field K such that

v+W € arx(vi+W)+ -+ apx (v + W)
(agovi +W)+---+ (a,0ov. + W)
= (apovi+---+arov)+W.

So there exist vectors t1,...,%. in V such that ¢; € a;ov;, forall 1 < i < rand v+ W =
t1+-~-+tr+W. Then v — (t1 + -+ +t,) € W, ie. Ff(v—t; —---—t) = FS(0) and
Fo(v—t1 — —tr)—]:_() for all e € A. By Lemma B0, (v —t; — -+ — t,)F = 0F and by

definition of operations on %, it follows that:

vF o= (hi+ o +t6)F
= LWF® -t F
€ (a1@uF)®d - & (a, ©®v.F).

Finally, we prove that B is linearly independent. Let 0F € (a1 @ v1.F) @ - - @ (ar © v, F), for some
ai,...,a, € K. Then

0OF=t1F®---®t,F=(t1+---+t,)F, forsome t;, F €a;,@v;F, 1 <i<r.

Thus by Lemma BI0, .\ (t1 + -+ t,) = F,(0) and F, (t1 + -+ t,) = F, (0), for all e € A.
Hence t1 + --- + ¢, € W and so there exist coefficients by, ..., b,, in the field I such that

t1 4+t €byow; + -+ by 0wy,
= Al cbow, 1<i<m, t1+-+t, =11+ +lp,
— 0:t1+-..+t7'_ll_"‘_lmEalovl+"'+arovT_blowl_'”_bmowm'

Hence a; =

ar=by=---=b, =0.
Therefore, dim & =

5 r:n—m:dimV—dimW:dim%. ]
Example 3.12. In Example B4, we saw that
W= {x e V;Fl(x) > FF(0),F, (z) < F,(0),Ve € A} = {0, 2},

where (F,.A) is the bipolar fuzzy soft hypervector space of V = (Zy,+,0,Z2) defined in Example

Z10. Here B = {1+ {0,2}} is a basis for ¥ = {g‘é} = {W, 1+ W} = {{0,2},{1,3}} and so

dim {0 5 = L Also, B = {1F} is a basis for £ 7. = {0F,1F,2F,3F}, and so dlmZ = 1. Thus

dim Zf dim {g‘é}
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Note that W = {0} x {0} x R in Example B33, is dimensionless, i.e. it does not have any linearly
independent subset and so we can not check the satisfaction of Theorem B, for the bipolar fuzzy
soft hypervector space (F,A) of V = (R?, +, 0, R), defined in Example 2.

A linear transformation was defined in [R] as a function 7" : V — W between hypervector spaces V
and W, such that T(z+y) = T(x)+T(y) and T(aox) C aoT(z), for all vectors z,y in V and all
scalars a in the field K. If T(a o x) = a o T(z), then T is said to be a good transformation. The
kernel of a linear transformation T : V — W is the following set:

kerT = {x € V,T(xz) € 000y}.

Theorem 3.13. Let (F,A) represent a bipolar fuzzy soft hypervector space of ¥V = (V,+,0,K)
and

W=z eV; FHa) = FA(0), Fr(x) = F,(0), Ve Al
Then

1. The bipolar fuzzy soft set (F, A) of % = (%,EB,@,IC) defined by
FH(aF) = Ff(x), Fo(aF) = F; (x), Ve € A,z €V,
is a bipolar fuzzy soft hypervector space of %

2. The mapping ¢ : V — % defined by ¢(x) = xF, is an onto good transformation with the
kernel equal to WV .

3. FEwvery bipolar fuzzy soft hypervector space of % corresponds to a bipolar fuzzy soft hypervector
space of V.

Proof. 1) For every parameter e in A, every vectors x,y in V and every scalar a in the field K, it
follows that:

FraFeyF) = FH(z—-y)F)
= Fl(z—y)
> Fo(x) NFS(y)
5 (

,

and similarly, . (zF © yF) < Fo (¢ F)V Fo (yF).

€ €

Also, for all tF € a ® (zF), by Definition I8,
FrF)=FF () > inf Ff(s)> Ff(z)=FS(aF),

s€aox
and so
inf  FF(tF) > Fh(xF).
tFea®(xF)
Moreover, F. (tF) = Fo(t) < \ F.(s) < F.(z) = F («F), and so sup F, (tF) <

s€aox tFeao(zF)
F. (zF). Therefore, (F,.A) is a bipolar fuzzy soft hypervector space of J—VE

2)6F0r allz,y € V,a € K, p(x+y) = (x+y)F =2xF DyF = ¢(x) Do(y) and ¢p(aocx) = (aox)F =
a® (xF). Thus ¢ is a good transformation. Clearly, ¢ is onto. Also,
kero = {z eV, ¢(x) €0e (0F)}
= {zeV, aFe{tF, t€000}}
= {z eV, oF =tF, for sometec 000}
= {z eV, Ff(x)=FS ), F, (v)=F, (t), for somet € 000,Ve € A}.
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But for every ¢ € 000, by Definition I8,

+ () > + —+
Fo(t) = if F(s) = F7(0),

F. (t) < sup F,_ (s) < F.(0),
s€000

so Ff(t) = FF(0) and F. (t) = F, (0). Hence,

kerp = {x €V, FS(z) = FS(0), F, () = F, (0),Ve € A} = W.

3) If (G, A) is a bipolar fuzzy soft hypervector space of %, then the bipolar fuzzy soft set H : A —
BFY defined by H(e) = He = (HF,H_), for all e € A, is indeed a bipolar fuzzy soft hypervector
space of V. In this case, H} (z) = G (¢ F) and H_ (z) = G, (zF), for all z € V. O

4 Some bipolar fuzzy soft sets of quotient hypervector spaces

In this part, we establish three bipolar fuzzy soft sets for quotient hypervector spaces while con-
sidering specific limitations. In fact, in this way, some new bipolar fuzzy soft hypervector spaces
are given.

Theorem 4.1. If V = (V,+,0,K) is a strongly left distributive hypervector space and W is a
subhyperspace ofV where 0ox C W, for every vector x in 'V, then a bipolar fuzzy soft hypervector
space (G, A) of % yw can be constructed from the bipolar fuzzy soft hypervector space (F,A) of V. In
this construction, the bipolar fuzzy soft set (G,.A) of ¥ v 18 defined by

G (x+W) = sup F (z +w),
weW

G, (x+W) :ng}-e_(ijw)’
where e is a parameter in A and x is a vector in V.

Proof. We can demonstrate that (G, .A) fulfills the requirements stated in Definition ZZ8. Assume
that e belongs to A, and x and y are elements of V, while a is an element of K. Then by Lemma
3, it follows that:

1)
GHaz+W+y+W) = GFx+y+W)

= sup Ff(z+y+w)
weWw
_ + .
= sup Fo (& +wy 4+ 9 + wa)
w1, w2 EW
Tex+W,yey+W

> sup (FH(d 4+ wi) AFS (9 + wa))
w1, weEW
tex+W,yey+W
> sup Fl(Z+wi) | A | sup FS (g +ws)
w1 EW woe EW
FET+W yey+w
_ +( +(
= (sup]-' :E+w1>/\<sup}" y—I—wg))
w1 EW wo €W

= GHx+W)AG v+ W),



82 O.R. Dehghan

and similarly, G (x + W +y+W) <G (e + W)V G, (y+W). Also,

GF(—(x+W) = GI(—z+W)

= sup F(—x+w)
weW

= sup F (—(z —w))
weW

> sup fj(w —w)
weW

= sup Fl(z+1)
weW

= Gfx+W),

and likewise, G (—(x +W)) < G_ (z + W).
2)Ifa#0andt€aou, thenitfollowsthatt+w1Gaom+1ow1:aox—i—ao(a_lowl),
and so t+wy € aox + aowsy, for some wy € a~tow; CW. Thus F.F (t+wq) > inf  FF(s)

s€aox+aows
and F, (t4+w1) <  inf  F_ (s). Hence

s€aoxr+aows

GrHt+WwW) = sup FS(t+wy)
w1 EW

> Sup( inf f:(s)>

waEW s€aoxr+aows
= sup inf  Ff(s)
wa€W \S€ao(z+ws)

> sup F (z+ws)
wo EW

= Gl @+wW),
and likewise, G_ (t + W) < G_ (x + W). Therefore,

inf GHt+w) = inf  GF(t+W)
t+Weax(z+W) t+Weaoz+W
= inf GF(t+W)
tEaox
> Gl (z+W),
and
sup G, t+w) = sup G, (t+W)
t+Weax(z+W) t+Weaox+W
= sup G, (t+W)
tEaox
< Go(z+W).

Moreover, if a = 0, then according to B, it can be inferred that for every t € 0oz, the followings
hold:

GIt+W) = sup Ff(t+w)
weW
= Ff0) (t€0oxCW)

> GHax+ W), (Im Ff=1ImGgGh)
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and
G, t+WwW) = wlgvfe (t+w)
= F, (0) (telOoxzCW)

€

< G (z+W). (ImF, =Img,)

A

Hence, inf G (t+W)>Gf(z+W) and sup G (t+W) <G, (z+W).
t+WEO*(z+W) t+WeOx(z+W)

Consequently, (G,.A) is a bipolar fuzzy soft hypervector space of % O

Example 4.2. Consider the bipolar fuzzy soft hypervector space (F, A) of V = (R3,+,0,R) in
Example 22, and W = R x {0} x R. Then 0o (x,y,2) C W, for every vector (z,y,z) in R3,
and the bipolar fuzzy soft hypervector space (G, A) of % in Theorem [1, is defined by the

followings:
0.7 y=0 B 0.8 y=0
+ — ? _ I
gCL (‘T?yvz) - { 0 y # 0’ ga (x7y7 Z) - { _02 y # 07
0.9 y=0 _ 0.6 y=0
+ _ P _ ;
gb (m,y,z) - { 0.1 y # 0’ gb (xaya Z) - { —0.1 Y ?é 0.

Example 4.3. Consider the bipolar fuzzy soft hypervector space (F,A) of V = (Z4,+,0,Z2) in
Ezample ZI0, and W = {0,2}. Then 0ox C W, for all x € Zy4, and the bipolar fuzzy soft
hypervector space (G, A) of {%} in Theorem g1, is defined by GF (x + W) = Fl(z), G, (x+W) =
F, (x), for alla € A ={c,d,e} and x € Zy.

Theorem 4.4. In a strongly left distributive hypervector space V = (V,+,0,K) and given a sub-
hyperspace U of V where 0o x C U and |Lo&| = 1, for all vectors x inV and & € U, if (F,A)
represents a bipolar fuzzy soft hypervector space of V, then the bipolar fuzzy soft set (H,.A) of%
can be defined as follows, which also forms a bipolar fuzzy soft hypervector space of %

- +
;161{{.7-"6 (x+u) z¢U,

+( _
Helo+l) {fj(o) rel,

sup Fr(+u) @ ¢ U,
Ho(x+U) =< uel
F. (0) xEeU,

e

foralleec A, z € V.

Proof. We will demonstrate that the pair (#,.4) meets the requirements outlined in Definition
R. Given that e is an element of A, and = and y belong to V, while a belongs to IC, then
1) If z and y are vectors in U, then

HE (@ +U)+(y+U) = HIWU)

Fi(0)
= HI(xz+U)ANHI(y+U),

and similarly, H, (z+U) + (y+U)) =H_ (z+U)VH (y +U).
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If x €U and y ¢ U, then by Lemma B,

He (e +U)+ (y+U)) = HI(y+U)
= FSO)AHT(y+U)
= HI(xz+U)ANHI(y+U),

and similarly, H, ((z +U) + (y+U)) =H  (x +U) VH, (y + U).
If ¢ U and y € U, the result is similarly obtained.
If x,y ¢ U, then

Hi(x+y+U) = irelzg]:j(x—f—y—l—u)

= inf FrHd+1q

dex+U, yey+U  © ( )
> inf FI(&) AF(y
- ¢€x+&?y€y+u( e () ¢ (y))

- < inf f;(aa)) /\( inf Ff (zi))

tE€x+U yey+U

= <uilrgz’/{ FH(x+ u1)> A <u12%fu Flly+ uQ)>

= HI(x+U)ANHI (y+U),
and similarly, Ho (x +y+U) < H_ (z+U)V H_ (y+U). Thus
He ((z+U) + (y +U) 2 H (z +U) AN (y +U),
and
He (z+U)+ (y+U) <H (x+U)VH, (y+U),

forall z+U,y+U € Y.
Also, if x € U, then —x € U and so H (—(z +U)) = FS(0) = HI (z+ U) and H, (—(z+U)) =
Fo(0)=H (x+U). If x ¢ U, then

HI (—(z+U)) = HI(—z+U)
= inf Ff (-2 +u)
uel
= inf Ff (—(z —u))

ueU

> inf Ff(z —u)
ueU

= inf Ff(z + 1)
weu

= HIi(z+U),

and similarly, H_ (—(z +U)) = H_ (x + U).
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2) If a # 0, then by Lemma P73,

inf  HI@t+U) = inf  HI(t+U)
t+Ucax(z+U) t+Ucaox+U

=, inf HE (t+U)

= mf inf F.f(t+u)
tEaoxr uel

= inf Ff(f)
t€aox+U

= inf  Ff(h)
teaot,fex+U

= inf inf FS(f)

tex+U feqot

> inf Fl(%)
tex+U

= inf Ff(x + 1)
=
= HI(z+U),

and similarly, sup  Ho (t+U) <H (xz+U).
t+Ucax(z+U)
If a=0and t € 0oz, then by Lemma B, for all e € A, H} (t +U) = F.(0) > HI (x +U) and
Ho (t+U)=F, (0) <H_(x+U),sincet €00z CU, Im Ff =Im HF and Im F, =Im H_.
Thus
inf  HI(t+U)= inf HI (t+U)>H (z+U),

t+U €0 (z+U) t€0ox
and
sup  H, (t+U)=sup H, (t+U) <H_(x+U).
t+UE0*(z+U) telox
Therefore, (H,.A) is a bipolar fuzzy soft hypervector space of % O

Theorem 4.5. Let (F, A) represent a bipolar fuzzy soft hypervector space of V, where U = (]:6)04,6
is the (o, B)-level subset of V, for some e belonging to A, a belonging to (0,1] and 3 belonging to
[—1,0). If (G, A) is the bipolar fuzzy soft hypervector space of V defined in Theorem 214, then
the bipolar fuzzy soft set (g A) of ¥ 5 given by the following expressions is a bipolar fuzzy soft
hypervector space of % q:

G (x +U) = sup G (x + w),
ueU

Go (x4 U) = inf G (x4 u),
uelU
where e belongs to A and x belongs to V.

Proof. We examine the criteria stated in Definition B8, for the case of (G, A). Considering an
element e belonging to A, as well as elements z and y belonging to V, and an element a belonging
to K, similarly to the proof of Theorem B, it follows that:

(x+U)AGS(y+U),
(x4+U)V G (y+U),
Sz +U),
C(x+U).

U)+ (y +U))
)~+ (y +U))
G (—(z+U)) >
Go (—(z+U)) <

>G
<G

_l’_
€
e

g
G
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Moreover, for allt+U € ax (x +U) =aoxz + U,

g:(t—l—lxl) = sup Gl (t+u)
ueU

sup (G () A G (u))

ueU
Ge (t)
inf GF(s)

scaox

g;_ ($)7

(AVAR Y

Vv

and

G, (t+U)

inf G (t+u)
uel
inf (97(t) v G; (w)

= G (1)
sup G, (s)
s€aox

G, (z).
Then inf  GF(t+U)>GH(x)and  sup G (t+U) <G (x).
t+Ucax(z+U) t+Ucax(z+U)
Likewise, if u € U, then given that t + U € ax (x +u+U) =ao (z + u) + U, it can be concluded

that:

IN

IN

IN

C;:(t—i—bl) = supGS(t+1)
ueUu
sup (Q: (t) A gj(u))
weU
G (t)
inf  UF(s)

s€ao(z+u)
Ge (@ +u),

v

v

Vv

and

g.t+U) = gg{gg(wa)
inf (G (1) v G; ()

Ge ()

sup G (s)
s€ao(z+u)

G, (x +u).

I IA

IN

IN

Hence,

inf GHt+U) > U (z+u),
t+U€eax(z+u+ll)

sup G (t+U) <G ( + ),
t+Ucax(z+utld)



Quotient bipolar fuzzy soft sets of hypervector spaces and bipolar fuzzy soft sets of . . . 87

for every vector u in U.
Butz+U =x4+u+Uand ax (x+U) =ax*(x+u+U), for every u in U, thus

inf  GF(t+U) = inf GrHt+u
t+Ucax(z+U) t+Ucax(z+u+U)
= inf GHt+U)
t+UEao(x+u)+U
> G (z+u),
and
sup G, (t+U) = sup Go(t+U)
t+Ucax(z+U) t+Ucax(z+u+U)
= sup G (t+U)
t+Ucao(xz+u)+U
< G, (x+u).
Therefore,
inf GHt+U) > supGH(z+u) =GFH(x+U),
t+UEax(xz+U) uweU
and
sup  Go (t4+U) < inf G (z4+u) =G, (z+U).
t+UEax(z+U) ucl
Consequently, (é ,A) is a bipolar fuzzy soft hypervector space of % O

Example 4.6. Consider the bipolar fuzzy soft hypervector space (F, A) of V = (R3, +,0,R) in
Example Z0. Then fore=a, a =04, 8 =—0.3 andU = (Fe)a,s = (Fa)o.a,—03 = {0} x {0} x R,
the bipolar fuzzy soft hypervector space (Q,A) of % in Theorem [-d, is defined by the
followings:
) 1 zel,
GHxz+U)=< 03 z€(Rx{0}xR)\U,
0 otherwise,
) -1 z€el,
G, (x+U)=<¢ —04 ze(Rx{0} xR)\U,
—0.2 otherwise,
. 1 zel,
G (x+U) =} 04 zeRx{0} xR)\U,
0.1 otherwise,
) -1 zel,
G, (x+U)=41 —05 zc(Rx{0}xR)\U,
—0.1 otherwise.

Example 4.7. Consider the bipolar fuzzy soft hypervector space (F, A) of V = (Zy,+,0,Z2) in

Ezample ZI0. Then for e =d, a = 0.5, 8 = —0.5 and U = (Fe)ap = (Fa)os,—05 = {0,2}, the
bipolar fuzzy soft hypervector space (G, A) of {?—‘5} in Theorem B, is defined by the followings:

~ 1 z€{0,2} 5 -1 z€{0,2}

+ _ ) _ )

Ge (Hu)_{ 0.3 ze{1,3) Ye (x“”)_{ 02 ze{1,3)
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5 [ 1 =ze{0,2} 5_ [ -1 ze{0,2}
93(““)—{ 02 ze{L3) gd(“u)_{ 0.3 xe{1,3)
: 1 zef{02} a _ [ -1 ze{02}
gj(ﬂeru)_{ 0.4 ze{1,3} Ge (‘TJFU)_{ —05 ze{1,3}

5 Conclusions

The author, in references [I8, 9], explored the properties of bipolar fuzzy soft hypervector spaces
by incorporating the notion of bipolar fuzzy sets. This approach seems to integrate fuzzy logic
and hypervector spaces to analyze and understand the characteristics of such spaces. It would be
fascinating to delve deeper into their findings and understand the implications of these proper-
ties. In this paper, we followed these papers and investigated some new results in the mentioned
algebraic structure. Next, we defined a hypervector space g = (g, ®,®, K) that consists of all
cosets of a bipolar fuzzy soft hypervector space (F, A). Then we proved an interesting theorem
concerning the fundamental concept of dimension in hypervector spaces. In fact, we showed that
dim g = dim %, such that % is the quotient hypervector space containing all cosets of W in V,
and W is a particular subhyperspace of V. In addition, we have presented some bipolar fuzzy
soft sets over the quotient hypervector space % With these results, the following topics can be
studied in the future:

- Investigation of isomorphism theorem in bipolar fuzzy soft hypervector spaces,

- Finding the applications of the introduced structure in decision making,

- Application of bipolar fuzzy soft sets over other algebraic structures/hyperstructures,

- Generalized bipolar fuzzy soft hypervector spaces based on bipolar fuzzy points,

- Dimension of bipolar fuzzy soft hypervector spaces.
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