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Abstracts:

The aim of this article is introduced the concept of double framed T-soft fuzzy set (DFT-soft
fuzzy set) which is the combination of soft set and fuzzy set. We also defined the notions and
apply this concept in BCK/BCl-algebras. By using example, we also discussed the concept of
double framed T-soft fuzzy algebra (DFT-soft fuzzy algebra) and double framed B-soft fuzzy
algebra (DFB-soft fuzzy algebra) and also investigated their properties. Each double framed
T-soft fuzzy algebra is double framed B-soft fuzzy algebra but by using example, we proved
that converse may or may not be possible.
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1. Introduction

Traditionally mathematics uses crisp set theory [1] to explain the properties of any substance
and this set theory consists of two possibilities that are either false or true. But with the
passage of time, the vague concepts became a virus in different fields of our life like
pharmacology, engineering, medical application and economics but classical mathematical
tools are failed to solve these problems. Then in 1965, Zadeh [2] introduced most successful
theory which is known as fuzzy set theory which dealt with the vague concepts. This theory
is used openly in different fields like pharmacology, engineering, medical application and
economics, among others. We know that fuzzy set theory is strongly based on membership
function. We can determine the membership grade of an element of a set with the help of
membership function. The fuzzy set theory has become very popular. But there was a
difficulty to set a membership grade of a membership function. To solve this problem
Moldstov [3] presented the theory which is known as soft set theory. This theory is used
successfully in different areas such as game theory, Riemann-integration, smoothness of
function, Perron-integration, etc. In 2002 Maji et al. [4] introduced the application of soft set
theory in decision making problems. Also Maji [5] in 2003 studied the theoretical work on
soft set theory to polish this concept so that readers could easily understand and contributed
their role to extend the scope of this theory in different fields of life. After theoretical
discussion, now we discussed about the contributions of those researchers whose applied this
concept in different fields of algebra like Cagman et al. [6] studied the soft set and soft
groups and also introduced the notation of soft groups. They also defined the relation
between fuzzy set, rough set and soft set and discuss the properties. Ali et.al [7] introduced
some new operations on soft sets.
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For the study of BCK/BCI algebras we refer the readers to books [8, 9]. Jun et al. [10]
worked on intersectional soft sets and defined its applications in BCK/BCI algebras. They
also defined the notations of intersectional soft sets. Also Jun [11], studied the union soft sets
and defined its application in BCK/BCI algebras. Further, Jun and Park [12] elaborated
applications of soft ideal theory in BCK/BCI algebras. Jun and Ahn [13] studied the
applications of double framed soft sets. They also introduced the notations of double framed
soft algebras and discussed their properties by giving several examples. Naz [14] introduced
some operations on double framed double soft sets. Hadipour [15] applied the concept of
double framed soft set in BF-algebras and introduced the notations of double framed BF-
algebras. He also investigated its properties. Cho et al. [16] studied the concept of double
framed soft near ring. Shabir and Samreena [17], worked on double framed soft topological
spaces and defined its notation. For further information, we refer to reader papers [18-29]
regarding soft algebraic structures.

From inspiring above literature, In section 2,we discussed basic definitions related to soft set,
double framed soft set and BCK/BCI algebras. In section 3. our basic purpose to combine the
concept of soft set and fuzzy set in pair form and then this concept is used in BCK/BCI
algebras and introduced its notations. We investigated the properties of double framed T-soft
fuzzy algebra and double framed B-soft fuzzy algebras. We elaborated that each double
framed T-soft fuzzy algebra is also double framed B-soft fuzzy algebra but converse is may
or may not possible.

2. Preliminaries

Let X be a non-empty set. Then A = {< x, u,(x) > |x € X} is called fuzzy set, where py is a
membership function which map each element of X in [0, 1]. Here we say that A is fuzzy
subset of X. The set of all fuzzy subsets of a set X is denoted by FP(X). Two fuzzy sets A
and B are equal if and only if puy (x) =pg(x) for allx € X. Where p, and pg are
membership functions which map each element of X in [0, 1]. The complement of a fuzzy set

A is denoted by A€ and is defined by,

Pac =1 =y,

Where p, is a membership function which map each element of X in [0, 1]. Let X be a non-
empty set. The union of two fuzzy sets A and B with membership functions u, (x) and

Ug(x) respectively is denoted and defined by,

Haup(x) = max{uy (x),up(x)} forallx € X.
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Here p, and pg are membership functions which map each element of X in[0,1]. In
abbreviated form pu, = pu, V ug, where C = A U B. The intersection of two fuzzy sets A and

B with membership functions u, (x) and ug(x) respectively is denoted and defined by,

tang(x) = minfu, (x), up(x)} for all x € X.

Here pu, and up are membership functions which map each element of X in[0,1]. In

abbreviated form pu, = py A ug, where C = AN B.

Cagman [6] introduced the new definition of soft set in this way,

A pair (I', E) is indicated to be soft set over if and only if I' is a mapping from E to the all
subset of U e.g

(rE)={(e,T'(e))| e € Eand I'(e) € P(U)}

Where P(U) is power set of U and I':E — P(U). The function I' is an approximation

function of the soft set (I', E). It is easy to see that soft set is parameterized family of subsets
of U.

The set of all soft sets over U is denoted by S(U).
BCK/BClI-algebras defined by K. Iseki, in such a way,

A non-empty set X under binary operation " * " with 8 is called a BCI-algebra of type (2, 6)

is denoted by (X,*, ) and defined as
(1)((u*v) * (u*w)) *(Wxv) =6 forallu,v,w € X,
(2) (u*(u*v))*v =0 forallu,velX,
BRu*xu=206foralluek,
Au*xv=0,vxu=0impiesu=v forallu,v €X.

If a BCl-algebra X satisfies, 8 * u = 6 for all u € X then X is called BCK-algebra. For any

BCI/BCK-algebra the following hold, u * 8 = u for all u € X.
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Jun at al. [13] introduced the double framed soft set in such a way,

A double framed pair ((F, ®), A) over U is said to double framed soft set, in pair form(F, ®)
both are soft sets over U. A double framed pair ((F, ®), A) over U is said to be double framed

soft algebra if it satisfies

F(uxv) = F(u) N F()and G(u *v) € G(u) U ®(v) forallu,v € A.

3. Double framed T-soft fuzzy algebra and double framed B-soft fuzzy algebra

In this section, We elaborate the double framed T-soft fuzzy set, double framed T-soft fuzzy
algebra, double framed B-soft fuzzy algebra and investigate their properties. In all examples,
all defined BCI/BCK algebras are taken from [13] except 3.12. Example.

Note that we take 6 = X, which is BCI/BCK algebras, where § is a set of parameters, and for
sub algebras, we use 4, B, C of §, otherwise mentioned.

3.1. Definition

Let (F,A) is a soft set over U and f: A —» I( where I = [0, 1]) is a fuzzy set then double
framed pair ((F, f), A) over (U, [0, 1]) is called double framed T-soft fuzzy set (DFT-soft
fuzzy set ).

3.2. Definition

Let ((F,f),A) and ((®, g), B) be two “DFT-soft fuzzy set” over (U, [0, 1]) then ((F, f), A)
is said to be double framed T-soft fuzzy subset of ((®, g), B) if

(1) ACB,

(2) F(a) € 6(a) and f(a) = g(a) forall a € A.

We can write ((F, f), 4) € ((6, g), B). In case ((F, f), A) is super set of ((, g), B).
3.3. Definition

Let ((F, f),A) and ((®, g), B) be two “DFT-soft fuzzy set” over (U, [0, 1]) then ((F, f), A)
is said to be double framed T-soft fuzzy twisted subset of ((®, g), B) if

(1) AcB,
(2) F(a) 2 ®(a) and f(a) < g(a) for all a € A.
We can write ((F, f),4) € ((®, 9),B). In case ((F, f), A) is super set of ((®, g), B).

3.4. Definition
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A “DFT-soft fuzzy set” ((F, ), A) over (U, [0, 1]) is said to be a “DFT-soft fuzzy algebra”
over (U, [0, 1]) if it satisfies

Fix*xy) SF(x)UF()and f(x*y) = f(x)Af(y) forallx,y € A.

3.5. Example

Suppose § = {pg, P1, P2, P3} be the set of parameter, (where "pg = beautiful", "p; =

cheap", "p, = in good location”, p; = in green surroundings) with the following
binary operation

* Po P1 P2 Ps
Pe Po Po Po Pe
P1 P1 Po P1 P1
P2 P2 2] Pe P2
P3 b3 P3 b3 Po

(6,%, pg) 1s BCK-algebra And U = {hy, h,, h3, hy, hs} is the initial universe set that
containing five houses.

Now we define a “DFT-soft fuzzy set” as follows

(U ify =pg

{hlﬂhZ'hS} lfy = pl
F:6 -PWU),y .
),y i{hp hy, hs, hs}ify = p,

{hi, hy} ify =p;

Define f:8 — [0 1] such that f(pg) = 0.7, f(y) =.5. Then ((F, ), §) is “DFT-soft fuzzy
set” (U, [0, 1]).

3.6. Example

Consider the initial universe set U = {h4, h,, h3, h4, hs} and a set of parameters § = {pg,
P1, P2, P3} which is defined in above equation under the binary operation “*” such that
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* Po P1 P2 Ps
Pe Pe Pe Pe Pe
P1 P1 Po P1 P1
b2 b2 b2 Pe b2
P3 P3 p3 p3 Pe

And A = {pg, p2, p3} is a subalgebra of §. Now consider ((F, f), ) “DFT-soft fuzzy set” as
follows

{ hy} ify = pg
F:6 - PU),y » {{hy, hy, h3}ify =p,
{hl,hz} lfy = D3

Define f:8 — [0 1] such that f(py) = 0.8, f(p,) = 0.6 and f(p3) = 0.5 . Then ((F, f), A)
is “DFT-soft fuzzy set” (U, [0, 1]).

3.7. Example

Let (8,%, pg) is BClI-algebra, where § = { pg, P1, P2, D3, Pa» Ps, P, P7}, defined by

* Po P1 P2 Ps P4 Ps Ps Ps
Po Po Po Po Po P4 P4 P4 P4
P1 P1 Pe Pe Pe Ps 221 221 221
P2 P2 P2 Pe Pe Ps Ps P4 P4
P3 P3 P2 P1 Po Pz Ps Ps 221
P4 P4 P4 P4 P4 Pe Pe Pe Pe
Ps Ps P4 P4 P4 P1 Pe Pe Pe
Ps Ps Ps P4 P4 b2 b2 Po Po
Pz Pz Ps Ps P4 P3 P2 P1 Pe
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Now consider a “DFT-soft fuzzy set” ((F, f), §), as follows

{hll h31 h5, h7} lfy € { Po,P1, P2, p3}

F:6 > PU),y - { :
( ) Y {hlf h2' h4} lfy € { P4, Ps, Pe, p7}
where U = {hll hZF h31 h4—1 hS) h6 h7}

Define f:8 — [0 1] such that f(pg) = 0.8, f(p,) = 0.7, f(p,) = 0.6 and f(p3) = 0.5,
fpa) =1 = f(ps), f(ps) = 0.9 = f(p7).

Then we have

F(pe * ps) = F(py) = {hy, h3, hs, h;} € {hy, hy, hy} = F(pe) U F(ps)

And

fe*ps) =f(p2) =6 2.9= 979 =f(ps) Af(ps)

Implies ((F, f), 6) is not a “DFT-soft fuzzy algebra” over (U, [0, 1]).

3.8. Lemma

Every “DFT-soft fuzzy algebra” ((F, f), §) over (U, [0, 1]) satisfies the following condition
F(@) S F(x)and f(0) = f(x) forallx €9.

Proof

Since F(x * x) € F(x) U F(x) for all x € § implies F(x * x) = F(8) S F(x) because x *
x=0.

Now f(x*x) = f(x) A f(x) forallx € 5. Sincex *xx =60 so f(xxx) = f(0) = f(x).
Hence, proof is complete.
3.9. Theorem
For a “DFT-soft fuzzy algebra” ((F, f), §) over (U, [0, 1]), the following are equivalent;
(H)F@) =Fx)and f(0) = f(x) forallx € 6,
Q)F(x+xy) S F(y)and f(x xy) = f(y) forallx,y € 4.
Proof
(1) = (2), We suppose that (1) is valid. Now by definition of ((F, f), §), we have

(forallx € §) F(x *y) S F(x) UF(y) = F(0) UF(y) = F(y) because F(0) =
F(x) forallx € 6,
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Now (forallx € 8§)f(x xy) = f(x) A f(y) = f(6) A f(¥) = f(y) because f(8) =
f(x) forallx € 4.

(2) = (1), Assume that (2) is valid. Then for y = 6 such that F(x x 08) € F(0) and f(x *
8) = f(0) implies F(x) € F(6) and f(x) = f(0) because x * 8 = x, then by 3.8. Lemma
we have, F(0) € F(x) and f(0) = f(x) forallx € §,s0 F(x) = F(6) and f(x) = f(0).

3.10. Proposition

In a BCI-algebra X, every “DFT-soft fuzzy algebra” ((F, f), A) over (U, [0, 1]) satisfies the
following condition

F(u*(G*v))EF(u)UF(v)

Forallu,veA{
flux(@*v)) = fWAf®)

Proof: Let u, v € A, we have

F(u * (0 * v)) CFuUF@x*v)<SF(u)u (F(B) U F(v)) © ((F,f),A) is double framed
soft fuzzy algebra implies F (u * (0 v)) C F(u) U F(v) by 3.8. Lemma.

Now f(u ACE: v)) >fWAf@*v)=f(u)A (f(G) Af(v)) v ((F,f),A) is double
framed soft fuzzy algebra implies f(u * (8 * v)) = f(u) A f(v) by 3.8. Lemma.

Hence proved.
3.11. Definition

A “DFT-soft fuzzy set” ((F, f), ) over (U, [0, 1]) is said to be a “DFB-soft fuzzy algebra”
over (U, [0,1]) if it satisfies

F(xxy) SF(x)UF(y)and f(x*y) = f(x).f(y) forallx,y € 6.
3.12. Example

Let & = {&g, &1, &5, &3} be a set with binary operation " * " defined by

* So & & $3
$o $o & &, $3
§ & $o &3 &
& & & $a &
& & & & $a
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Then (6,%, g) 1s a BCl-algebra. Define

{hy, hs, hs} ify =&

. where U = {h, h,, h;, hy, hs, hg h-}.
U lfye{flrEZ’fs} {1 2,143, 184,185, Ite 7}

F:5—>P(U),yv—>{

And

f:6 - [0 1] such that f(&y) = 0.6, f(y) = 0.7 forall y € {&,¢,,&5}

It is routine to verify ((F, f), 6) is a “DFB-soft fuzzy algebra” over (U, [0, 1]).
3.13. Theorem

Let ((F, f),8) be a “DFT-soft fuzzy set” over (U, [0, 1]). Then prove that “DFT-soft fuzzy
algebra” of § over (U, [0, 1]) is also “DFB-soft fuzzy algebra” of § over (U, [0, 1]).

Proof

Let ((F, ), 8) be a “DFT-soft fuzzy algebra” over (U, [0, 1]) to prove ((F, f), ) be a “DFB-
soft fuzzy algebra” over (U, [0, 1]).

As ((F,f), ) be a “DFT-soft fuzzy algebra” over (U, [0, 1]) then for any u, v € §, we have
F(u*v) € F(u) UF(v) is obvious,

fu*v) = fW)Af(w) = f(w.f(v) implies f(u *v) = f(w). f(v).

Hence, ((F, f), ) is “DFB-soft fuzzy algebra” over (U, [0, 1]).

Note that converse of above theorem may or may not be true.

3.12. Example represented that ((F, f), 6) is a “DFB-soft fuzzy algebra” of § over (U, [0, 1])
but not a “DFT-soft fuzzy algebra” of § over (U, [0, 1]) because

F(1 %8 = f() = 0.6 2 0.7 = 0.7A0.7 = FEDAF(E).

3.14. Lemma

Each “DFB-soft fuzzy algebra” ((F, f), 6) over (U, [0, 1]) satisfies the following condition
F(0) € F(x) and f(0) = (f(x))? forallx € &.

Proof

Since F(x * x) € F(x) U F(x) for all x € § implies F(x * x) = F(8) S F(x) because x *
x=0.

Now f(x *x) = f(x).f(x) forallx € §,sincex *x = 0 so f(x *x) = f(8) = (f(x))?.

Hence, proof is complete.
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3.15. Proposition

In a BCI-algebra X, every “DFB-soft fuzzy algebra” ((F, f), A) over (U, [0, 1]) satisfies the
following condition

F(u*(G*v))EF(u)UF(v)

Forall u,v EA{
flux(@*v) 2 fw.f(v)?

Proof: Let u, v € A, we have

F(u * (0 * v)) CFuUF@x*v)<SF(u)u (F. ©)u F(v)) © ((F,f),A) is double framed
soft fuzzy algebra over (U, [0, 1]) implies F(u ACE v)) C F(u) U F(v), by 3.14. Lemma.
Now f(u * (0 * v)) > f(uw).f(8*v) = f(u). (f(@).f(v)) v ((F,f),A) is double framed
soft fuzzy algebra over (U, [0, 1]),

Implies f(u * (6 *v)) = f(w) A f(v) = f(w). (fW)2 f(v)), by 3.14. Lemma,
Implies f(u * (8 * v)) = f(w). f(v)3.

Hence, proof is complete.

3.16. Theorem

Let ((F , f),A) over (U, [0,1]) be a double framed T-soft fuzzy subset of a double framed
soft fuzzy set ((6,g),B) over (U,[0,1]) where F(p)and G(p) both are identically
approximations and f(p) and g(p) both are identical approximations for all p € A. If
(((5, 9), B) is a “DFT-soft fuzzy algebra” over (U, [0, 1]) then ((F f ),A) is both “DFT-soft
fuzzy algebra” over (U, [0, 1]) and “DFB-soft fuzzy algebra” over (U, [0, 1]).

Proof

Letu,v € Athen,v € B A C B.

As (((ﬁ, 9), B) is a “DFT-soft fuzzy algebra” over (U, [0, 1]) so

Gw)UBbWw) =Fu)UFWw)2Fux*v) =06 *v) implies F(u) U F(v) 2 F(u * v).
~ F(p)and ®(p) are identical approximations.

gWAgw) =fWAf@) < fluxv) = guxv) implies f(w) A f(v) < f(u*v).

» f(p) and g(p) are identical approximations.

Hence ((F ), A) is a “DFT-soft fuzzy algebra” over (U, [0, 1]).

Now, f(u).f(v) =gW).gW) < fWAfW) =gWAgW) = fWAfW) < f(uxv) =
g(u *v) implies f(w). f(v) < f(u*v).~ f(p) and g(p) are identical approximations.

Hence ((F ), A) is a double frame B-soft fuzzy algebra over (U, [0, 1]).
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3.17. Theorem

Let ((F , f),A) over (U,[0,1]) be a double framed B-soft fuzzy subset of a double framed
soft fuzzy set (((ﬁ, 9),B) over (U,[0,1]) where F(p)and G(p) both are identically
approximations and f(p) and g(p) both are identical approximations for all p € A. If
(((ﬁ,g),B) is a “DFB-soft fuzzy algebra” over (U, [0, 1]) then ((F, f),A) is a “DFB-soft
fuzzy algebra” over (U, [0, 1]).

Proof

Letu,v € Athen u,ve€ B A S B.

As (((ﬁ, 9), B) is a “DFT-soft fuzzy algebra” over (U, [0, 1]) so

Gw)UBWw) =Fu)UFWw)2Fux*v)=06(u=*v) implies F(u) U F(v) 2 F(u * v).
» F(p) and ®(p) are identical approximations.

gW).g) = fW.f(v) < f(uxv) = g(u * v) implies f(w). f(v) < f(u*v).~ f(p) and

g(p) are identical approximations.
Hence ((F ), A) is a double frame B-soft algebra over (U, [0, 1]).
Remark

(1) Converse of above theorem is may or may not be possible.

(2) ((F ), A) is may or may not be “DFT-soft fuzzy algebra” over (U, [0, 1]) because 3.12.
example represented that each “DFB-soft fuzzy algebra” is not “DFT-soft fuzzy algebra”.

3.18. Definition

Let V(g r) and B(g gy are two “DFT-soft fuzzy set” over (U, [0,1]). Then extended uni-int
“DFT-soft fuzzy set” of V(z sy and B(g ) is defined as a “DFT-SS” (V U B )¢5, rrig)>

Where FU® : (VU B) — P(U) defined by

F(p)ifpeV—-B
p— ®6(pp)ifpeB-V
Fp)ubp@)ifpeVnB

and f N g: (VU B ) — [0,1] defined by

f@)ifpeV-B
p— gp)ifpeEB-V
f)Agp)ifpeVnB.

It is denoted by Vir ) Ug Bg gy = (V U B )(ru6,rrg)- We shall call this uni-int T-"DFT-soft
fuzzy set” over (U, [0, 1]) as union of “DFT-soft fuzzy set” over (U, [0, 1]).
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3.19. Theorem

The extended uni-int “DFT-soft fuzzy set” over (U, [0, 1]) of two double-framed T-soft fuzzy
algebras ((F ), A) and (((ﬁ, 9), A) over (U,[0,1]) is “DFT-soft fuzzy algebra” over
U, [0,1]).

Proof

Let u, v € A then we have
FUG)(u*v)=Fu*v)Ubux*v) S (Fw) UF®)) U (6w U G(1))
= (FwW)u6w) u(Fw) ub®)) = (F U 6)w) u (F T 6)(v),
FAP@*v) =furv) Aguxv) = (fu) Af®)) A (g) A g))
= (fF@Ag) A(f@) Ag)) = (f A g)w) A (f T Q).

Hence, V(g r) Ug B(g,g) is a “DFT-soft fuzzy algebra” over (U, [0, 1]).

3.20. Definition

Let Vg ) and B((g,'g) are two “DFSS” over U. Then extended int-uni “DFT-SS” of Vi, ) and
Bg s is defined as a “DFSS” (V U B )(rne rug) over (U, [0,1]),

Where FN® : (VU B) — P(U) defined by

F(p)ifpeV—-B
p— 6G(p)ifpeB-V
F(p)nG()ifpeVnB

and fU g : (VUB) — [0,1] defined by

f@)ifpeV-B
p— gp)ifpeEB-V
fvglp)ifreEVNB

It is denoted by V(g 5y M¢ B(g,g) = (V U B )(erg,rug)- We shall call this int-uni “DFT-soft
fuzzy set” over (U, [0, 1]) as intersection of double framed T- soft fuzzy set over (U, [0, 1]).

3.21. Theorem

The extended int-uni “DFT-soft fuzzy set” of two double-framed T-soft fuzzy algebras
((F,f),A) and ((®,g),A) over (U,[0,1]) is “DFT-soft fuzzy algebra” over (U, [0,1]) if
((F,),4) E((6,9),4).
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Proof
Letu, v € A then we have
FA®)(uxv)=Fuxv)NnGu*+v) =F(u*v) S F(u) UF®)
= (F(W) U 6w) n (F(v) UGW)) = (F A 6)(w) U (F & G)(v),
wifACCandB<S DthenAUB=(ANC)U(BND).
FUPu*v)=fluxv)vgurv)=flurv)=fwAf)
=(f@WVvgw)A(f@Vgw)=(FUgw) A UgW.

Hence, V(g r) Mg B, g) is a “DFT-soft fuzzy algebra” over (U, [0, 1]).

3.22. Theorem

The extended uni-int “DFT-soft fuzzy set” of two double-framed B-soft fuzzy algebras
((F, f),A) and (((ﬁ, 9), A) over (U, [0, 1]) is “DFB-soft fuzzy algebra” over (U, [0, 1]).

Proof

Let u, v € A then we have

(FUG)(u*v)=Fu*v)UG*v) S (FW) UF®)) U (6w ub®))

= (Fw) UGW) U (Fw) UG®)) = (FUG)(w) U (F T 6)(v),

FRPuv)=flu*v)Agu*v) = (fW.f@)A(gW.g@)) -.....()
Case (1)
If (f ). f @) A (g). g)) = (f (w). £ (v)) then (a) becomes
FA@w*v) 2 (f.f) =2 (fF A gw).(fFW Agw) = fF N @W).(f 1 g) W)
Implies (f N g)(u*v) = (f 0 g)(W). (f N g ().
Case (2)

If (fW. f) A (gw). g(v)) = (g(w). g(v)) then (a) becomes
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FR@w*v) 2 (gw).gw) = (fWAgw). (F) Agw) = (F N gW.(f N g (W)
Implies (f N g)(u*v) = (f N g)W). (f N g) ().

Hence, proof is complete.

Hence, V(s 1y Ug B(s,g) is a “DFB-soft fuzzy algebra™ over (U, [0, 1]).

3.23. Theorem

The extended int-uni “DFT-soft fuzzy set” of two double-framed B-soft fuzzy algebras
((F, f),A) and (((ﬁ,g),A) over (U,[0,1]) is “DFB-soft fuzzy algebra” over (U, [0, 1]) if

((F,),4) E((6,9),4).
Proof
Let u, v € A then we have
FNA®)(u*xv)=Fu*v)N6Gu*v)=Fu*v) S Fuw) VUFQ)
= (Faw) U 6w)) n (F(w) UG®)) = (F A G)(w) U (F A 6)(v),
wifACCandB<S DthenAUB=(ANC)U(BnND).
FUPw*v)=fuxv)Vvguxv)=gu*v) = (g Argw))
=(f@Vvgw).(f®vgw) = ngw A ng)w).
Hence, V(z r) Tz B(gg) is @ “DFB-soft fuzzy algebra” over (U, [0, 1]).

For a “DFT-soft fuzzy set” ((F ), A), we defined ¥ — exclusive and a — cut respectively
as follows, where ¥ € U and a € [0, 1]

Y — exclusive = {u € A| Y 2 F(u)},
a—cut ={u€Al|la<fu)l
and denoted as e, (F; Y) and f,, respectively.

The set DFTA(F, f) ) = {u € A| Y 2 F(u),a < f(w)} is called double framed including

set.
3.24. Theorem

For a “DFT-soft fuzzy set” ((F ), 0 ) over (U, [0, 1]), the following are equivalent

(D ((F, ), 6) is double framed soft fuzzy algebra over (U, [0, 1]),
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(2) for every ¢ € U and B € [0, 1] with ¢ € Im(F) and o € Im(f) then ¢ — exclusive set
and a — cut of ((F,f),8) are sub algebras of §.

Proof
=@

Consider ((F ), 6) is “DFT-soft fuzzy algebra” over (U, [0, 1]). Let u,v € § be such that
u,v € es(F;y) and u,v € f, for every Y € U and « € [0, 1] respectively, with ¢y € Im(F)
and a € Im(f). Then by definition of ((F, f), §) such that

Fluxv) S F(uw)UF(v) Cy, guxv)=2gw)Agw) = a
Implies u * v € es(F; ) and u * v € f,.
Hence, es(F; ) and f, are subalgebras of §.

(2) = (1), Suppose that (2) is valid to prove ((F, f),§) is double framed soft fuzzy algebra
over (U,[0,1]). Letu, v € § be such that F(u) =y, F(v) =y, and f(u) = ay, f(v) =
a,. By taking Y =y, U, and a = o, Aa,. Thenu * v € eg(F; ) and u * v € f,.

As es(F; ) and f, are double framed T-soft fuzzy subalgebra so

Fluxv) Sy =9, Uy, =Fw)UF), gu*rv)za=a,Aa,=gu)Ag).
Hence, ((F, ), 6) is “DFT-soft fuzzy algebra” over (U, [0, 1]).

3.25. Corollary

If ((F )0 ) is a “DFT-soft fuzzy algebra” over (U, [0, 1]) then double framed including set
of ((F, ), 6) is subalgebra X.

3.26. Definition

Let ((F ), 6) be a “DFT-soft fuzzy set” over (U, [0, 1]). Then “DFT-soft fuzzy set”
((F*,f*), 5) over (U, [0, 1]) is defined by

* F(p)pEe(g(F;lp)
Fr:0—=PU) p—){ M otherwise

f) if p € fu

fr:6—=101] p— {y therwise
Where p, M C U,a,y € [0,1]and F(p) c M, f(p) > v.
3.27. Theorem

If ((F, ), 6) is a “DFT-soft fuzzy algebra” over (U, [0,1]). Then prove that ((F*,f*),6)
over (U, [0, 1]) is also a “DFT-soft fuzzy algebra”.


http://dx.doi.org/10.20944/preprints201804.0293.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 April 2018 d0i:10.20944/preprints201804.0293.v1

16 |Page

Proof

Let ((F, ), 5) be a “DFT-soft fuzzy algebra” over (U, [0, 1]), to prove ((F*,f*), 5) is also a
“DFT-soft fuzzy algebra” over (U, [0, 1]).

As ((F,f),8) be a “DFT-soft fuzzy algebra” over (U, [0, 1]) so for every 1) € U and « €
[0,1], es(F;y) and f, are sub algebras with i € Im(F) and a € Im(f).

Letu,v € §if u,v € es(F; 1) then u * v € es(F; ).
Thus, F*(u*v) = F(u*v) € F(u) UF @) = F*(w) U F*(v),

If uéees(F;y)orvées(F;ythen F*(u) = Mor F*(v) = M,

Thus, F*(u * v) € M = F*(u) U F*(v) = F(p) € M ifp & es(F; ).

Now, if u, v € ig(f; @) = fy then u * v € f;.

Thus, f*(u*v) = fluxv) = fWAf() = ff@W A f*(v)

Implies, f*(u*v) = f* (W) A f*(v).

If ugf,orvéf,thenf*(u)=yorf*w) =y,

Thus,

ffluxv) =fluxv) 2y =f@Af@) =f@Af @~ fp)>yifp & fu
3.28. Definition

Let ((F, f),A) and ((F, ), B) be “DFT-soft fuzzy set” over (U, [0, 1]). Then their product is
defined as

Fpp:AX B — P(U),
fangiA X B — [0,1]

F(x) UF(y)
JACIRAVAEY)

And denoted by ((FV, fa), A X B).

Such that (x,y) — {

3.29. Theorem

Let ((F, f),A) and ((F, ), B) be double framed T-soft fuzzy algebras over (U, [0, 1]). Then
prove that ((Fy, f,), A X B) is also a “DFT-soft fuzzy algebra” over (U, [0, 1]).

Proof

We know that (A X B,®, (0, 0) is also a BCK/BCI algebra. Then we only prove that
((FV, fa), A x B) is a “DFT-soft fuzzy algebra” over (U, [0, 1]).
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Let (x,¥), (u,v) € A X B, we have
Fpvs((6,9) ® W) = Fayp(x * w,y * v)
=Fx*u)UF(y*v) S (Fx)UF() U (F(y) UF(v))
=(F@UF@)UFwUF©w)
= Favp(x,u) U Fpyp(y,v).
Fans (G ) ® W 1)) = fang(x *w,y ¥ 1) = fF(x xw) A f(¥ * D)
2 (fOANf@)AFQ)Af)
=(fIAfONAF@ A f))
=fx*xy)Af(uxv)
= fans (X, ) A fapp (U, v).
Hence, ((Fy, f,), A X B) is a “DFT-soft fuzzy algebra” over (U, [0, 1]).
3.30. Theorem

Let ((F, f),A) and ((F, ), B) be double framed T-soft fuzzy algebras over (U, [0, 1]). Then
prove that ((Fy, f,), A X B) is also a “DFB-soft fuzzy algebra” over (U, [0, 1]).

Proof

We similar to above theorem by using definition of double framed T-soft fuzzy algebra and
previous theorem.

Conclusion:

We defined the concept of “DFT-soft fuzzy set” which is combination of double framed T
soft fuzzy set and introduced their notions. Further, proved that extended uni-int of “DFT-soft
fuzzy set” is also double framed T-soft fuzzy algebra and “DFB-soft fuzzy algebra” but
converse is not true because, we proved that each double framed T soft fuzzy algebra is also
“DFB-soft fuzzy algebra” but converse is not true. And we also discussed the product of
double framed T-soft fuzzy algebra and “DFB-soft fuzzy algebra”.

Further, we will apply this concept in different algebraic structure and discussed its
operations.
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