Available online at www.garmian.edu.krd

@ Passer Journal of Basic and Applied Sciences

Passer 7 (Issue 2) (2025) 568-573

Original Article

Binary Soft Fuzzy approximation space

Azhar Aziz Sangoor **, Ashman F. Hassan ?

! Department of Mathematics, faculty of education for women, University of Kufa, Kufa 54003, Iraq.

Received 09 April 2025; revised 01 June 2025;
accepted 20 June 2025; available online 02 July 2025

DOI: 10.24271/psr.2025.515787.2065

ABSTRACT

In this work devoted to study Binary soft fuzzy probability, probabilistic interpretation of Binary soft fuzzy, relationship between BSF
reliability and classical reliability in addition to that BSF reliability is presented in view of BSF approximation, consider reliability as
probability according to definition and consider BSF in the result according to our belief in current study.
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1 Introduction

Sangoor A.A binary soft fuzzy set. The first research on fuzzy
fault tree analysis was introduced by Tanaka et al in (1983) the
treated probability of basic event as trapezoidal fuzzy number to
simply the calculation Cetkin, V.,[Z A note on fuzzy topological
spaces, cheng ¥ Fuzzy topological spaces, considered the failure
probability of basic event as triangular fuzzy number. Feng, .
Soft sets and soft rough sets. Al-Swidi, L. A. A 1 Soft fuzzy and
fuzzy soft fuzzy theory with applications, Varol, B. P %1 Fuzzy
soft topology. Maji [81) used to calculate the reliability of different
models of systems. Ming, P. P ! Fuzzy topology |I.
Neighbourhood structure of a fuzzy point and Moore-Smith
convergence, Molodtsov % introduced the notion of soft set and
started to develop the basic of the corresponding theory as a new
approach for modeling uncertainties. Mostafa, ¥ Soft B-rough
sets and their application to determine COVID-19, Pawlak [*3
Rough sets, Roy [*1 A note on fuzzy soft topological spaces.
Saber %1 1deal on fuzzy topological spaces. Serkan, A., kalpana
11971 On fuzzy soft topological spaces. Shabir and Naz, 2 On soft
topological spaces, Topological structures of fuzzy soft sets.
Tany, B., & Kandemir, M. B'?2 Topological structures of fuzzy
soft sets. The concept of fuzzy set introduced by Zadeh [?4,
Sarhad F. Namig, Ennis Rosas "1 On A ® —Ro and 1. P — R; spaces.
Sarhad F. Namig, Ennis Rosas 1], New types of connected
component spaces and maximal open set via s-operation. Sostak,
A. P. On fuzzy topological structure . Halgwrd M. Darwesh,
Sarhad F. Namiq [ pre-irresolute functions in closure spaces. P.
Gino Metilda and J. Subhashini 2, Remarks on fuzzy binary soft
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limit points. E. Rosas, C. Carpintero, J. Sanabria ],
Characterization of I-b-open sets. The main objective of this work
is, therefore, to present a new type of soft fuzzy approximate
called Binary Soft Fuzzy approximate. First of all, let us define
the Binary soft fuzzy approximate as follows. In the later part of
this paper, we will also explain the Binary soft fuzzy approximate
and look at the primary and essential operations on this set with
examples.

The purpose of the present paper is to introduce a new type of soft
fuzzy approximate that contains the concept of a binary on many
sets of parameters that can be applied in one of the essential
scientific disciplines in the future.

This article is grouped into sections, as outlined below. Section
introduces our new idea, mentions some central concepts Binary
soft fuzzy probability, probabilistic interpretation of Binary soft
fuzzy, relationship between BSF reliability and classical
reliability. In we present a new definition of the soft fuzzy
approximation space. we also illustrate the essential and central
operations for binary soft fuzzy approximation space.

2 Preliminaries

In this section, we view the important notions of approximation
space, lower approximation and upper approximation space, the
boundary, positive, negative region.

2. 1 Definition [

Let i be a universe finite set and R be an equivalence relation on
u. p IR = {[x]r: x € p }will denote to the family of equivalence
classes of R on u . Then, the pair (1, R) is said to be an
approximation space. The lower and upper approximation of X <
U are defined respectively by
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RX)y = {x € u : Xk € X} and
RX)= {&x € pwu : Xk N X = 0@}
According to Pawlak’s M definition, X is called a rough set if
R(X) # R(X)

2. 2 Definition [291;

Let (4, R) be an approximation space. Then, the boundary,
positive, negative regions and accuracy for the approximations
of X c u are defined respectively by BNDr(X) = R(X)—
R(X)

POSg(X)= R(X),

N EGgr(X) = — R(X), and

X) = R&X)

Hr(X) = 75 |

, where [R(X) | # 0.

Obviously, pr(X) < 1. If pr(X) = 1, then X is called exact.
Otherwise, it is called rough.

2. 3 Definition BI:

Let S = (F, £) be a soft set over . Then, a pair As= (i, S) is called
a soft approximation space. The soft As -lower approximation and
soft As -upper approximation for X <  are defined respectively
by

S(X)={u€u:3e €L [u€eF (e),F (e) N X+ @]} The soft As -
lower approximation,

S(X) ={ueu:3e €k [ueF (e c X]}, and soft As -upper
approximation,
In general, S(X) and S(X)are referred to soft rough
approximations with respect to As. Moreover

POSA; (X) = S(X)
NEGAs(X) = — S(X) , and

BNDA; (X) = S(X) — S(X) are called soft As -positive region,
soft As -negative region and soft As -boundary region of X. If
S(X) =S(X) means BNDA; (X) = @, then X is said to be soft As

-definable or soft As -exact set. Otherwise, X is soft As -rough.
Moreover,

S(X
uds (X)| = |% |, where |As(X)|0. It is called soft As -accuracy of X.

2. 4 Proposition [
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Let S = (F, £) be a full soft set over u and As = (u, S) be a soft
approximation space. Then the conditions are held:

() $G) =3G)=p - (S 0V xep,

(i) X € S(X) ¥ X.
2. 5 Definition [:

Let u be an initial universe, £,,£, are two sets of parameters,
P(u) represents u’s power set. A binary soft fuzzy set ( bsfs-
set) ¥ on u with member-ship mapping f,, representing by a
combination between binary- soft set and a member-ship
mapping of fuzzy set with respect to power set f:u - 1= [0,1];
together with binary-soft set S:£; X £, = P (), Then fy: £, X
£, — 17, (the set of all fuzzy sets in seventh family), is a member-
ship mapping of BSF-set i where;

Y= {(ei, e]-) ,fll,(ei, ej)),v(ei, e]-) € £, X £,,wheree; €
£iandej €£,, fify XE, >0, i=1.,v;j=1..,u}.
3 BSF approximation space

In this section, Binary soft fuzzy probability, probabilistic
interpretation of Binary soft fuzzy, relationship between BSF
reliability and classical reliability depend on [,

3. 1 Definition:

let be (¥, £, X £,) be BSF over p . then a pair (u,) is BSF
approximation space. The Aggr -BSF lower approximation space
and the Aggz -BSF upper approximation space for N € u and
defined as following:

g(N):U(Qi,ej){ Xe H,H e,i,e,]' E£1 XEZ,[XEI,[J § N]},

l/_) (N)le(e,i,e,j){ Xe ,u,EI e,l',e,j € £1 X EZ,[XE 'l/) NN # 6]},
such that

Y, Y are BSF rough approximation space with respect to Aggp.

3. 2 Example:

lethbe £ ={ey, ez e5,e4}, £1 ={eg, 00}, £, ={es e}, let
i be universal set consisting of p = {X;,X;,%X3,%X,}
N={x1,X5,%x3}E u,P:p(u) — 17", for example 3.1 in ],

P={(e1, e3),{(X1,0.1), (X7, 0), (X3,0.3), (X4, 0)}), ((e1, €4), {(X1,0.1), (X2, 0), (X3,0), (X4, 0.4)}),

((eg,e3),{(Xxq,0), (X4,0.2), (X3,0.3), (X4,0)}, ((e2,€4),{(X1,0), (X5,0.2), ((X3,0),(%X,,04)}, to find lower and upper BSF
approximation space.to find lower and upper BSF approximation space.
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Y (N)=Ue;, e){xe u,3e,e; €£; X £, [XeWP € NJ3},

P (N)={ (ex,e5), {0x1, 0.0), (32,00, 05,030}, (e, 24), (01, 0.1), (%3, 0), (X5, 0)),
((ez,€3), {(%1,0), (X2, 0.2), (X3,0.3)}, ((e2, €4), {(X1, 0), (X, 0.2), ( (X3, 0)},
P (N)=Ue;, e){x;€ 1,3 e;e; €L XEy[x;€9 NN = 0]},
¥ (N)={(eq, e3), {( X1,0.1), (X3,0.3)}), ((e1, €4), {( X1,0.1)}),
((e2,€3),{(%2,0.2), (X3,0.3)}, ((e2, €4), {(X2,0.2)},

Agsr (N)=
{(eq, e3), {X1,X3}), ((e1, €4), { X1}), (€2, €3), {(X2,X3},
((ez, e4), {X2},

Apsr(N)={ (&1, €3), {X1,X2,X3}), (&1, 4), {X1,X2 ,X3}),

((eg, €3), {x1,X5,%3}), ((ez' e4), {X1,X; :Xs})- Thus Agsr
(N)# Agsr(N), so upper to lower- BSF approximation space

Apse (Apsr(N)) = { (e1,€3), {X1,%3}), ((e1,€4), {X1}),
((ez,€3),{X2,X3}), ((32' e4), { xz}) = Agsr (N)
3. 3 Definition:

Let (u, y) is BSF approximation space. The BSF positive region,
BSF negative region and BSF boundary region defined as
following:
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Posyp(N) =y (N)

Neg (V) = u— P (N) =@ (V) ;

Bound ¥(N) = (N)- Y (N). are called Aggr -BSF positive
region, the Aggr -BSF negative region an Az -BSF boun_dary
region of N. fy, (N)= fy, (N) if and only if Bound f,,(N) = 0.

Then N is said to beAgsr -BSF definable, otherwise N is
called Aggr BSF rough.

=0, N BSFdefinable
Apsr = =
# 0, N BSF rough

Moreover, the BSF accuracy of N defined,

¥ )

Mpsp(N) = My, (N) = |W ,where |Agsr| % 0, is called Apgg

-BSF-accuracy of N.
3. 4 Example:

Let £ = {e-l; ez, 33, 84} ’ £1 = {elieZ} ’ £2 = {6‘3'6‘4} > W be
universal set consisting of u={X1,X5,X3,%X,}
IN:{XDXZIXS}Q ,Ll,ll): p(,u) - l;n;

lll: {(elr e~3)r {(Xlr 0-1)r (XZ' 0)' (X3' 0'3)r (X4, 0)})! ((e’ll 8,4), {(xll 0-1)/ (XZl 0)! (X3' 0)! (X4—! 0'4)});

((e2,e3), {(X1,0), (X3,0.2), (X3,0.3), (X4, 0)}, ((e2, €4), {(X1,0), (X5, 0.2), ( (X3,0), (X4, 0.4)}, to find positive, negative and boundary BSF

binary soft fuzzy set.

Posyp(N) = (N)
Neg (V) = u— P (N) =((N))°;
Bound (N) = ¥ (N)- i (N).

Postp(N)={ (e, €5), {(X1,0.1), (X3,0), (X3,0.3)}, ((e1, €4),{(X2, 0), (X3,0)},

¥ (V)
Mpgsp(N) = M¢(N) =22 =

(e1:08){01,0.0,(0x2,0).((x3.0.3)D (x4 (x1.0.1.(x2,0,( (3,00},
((e2,:03)40x1,0),0x2,0.2),((x3,03)}(e2,04){(x1,0).((x2,02),((x5,0)})

((32» e’3): {(Xlr 0): (XZJ 02)! (X3, 03)}! ((ez, 34_), {(XZJ 0): (XS' 0)}:
Neg l/)(N) :{(elJ e‘3)r {( XZJ 0)! (X4_, 0)})! ((elr &4), {( Xlr 01)})'
((&2, 6,3), {(xl' 0)! (X4—! 0)}! ((32' 6,4), {(le O), (XB' 0)' (X4' 04)}

Bound ¢(W)= {(e1,e3),{0}), ((e4, €4),{ 0}), ((e2,€3), {0}, ((e,e4),{0}} IS
BSF definable.

((&1, &3), {(XZI 0)}): ((ell 84), {((XZJ 0), ((X3, 0)}! (ez, 33), {(XIJ O)})) ’

((e1,e3),{(x1,0.1),((x3,0.3) P ((eg,e4),{((x1,0.1)}),

el T
((e2:03)4(%2,02),((x3,03)}(e2,.04)((x2,02)})

(eZJ e‘4)l {(Xll O), ((X3, 0)}

is BSF accuracy. To represented example above in MATLAB we get three figures, this three method different to represented data's by

method accuracy in MATLAB in Figure 1 (a, b, ¢).
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Graph Representation of Binary Soft Fuzzy Set 3.5 Proposition:

1

vez 0.2 0.9 Let (,£, X £,) be BSF over u and a pair (u,y)is BSF
o approximation space for v x;,x; € u , then following are holds:
07 14 (0)=9 (0) =0,
0.6 = - = =
2.9 (D=9 (1) =1,
= = 05
04 39 (W=Y(W) = UL, ee,xe,
0.3 ~
4p(x; N x;) € g( xi)l'lg(xj),
0z
oes = eet o 5 (xpUp(x;) E v (x; L %),
° 6-P(x; L x;) = P(x)Lp(x;),

Figure 1. a: Graph Representation of Binary Soft Fuzzy Set. _ - - _
7-9 (% 1) € (X )MP(x;),

Membership Values for Each Set 8-if x;&€ X; then P(x;) & w(xj),

0.4 1
035l 03 9- if ;€ x; theny (%) € ¥ (x;),
0af — - Proof: to prove 1,2
% nash Z; since BS lower (@) = BS upper(@) =9 ... ........1
-JE“ ozh 2= and Bf lower (0) = Bf upper(0) =0 ... ... 2
;E 0.15 2 and fromland 2 we get ¥ (0)= % (0) =0,
0.1 :i By the same way we get ¥ (I)=¢ (1) =1.
oo 8 Toprove § (=) = U, e
o o v
. “ Elements x:z. P (u)= uﬂuﬁffi)_ej)eglxgz = UEZ?.ej)eEMEz’
Figure 1. b: Membership Values for Each Set. 4-Since ( x; M Xj) €x; and ( x; M Xj) ng,
ey Soft Furey Set Reoresentation P(xi Mx;) Ep(xy) and P(x; M x;) Ep( x;) then by 8
P(x;iMx;) & g( xi)l'lg(xj).
o 5- To prove Y (x)Lp(x;) € v (x; U x;),
PREEY Since x;€ x; U x;, and x;E x; U x;,
§ by 9 P(x) € P(x; LX), ¥(x;) € P(x; U xy),
= ¥ )L () € 9 (x; L ;).
s 6-To prove Y(x; L X;) = Pp(x)Up(X;),

since x;E x; LI x;, and x;€ x; Ll x;,

by 9, ¥(x;) € P(x; Ux;), P(x;) € P(x; U X)) e 1

X1 X2 X3 X4
Elements

Figure 1. c: Binary Soft Fuzzy Set non-accuracy Representation.

571



Original Article

From definition i (N)=Llce;, e){ X€ p, 3 e;e; € £y X £y, [ X
€Y NN #0]},

l/; (Xi L Xj):U(e.i,e,]'){ X U X]E ,u,EI e.i,e.j € £1 X £2,[Xi
L %€ (;LUy; ) NN = 0]},

Yy NN=0V Y, NN=#0

E P( XIUP(X;) co o voe eee e .2, from 1,2 we get

P(x; U x;) = P(xUp(x;).

7- Since ( x; M%;) Ex; and ( x; M x;) Ex;,

since by 8, P( x; M x;) € P(x;) and P( x; M %;) EP( x;),
P(x; N x;) EP(x)HMP(x;).

8- Ifx;.Ex; , Y(x)=Ue,e){ X€ pIe e €£ X
£2,[ %€ fyi € N1},

g( Xj)ZU(e.i,e.j){ S ,u,EI e,i,e,j €£1 XEZ,[X]'E ll)] g N]},
since x;€ x;, 50 P( %) € P(x;).

9- Ifx,Ex; , P(x)=Uese){ X€E pIeye €£ X
£2,[ x:€ () NN =+ 0]},

t/j( Xj):u(ei'e‘j){ S ‘U,H e‘i’e‘j € £1 X £2’ [ X]E (wj ) NN =+
U}

since x;€ x;,50 P(x;) € l/j(xi)'

3. 6 Proposition:

Let (y,£, X£,) be BSF over u , the pair (u,y)is BSF
approximation space for the for each N € yu , then following are
holds:

1y ()= (N),
2P (N) € ¥ (V)
3P (N) € ¥ ),
4-P(P((N) EP(N)).
Proof:

1-To prove ¥ (Y(N))=y (N) from definition BSF lower
approximation,

g (N):Ll(e,l', e,]){ XE ,u,EI ei,ej € £1 X £2, [ XE l/) g N]},
by using BSF lower of ¢ (N) anther, hence i (¥(N))=¢ (N).

This is clear equality in example 3.2.
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2- To prove i (N) € ¢ (¥(N)), The definition of BSF upper
approximation,

P (N)=Ue,e){ X€E p,3e,e; EE£ XE,[XEY NN # 0]},

by using BSF upper of 1 (N) anther,sincey) NN #0E (¢ n
N nN #0)),hencep (N) € ¢ (P(N)).

3- To prove P (N) € 9 (i (N)), from definition BSF lower
approximation, Q(N):U(ei,ej){ X€E w,Ie,e €£; XEy[XE
¥ € N]}using BSF upper ¢ (N)

'll_) (N):Ll(e,i, ej){ X€E y,EI el’,e,j € £1 X £2, [ XE lp NN # 6]},
sincex€y € NJ} € ( Y NN@® NN #
0)), hence p (N) € ¢ (¥ (N))

4- To prove Y(i (N)) € ¢ (N) from definition BSF lower
approximation, Y (N)=Uce;, e){ X€ w3 e;e; € £; X £5,[ XE
¥ € N]}using BSF upper ¢ (N)

P (N)=Uee,e){ XE w3 e,e; €£ XE,[XEY NN # 0]},
sincex€ 1 € NJ}( WY NN=£0)EXEY NN #
0, hence (P (N)) € ¢ (N)

3. 7 Proposition:

Let (¥,£; X £,) be BSF over u ,The pair (u,y)is BSF
approximation space for the for each N € u , then following are
holds:

1y (W)=u,
29(P((N)) = H(N) VN E p.
Proof:

1- Let (v, £, X £,) be BSF over p, then by proposition 2.4 . By
(2) to prove v (u)=¢

Y (w=Ue,e){ xE p3e,e; €£ XE,[XEY E pl} = u

c

2- By proposition 3.5 we get ( P( (N)) SP(N),VN
U e ee oo e 1. The second direction, since N € y(N),VN
€ u. By proposition 2.5 and proposition 2.4, hence N € ( P(

(N), VN € p. So that (P( (N)) € P(N)) and
Y (N)=Ue,e){ %€ pIe,e €£,XE,[XEYPY NN #
0] EY(P(N),

So that P(N) € Y(P((N)).vovvnenen 2, from 1,2 then (
Y((V)) =P(N),¥N E pu.

This proposition 3.4 we represent BSF lower approximation and
BSF upper approximation in Table 1 from feng approach.

This answers the value between 0, 1, table 1:
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Table 1: BSF lower approximation and BSF upper approximation.

Nu. f(N) P(N)
1 1 1
2 1 1
3 0 0
4 0 1
5 1 1
6 1 1
7 1 1
8 1 1
9 1 1

4 Future work

we work — on fuzzy (minimal, connected), binary soft fuzzy of
minimal approximation and binary soft fuzzy of connected
approximation.

5 Conclusion

The Soft Fuzzy set is a new field of development and with its help
not only new decision-making models and problems via the
interactive soft computing complexity and time analysis but new
mathematical models may be evolved which will be incentive to
the natural sciences such as information systems, biomathematics
and other. The novel structure of binary soft fuzzy approximation
space is introduced in this paper. An attempt has been made to
discuss some of the basic notions and concepts. the purpose of
this paper is just to introduce the theorem and there are many
opportunities for investigation for the researchers in this area, i.
e. this is starting of some new kind of soft fuzzy approximation
space structure and the such concepts like binary soft fuzzy lower
and BSF upper and another basic concepts as, separation
principles, and other things can be diverse about this new type of
soft fuzzy reliability.
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