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Abstract: The aim of this paper is to introduce the novel concept vague binary soft sets and to
characterize some of its properties.
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Notations: F(e) represents the e-approximate element under the mapping F. Usual set theoretical
operations with double dot on top will be used for vague binary soft set operations. VVague binary
soft set is denoted by VBSS. Collection of all vague binary soft sets over the common universe
Uy, U, under fixed parameter set A is denoted by VBSS(U;, U;) 4

1. Introduction

In most of the real life situations, humanity is bound to face with loss of data, unclear
data, game of chance etc. To overcome such situations, classical probability theory (Gerolamo
Cardano, 1501-1575)[5], fuzzy set theory (Zadeh, 1965)[2,5], rough set theory (Pawlak,
1982)[2,5], intuitionistic fuzzy set theory (Attanassov, 1986)[2,5],vague set theory (Gaue &
Buehrer, 1993)[5], theory of interval mathematics (Moore, 1996)[5], neutrosophic set theory
(Smarandache, 2005)[2] etc have played an important role. Inspired from ‘Pawlak’s work done
in 1993°, Molodtsov introduced soft sets in 1999. It has loosened all the existing rigid structure
of classical sets by providing plenty of parameterization tools. Hybrid structures like fuzzy soft
[3], soft fuzzy [3], neutrosophic soft [2], vague soft [2,4] etc developed later to make things more
easier. All of them found rich with parameterization tools.

Later in 2016, Ahu Acikgoz [1] introduced binary soft sets with its operations and
concluded that soft set can be given on n-dimension initial universal sets with a parameter set
like F: A =[], P(U;), where U;are initial universal sets for 1<i<n and A is the parameter set.
Vague binary sets and Vague binary soft sets with two initial universal sets are introduced. Some
of the basic operations for vague binary soft sets like union, intersection, complement, AND
operation, OR operation, Cartesian product are introduced in this paper. Terms like null vague
binary soft set, absolute vague binary soft set are also introduced.

2.Preliminaries

Definition 2.1:[2,5]

A vague set A in the universe of discourse U={uy, u,, ....... ,U, } is characterized by two
membership functions given by

(1) a truth membership function t,: U — [0,1]

(2) a false membership function f;: U— [0,1] where t,(u;) is a lower bound of the grade of
membership of u;derived from the “ evidence for u;” and f;(u;) is a lower bound on the negation
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of u derived from the “evidence against u;” and t4(u;)+f;(u;)<1. Thus the grade of membership
of u; in the vague set A is bounded by a sub-interval [t,(u;), 1—f4(u;)] of [0,1]. This indicates
that if the actual grade of membership is u(w;) then t, (uw;)<p(u;)<fa(u;). The vague set A is
written as A ={(u;,[t4(w;),1—fa(w;)]) / w; €U}, where interval [t,(w;), 1—f4(u;)] is called the
vague value of u; in A denoted by V,(u;)

Definition 2.2:[5]

Let U be the initial universe and E be the set of parameters. Let P(U) denote the power set of U
and A be a non-empty subset of E. A pair (F, A) is called a soft set over U where F is a mapping
given by F: A —P(U)

Definition 2.3:[2]

Let U be a universe, E be a set of parameters, V(U) be the power set of vague set on U and ACB.
A pair (F,A) is called a vague soft set over U where F is a mapping given by F:A—V/(U). In
other words, a vague soft set over U is a parameterized family of vague sets of the universe U.
For e€A, up):U—[0,1] is regarded as the set of e-approximate elements of the vague soft sets.
Definition 2.4:[1]

Let Uy, U,be two initial universal sets and E be a set of parameters. Let P(U;), P(U,) denote the
power set of Uy, U, respectively. Also let A, B € E. A pair (F, A) is called a binary soft set over
U;,U,where F is defined as below F: A—P(U;)XxP(U,), F(e) = (X,Y) for each e€A such that

X gUl, YQUZ

3. Vague binary soft sets

In this section vague binary sets and vague binary soft sets are introduced with some examples
Definition 3.1:
A vague binary set A in a common universe Uy,U,is an object of the form
A={((%ixi):vxi € U1):<%}V% € Uz))}
Va(x) = [ta(x), 1=fa ()] Va(x):Uy—[0, 115 Va(yo) = [ta ), 1=fa )] Va(yi):U;—[0,1]
Example 3.2:
Let U= {b4, by, b3} and U,={l4, L,, I3} be food varieties for break-fast and lunch respectively.
Availability of these items in a particular hotel can be given using a vague binary set say A as
A= {( <[0.3,0.5] , [0.5,0.7] ’ [0.7,0.9]> , ([0.4,0.5] ’ [0.6,0.8] ’ [0.8,0.9]))}

by b, b3 I Iz I3
Definition 3.3:
Let U;, U, be two initial universes which is common to a set E of parameters. Let V(U,), V(U,)
denote power set of vague sets on U, U, respectively and ACE.
A pair (F, A) is said to be a vague binary soft set over U;, U,where F is a mapping given by
F: A —=V(U)xV(U,) and

)

(F, A) = {eeAl(e, F(e))pwhere (e) = { (L9 v x, e Uy, (%

Vy € Uz))}
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Example 3.4:

In example 3.2. add a parameter set for characteristics of different hotels say, E={e; = luxury,
e, = famous, e;= warm serviced, e,= early check-in and late check-out, es= honest information,
ec= hospitality}. A customer’s preferences are given by the parameter set A= {e3,eq}.

Vague binary soft set according to their interest is given as,

)

0.3,0.5 0.5,0.7 0.7,0.9
<e3’(<[ | 0507 [07.09)y

[0.4,0.5] [0.6,0.8] [0.8,0.9]
o BT 20 >)>,

L ' I I3

(F,A)=

[0.4,0.6] [0.6,0.8] [0.8,0.9], ,[0.4,0.8] [0.3,0.5] [0.7,0.9]
k <e6' (( bl ) bZ ) b3 )I ( ll ) lZ ) 13 ))) J

Definition 3.5:

A VBSS (F, A) over Uy, U,is said to be a null vague binary soft set denoted by (@, A) if
[tiey(xi), 1=f ey (x)] = [0, OI; Vx; €U, VeEEA,

[tieyWi) 1=fre) ()] = [0, O]; Vy,€U,, VeeA

Definition 3.6:

A VBSS (F, A) over Uy, U,is said to be an absolute vague binary soft set denoted by (U, A) if
[Eiey (i) 1=fpey(x)] = [1, 1]; VX, €U, VeEEA,

[tie i) 1=fre )] = [1, 1]; Vy,€U,, VeeA

4. Vague binary soft set operations

Operations on vague sets are natural generalizations of corresponding operations on fuzzy sets
Definition 4.1:

Let U;, U,be two non-empty universal sets common to the fixed parameter set E and

(F, A) = {eeA/(e, E@)} ; F(e) = {((F2 v, € 1), (L9222 vy, € 1))}
(G, B) = {eeB/(e. (@)} ; G(e) = { (U2 v, € U1>,<V@<Ey—?(y” vy, € Uy))} are 2 VBSS's.

Vague binary soft union of these two sets is denoted by (F, A)U(G, B). Let it be (H, C).
Here C = (AUB); U represents the usual set theoretic operation. Then Ve€eC,

H(e) = F(e) : e€(A—B)

G(e) : e€(B—A)
F(e)UG(e) ; ee(ANB)
tice) = tice) (%) ; eE(A—B), Vx; € U;
t ey (i) ;e€(B—A), Vx; € U;
tiey (Vi) ; eE(A—B), Vy; € U,
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tie) (Vi) , e€(B—A), Vy; € U,
max (¢ ey (X))t e)(x:)) ; €E(ANB), Vx; € Uy

max (tz ey (Vi) tee)(:)) ; €E(ANB), Vy; € U,

1-fiie) = 1=fre)(x:) , eE(A—B), vx; € U;
1-f e (x) ; eE(B—A),vx; € U,
1=fre i) ; €E(A—B), Vy; € U,
1-fee ) , e€(B—A), Vy; € U,

max (1—fpe)(xi), 1=f¢e)(x:) s €E(ANB), Vx; € Uy

max (1—f @) (Vi), 1—f ey () s €E(ANB),Vy; € U,

Example 4.2:

Let U;={b4, by, b3, by, bs, bg} be the set of books; U,= {p;, p,, p3, P4} be the set of pencils;
E= {e,= cheap, e,= expensive, e;= attractive, e,=small, e;=long, e;= colorful} be the set of
parameters. A= {es, e4, ec} € E and B={e,, e3, es}< B. Let (F, A) and (G, B) be two VBSS’s
over common universe Uy, U,

Combined tabular representation of VBSS’s (F, A) and (G, B) is given below

A B
U es=attractiv | e;=small | eg=colorfu | e,-expensiv | es-attractiv | es=long
e I e e
bs ([0.1,0.3]) | ([0.3,0.4])| ([0.5,0.6]) | (]0.4,0.6]) | {[0.5,0.6]) | {[0.2,0.9])
b, ([0.5,0.8]) | ([0.2,0.3])| {[0.2,0.4]) | (][0.2,0.5]) | {[0.4,0.5]) | ([0.2,0.4])
bs ([0.6,0.7]) | (]0.2,0.7])| {[0.2,0.7]) | ([0.4,0.7]) | ([0.6,0.8]) | {[0.2,0.5])
U | b, ([0.2,0.6]) | (]0.4,0.8])| ([0.4,0.8]) | (]0.2,0.9]) | (]0.3,0.6]) | {[0.2,0.6])
1 | bs ([0.3,0.5]) | (]0.5,0.8])| ([0.5,0.8])| (]0.2,0.3]) | (]0.3,0.5]) | {[0.5,0.7])
P1 ([0.4,0.8]) | ([0.2,0.7])| ([0.2,0.7]) | (]0.2,0.4]) | {[0.2,0.9]) | {[0.6,0.7])
p2 ([0.2,0.9]) | ([0.3,0.5])| {[0.3,0.5])| (][0.1,0.3]) | {]0.7,0.9]) | {[0.7,0.8])
U | ps ([0.2,0.7]) | ([0.4,0.5])| ([0.4,0.5]) | ([0.2,0.6]) | ([0.5,0.7]) | ([0.1,0.9])
2
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Union of VBSS’s (F, A) and (G, B) is (H, C) can be represented as follows:

C e2=expensive €3=attractive €4=small e5=Iong €6=colorful
U
by ([0.4,0.6]) | ([0.5,0.6]) | {[0.3,0.4]) | {[0.2,0.9]) | ([0.5,0.6])
b, ([0.2,0.5]) | ([0.5,0.8]) | {[0.2,0.3]) | ([0.2,0.4]) | ([0.2,0.4])
Uz bs ([0.4,0.7]) | {[0.6,0.8]) | {[0.2,0.7]) | {[0.2,0.5]) | ([0.2,0.7])
by ([0.2,0.9]) | {[0.3,0.6]) | {[0.4,0.8]) | {[0.2,0.6]) | ([0.4,0.8])
bs ([0.2,0.3]) | {[0.3,0.5]) | {[0.5,0.8]) | {[0.5,0.7]) | {[0.5,0.8])
P1 ([0.2,0.4]) | {[0.4,0.9]) | {[0.2,0.7]) | {[0.6,0.7]) | ([0.2,0.7])
U, P2 ([0.1,0.3]) | ([0.7,0.97) | {[0.3,0.5]) | ([0.7,0.8]) | ([0.3,0.5])
Ps ([0.2,0.6]) | {[0.5,0.7]) | {[0.4,0.5]) | {[0.1,0.9]) | ([0.4,0.5])
Definition 4.3:

Let U;,U,be two non-empty universal sets common to the fixed parameter set E and
. . . Viey®x:) NED)
(F, A) = {eeA e, F@)}; F(e) = {((H22 v, € ), (K22 vy, € 1))}

(G, B) = {eeB/e, LN} £(0) = {((222 v, € oy, (L2022 “‘W Ly, € U))}are 2
VBSS’s. Vague binary soft mtersectlon of these sets is denoted
by (#, A)N(&, B). Let it be (4, D). Here D = (ANB); N represents the usual set
theoretic operation. Then Ve€e D, K(e) = F(e) ;
ee (A—B)
G(e) ; e€ (B—A)
F)Ne&(e) ;ee(ANB)
f/{’(e) =7 F(e)(xi) , EE (A_B), Vxy,; € ”1
£ e (%) ;ee(B—A),Vr, € U
¢ 7 (Yi) ;eE(A-B), vy, € U,
¢ ) ,eE(B-A),Vy, € U,

mln(l' I’c"(e)(Xi),f G(e)(x|)) , eE (AnB), V./l’l' € [/1
min(Z 7 (Yi).¢ 7@ () ; eE(ANB), V., € U,
1=/ ke = 1=/ e (X0) ,e€(A-B),Vxr, € )
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1=/ 40 (%) ,ee(B-A)Vr, € V)
1=/ re (i) ,e€(A-B),Vy, € U/,
1=/ e Yi) ,e€(B-A), vy, € U,

MIN(1—/ @) (X), 1=/ "z (X)) ; e€(ANB),Vxr, € U

MIN(1—/ 7@ (Y), 1=/ 4@ (YD) ; e€(ANB), Vy, € U,
Example 4.4:
Consider the example given in 4.2.
Intersection of VBSS’s (#, A) and (&, B) is (4, D) can be represented as follows:

D e,-expensive | es-attractive | e;-small es=long ee=colorful
U

b1 ([0.4,0.6]) ([0.1,0.3]) | ([0.3,0.4]) | ([0.2,0.9]) | {]0.5,0.6])

b, ([0.2,0.5]) ([0.4,0.5]) | (]0.2,0.3]) | {[0.2,0.4]) | ([0.2,0.4])

Uy bs ([0.4,0.7]) ([0.6,0.7]) | ([0.2,0.7]) | ([0.2,0.5]) | {(]0.2,0.7])
b4 ([0.2,0.9]) ([0.2,0.6]) | ([0.4,0.8]) | ([0.2,0.6]) | {]0.4,0.8])

bs ([0.2,0.3]) ([0.3,0.5]) | ([0.5,0.8]) | {[0.5,0.7]) | {]0.5,0.8])

P1 ([0.2,0.4]) ([0.2,0.8]) | ([0.2,0.7]) | {[0.6,0.7]) | ([0.2,0.7])

U, P2 ([0.1,0.3]) ([0.2,0.9]) | (J0.3,0.5]) | {[0.7,0.8]) | (]0.3,0.5])
P3 ([0.2,0.6]) ([0.2,0.7]) | ([0.4,0.5]) | ([0.1,0.9]) | {(]0.4,0.5])

Definition 4.5:

Let (#, A) and (&, B) be two vague binary soft sets over a common universe &y, &, with a fixed
set E of parameters. AND operation between these sets is denoted as (#, A)A(&, B). Let it be
(M, AXB) ; i AXB—V(U1)%X V() and Ma, b) = #(@Q)N & (b), V(a, b)e C=(AXB).

Here N denotes the usual set theoretical operation

Example 4.6:

Let 71={04, b, b3, b4, U5, b} be the set of buses; 7= {74, 7, 7 3} be the set of routes;
E={e=rural, ¢ ,= urban, ¢ ;= inter-state, ¢ 4= air-bus, ¢ 5= luxury, e = sleeper} be the set of
parameters. A= {e ,= urban, ¢ 4= air-bus}; B = {¢ 3= inter-state}; C= AXB = {(¢,, ¢3), (¢ 4,

e3)}.
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Combined tabular representation of VBSS’s (#, A) and (&, B) is given as follows:

A B
e o= e = air- | es=inter-
urban bus state
b: |(]0.1,0.3]) | ([0.3,04]) | ([0.5,0.6])
b, |([0.5,0.8]) | (]|0.2,0.3]) | {(]0.4,0.5])
U, bs | ([0.6,0.7]) | ([0.2,0.7]) | ([0.6,0.8])
bs | ([0.2,0.6]) | ([0.4,0.8]) | ([0.3,0.6])
bs | (]0.3,0.5]) | ([0.5,0.8]) | ([0.3,0.5])
rn|(0.4,0.8]) | ([0.2,0.7]) | ([0.2,0.9])
U, r. | ([0.2,0.9]) | {[0.3,0.5]) | (J0.7,0.9])
r3 | ([0.2,0.7]) | {[0.4,0.5]) | (J0.5,0.7])

AND operation of (#, A) and (&, B) is VBSS (4 A%B) is as follows:

Definition 4.7:

C | (e2 e3)=(urban, inter- | (e4, e3)=(air-bus, inter-
=AX state) state)
U
b1 ([0.1,0.3]) ([0.3,0.4])
b, ([0.4,0.5]) ([0.2,0.3])
Ui | bs ([0.6,0.7]) ([0.2,0.7])
by ([0.2,0.6]) ([0.3,0.6])
bs ([0.3,0.5]) ([0.3,0.5])
I ([0.2,0.8]) ([0.2,0.7])
Uz |, ([0.2,0.9]) ([0.3,0.5])
rs ([0.2,0.7]) ([0.4,0.5])

Let (#, A) and (£, B) be two VBSS’s over a common universe &/, ¢/, with a set E of
parameters. OR operation between these sets is denoted as (#, A)V (&, B). Let it be (4, AXB) ;
N: AXB —V(U)xV(Uy) and #Ma, b) = #(a)U&(b), ¥(a, b)e C = (AXB).

Here U denotes the usual set theoretical operation

62

International Journal of Engineering, Science and Mathematics
http://www.ijesm.co.in, Email: ijesmj@gmail.com




International Journal of Engineering, Science and Mathematics
Vol. 7 Issue 11, November 2018,
ISSN: 2320-0294 Impact Factor: 6.238

Journal Homepage: http://www.ijesm.co.in, Email: ijesmj@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed at:
Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A

Example 4.8:
Consider example 4.6: OR operation of (#, A) and (&, B) is VBSS (/, AxB) is as follows:
C (ez, 63) (941 93)

=AX =(urban, inter- | =(air-bus,

U state) inter-state)
by ([0.5,0.6]) ([0.5,0.6])
by ([0.5,0.8]) ([0.4,0.5])
bs ([0.6,0.8]) ([0.6,0.8])

Ui [b, ([0.3,0.6]) ([0.4,0.8])
bs ([0.3,0.5]) ([0.5,0.8])
M ([0.4,0.9]) ([0.2,0.9])
r ([0.7,0.9]) ([0.7,0.9])

U |1, ([0.5,0.7]) ([05,0.7])

Definition 4.9:

A vague binary soft set (#, A) is contained in another vague binary soft set (¢, B) denoted as
(#,AE (&, B) if

(1) AcB

(2) V e€ A, #(e) and &(e) are identical approximations

In this case (#, A) is called vague binary soft subset of (&, B) and (&, B) is called vague binary
soft superset of (#, A) where € denotes the usual set theoretical operation

Example 4.10:

Let 1={01, 02, b3} Ur={w1, P2, 3} E={e1, €2, €364},

A= {53, 34} CE&B= {52' e 3, e4}§E.

Let (#, A) & (&, B) be two VBSS’s over common universe &y, &/,.

[0.2,0.3] [0.4,0.6] [0.2,0.8] [0.5,0.6] [0.2,0.6] [0.8,0.9
(A= {(e, (52, 523, oy (2203, o2 B,
41 2 22 73
[0.3,0.4] m5pJ][anq 0703][&4Qn [0.2,0.8]
(e4y< bl ) b2 ) )I< ) 72 ) 73 ))}

0405] [0.5,06 [0.3,0.5] [0.6,0.6] 03,06 [0.7,0.8]
(&, B) = {(e,, (25251, 12508 10309, 09 %),

P2
o 203) [0406] [0208), [0506] [0206] [0809)
( 3; o, > ( ) ))
41 2 P2 23

[0.3,0.4] [0.5,07 [0.5,0.6] [0.7,0.8] [0.4,0.7] [0.2,0.8]
( 4;( l )] 52 ) ( ) ) >)}

2
In this case (#, A)E (&, B) i.e., (F A) is a vague bmary soft subset of (&, B).
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(&, B)2(#, A)i.e., (&, B) is a vague binary soft superset of (4, A)
Definition 4.11:
Let (#, A) and (£, B) are two VBSS’s. These sets are said to be vague binary soft equal if (#,
A) is a vague binary soft subset of (&, B) and (&, B) is a vague binary soft superset of (#, A).
It is denoted by (#, A) = (&, B)
Definition 4.12:
Complement of a VBSS (4, A) with respect to absolute VBSS (&, A) is denoted by

(Z, A= (#° A) is amapping given by Z°: A—V(&)xV(&,) such that
£ pe ()= Fre(x,) VeEA VX, €U
£y W)= rer;)  VEEA Yy, €Uy

1_f;~f(e)(xi) =1—¢ pe(x;)  VEEA VX, € )

I~/ e W) =1=2 pe(r;) i VeEAV v, € U,

Example 4.13:
Let 01={41, b5, D3, D4, b5, b} be the set of books; &,={p1, 72, »3, 74} be the set of
pencils; E={c,=

cheap, e ,= expensive, e 3= attractive, ¢ ,= small, ¢ 5= long, e = colorful} be the set of
parameters. The binary soft set (#, A) where A={e ,, ¢ s }describes expensive & colorful
features of both books and pencils which a stationary shop proprietor is going to purchase from a
wholesale dealer. (#, A) is a VBSS over ¢/;, &/, defined as follows.

[0.2,0.3] [0.4,0.6] [0.2,0.8] [0.5,0.8][0.7,0.8] 0.5,0.6] [0.2,0.6] [0.8,0.9] [0.4,0.7
F( )= { ]’[ ],[ ]’[ 10 ) ([ ],[ ],[ ]’[ ])}
b3 b3 b4 b5 71 72 73 P4

[0.3,04] [0.5,0.7] [0.50.6] [0.6,0.7][0.8,0.9 [0.7,0.8] [0.4,0.7] [0.2,0.8] [0.50.5]
F
(6){( " by T b3 0y 175>(171';72';73'174)}
The complement of the above vague binary soft set is given by (#, A)® is given by

[0.7,0.8] [04,0.6] [0.20.8] [0.205] [0.20.3], ,[0.4,05] 04,0.8 0.1,02] [0.306
F(z){ ],[ ] [ ] [ )( ] [ ] [ ]>}

)

by b3 " by 72 3 74

[060.7] [0.305] [0.4,05] [0.304][0.1,0.2], ,[0.20.3] 03,0.6 0.2,0.8] [0505
F(s){( ],[ | [ ] [ )( | [ ] [ ])}

by ' b3 by z2 ' p3 pa
Definition 4.14.
Let (#, A) and (&, B) be two VBSS’s over /3, /5.
Cartesian product of (4, A) and (&, B) is denoted as (#, A)X(&, B). Let it be (#, AXB).
It is a mapping given by 4: AXB—N(1 %X U/)) X (U Us);
Ha, b) = #@)% &(b); V (a b)e (AXB).
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[min(2 ey . 30y @)), max(1~f ey (r DA~/ 2oy ]|

) v ./1"1' E U]_))
H(a,b)= (MR 2 5 (7 ) 7 (y'))rrlﬁaxﬁm—f-- O/ )]

< e pey Vit g ,y' AONEEY AONE ;Vy, € [/2)
Example 4.15:

U1={¢ 1, ¢ 5} be the set T-shirts; /,= {4, #,} be the set of kurthas.

E={e1, €5 €3, €4, €5, €4} be the set of parameters.

A={¢,, ¢,)SE; B={e3, ¢ ,}SE, Let (#, A) and (&, B) be two vague binary soft sets over 7/,
Us.

(/7 A)— {( 1’((0203 01,(2).6]%([0.5;(1)6] 0206)))( 2’((0304 [O.i,(;.?]),([O.Z(l)S 0407>))}
(6, B) {( 3’((0405] 0809> <0406 0306)))( 4,((0507 0408> ([0608] 0307)))}

C=AXB={(e1.69), (¢1, €.2). (€2, €3), (€ e )} 2
(}7! A) X(G’ B) (” C) (H AXB) {Z’(el!€3) Z’(€1, ‘94)’ Z’(‘QZ' 63)15’(52' 64)}

. _ [0205] [0209]\ ,[0.20.6] [0.2,06]
”("”1"93)_{((‘91' €3), <(t D’ (rlrz)) (ot (rlfrz)))

<(€1;€3) (( [0.4,0.6] 0409]) <0406] [0.3,0.6] >)> ((81,63) (( [0.2,0.5] [0209]) <[O.5,0.6]'[0.2,0.6]>)>,

(£2.61)" (¢ N(t2k1)" (£242) (t1,1)" (€16 (1,41 (£1.42)

[0.2,05] [0.2,0.9] [0.5,0.6] [0.2,0.6 [0.2,05] [0.2,0.9] [0.5,0.6] [0.2,0.6]
<(€1'€3) Cvntrvs Byt (/clffz)») (("1'53) Corntrvsl <<kz./q>’(kz,kz)>)>}

5. Algebraic properties of vague binary soft set operations

Some of the algebraic properties for the vague binary soft set operations defined in the last
section are discussed here.

Proposition 5.1: (Identity laws)

For any vague binary soft set (4, A) defined on the absolute vague binary soft set (, E)
(1) (#, AU@, A) = (#, A)

@)# AN, A) = (#,A)

Proof
(1) Let(F, A) =(e€ A/(e, Z(e))} where 7(e) = {((Z22vr, € 1), (M Vr, €
02

. A) = {ee A/(e, B(e))} where 8(e) = { (7 vr, € 1), vy, € 05)))

N . max (¥ e (x 7 ),[0,01) max (¥ zey (7 ),[0,0])
(7, AU@, A) = {ee A /(e{ (L) v, € o), (L )iV, € Un)}

14 14
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v, /:(e) D)

V. (/1'1')
OV, € Uy

={eeA /(. {(¢
(2) Proof is similar to (1)
Proposition 5.2:(Domination laws)
For any vague binary soft set (4, A) defined on the absolute vague binary soft set (7, A)
(1) (#, AN, A)=(D, A)
(2) (#, AU(T, A= (U, A)

)ivy, € 7))} = (7 A)

Proof
(1) Let(Z, A) = {e€ A /(e, Z(e))} where #(e)={ (X2 vr, € o), (L2 ”e)”’) -
2

. _ . _ [0,0] ] [0’0] )
@, A) ={eeA /(e BEN={((FD:vr, € 01,25y, € 0)))

IO gy 0000

X/ Vi

(#, AN@, A) ={(( vy € )]
={(EHivr, e ), Eivy, e )} =@ A)

(2) Proof is similar to 21) l

Proposition 5.3:(Idempotent laws)

For any vague binary soft set (4, A) over the absolute vague binary soft set (&, A)

1) (&, ANF, A)= (7, A)

)(#, AU(F, A) = (#, A)

Proof

(1) Let (7, A) = {e€ A/(e, 7(e))} where 7(e) = {(( M) Va, € o), (Lravsd

112)

F(e)()/ )> vy, €

. . NV ey (2 WV e (4 NN T
(7, AN(Z, A) ={((m'n( 1) (F iV ey (x ));v/r[ c ”1>’(m'”( 7)Y iV ey i)

Xy Yi

vy, € ”2))}

(222 v, € o), (P22 vy, € )} = (7, A)
(2) Proof is similar to (1)

Proposition 5.4:(Complemental laws)

(L) @, A= (7, A)

(2) (7, A=, A)

Proof

(1) Let (@, A) = (#, A)

@, A) ={ee A/ e {((h v, € o), vy, € )
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(7, M) = feeA / (0, (L2 v, € ) (P92 vy, € 1))
Then Ve€e A, F(e):{((yi%fxi) € Uy), (—— F(e)(yl)' Vy, € 02))}

= {(Eivr, e 1), 8wy, € )]
#Fey ={(ivr, e 1), Esvy, e 0 )}

={(E v, e 00, Eivy, € )} = Ute), vee A=(B, AY = (0, A)

(2) Proof is similar to (1)
Proposition 5.5:(Commutative laws)
For any vague binary soft set (4, A) and (&, B) over the absolute vague binary soft set (#, E)
@) (#, AN(Z, B)=(&, B)N(#, A)
Q)(#, A\U(Z, B) = (&, B)U(#, A)
Proof
Proof is obvious
Proposition 5.6:(Associative laws)
For any vague binary soft set (#, A), (&, B) and (#,C) over absolute vague binary soft set (, E)
(1) (7, AN(&, B)N (#,C)=(#, AN((&, B)N(#,C))
A)((#, AU (&, B)U (#,C)=(#, A)U((¢, B)U (#,C))
Proof
Proof is obvious
Proposition 5.7:(Distributive laws)
() (#, AN((Z, BYUWZC)) = (F, AN, BNU((F, AYN(Z,C))
g) (/;', AU((&, B))N(Z.C))) = ((#, AU(Z, B))N((#, A)U(#Z,C))

roo
Proof is obvious
Proposition 5.8:
Let (#, A) and (&, A) be two vague binary soft sets in VBSS(U3, Uz)a. Then following are true.
A)(F, AC (&, AV, AN(E, A) = (7, A)
Q)(F, AC (&, AV, AU(E, A) = (7, A)
Proof
Let(#, A)S(&, A)
Then #(e)Sé(e), Vee A
Let (#.A)= (7, AN(Z, A)
Since A(e)=/(e)N & (e), Vee A=H(e )= F(e), VEEA
By definition(#,A)= (#, A)
Again suppose that (#, A)N(&, A)= (#, A)
Let (#, A)N(&, A) = (7A)
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Since Z(e) = £(e)N&(e), Vee A =H(e) S (e), Yee A=§4, A)S(4, A)

(2) Proof is similar to (1)

Proposition 5.9:

For any vague binary soft set (4, A) and (&, B) over absolute vague binary soft set (Z, E)
(1) ((#, AU(Z, B))° C (#, A)°U(Z, B)®

) (#, A N(&, B)s((#, AN(Z, B))Y

Proof
(1) Let (#, A)U(&, B) = (#,C) where C=(AUB) and Vee C,
H(e) = F(e) ; e€ (A-B)

G (e) : e€ (B-A)

7@ UZ&(e) ; ee (ANB)

ey = ¢ ;(e)(xz-) ;e€E(A—B),Vxr, € U
¢ e r ) ;ee(B—-A),Vxr, € U,
¢ reWs) e€(A-B), vy, € 0,
¢ reWs) e€(B—A),Vy, € U,

maX(Z" }*(e)(.l’l'),f 6'(6)(.1’1 )) ; EE (AnB), Vxy,; € ”1

max(¢ zey(V; )¢ z@(:))  e€E(ANB), Yy, € U,

1=f ey = 1=/ re(x ) ;ee(A—B),Vx, € U,
1=/ e (X)) ;ee(B-A)\Vr, € U
1-/reWs) ;e€(A-B),Vy, € U,
1-/ 200 :) ,ee(B-A),Vy, €,

max(1—/ @) (¥ s 1=/ ¢ (x ) ; €€ (ANB), Vr, € )

max(1—/ 7 (), 1=/ 4@ (7)), eE(ANB), Y.y, € U,

((#, A)U(&, B))*= (#,C)° ; C=(AUB) and VeeC,
@)= Fe) : e€ (A—B)
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() : e€ (B—A)
FA(e)UG () ; e€e (ANB)
f,-zf(e):fﬁ(e)(l”z) ,e€(A-B),Vr, € U;
S @) ;ee(B—A),Vxr, € U
S o) e€(A-B), vy, € U,
S e ) e€(B-A), vy, € U,

Max(/ ze) (¥ ; )./ z@(x)) s eE(ANB), Vr, € U3
max(/ zey(V: )./ (V) s eE(ANB), Yy, € U,

1-/ © 1—-¢ pey(x ;) ;e€E(A-B),Vxr, € U
1-¢ ze(x /) ;ee(B—A),Vr, € U,
1-¢ peo /) ;ee(A-B),Vy, € U,
1-¢ oo /) ;e€(B—A),Vy, € U,

max ((1—/ 7@ (/) 1=/ ¢ (x,)) s eE(ANB), Vxr, € )
max (1-/ "z () 1=/ @) ie€(ANB), vy, € 0,
Let (#, A)°U(&, B)°=(M, N) where N=(AUB) and Ve€ N,
M) =F*(e) , e€ (A—B)

() : e€ (B—A)
F(e)Us(e) ; e€e (ANB)
¢ ike)= /S re(r) ,€E(A-B),Vx, € U
S e ,) ;ee(B—A),Vxr, € U
S o) e€(A-B),Vy,; € 0,
S eeW) e€(B-A),Vy, € U,

Max(/ @) (x; )./ z@e)(x ) s e€E(ANB)Vr, € Uy
max(/ zey(V: )/ (V)  eE(ANB), Yy, € U,
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1-/ © 1—-¢ pey(x ;) ;ee(A-B)Vr, € U
1—¢ (/) ,e€E(B—A)Vr,;, € U
1-¢ pey(7 /) ;eE(A=F4),Vy,; € U,
1-¢ 3 /) ;ee(B-=A),Vy, € U,

max ((1—f1‘b(e)(l’/ )’ 1_/3'(6)(“1’1' )) ; BE (AnB)! Vr,; € Ul
max (1—/ ze (7 ), 1=/ ze:)) ;e€(ANB), vy, € U,

Here CEN and Ve€e C, A#°(e)= /Ae)

Thus ((#, A)U(Z, B))° < (#, A)°U(Z, B)®

(2)Proof is similar to (1)

Proposition 5.10:(De- Morgan’s law)

For any VBSS (4, A) and (&, B) over absolute VBSS (Z/, E)
(1) (7, AU, A)°= (7, A&, BY

) (#, AN(&, B)) = (#, A)*U(&, B)*

Proof

(1) Let (#, AU(&Z, A) = (4, A)

V eeA, H(e)=F(e)l/i(e)

(LIS 0y gy RO 00y e V)

Xy Vi
o)X ) 1= fre(r; t; 1=/ '
{<([ 2@ 1= e l)];V«l’/ c ”1>’([ s ) fﬁ(e)()/z)];vyi c ”2)>}
Xy Vi
( (max((z P G500/ D)V MAX(A=f e (DA 5 (1)) \

;vx 7 E ”1) )
= 7
maxif ¢ » I /) ) max((1—/; A= /)
( (( #e it e ) = A=/ e 014 );V)/,' € ,)

/(min((z o)X it pey (i )).min((l—f/r(e)(x,- W~ e )) Vo, € Uy) \

H(e) = e .V eeA
N 10) (72 0t 2y 07 ) YN~ ey 7 A ey ¢
<m.n( e pe ) my”:.(( S0 O e ))FVJ/z € ) |

http://www.ijesm.co.in, Email: ijesmj@gmail.com
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mln((l' F(e)(i'z ),l’ 6‘(9)(’1’1 )),mln((l—ff(e)(x, ),1—f6~(e)(l’l ))

=4, A) = e
Mz ey 1 2 ey ) pmin(A—/ ey A=/ ey i)

< v, ;V.yz'E”Z) }

;v‘/‘rl' E ”l))

Let (#, AN\(&, B) = (#, A)
Y e€A, Me) = £ (e)° UG (e)f
[fF(e)(J/i) 1_1‘)*(9)(.)’1' )]

[/ ) (F i )1=¢ ey (x ;)] , .
:{(( #(e) #(e) Vr, € ”1>’< Yy, € ”2>)}n

X/ Yi

{(([/G(e)(l’l),i fg'(e)(x )] € [/1> ( /5(8)0/1)7‘;; fﬁ(e)(y )] ]/ € ”2)>}

(min((z PO 5@ D)MINA=F 10 (DA 50 )

P ;V.l"l' € ”1) ,
- miniiz ; R /))min((1—/ A=/ /
( i ( o194 014 ) Jl[(( S @)V i A per ));V}/,' c ”2)

=, A) = (#, A&, B) =(#, A) = (¥ A).

(2) Proof is similar to (1)

Proposition 5.11:(Idempotent property for AND & OR operation)
For any vague binary soft set (4, A) over the absolute vague binary soft set (&, E)
@) (7, AAF, A= (#, A)

@)# A(F, A) = (7, A)

Proof

(#, A)A(#, A)= (#, C) where C= AXA, VY(a, a)e C=(AXA),

Maa)= Z@N#(a) = Z@)=(H, C) = (#, A) =&, A)A (¥, A) = (¥, A)
(2) Proof is similar to (1)

Proposition 5.12:

(1) (#, A)U(D, B) =(#, A)=BCA

(2) (#, A\U(Z, B) =(&, A)<=ACSB

Proof

(7, A= {e€ Ade, Z(e))} where 7(e) = { (X222 v, € o), (02 ”W Ly, € o))
Also let (@, B) =(&, B)

VeeB, £(e)= {(("f’],v;z, € .//1),<[y‘*—f’?;Vy,. € 02>)}
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Let(#, A)U(&, B) = (V, C) where C=AUB
vee C, Me) = #(e) : e€ (A—B)
G(e) :e€ (B—A)
#@©)U&(e) ;e (ANB)

= {((M €U (—— F(e)(yl ;Vy, € 02))} : e€ (A—B)

4

(v, € 0), vy, € )} ee(B-A)

Ve (e )[0,0 Vpen (7 )[00
{<<max( (e)(* ),[0,0]) vr, € ”1)’<max( 7(e)(7 2 2,[0,0]

Xy Yi

Vy, € 02>)} . e€ (ANB)

{( I/f(E)(’f ) e oy, (Lred F(e)()’z) Yy, € 02))} - ec (A-B)

{( 0% vy e ), (00] v, € yz))} . ee (B—A)

(292, v, € 0,290,y ) ey

Let BEA,
- Vi (i) e()/z)
Me)= {((% vr, € ), (202 vy, € )} iee (A-B)
V"e(xl') e(.yl)
(P v, € 00 (P2 25vy, € 1)} e (ANB)

= /(e), VeEA

Conversely (#, A)U(@, B) = (¥, A) =AUB = A=BCA

(2) Proof is similar to (1)

7. Conclusion

Vague binary soft sets are introduced with two initial universes. It is hoped that this hybrid form
can extract positive qualities of both vague and soft sets and would be more useful while
handling real life situations with uncertainties and vagueness.
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