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Abstract: The set that lightens the vagueness stage more energetically than fuzzy sets are
neutrosophic sets. Bi-soft topological space is a space which goes for two different topologies with
certain parameters. This work carries out, construction of such type of topology on neutrosophic.
Besides by means of this, separation axioms are extended to pairwise separation axioms by using
neutrosophic and to analyze the relationship among the class of such spaces. Here some of their
properties are discussed with illustrative examples. In addition to it, we initiate the matrix form of
neutrosophic soft sets in such space. Here problems deal to take a decision in life by the choice of
two different groups. The aim of this decision making problem is to determine the unique thing or
person from the universe by giving marks depending on parameters. Step by step process of
solving the problem is explained in algorithm, also formulae given to determine their values with
illustrative examples.

Keywords: Neutrosophic sets (NSs); neutrosophic soft sets (NSSs); neutrosophic soft topological
spaces (NSTSs); neutrosophic soft T_g;,3,4 -spaces (NS Ti_g;,34 -Spaces); neutrosophic

bitopological spaces (NBTSs); neutrosophic bi-soft topological spaces (NBSTSs); pairwise
neutrosophic soft T;_g, 5 3 4 -spaces (pairwise NST,_ , 3 4 -spaces); decision making (DM).

1. Introduction

Zadeh [54], evaluated a fuzzy set (1965) to explore the situations like risky, unclear, erratic and
distortion occurs in our life cycle. Fuzzy sets simplify classical sets and are unique cases of the
membership functions. It has been used in a spacious collection of domains. This set extended to
develop intuitionistic fuzzy set (IFS) theory (1986) by Atanassov [47]. Smarandache [7] originated a
set which forecast the indeterminancy part along with truth and false statements, called NS (1998),
such as blending of network arises to unpredictable states. It is a dynamic structure which postulates
the concept of all other sets introduced before. Later, he generalized the NS on IFS [8] and recently
proposed his work on attributes valued set, plithogenic set (PS) [9]. In day-to-day life decisions taken
to diagnostic the problems either positive or negative even not both. Such types of problems are key

role in all fields and so most of the researchers studied DM problem. In recent times various works
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have been done on these sets by Salma and Alblowi [33] and on extension of neutrosophic analysis
on DM by Abdel et al. [1-6].

Soft set (1999) is a broad mathematical gadget which accord with a group of objects based on
fairly accurate descriptions with orientation to elements of a parameter set was projected by
Molodtsov [46]. Topological structure on this set explored by Shabir & Naz [38] as soft topological
spaces (2011). Anon this thought were developed by Ali et al. [35, 40], Bayramov and Gunduz [22,
29], Cagman et al. [37], Chen [43], Feng et al. [41], Hussain and Ahmad [36], Maji et al. [44, 45], Min
[39], Nazmul and Samanta [32], Pie and Miao [42], Tantawy et al. [26], Varol and Aygun [31],
Zorlutuna et al. [34]. Maji [30] presented the binding of neutrosophic with soft set termed as NSSs
(2013). Bera & Mahapatra [23] defined such type of set on topological structure, named as NSTSs
(2017). Using these concepts, Deli & Broumi [27], Bera & Mahapatra [10, 24], on separation axioms by
Cigdem et al. [20, 21] have done some research works. Mostly DM applied on these sets related to
fuzzy with multicriteria by Chinnadurai et al. [13, 14 & 19], Abishek et al. [12], Muhammad et al.
[16], Mehmood et al. [17], Evanzalin Ebenanjar et al. [18] and Faruk [25].

Kelly [55] imported the approach of a set equipped with two topologies, named as bitopological
space (BTS) (1963), which is the generic system of topological space. Also it was carried out by Lane
[53], Patty [52], Kalaiselvi and Sindhu [15] and pairwise concepts by Kim [51], Singal and Asha [50],
Lal [48], Reilly [49]. Naz, Shabir and Ali [28] introduced bi-soft topological spaces (BSTSs) (2015) and
studied the separation axioms on it. Taha and Alkan [11] presented BTS on neutrosophic structure as
NBTSs (2019) which is engaged with two neutrosophic topologies (NTs).

The intension of this paper is to initiate the idea of NS on BSTS and to study some essential
properties of such spaces. Also, the pairwise concept on separation axioms implemented in NBSTS.
In addition, the NSSs referred as matrix form on NBSTS. As real life application, decisions made to
select the one among the universe based on its parameters by considering two different groups as
neutrosophic soft topologies (NSTs).

The arrangements made in this paper are as follows. Some basic definitions related to NS are in
segment 2. The results of NBSTS are proved and disproved by counter examples in segment 3. The
bonding among the pairwise separation axioms on NBSTS are stated with illustrative examples in
segment 4. In segment 5, the method of evaluating DM problems are described in algorithm and
formula specified to calculate the scores of universe set, to choose the best among them with

illustrative examples. Finally, concluded with future work in segment 6.

2. Preamble

In this segment, we evoke few primary definitions associated to NSS, NSTS, BSTS and NBSTS.

Definition 2.1 [30] Let V be the set of universe and E be a set of parameters. Let NS(V) denote the set
of all NSs of V. Then a estimated function of NSS K over V is a set defined by a mapping
fx :E — NS(V). The NSS is a parameterized family of the set NS(V) which can be written as a set of

ordered pairs,
K= {(e, {<V’TfK(e)(V)’ | fK(e)(V), FfK(e)(V»: \" EV}): ec E}
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where  T¢ (V)1 (V) Fs ()e[01]  respectively called the truth-membership,
indeterminacy-membership and false-membership functions of fyx(e) and the inequality

0<T¢ )+t () (V)+Fy (V) <3 is obvious.

Definition 2.2 [23] Let NSS(V) denote the set of all NSSs of V through all e E and 7, = NSS(V, E)
.Then 7z, is called NST on (V, E) if the following conditions are satisfied.
(i) 4,1, €7, , wherenull NSS ¢, ={(e,{¢v,0,0,)):veV}):ecE} and absolute NSS
1, ={(e,{(v,1,1,0)):veV}):ecE}.
(ii) the intersection of any finite number of members of 7, belongsto 7.
(iif) the union of any collection of members of 7, belongsto z,.
Then the triplet (V, E, 7, ) is called a NSTS.

Every member of 7, iscalled 7,-open NSS, whose complement is 7, -closed NSS.

Definition 2.3 [21] Let NSS(V, E) denote the family of all NSSs over V. The NSS u{*#7) is called a

NSP, for every ueV,0<a, B,y <lecE and is defined as follows:
(a,B,y), ife'=eandv=u
(0,0,2), ife'zeandv=u

U%ﬁ”@Nw={
Obviously, every NSS is the union of its NSPs.

Definition 2.4 [11] Let (V, 7; ) and (V, 7, ) be the two different NTs on V. Then (V, 7, 7,, ) is called a
NBTS.

3. NBSTS

In this segment, the conception of NBSTS is defined and some key resources of topology are

studied on it. The theoretical results are supported by some significant descriptive examples.

Definition 3.1 The quadruple (V, E, 73, 7, ) is called a NBSTS over (V, E), where 7, and 7,, are

NSTs independently satisfy the axioms of NSTS.
The elements of 7, are 7, -neutrosophic soft open sets ( z,; -NSOSs) and the complement of it are

7,1 -neutrosophic soft closed sets ( 7,; -NSOSs).

Example 3.2 Let V={v;,v,}, E= {g,e,} and 7,={g,.1,.K,;}and 7,,=1{g, .1, L, L, } where Ki;L,L,
are NSSs over (V, E), defined as follows
fie, (&) ={<v,(1,1,0) > <v,,(0,0,1) >},

f, (&) ={<\,(0,0,1) >,<V,,(1,0,1) >}

and

f (&) ={<v, (10,1 >,<v,,(0,0,1) >},
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f, (&) ={<v1,(0,1,0) >,<V,,(1,1,0) >};
f, (&) ={<v,(0,1,0) >,<V,,(1,10) >},

fi, (&) ={<\1,(1.0,1) >,<V,,(0,0,2) >}

Thus 7,; and 7,, are NSTson (V, E)and so (V, E, 7, 7, ) is a NBSTS over (V, E).

Example 3.3 Let the neutrosophic soft indiscrete (trivial) topology 7,,= {4,,1,} and neutrosophic

soft discrete topology 7,, = NSS(V,E).
Then (V, E, 7,4, 7., ) is a NBSTS over (V, E).

Definition 3.4 Let (V, E, 7, 7, ) be a NBSTS over (V, E), where 7, and 7,, are NSTson (V, E) and
P,QeNSS(V,E) be any two arbitrary NSSs. Suppose 7,= {Pﬂ Ki/K; e rul} and
7,,={QNL /L €7y} Then 7, and 7, are also NSTs on (V, E). Thus (V, E, 7,4,7,,) is a NBST

subspace of (V, E, 7y, 75 ).

Theorem 3.5 Let (V, E, 7, 7, ) be a NBSTS over (V, E), where z,,(e) and 7,,(e) are defined as
70(® ={ T @K e 1,1}
70(€) ={f (e)/Lery,}foreach ecE.

Then (V, E, 7,(€) , 7,,(e) ) is a NBTS over (V, E).

Proof. Follows from the fact that 7,; and z,, are NTson V.

Example 3.6 Let V ={v,v,,v5}, E ={e,,€,} and 7= {@,.1,,K;, K, } and 7,= {4, .1, L, Ly, Lg Ly }
where K, K,, L, Ly, L3, L, are NSSs over (V, E), defined as follows

le (e) ={<v,1.5,.4) >,<V,,(.6,.6,.6) > <V;,(.3,.4,.9) >},
le (e;) ={<Vv,(.8,.4,.5) >, < Vv,,(.7,.7,.3) >, < v3,(.7,.5,.6) >} ;

sz (&) ={<v,(8,.5,.1) >, <V,,(.8,.6,.5) >,<v3,(.5,.6,.4) >},

sz (&) ={<v,(9,.7,.D) >,<v,,(.9,.9,.2) >, < v5,(.8,.6,.3) >}

and

f,_l (&) ={<w.(3,.7,.6) >,<V,,(4,.3,.8) >, < V3,(.6,.4,.5) >},
fL (&) ={<w,(4,.6,.8) >,<V,,(3,.7,.2) >,<V3,(3,.3,.7) >},

1‘,_2 (&) ={<%.,(6,.6,.8) >,<V,,(.2,.9,.3) >,<Vv3,(.1,.2,.4) >},
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f,_2 (&) ={<Vv,(.7,.9,.5) >,<V,,(4,.2,.3) >,<Vv3,(5,.5,.4) >},
fL, (&) ={<V1,(6,.7,.6) >,<V,,(4,.9,.3) >,<V3,(.6,.4,.4) >},
f,_3 (e;) ={<v,(.7,.9,.5) >,<v,,(4,.7,.2) >,<v3,(5,.5,.4) >},

f,_4 (&) ={<v.(3,.6,.8) >,<Vv,,(.2,.3,.8) >,<v3,(.1,.2,.5) >},

f, (&) ={<v;,(4,.6,.8) >,<V,,(3,.2,.3) >,<V5,(.3,.3,.7) >}
Thus 7, and 7,, are NSTson (V, E)and so (V, E, 7, 7, ) is a NBSTS over (V, E).
Now,
$y 1< v, (1,.5,.4) >, < V,,(6,.6,.6) >, < V3,(.3,.4,.9) >},
mu(®) = {{< vy, (8,5,.1) > < Vy,(8,.6,.5) >, < Vs, (5,.6,.4) >} } /
¢y, {< Vi, (3,.7,.6) >,< vy, (4,.3,.8) >,< V3,(.6,.4,.5) >},
{<v1,(6,.6,.8) >,<V,,(.2,.9,.3) >, < V5,(.1,.2,.4) >},
T2 =Y (6,7,6) 51< V) (4,.9,.3) 5 < Vg, (6,.4,.4) >)
1:\.0,./,.9) >, < Vp,{.%,.9,.9) >, < V3,{.0,.%, )
{<v1,(3,6,.8) >,<V,,(2,.3,.8) >,< v3,(.1,.2,.5) >}
and
By Ly A< V1, (8,.4,.5) >,< V,,(7,.7,.3) >,< V3,(.7,.5,.6) >},
Tu(®z) = {{< V1 (.9,.7,.0) >, <y, (.9,.9,.2) >, < Va, (8,.6,.3) >} }
d 1y < v, (4,.6,.8) >,<V,,(3,.7,.2) >,<V3,(.3,.3,.7) >},
{<Vvi,(.7,.9,.5) >,< V,,(4,.2,.3) >,< V3,(5,.5,.4) >},
W) =N 2 0.5) 5 < vy, (4.7,2) <y (5,5,4) >,
{<v1,(4,.6,.8) >,<V,,(.3,.2,.3) >,<V3,(.3,.3,.7) >}
are NTson V.
Thus (V, E, 7,4(e), 7, (e) ) is a NBTS over (V, E).

Definition 3.7 Let (V, E, 7,;, 7,,) be a NBSTS over (V, E). Then the supremum NST is 7z, Vv 7,

which is the smallest NST on V that contains 7, Uz,

Example 3.8 Let us consider 3.5 example, where 7,; and 7,, are NSTson (V, E).

Then,

fp(e) ={<v,(.3,.7,.4) >,<V,,(.6,.6,.6) >, < V3,(.6,.4,.5) >}

K,UL =P ={
fp(ey) ={<v,(8,.6,.5) >,<V,,(.7,.7,.2) > < v;,(.7,.5,.6) >}

and

fQ (e, 8) ={<v,(3,.7,.4) >,<v,,(.6,.6,.6) >, < v3,(.6,.4,.5) >}
fQ (e.8) ={<v,(.8,.4,.5) >,<V,,(.7,.7,.3) >, < v5,(.7,.5,.4) >}
fo(ey,8) ={<Vv;,(1,.6,.4) >,<Vv,,(6,.7,.2) >,<V3,(.3,.4,.7) >}

fQ (e5,85) ={<v,,(.8,.6,.5) >,<v,,(.7,.7,.2) >,< Vv3,(.7,.5,.6) >}

Thus K; v L; isthe smallest NSS on V that contains K;UL,.
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Theorem 3.9 If (V, E, 7, , 7, ) is a NBSTS over (V, E), then 7,1z, isa NST over (V, E).
Proof. Let (V, E, 7, 7, ) be a NBSTS over (V, E).

(i) Since ¢,,1, er,; and ¢, .1, ey, it follows that ¢, ,1, ez, Nzy,-

(ii) Suppose that {Ki liel} isafamily of NSSsin z,,Nz,.

Then K ez, and K;er,, forall iel.

Thus (J;_, Kj ez and Ui, K €75 -

Therefore |J;_, K ez Nrys-

(iii) Let K,Ler,;Nzy,-

Then K,Ler, and K,Ler,.

Since KfLer, and KNLery,, wehave KNLer,; Nz, .
Hence 7,,MN7,, isa NST over (V, E).

Remark 3.10 If (V, E, 7y, 7, ) is a NBSTS over (V, E), then 7,;Uz,, need notbe a NST over (V, E).

Example 3.11 Let us consider 3.5 example where 7, and 7,, are NSTson (V, E).

Then,

fp(e) ={<v,(0.3,0.7,0.4) >,< v,,(0.6,0.6,0.6) >,< v5,(0.6,0.4,0.5) >}

fp(e,) ={<v,(0.8,0.6,0.5) >,<v,,(0.7,0.7,0.2) >,< v5,(0.7,0.5,0.6) >}

Thus Kl U Ll & Tul U TLIZ .
Hence 7,,Uz,, isnotaNST over (V, E).

4. Neutrosophic bi-soft separation axioms

In this segment, the separation of NBSTS is explored. The pairwise NS T;_g, , 3 4 -Spaces on

NBSTS are introduced and the relationships among them are examined with relevant examples.

Definition 4.1 A NBSTS (V, E, 7, 7, ) over (V, E) is called a pairwise NS T, -space, if u((g;ﬁ 7) and
v((g,jﬂ ") are distinct NSPs then there exist 7,1 -NSOS K and 7, -NSOS L such that
u((:;,ﬂ,y) eK u((g,ﬁvy) NL=4g,

or V&P el VEPTINK =4,

e
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Example 4.2 Consider neutrosophic soft indiscrete (trivial) topology 7,,={4,,1,} and neutrosophic
soft discrete topology 7,, =NSS(U,E).

Thus (V, E, 7, 7, ) is a pairwise NS T, -space.

Theorem 4.3 Let (V, E, 7,,, 7,,)be aNBSTS over (V, E). If (V, E, 7, 7,, ) is a pairwise NS T, -space
then (V, E, 7, v7,,)isa NS T,-space.

Proof. Let (V, E, 74, 7,, ) be a NBSTS over (V, E).

Suppose that (V, E, 74, 7,5 ) is a pairwise NS T, -space.

Let u(‘ggﬁ 7) and V((g’,)'ﬂ 7) be any two distinct NSPs.
Then there exist 7,; -NSOS K and 7,,-NSOS L such that
u((g'ﬂ'” eK u((ea)‘ﬁ’y)ﬂL:%
or VP el ; vEPINK =4,

In either case K,Lerzyvry,.

Hence (V, E, 7y, v 7,,)isaNS T, -space.
Theorem 4.4 Let (V, E, 7y, 7,,) be a NBSTS over (V, E). If (V, E, 7,4, 7,,) is a pairwise NS T, -space

then (V, E, 7,4, 7,,)is also a pairwise NS T, -space.
Proof. Let (V, E, 74, 7, ) be a NBSTS over (V, E).

Let u((g)'ﬁ'” and V((gf)’ﬁ’y) be any two distinct NSPs and P,QeNSS(U,E).

Suppose that (V, E, 7, 7,5 ) is a pairwise NS T, -space.
Then there exist 7, -NSOS K and 7, -NSOS L such that

u((:),ﬂyy) eK ; u((g’)'ﬁ'”ﬂquzj
or V&P el ; VP NK = ¢,
Now u((g‘)’ﬂ’” eP and u((g,*ﬂ*” eK
Then u((g;’ﬂ‘y) ePNK, where Ker,.
Consider u((g;’ﬁ’y)ﬂL:%.
:>U((g'ﬂ'7)ﬂLﬂQ=¢u NnQ.
= UuEP ) NQNL =4,

Thus u((g’ﬁ’y)ePﬂK : u((:;‘ﬁ'}')ﬂ(QﬂL)zqéu,where PNKer, , QNLexr,.
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Or if V((gf)’ﬂ‘y) elL ; v((e”‘,)’ﬂ'}’) NK =4,, it can be proved that

Vies" e QNL ; V&P NQNL) =4, where PNK ez, , QNLer,.

Hence (V, E, 7,4, 7,, ) is also a pairwise NS T, -space.

Definition 4.5 A NBSTS (V, E, 7,,7,,) over (V, E) is called pairwise NS T, -space, if u((:‘)’ﬂ 7) and
V((Z)’ﬂ 7) " are distinct NSPs then there exist 7,, -NSOS K and 7, -NSOS L such that
u((gc),ﬁ,r) cK ; u((g,ﬁ,;/) NL=4g,

and v 7 el; vEPINK =4¢,.

Example 4.6 Let V ={v,v,}, E = {e}, and Vl('(i')s’]) and Vé’?é)"l"l) be NSPs. Let 7, ={4,,1,,K}and
7,0 ={4, .1, ,L} where K and L are NSSs over (V, E), defined as

K=v>" = fi () ={< . (2.3,.7) >,<v,,(0,0,1) >}
and
_ 9,41 _ _
L=v3e 7 = fL(€) ={<v,(0,0,]) >,<V,,(9,.4,.1) >}.

Thus (V, E, 7, 7y, ) is a NBSTS over (V, E).

Hence (V, E, 7, 7, ) is a pairwise NS T, -space, also a pairwise NS T -space.

Theorem 4.7 Every pairwise NS T, -space is also a pairwise NS T, -space.

Proof. Follows from the Definitions 4.1 and 4.3.

Remark 4.8 The converse of the 4.7 theorem is not true, which is shown in the following example.

V('z"g"z), vi2 79 and vih19) be NSPs. Let

- - 2,5,7
Example 4.9 Let V = {Vl,vz}, E= {el,ez}, and W ) o) 6 2

We) 7
Tu=1d,.1, K, Ky, Kyt and 7,,={4¢,,1,,L,L, } where KK, Ks L,L, are NSSs over (V, E), defined
as

2,5.7) _
Ky =vigy ™ =

7

fi, (&) ={<V;,(:2,.5,.7) >,<v,,(0,0,1) >}
fi, (€2) ={<v1,(0,0,1) >,<V,,(0,0,1) >}
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7

Ko (19 _ sz(el)={<v1,(O,O,1) >,<V,,(0,0,1) >}
27 e fie, (€2) ={< 1, (0,0,2) >, < V5, (.1,.1,.9) >}

Ks =K UK,

and

7

L = (278 _ fL, (&) ={<,(0,0,2) >,<v,,(:2,.7,.5) >}
1= V2(e) fL (€2) ={<v1,(0,0,2) >,<V,,(0,0,1) >}

L {V(_Zv_m 282 (2,79 (_1_1‘_9)}: fi, (&) ={<w,(2,5,.7) >,<V,,(2,.7,.5) >}
2 1(e,) ' 1(e,) 1Y2(e)) 1 T2(ey) fLZ(eZ):{<Vl’('2"8"2) >,<V2,(.l,_l,_9) >}

Thus (V, E, 7,;, 7,5 ) is a NBSTS over (V, E).

Hence (V, E 7, 7,,) is a pairwise NS T;-space, but not a pairwise NS T, -space since for NSPs

vl('(ii')s’j) and vg(lezl)g) , (V, E, 1y, 1,,)is not a pairwise NS T, -space.

Theorem 4.10 Let (V, E, 7y, 7, ) be a NBSTS over (V, E). If (V, E, 7y ) or (V, E, 7, ) is not a NS To-space,

then (V, E, 7, 7,5 ) is a pairwise NS T, -space but not a pairwise NS T, -space.
Proof. Let Ker, and L er,,,also u((g’ﬁ 7) and V((g’,)’ﬂ 7) be any two distinct NSPs.
Suppose (V, E, 7, ) isa NS T,-space and (V, E, 7, ) isnot a NS T, -space.

Then, u((g)’ﬁ’y) eK ; u((gg’ﬂ’y)ﬁL:ﬂJ

and v eL; vEPINK =g,
Thus by Definitions 4.1 and 4.3,

(V, E, 1y, 7y, ) is a pairwise NS T -space but not a pairwise NS T, -space.

Theorem 4.11 Let (V, E, 7, 7,,) be a NBSTS over (V, E). Then (V, E, 7y, 7,,) is a pairwise NS
T, -space if and only if (V, E, 7, ) and (V, E, 7, ) are NS T, -spaces.
Proof. Let (V, E, 74, 7, ) be a NBSTS over (V, E).

Let u((g)'ﬁ 7) and V((gf)’ﬂ 7) be any two distinct NSPs.

Suppose that (V, E, ;) and (V, E, 7, ) are NS T, -spaces.
Then there exist 7,; -NSOS K and 7,,-NSOS L such that

ug? 7 eK U@l NL=g,

and V((gfjﬂ’y)eL : V((eofjﬁ’}’)ﬂK:gzﬁu

In either case the result follows immediately.
Thus (V, E, 7, 7, ) is a pairwise NS T, -space.

Conversely, assume that (V, E, 7y, 7, ) is a pairwise NS T, -space.
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Then there exist some 7, -NSOS K; and 7,,-NSOS L; such that

u((éx),ﬂyy) ek, ; u((g,ﬂ,y) NL =4,

and v{& 7 ey ; VG NK =4,
Also there exist some 7,,-NSOS K, and 7,,-NSOS L, such that

U((g)’ﬂ’}/) ek, ; U((S’ﬂ’y) NL, =4,

and v{&"" ey ;5 VEPTINK, =4,
Hence (V, E, 7,;) and (V, E, 7, ) are NS T, -spaces.
Theorem 4.12 Let (V, E, 74, 7, ) be a NBSTS over (V, E). If (V, E, 74, 7,,) is a pairwise NS T, -space
then (V, E, 7, v1,,)isa NS T, -space.

Proof. Let (V, E, 7y, 7, ) be a NBSTS over (V, E).
Suppose that (V, E, 7, 7,5 ) is a pairwise NS T, -space.

Let u((:;’ﬁ 7 and V((:f)’ﬁ 7). be any two distinct NSPs.
Then there exist 7,; -NSOS K and 7,,-NSOS L such that

u((g)’ﬂ’y)eK ; u((;’ﬂ’y)ﬂL=¢u

(a,B.7) . yla.B.7) -
and Vi el ; v NK =4,
In either case K,Lerz,v7,,.

Hence (V, E, 7y v7,5)isa NS T, -space.

Theorem 4.13 Let (V, E, 74, 7, ) be a NBSTS over (V, E). If (V, E, 74, 7,,) is a pairwise NS T, -space
then (V, E, 7,4, 7y,)is also a pairwise NS T, -space.
Proof. Let (V, E, 7, 7, ) be a NBSTS over (V, E).

Let ulG”7” and v{&”") beany two distinct NSPs and P,Q eNSS(U,E).

Suppose that (V, E, 7, 7, ) is a pairwise NS T, -space.
Then there exist 7,; -NSOS K and 7,,-NSOS L such that

ulg? N e K ; ul@PINL=4g,
and V"7 e L VP NK =4,
Now u((gg’ﬁ’y) eP and u((g’)'ﬁ’” eK

Then u((g;'ﬁ'y) e PNK, where Kezy.
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Consider u((g;'ﬁ’y)ﬂL:%.

:>u(e)ﬁ7)ﬂLﬂQ #,NQ.

S UGN NQNL) =4,
Thus u((g;’ﬂ'”ePﬂK ; u((g)ﬁy)ﬂ(QﬂL)z%,where PNKezr, , QNLer,
Further if V((g’,)’ﬂ’” eL ; V((gjﬂ’”ﬂK = ¢,, it can be proved that

v((gjﬂ';’)eQﬂL ; V((g)ﬂ" N(@QNL)=4¢,, where PNK ez, , QNLexr,.

Hence (V, E, 7,4, 7y, ) is also a pairwise NS T, -space.

Theorem 4.14 Let (V, E, 7, , 7,5 ) be a NBSTS over (V, E). For each pair of distinct NSPs u(‘gg’f"” and

V((gf)'ﬂ’y), u((g’ﬂ‘” is a 7,,-NSCS and V((e”f)‘ﬂ'y) is a 7,,-NSCS, then (V, E, 7, 7,,) is a pairwise NS

T, -space.
Proof. Let (V, E, 74, 7, ) be a NBSTS over (V, E).

Suppose that for each pair of distinct NSPs u(‘" £7) and v(“ An, u((g‘)’ﬁ’” isa 7,,-NSCS.
Then (u&”") isa z,,-NSOS.
Let u(%#7) and v(%#7) be any two distinct NSP
(e) (e) y WO daistinc S.

(ie) U@AD VSN g

Thus

C C
V((g{),ﬁw) E(u((;,ﬂyy)) and u((g,ﬁi)ﬂ(u((g,ﬂ,y)) =4, (1)

Similarly assume that for each NSP, V((gf)’ﬁ 7) isa 7, -NSCS.

Then (V(Df’ﬁ‘y) )C isa 7, -NSOS such that

(e"

C C
u((gﬁ,y) e(v((gf)’ﬂ’y)) and v((:f)'ﬂ'y)ﬂ(v((gf)'ﬁ’y)) =4, @)

From (1) and (2),

uE s ¢ (gﬁny; Wﬁnﬂ(Wﬁﬂ) — 4,

C C
R Y e
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Hence (V, E, 7, 7, ) is a pairwise NS T, -space.

Definition 4.15 A NBSTS (V, E, 7, 7,,) over (V, E) is called pairwise NS T, -space or pairwise NS

Hausdorff space, if u((:;"g 7) and V((gf)’ﬁ 7) are distinct NSPs then there exist 7,, -NSOS K and

7,,-NSOS Lsuch that  u{§#” e K, v{%/7 e Land KNL=4g,.

Example 4.16 Let V= {v,,v,}, E= {e,6,}, and V&7, w92, viZT9and vii3® be NSPs. Let

ta=1{d,,1,,K, Ky, Kg} and 7= {4g,,1,,4, L, L} where K, K, K; L, L,,L; are NSSs over (V, E),

defined as follows

7

K (257 _ fKl (&) ={<w,(2,5,7) >,<v,,(0,0,1) >}
R CY fie, (&) ={< 1, (0,0,2) >,<v,,(0,0,) >}

Ko () _ fy, (&) ={<v,(0,0,2) >,<v,,(0,0,2) >}
27 (ey) ={< v, (0,0,0) >,<v,,(1,.1,.9) >}

K3: K]_UKZ

and

7

L 278 _ f,_l (&) ={<v,(0,0,1) >, <Vv,,(.2,.7,.5) >}
1) fi (&) ={<v,(0,0,2) >,<v,,(0,0,2) >}

L 282 _ f, (&) ={<v,(0,0,1) >,<v,,(0,0,1) >} .
27 e) fi (&) ={<v1.(2.8,2) >,<V,,(0,0,1) >} '

Then (V, E, 7, 75 ) is a NBSTS over (V, E).

Hence (V, E, 7, 7, ) is a pairwise NS T, -space.

Theorem 4.17 Let (V, E, 7y, 7,5 ) be a NBSTS over (V, E). If (V, E, 71, 7,, ) is a pairwise NS T, -space
then (V, E, 7, vr,,)isa NS T,-space.

Proof. Let (V, E, 74, 7, ) be a NBSTS over (V, E).

Suppose that (V, E, 7y, 7, ) is a pairwise NS T, -space.

Let u((g’ﬁ 7) and V((g’,)’ﬂ 7). be any two distinct NSPs.
Then there exist 7, -NSOS K and 7, -NSOS L such that
ulG”" ek, v&/ 7 eland KNL=4¢,.

In either case K,Lezyvry,.

Hence (V, E, 7, v1y5)isa NS T,-space.
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Theorem 4.18 Let (V, E, 7y, 7, ) be a NBSTS over (V, E). If (V, E, 73, 7,,) is a pairwise NS T, -space
then (V, E, 74, 7,, ) is also a pairwise NS T, -space.
Proof. Let (V, E, 71, 7, ) be a NBSTS over (V, E).

Let ufG”7” and v{%”7) be any two distinct NSPs and P,Q eNSS(U,E).

Suppose that (V, E, 74, 7,5 ) is a pairwise NS T, -space.
Then there exist 7,; -NSOS K and z,,-NSOS L such that

u((g)’ﬂ’y)eK, V((gjﬂ’y)eLand KNL=g,.
Now u((g;’ﬁ’”eP and u((g)’ﬂ”’)eK ; V((gfj'g’y)eQ and v((é’f)'ﬂ'”eL

Then u((g;'ﬁ’y)ePﬂK, V((e”f)’ﬂ'V)eQﬂL where Kery,, Ler,,.

Consider KMNL=4¢,.
= (PNK)N(LNQ)=PN4 NQ.
=(PNK)NQNL)=4,..

Thus ul§”” ePNK, v{&”7” eQNL and (PNK)NQNL)=4,.
Hence (V, E, 74, 7,, ) is also a pairwise NS T, -space.

Theorem 4.19 Every pairwise NS T, -space is also a pairwise NS T, -space.

Proof. Follows from Definitions 4.3 and 4.15.

Theorem 4.20 Let (V, E, 7y, 7,5 ) be a NBSTS over (V, E). (V, E, 7y, 75 ) is a pairwise NS T, -space if

and only if for any two distinct NSPs u((;’ﬁ 7) and V((gf)’ﬁ 7), there exist 7,,-NSOS K containing

u((:;'ﬁ‘y) but not V((gf)’ﬁ’y) such that V((gfjﬂ’” zK.
Proof. Let (V, E, 7, 7,,)beaNBSTS over (V, E).
Let u((g’ﬁ 7) and V((g’,)’ﬂ 7) be any two distinct NSPs.

Suppose that (V, E, 7, 7, ) is a pairwise NS T, -space.
Then there exist 7,; -NSOS K and 7, -NSOS L such that

u((::),ﬂ,y) ek, V((g{),ﬂy;/) celand KNL=4¢,.
Since ul& NP = ¢, and KNL=¢,, v& " K.

Thus v{&"" ¢K.
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Conversely, assume that for any two distinct NSPs u((ea)'ﬂ 7) and V((:f)’ﬂ 7), there exist 7,, -NSOS K
containing u((g;,ﬂ ) but not V((e”fjﬂ ") such that V((gf)’ﬂ 7 g K.
Then V((e”fjﬂ‘y) ¢ (IZ)C.

Thus K and (K)C are disjoint 7, -NSOS and 7, -NSOS containing u((g;ﬁ 7 and v((:fjﬁ'7 )

respectively.

Theorem 4.21 Let (V, E, 7y, 7, ) be a NBSTS over (V, E) and (V, E, 7y, 7, ) be a pairwise NS T, -space
for every NSP u((g‘)’ﬂ‘y) eKery,. If there exist 7,,-NSOS L such that u((g;’ﬁ’y) eLcL cK, then

(V,E 1y, 17,,)1s a pairwise NS T, -space.
Proof. Let (V, E, 7, 7y, ) be a NBSTS over (V, E) and let it be a pairwise NS T, -space

Suppose that u(‘g'ﬁ'” ﬂv((gf)’ﬁ’y) =d,.
(e, 8.7) _ (@, B.7) B
Let Ug, bea 7,,-NSCSand Vg bea 7,,-NSCS.

Then (V((:‘)ﬁ 7) )C isa 7,,-NSOS such that

C
5 bl e
Then there exista 7,,-NSOS L such that

c

o LTl

Thus (V((z)’ﬁw)c e(E), uig”" el and LN(C) =4,

Hence (V, E, 7, 7, ) is a pairwise NS T, -space.

Remark 4.22 Let (V, E, 7y, 7, ) be a NBSTS over (V, E). For any NSS K over (V, E), (IZ)T“ denotes the

NS closure of K with respect to 7,,,-NST over (V, E).

Theorem 4.23 Let (V, E, 74, 7, ) be a NBSTS over (V, E). Then the following are equilavent:
(1) (V, E, 7y, 747 ) is a pairwise NS Hausdorff space over (V, E).

@) If ulG”” and v{&”7 are distinct NSPs, there exist z,, -NSOS K such that

C
v
u((g)’ﬁ'”eK and V((gfjﬁ’y)e((K) 2) .

Proof. (1) = (2). Suppose that (V, E, 7, 7,,)is a pairwise NS Hausdorff space over (V, E).
Then there exist 7, -NSOS K and 7, -NSOS L such that
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ulG” " eK, vi&" " eLand KNL=4¢,.
So that K c L°.

Since (K)T“Z is the smallest 7, -NSCS that contains Kand L® isa 7,,-NSCS, then (IZ)T“2 clL®
= Lg((K)“Z) :
Thus VP e L (([R))°
us Vs el c .
@) (R )

Hence vy"7”7 €| (K .
(2) = (1). Let u((g’ﬂ’” and v((:fjﬁ"’) be any two distinct NSPs.
By assumption, there exist 7,; -NSOS K such that u(‘g’)*ﬂ 7 eK and v((:‘,jﬂ 7 e ((K) ”zj .

- V. a1 ¢
As (K)uz isa 7,,-NSCS so Lz((K)“ZJ STy
Now u((:;'ﬂ‘}') eK, v((g)'ﬁ'7) eland

KNL=KN(K)*.

(/8] el

:¢U'
Thus KﬂL=¢u.

Hence (V, E, 7, 7, ) is a pairwise NS Hausdorff space over (V, E).

Definition 4.24 Let NSS(V, E) be the family of all NSSs over the universe Vand ueV . Then u{®#7)

denotes the NSS over (V, E) for which u((g’)‘ﬁ'}') = {u(“'ﬂ’y) }, forall ecE.

Corollary 4.25 Let (V, E, 74, 7, ) be a pairwise NS T, -space over (V, E). Then for each NSP u((g;ﬁ 7
ulehn) :ﬂ{(}Z)T“Z &P e K erul}.

Proof. Let (V, E, 7, 7, ) be a pairwise NS T, -space over (V, E) and u((ea)'ﬂ 7) be a NSP.

Then there exist a NSOS u((g'ﬁ NeKer,.

If u((;’ﬁ ) and V((gf)'ﬁ 7)are distinct NSPs, by 4.24 theorem, there exist 7., -NSOS K such that
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—\r c
u((:’)’ﬂ’y) e K and V((gfiﬁ’y) e((K)“ZJ .
(a,B.7) '
= Vey ' ¢ f(K),u2 €.

=>%$@”¢ﬂ¢ymem%ﬂf@pﬁdﬂ forall ¢ cE.
Thus

AR ule7) e K e 7y feugesn (1)

Also it is obvious that u((g)’ﬂ M eKc (K)Tuz .
Thus

ul(za,ﬂvf) c ﬂ{(K)Tuz ZU((:t)’ﬂ'y) cK e Tul} )

Hence from (1) and (2),

ul(za,ﬁy}/) _ n{(lz)fuz :u((:),ﬂy}’) cK e Tul}'

Corollary 4.26 Let (V, E, 7, 7, ) be a pairwise NS T, -space over (V, E). Then for each NSP u((;’ﬁ 7,

(ul(za,ﬁ,y))c ez, fori=1,2.

Proof. Let (V, E, 7y, 7, ) be a pairwise NS T, -space over (V, E) and u((g’ﬁ’y) be a NSP.

By 4.25 corollary,
c —Yu ¢
(U(E“'ﬁ"’)) =U{((K) zj :u((;’ﬁ’”eKerul}

Since (IZ)T“Z isa 7,,-NSCS, then ((K)T“Z)C ETyp-

By the axioms of a NS topological space,

—\r ¢
U{((K)”ZJ :u((e“)‘ﬁ'y) eKe z’ul}e Typ-

Thus (u(E‘)"ﬁ'y))C S
Similarly it can be proved that, (U(E“’ﬁ i ))C ey

Hence (ul(f”ﬁ‘y))c er, fori=1,2.
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Definition 4.27 A NBSTS (V, E, 7, , 7, ) over (V, E) is called pairwise NS regular space, if Kis a 7,
-NSCS and u((:‘)"B 7YNK =¢, then there exist 7,,-NSOSs Land L, such that u((g’)‘ﬂ Nely, Kcl,

A NBSTS (V, E, 7, 7y, ) over (V, E) is called pairwise NS T;-space, if it is both a pairwise NS regular

space and a pairwise NS T, -space.

Theorem 4.28 Let (V, E 7, 7,,) be a NBSTS over (V, E). Then (V, E, z,;,7,,) is a pairwise NS

T; -space if and only if for every u((;’ﬁ’y ) eKery, , there exists Ler, such that

u((g;'ﬁ’” eLcLcK.
Proof. Let (V, E, 7, 7, ) be a NBSTS over (V, E).

Suppose that (V, E, 73, 7, ) is a pairwise NS T;-space and u((g'ﬁ'}') eKery.

Since (V, E, 71, 7,5 ) is a pairwise NS T;-space for the NSP u((g)‘ﬂ 7) and 7,1 -NSCS K€, there exist
7,,-NSOSs L;and L, such that u((g’ﬁ'y) el, K°clL, and LNL, =¢,.

Thus u((g;'ﬂ‘y) el c(L) K.

Since (L,)¢ isa 7,,-NSCS, L c(L,)°.

Hence u((gg'ﬂ'y) elclcK.

Conversely, let u§””’NK =4, and Kbea 7, -NSCS.

Thus u((g;’ﬁ'y) eK® .
From the condition of the theorem,

u((g’ﬁ’”eLgEch.

Then u((g;'ﬂ’y)eL, KcL® and Lﬂ[c:qﬁu.

Hence (V, E, 7y, 7, ) is a pairwise NS T;-space.

Definition 4.29 A NBSTS (V, E, 7,, 7, ) over (V, E) is called pairwise NS normal space, if for every
pair of disjoint 7, -NSCSs K; and K, , there exists disjoint 7,,-NSOSs L; and L, such that
Kicl and K, cL,.

A NBSTS (V, E, 7y, 74, ) over (V, E) is called pairwise NS T,-space, if it is both a pairwise NS normal

space and a pairwise NS T, -space.
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Theorem 4.30 Let (V, E, 7y, 7,,) be a NBSTS over (V, E). Then (V, E, 7y, 7,,) is a pairwise NS
T,-space if and only if for each 7, -NSCS K and 7, -NSOS L with K c L, there exists a 7, -NSOS
Psuchthat KcPcPclL.

Proof. Let (V, E, 7, 7, ) be a NBSTS over (V, E).

Suppose that (V, E, 7, , 7,5 ) is a pairwise NS T,-space and Kbe 7,-NSCSand KclLery,.

Then L°isa 7,-NSCSand KNL®=4¢,.

Since (V, E, 7y, 7,,) is a pairwise NS T, -space, there exist 7,,-NSOSs B and P, such that
Kch, M°cPh, and RNPR,=4¢,.
Thus KcRc(RP)cL.

Since (P,)° isa 7,,-NSCS, B < (P,)°.

Hence Kc R cRclL.

Conversely, let K; and K, be any two disjoint 7,; -NSCSs.

Then K; < (K,)°.

From the condition of the theorem, there exists a 7,,-NSOS P such that K, cPcP < (K,)°.

Thus P and (P)° are 7,,-NSOSs.

Then K,cP, K, c(P)¢ and PN(P)°=4¢,.

Hence (V, E, 7y, 7,, ) is a pairwise NS T, -space.

2,.4,3) (2,82 (25,7 1,2,5 2,75
Example 4.31 Let V = {Vl,vz}, E = {el,ez,es}, and Vl((el) ),Vl((ez) )’Vl((e3) ), Vé(eg ), vg(ez) ) and

(1.1,9)
Vaien) be NSPs.

Then 7 =1, , Ky, Ky, Kg, Ky, Ks, Kg, K7 | and 75 = 14,3y, Ly, L, Lg, Ly, Ls, Lg, Ly f where Ky, K,
Ks, Ky, Ks, Kg, Ky, Ly, Ly, Ls, Ly, Ls, Lg, Ly are NSSs over (V, E), defined as follows

fi, (&) ={<v,(2,.4,.3) >,<Vv,,(11,0) >}
Ky =1 fk, (&) ={<v,(11,0) > < v,,(1,1,0) >} ;
fie (83) ={<V,(1,1,0) >,<Vv,,(1,1,0) >}

fi, (&) ={< v, (11,0) >,<V,,(1,1,0) >}
Ky =1k, (&) ={<v,(11,0) >,<v,,(2,.7,5) >}
fy, (83) ={<w,(1,1,0) > < v,,(1,1,0) >}

sz (e) ={<v;,(LL0) >,<Vv,,(1,1,0) >}
Ks= st (e,) ={<v;,(1,1,0) >,<Vv,,(1,1,0) >} ;
fie, (€3) ={<w,(2,.5,.7) >,<V,,(1,1,0) >}
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Ky =KiNK3 ;
Ks =K NK; ;

and

f, (&) ={<w,(5,.7,.1) >,<v,,(0,0,1) >}
L =4 f, (&) ={<v,(0,01) ><Vv,,(0,01) >}
f, (&3) ={<v,(0,0,1) >,<v,,(0,0,1) >}

fi, (&) ={<V,(0,0,2) >,<v,,(0,0,1) >}
L, =4, (&) ={<v,(0.01) ><V,,(8,6,.1) >}
fL2 (e3) ={<v,(0,0,1) >,<v,,(0,0,1) >}

f,_3 (&) ={<v,(0,0,1) >,<Vv,,(0,0,2) >}
Ly =1 f, (&) ={<v,(0,0,]) >,<v,,(0,01) >} ;
fL3 (e3) ={<v,(.7,.5,.2) >,<Vv,,(0,0,1) >}

L =LUL;
Ls=LULs;
Le =L, ULs;

Thus (V, E, 7,;, 7,5 ) is a NBSTS over (V, E).

Consider (z,1)°= {41, (Kp) . (K2)©, (Kg) . (Ky) . (Ks) ©, (K) ©, (K7) )

where (K;),(K;)¢,(K3) %, (Ky) ¢, (Ks) €, (Kg) €, (K;) € are 7, -NSCSs over (V, E), defined as follows

frce (&) ={< w1, (:3,.6..2) >,<v,,(0,0.2) >}
(K)® =1 T e @) ={<w,(0,0) ><v,,(0,0) >}
ficye (€3) ={<v1,(0,0,1) > <v,,(0,0,1) >}

f(Kz)C (el) :{< Vl’(01071) >,< V2,(0,0,1) >}
(K2)® =1 f, e (€2) ={<v1,(0,01) >,<v,,(5,3,2) >} ;
f(Kz)C (e3) ={<v,(0,0,1) >,<v,,(0,0,1) >}

ficyye (&) ={<v1,(0,0.1) >,<v,,(0,0,1) >}
(K3)® =1 fi,)e (€2) ={<v1,(0,0.1) > <v5,(0,0) >} 5
ficyye (8) ={< w1, (7,.5,2) >,<v,,(0,0,1) >}

(Kg)* = (KD U(K)*® ;

(Ks)® =(Kp)*U(Kg)® ;
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(Ke)® =(K)"U(Kq)® ;

(K7)® = (K *U(Ky) *U(Ky)°

Hence (V, E, 7, 7, ) is a pairwise NS T,-space, also a pairwise NS T;-space.

5. DM Problem in NBSTS

In this segment, measured the output of problem and evaluated the decision on NBSTS.

Definition 5.1 Let V be the set of universal set, E be its parameter and 7, ={4,,1,,P} and
7y = {#,,1,,Q} be two NSTs. Then NSSs P and Q in NBSTS (V, E, 74, 7, ) over (V, E) are defined by

kx| matrix where every entries are marks of v, based on each parameters e,.

<Thoe) V1) Froey (V1) T ey (V1) > < T e,y (V1) P e,y (V1) T e, (V1) >
Pl = <Tte)V2) Froe) (V2) 1) (2) > <Tio(e,) (V)i Froge,) (V2)i T, e, (V2) >
kxl — : .

<Tfp(el)(vk)l Fio @) (V)1 fp(el)(vk) > <Tfp(e2)(vk)v Ffp(ez)(vk)l I fp(ez)(vk) >

and

<Troe) V1) Frg ey (V) ey (V) > < Tty (V1) Py e,y (Vi) e ey (V1) >
o], - <Troe) V2D Frgey (V2) Tige) (2) > <Ttye,) (V2)i Frg ey (Va) Ty ey (V2) >
kxl — : :

<Ttgte) Vi) Frg ey Vi) Tege) Vi) > < Tt ey (Vi) P e,) (Vi T ey (Vi) >

where v,V,,...,v, €Vand e e,,...,e €E.

<Ttoe) (V1) Froey (V) ey (V1) >
<Ttoen (V2D Fro o) (V2) Ty o) (V2) >

<Ttoe) Vi Froe) Vi T e (Vi) >

<Ttote) (V1) Fi ey (V) Ty ey (Vi) >
<Ttote) (V2), FfQ(e,.) (V2) Ty e (V2) >

<Ttote) Vi) Frg ey Vi T ey () >

Clearly rul:{ u,lu,[P]M} and 7, ={ u,lu,[Q]M} are also NSTs in NBSTS (V, E, 7, 7,, ) over

(V, E).
Thus the outcome result (OR) of veV is given by the formula

OR(V)® =

2

where ecE.
The Net Result (NR) of each v;,V,,...,v, €V is

NRW)" = 3[R

i=1

foralli=1tok.

(Tfp (e) W) - FfQ(e) (V))+ (TfQ (e) W) - Fro ) (V))} {1_ (' fo (e) V) +1 fo(e) (V))

> (5.1.1)

(5.1.2)

Example 5.2 Let V= {Vllvz}/ E= {ellez} and 7, = {¢u 1, ’[K1]2><2’ [K2]2><2’ [K3]2><2’[K4]2x2} and

Tyo = {¢u W1, ,[L1]2X2, [L2]2x2} where [K1]2X2, [Kz]zle [Ks]zle [K4]2X2, [L1]2X2, [Lz]2X2 are NSSs over (V, E),

defined as follows
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K., - <.1.2,3> <.4,5,.6>]
H "L 9,4,7> <2,63>|
[KZ]ZXZ _ [<.2,3,.1> <.4,7,2>] ,

_<.5,.7,.6> <.3,5.2 > |
[K3]2><2 _ [<.2,3.1> <.4,7,2>] ,

| < 9,.7,6> <.3.6.2 > |
[KA]M _ [<.1,.2,3> <.4,5,.6>] .

1<.5,4,.7> <.2,6.3> |
and

[L] B <.5.8.1> <.3,.4,2>
Y271 312> <6,72>]

<.4,7,2> <.2,.3,.5>

[Lz]zxz = :
<.2,1,6> <.3,.69>

Thus (V, E, 7, 7,5 ) is a NBSTS over (V, E).

Algorithm

Step 1: List the set of things or person Vv eV with their parameters ecE.

Step 2: Go through the records of the particulars.

Step 3: Collect the data for each veV accordingtoall ecE.

Step 4: Define NSSs.

Step 5: Define two different topologies 7, and 7,, where each satisfies the condition of NST and
so (V, E, 7y, 7,2 ) is a NBSTS over (V, E).

Step 6: Form NSSs € 7;_; ,, matrix with collected data where v, asrowsand g, ascolumns.

Step 7: Calculate the OR forall veV.

Step 8: Calculate the NR forall veV.

Step 9: Select a highest value among all the calculated NR.

Step 10: If two or more NR are identical, add one more parameter and repeat the process.

Step 11: End the process while we acquire the unique NR of v, .

Problem 5.3 Let us suppose that there are two groups of women. First group consists of young age
women (YAW, aging 20-25), say 7, and second group consists of middle age women (MAW, aging
30-35), say 7,,. Our aim is to insist both groups of women to select a saree together according to
their desire and choice.

1.Let V= {Srl, Sry, St3, Sty Sr5} be the set of sample sarees and selection done by the set of parameters
letit be E ={c, g, d, p} where is ¢ = colour, g = quality, d = design and p = price.

2. Both groups are analyzing the sarees collections.

3. Data are collected for each sarees according to its paramaters given.

4. Convert these data as NSSs, say YAW and MAW.

5.Let 74 =1{#,,1,,YAW} and 7., ={#,,1,,MAW} be two NSTs and so (V, E, 7,1, 7,,, ) is a NBSTS over
(V, E).

6. The matrix form of NSSs YAW and MAW are as follows:
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[<.5,7,.2>
<.9.3,4>
vawl , =|<.6,3,9>
<.2,4,6 >
|<.7,5,2>

and

<.6,4,3>
<.8,4,2 >
[MAW] , =| <.1,9,2 >
<.2,6,7 >
<.3,1.2>

<.7,2,2>
<.3,4,2>
<.7,4,.8>
<.4,6,8>
<.1,2.3>

<.7,3,2>
<.8,4,2 >
<.6,7,3>
<.3,4,5>
<.2,1.2 >

<.4,.2,7>
<.8,7,5>
<.2,7,1>
<.5.3,1>
<.3.6,9>

<.3,6,2 >
<.5.9,4 >
<.8.2,1>
<.7,2,1>
<.3,5,2 >

<.8,4,5>|
<.9,3,6 >
<.3,2,5>
<.7,1,3>
<.1,3,4> ]

<.4,7.3>]
<.4,4.4 >
<.5.1.2>
<.2,9.1>

<.2,4,8 > |

7. The Table 5.3.1 is obtained by using the formula (5.1.1),

Table 5.3.1. OR table.

sr1 sI2 SI3 SI4 SIs
c .105 3575 —.08 —-.225 21
q 375 21 .045 15 —.085
d .06 .04 22 45 -.1125
p .09 0975 .0425 125 —.2925
8. The Table 5.3.2 is obtained by using the formula (5.1.2),
Table 5.3.2. NR table.
sri sI2 srs Sr4 SIs
c 105 .3575 -.08 —-.225 21
q 375 21 .045 15 —.085
d .06 .04 22 45 -.1125
p .09 .0975 .0425 125 —.2925
NR .63 .705 2275 2 —.28

Thus the second saree has selected by both the categories of women.

Problem 5.4 Consider the situation of problem 5.3.

1.Let V= {Srl, SIy, St3, Sty Sr5} be the set of sample sarees and selection done by the set of parameters

letitbe E ={c, g, d, p} where is c = colour, q = quality, d = design and p = price.

2. Both groups are analyzing the sarees collections.

3. Data are collected for each sarees according to its paramaters given.

4. Convert these data as NSSs, say YAW and MAW.
5.Let 74 =1{#,,1,, YAW} and 7., ={#,,1,,MAW} be two NSTs and so (V, E, 7, 7,,, ) is a NBSTS over

(V, E).

6. The matrix form of NSSs YAW and MAW are as follows:
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(< 5,7,2> <.5.3.1>
<.934> <34.2>

VAWl , =| <.1,3.4> <.7,4.8>

and

<.2,46> <.4.6,8>
1<.7,5,2> <.1,2,3>

<.6,4,3> <.7,2,1>
<.8,4.2> <.8,4.2>

[MAW],, =| <.2,4.8> <.6,7,3>

<.2,6,7> <.3,4,5>
<3.12> <.2,1.2>

<.4,2,7> <.8,4,5>]
<.8,7.5> <.9.3.6>
<.2,7,1> <.3.25>
<.7.2.2> <.7,1.3>
<.3,6,9> <.6,3,9>|

<.3,6,2> <.4.7,3>
<.594> <4,4.4>
<.8.2,1> <.5.12>
<.7.32> <.2,91>
<.35,2> <.19.2>

7. The Table 5.4.1 is obtained by using the formula (5.1.1),

Table 5.4.1. OR table.

sI1 sI2 SI3 Sr4 SI5
c .105 .3575 —.2925 -.225 21
q 45 21 .045 .15 —.085
d .06 .04 22 375 —.1125
p .09 .0975 .0425 125 -.08
8. The Table 5.4.2 is obtained by using the formula (5.1.2),
Table 5.4.2. NR table.
SI1 SI2 SI3 Sr4 ST5
c .105 .3575 —.2925 -.225 21
q 45 21 .045 .15 —.085
d .06 .04 22 375 —.1125
p .09 .0975 .0425 125 -.08
NR .705 .705 .015 125 —.0675

Thus first and second sarees have selected by both categories of women.

In this situation, we just add a parameter f= fabric in E and repeat the process.

4. After adding one more parameter, convert these data as NSSs, say YAW"™ and MAW®.

5. Let 7,y = i, 1, YAW'} and 7,, = 4,1, MAW"} be two NSTs and so (V, E, 7,5, 7,,) is a NBSTS

over (V, E).

6. The matrix form of NSSs YAW"and MAW™ are as follows:
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[<.5,7,2> <.53,1>
<.934> <.34,2>
[YAW"‘l5X5 =1<.134> <.7,4,8>
<.2,4,6> <.4,6.8>
1<.7,5.2> <.1,2,3>

and

<.6,4.3> <.7,2,1>
<.8,4,2> <.8,4,2>
[MAW*lSX5 =/<.2,4,8> <.6,7,3>
<.2,6, 7> <.3,4,5>
<3.12> <.2,1,2>

<.4,2,7>
<.8,7.5>
<.2,7.1>
<.7,2,2>
<.3,6,9>

<.3,6,2 >
<.5,9.4 >
<.8,2,1>
<.7,3.2>
<.3,5,2>

<.8,4,5>
<.9.3,6 >
<.3,2,5>
<.7,1.3>
<.6,3,9>

<.4,7,3>
<.4.4.4>
<.5.12>
<.2,9,1>
<.19,2 >

<.6,7,2>]
<.5,1.3>
<.4.5,2>
<.7,8,4 >
<.1,3,6 > |

<.9,6,3>]
<.7,8,1>
<.6,5,4 >
<.2,3.4 >

<.6,2,7 > |

7. The Table 5.4.3 is obtained by using the formula (5.1.1),

Table 5.4.3. OR table after adding a parameter.

Sr1

Sr2 S13 Sr4 S1s5
c 105 .3575 —-.2925 —-.225 21
q 45 21 .045 15 -.085
d .06 .04 22 375 -.1125
p .09 .0975 .0425 125 —-.08
f 175 22 1 .0225 —.225
8. The Table 5.4.4 is obtained by using the formula (5.1.2),
Table 5.4.4. NR table after adding a parameter.
sr1 sr2 S13 Sr4 S15
c 105 3575 —-.2925 -.225 21
q 45 21 .045 15 -.085
d .06 .04 22 .375 —-.1125
p .09 .0975 .0425 125 -.08
f 175 22 1 0225 —-.225
NR .88 925 115 1475 —.2925

Thus the second saree has selected by both categories of women.

Problem 5.5 Consider the situation that there are six students on the main stage for Quiz Finale.

There are two teams, each team consists of three students, one is Winner (W) and other is Runner (R).

Let FA1 and FA2 be two final authorities to judge the event. Our problem is to find the best player in

the winning team whose teammates are not mentioned here.

1. Let V = {stl,st2,5t3,3t4,st5,s’[6} be the set of students and judgement is based on the set of

parameters let it be E = {ra, eff, ca, mr, gp} where ra = right answers, eff = effectiveness, ca = complex

analysis, mr = memory, gp = grasping power.
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2. First of all these final authorities will go through the records of the students.

3. They will collect student’s data according to their paramaters given.
4. These data are converted into two different NSSs, say FA1 and FA2.
5. Let 7,4 =1{¢,,1,,FAL} and 7, ={¢,,1,, FA2} be two NSTs and so (V, E, z;,7,,) is a NBSTS over

(V, E).

6. The matrix form of NSSs FA1 and FA2 are as follows:

[<.4,2, 7> <.6,.3,1>
<.7,3.2> <.8,6,.1>
<.3,6,6> <.3.5.4>
<.2,6,3> <.7,5,.4>
<.6,5.4> <.9.2.1>

1<.7,.3,4> <.6,.7,2>

[FAl]exs =

and

[<.4,7,3>
<.5.1.2>
<.7,.8,.1>
<.2,.6,.7>
<.5.9.4>

| < .8,.4,5>

<.2,.3,.4 >
<.6,.7,.3>
<.9,.3,.6>
<.7,.4,8>
<.1,.2,3>
<.9,.6,.3>

[FA2]6><5 =

<.2,4,8> <.2,9.1>
<5.4,3> <.9.7,2>
<.6,.4,.2> <.1,.2,3>
<.8,6,.1> <.4,2,.7>
<.7,3.4> <.3,.5.4>
<.8,.9.6> <.3.5.4>

<.5.7,.2>
<.9.3.4>
<.1.3,.4>
<.2,4,6>
<.7,5.2>
<.5.3.1>

<.3,4,2>
<.7,.4,8>
<.4,6,8>
<.1,.2,.3>
<.4,2,.7>
<.1.3,.4>

7. The Table 5.5.1 is obtained by using the formula (5.1.1),

Table 5.5.1. OR table.

<.6,.5,.3>
<.2,.7,5>
<.5,.4,6>
<.7,.3,.4>
<.4,1.4>
<.3,.5,.2> |

<.2,7,1>]
<.7,2,2>
<.3,.6,.9 >
<.8,4,5>
<.3,.2,5>
<.7,.3,.2 > |

st1 stz sts sta sts ste
ra A1 .32 .045 -.12 .045 195
eff 105 175 24 .055 24 175
ca 0675 2275 .0325 .075 24 12
mr .035 135 —-.018 -.02 -.13 24
gp .08 .055 -.175 .195 —.085 18
8. The Table 5.5.2 is obtained by using the formula (5.1.2),
Table 5.5.2. NR table.
st1 sta sts sts sts ste
ra A1 .32 .045 -.12 .045 195
eff .105 175 24 .055 24 175
ca .0675 2275 .0325 075 24 12
mr .035 135 -.018 -.02 -.13 24
gp .08 .055 —-.175 195 —.085 18
NR .3975 9125 —.0375 .005 31 91

Here both st, and stg got high score from judges, so they both does not belongs to R.
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Case (i). If st, eW and stg € R, then the best player award goes to st, .
Case (ii). If st, e Rand sty €W, then the best player award goes to stg .
Case (ii). If st, eW and stg eW, then we just add a parameter Id = leadership.

4. After adding one more parameter, convert these data as NSSs, say FAL" and FA2".
5. Let 7, = {¢u,lu, FAl*} and 7, = {%,lu,FAZ*} be two NSTs and so (V, E, 7,7, ) is a NBSTS over

(V, E).
6. The matrix form of NSSs FAL"and FA2" are as follows:

[<.4,2,7> <.6.3.1> <.2,48> <.2.9.1> <.6,.5.3> <.3.2.4>]
<.7,3,2> <.8,6,.1> <.543> <.9.7,.2> <.2,7,5> <.9.1.1>
<.3.6,6> <3.5.4> <6,4.2> <.1.2,3> <546> <.7,.5.3>
<.2,6,3> <.7,5,4> <.8,6,1> <.4,2,7> <.7,3,4> <.8,2,.1>
<.6,5.4> <.9.2.1> <.7,3.4> <35.4> <4.14> <3.1,5>
1<.7,3,4> <.6,.7,2> <.8,9,6> <3.5.4> <3.5.2> <.6.2,.6>]

[Far)q=

and

[<.4,7,3> <.2,34> <5.7.2> <3.4,.2> <.2.7.1> <.7,.5.4>]
<b5.12> <6,7,3> <.9.34> <.7,48> <.7,2,2> <.6,9.1>
<.7,8.1> <9.3.6> <.1.3.4> <.4.6.8> <.3.69> <.8,4,.4>
<.2,6,.7> <.7,4,.8> <.2,46> <.1.2.3> <.8.45> <3.45>
<5.94> <1.2,3> <.7,5.2> <4,2.7> <.3.25> <.7,3.2>
_<.8,.4,.5> <.9.6,3> <.5.3.1> <.1.3.4> <.7,3,.2> <.5,.9,.4>_

Fa2'].. -

7. The Table 5.5.3 is obtained by using the formula (5.1.1),

Table 5.5.3. OR table after adding a parameter.

st1 stz sts sts sts ste
ra a1 32 .045 -.12 .045 195
eff .105 175 24 .055 24 175
ca .0675 2275 .0325 .075 24 a2
mr .035 135 —-.018 —-.02 -.13 24
gp .08 .055 -.175 195 —.085 18
Id .065 .352 —.055 175 a2 .0675

8. The Table 5.5.4 is obtained by using the formula (5.1.2),

Table 5.5.4. NR table after adding a parameter.

st stz st3 sts sts ste
ra a1 32 .045 -.12 .045 195
eff .105 175 24 .055 24 175
ca .0675 2275 .0325 .075 24 12
mr .035 135 —-.018 -.02 -.13 24
gp .08 .055 —-.175 195 —.085 18
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Ild .065 .352 —.055 175 A2 .0675
NR 4625 1.2375 —-.0925 .18 43 9775

Thus the best player award goes to st, .

6. Conclusion

The main involvement of this paper is to preface the definition of NBSTSs and the study of
some important properties of such spaces including separation axioms and the relationship between
Ti—01,2,3,4 -Spaces. The key of this paper is to apply NBSTS in real life problems to take a decision,

which might be positive or negative. In our problems two different types of NSTs are combined
together to choose a unique decision according to the algorithm and calculation made by the
formulae given here. Subsequently, NBSTS can be built up to pairwise NS separated sets, pairwise
NS connected spaces, pairwise NS connected sets, pairwise NS disconnected spaces, pairwise NS
disconnected sets and so on. We look forward to encourage this type of NBSTS will find a way to
other types of topological structures. In future, some case studies which we mention in this paper
need to develop on multicriteria DM also.
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