CHAPTER 4

On the Structure of Number of Neutrosophic Clopen

Topological Spaces on a Finite Set

In the previous chapter, the NNTS, NNBTS, and NNTRS having k (k =
2,3,4) neutrosophic open sets on finite sets have been computed. This
chapter presents the computation of the formulae to determine the num-
ber of NCLTSs on 2~ with neutrosophic values in .# containing 2-open
sets, 3-open sets, 4-open sets, and 5-open sets. The formulae for deter-
mining the number of NCLBTS having (k, k)-open sets, (k,l)-open sets,
and k & l-open sets are also presented in this chapter. This chapter
further provides formulae for computing the number of NCLTRSs hayv-
ing (k, k, k)-open sets, (k, k,l)-open sets, (k,l,m)-open sets, k & l-open
sets, and k, [, & m-open sets, respectively.

Before going to the number of NCLTs, let us discuss some basic defi-

nition and propositions on NCLTS.

Some of the results discussed in this chapter have been published in the journal,
Basumatary, J., Basumatary, B., and Broumi, S.(2022). On the Structure of Number of Neutrosophic
Clopen Topological Space. International Journal of Neutrosophic Science, 18(4):192-203
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Definition 4.0.1
A NT 7 on a non-empty set X" is said to be a NCLT if it consists of
neutrosophic clopen sets, i.e. if every one of its NOSs are closed too.

The pair (2 ,7) is called a neutrosophic clopen topological space
(NCLTS), and if T contains k-open sets then (2", 7) is called a NCLTS

having k-open sets.

Example 4.0.1
Let Z = {uy,v1, w1} and consider the family
7= {0NT 1NT Ay, A}, where

ONT — <( Uy v1 > 1NT

wq
0,1,1)’ (0,1,1) (0 1 1 1 O 0)’ 1 O O (1,0,0)>’

J— Uq U1
Ay = <(030502) (0.5,0.4,0.3)’ 04030

Then 7 is a NCLT on 2 and so (2, T) i

(T
A= <(0.2,(§L.15,0.3) (0.3,8}.16,0.5 00704 >’
)-
is

a NCLTS on % .

Proposition 4.0.1
Arbitrary intersection of the NCLTs on 2" is a NCLT.

Proof:
Let

N = ﬂTZ,

where ) is an index set and 7; € /7., the collection of all NCLTs on .Z".
Clearly /. # 0 as ONT 1N € ..
Let A, B be any two members of /. Then
A Be N,
— A, Beo\Ti
— A, Ber, Vi
— ANBernandAUBeTr;, ;Wi
— ANBe( e mand AUB € (o7 ;Vi
— ANBeS,and AUB € J;
Therefore, /4, is a NT on 2.
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Let A be any element of ./, then
AcHN, = A€ T
— AerT Vi
— C(A)en, Vi
— C(A) €Nic a7
— C(A) e I,
Since, A is an arbitrary element of .4, and C(A) € /4, implies that every
element of ./ is a neutrosophic clopen set. Hence, arbitrary intersection

of the NCLTs is a NCLT.

Remark 4.0.1

The union of the NCLTs on 2" is not a NCLT.

lllustration:

Let Z = {uy,v1} and 4 = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}. Then

= 9. These are

the number of elements in Ny, i.e.,

ONT_ <(ou1) (01)111)> INT = (4 o

< ul 0.5,0.5,0.5 > Ay = <(0,u11,1)7 (1%,0)>’
< 0.5,0.5,0.5 (0, 1 1) 2 Ay = <(0.5,3%,0.5)’ (0.5,6).15,0.5)>’
:<050505 100>’ A6:<(1361,0)7(0,U11,1)>’
A7 = < (1 00 0.5,0.5,0.5 >

In this case,
= {ONT 1N Ay} and
= {ONT 1NT Ay, Ay, Ag, A7} are NCLTs on 2.
But 1 Uy = {ONT 1NT Ay Ay, Ay, Ag, A7} is not a NCLT on 2 as
AyN Ag= A3 ¢ 1 U

Proposition 4.0.2
The union of two NCLTs is again a NCLT if one is contained in the other.

Proof:
Let 7, and 75 be two NCLTs on 2. Let 1y C 79, then 71 U 79 = 79, which
is a NCLT on 2. Similarly, if » C 7, then 3 U 75 = 71, which is a
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NCLT on 2. This shows that the union of two NCLTs is again a NCLT

if one is contained in the other.

4.1 Number of Neutrosophic Clopen Topologies having
2-Open Sets

This section discusses and computes the number of NCLTs with 2-open
sets.
1. If Z = {p} or | Z"| = 1 whose neutrosophic values lie in ..
Casel: If . # ={(0,1,1),(1,0,0)}
= 2! = 2. These are
(o) 1 = (aho)-
In this case, we have obtained only one NT, i.e., 1 = {0 1¥T}. This
NT is also a NCLT.
CaseIl: If .7 = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}
= 3. These are

ONT, 1NT’A1 — <m>
In this case, we have only one NT having 2-open sets, i.e., 71 = {ON T, 1N T},
and this NT is also a NCLT.
CaseIll: If .# = {(0,1,1),(T,1,F),(F,1—-1,7),(1,0,0);T,1,F €
0.1]

ONT

— 4! = 4. These are
0N AN Ay = () A2 = (it

In this case, we have only one NT having 2-open sets, i.e., 71 = {07, 1T},
and this NT is also a NCLT.

‘ ONT | ANT

Figure 4.1: NCLT having 2-open sets

60



2.1t 27 ={p,q} or | Z°| = 2 whose neutrosophic values lie in .Z .
CaseL: If .# = {(0,1,1),(1,0,0)}
Then, | A y| = 22 = 4. These are

ONT:<(o,p 1)’ (061]1)> 1NT:<( 80) o >
A <(0]191) (180> Ay = <(100 011>

In this case, the NCLT having 2-open sets is one, i.e., 71 = {0NT 1V},
Case IT: If .7 = {(0,1,1), (0.5,0.5,0.5), (1,0,0)}
= 32 = 9. These are

ONT IV Ay = <(01191)v (0.5,0.570.5 ) Ag <(0,171)> (1,8,0)>7
Az = <(0.5,0.5,0.5 (0, 1 ) ) A= (@ ,].)5,0.5)7 (o.5,0.5,0.5)>
As = <(0.5,0.5,0.5 100 ), A < (1,0,0)° (0,3,1)%

Ar = <(1,0,0)7 (0.5,0(.15,0.5)>'

In this case, the NCLT having 2-open sets is one, i.e., 71 = {0NT, 1V},
Case IIL: If .7 = {(0,1,1), (T, I, F),(F,1— I,T),(1,0,0):; T, I, F €
[0,1]

= 16. These are

S R <(o,21),1)v (T,? F)>7A2 - <(o,11),1)7 (1,8,0)>v
Az = <(T,?,F)’ (0,?,1)% Ay = <(T,§) F)’ (T,(IJ,F)>7
As = <(T,§,F)’ (1,(q),0)>? Ag = <(1,g,0)7 (0,({,1)>7

A7 = <(1,€,0)v (T7.?,F)>’ Ag = <(011)1) (quI T)>
Ay = <(T,§),F)7 (F,1q1,T)>7 Ay = <(F,1£I,T)’ (o,§,1)>v
An = <(F1pIT) (F,IEI,T)>’ A = <(F,1£I,T)’ (1,3,0)>7

Az = <(F,1—I,T)’ (T,.CTI,F)>7 A = <(1,€,0)7 (F,lEI,T)>'
In this case, the NCLT having 2-open sets is 7y = {0V, 1V},
Proposition 4.1.1
For |Z'| = n, |#| = m, A is the set of neutrosophic values containing
(1,0,0) and (0, 1, 1), then the number of NCLT having 2-open sets is one.

Proof:
The NT having 2-open sets is indiscrete NT only i.e., 7 = {0V, 1VT},

This NT is also a NCLT as 07 and 1V are complements of each other.
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Therefore, the number of NCLTS having 2-open sets is one.

4.2 Number of Neutrosophic Clopen Topologies having
3-Open Sets

This section analyses and determines the formulae for the number of
NCLTs with 3-open sets.

1. If 2" = {p} or | Z"| = 1 whose neutrosophic values lie in ..
CaseI: If .# = {(0,1,1),(1,0,0)}

In this case, |.#2-| = 2! = 2. We have obtained only one NCLT, i.e.,

71 = {ONT 17T} and so there exists no NCLT having 3-open sets. There-
fore, the number of NCLT having 3-open sets is zero.

CaseIl: If .# = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}

In this case, |#»-| = 3! = 3 and we have obtained one NCLT having
3-open sets, i.e., 71 = {0V, A1, 1VT} as complement of A is 4, i.e.,
C(A;) = A;. Therefore, the number of NCLT having 3-open sets is one.
CaseIll: If . # = {(0,1,1),(T,1,F),(F,1—-1,T7),(1,0,0);T,1,F €
0.1]

In this case, |#4| = 4' = 4 and we have obtained no NT having 3-open

sets. Therefore, the number of NCLT having 3-open sets is zero.

‘ ONT

‘ A, =C(4;)

—_—

Figure 4.2: NCLTs having 3-open sets
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2.1t 27 ={p,q} or | Z°| = 2 whose neutrosophic values lie in .Z .
CaseL: If .# = {(0,1,1),(1,0,0)}

Ng| = 22 = 4 and we have obtained no NCLT having
3-open sets. Therefore, the number of NCLT having 3-open sets is zero.
Case IL: If .7 = {(0,1,1),(0.5,0.5,0.5), (1,0,0)}

Then,
sets, i.e., ;1 = {0V, Ay, 1VT}. Therefore, the number of NCLT having
3-open sets is one.

Case III: If .7 = {(0,1,1),(T,I,F),(F,1 —1,T7),(1,0,0)}, where
T,I,F € [0,1]

In this case, |#9-| = 4> = 16 and we have obtained no NCLT having

In this case,

No| = 32 = 9 and we have obtained one NCLT having 3-open

3-open sets. Therefore, the number of NCLT having 3-open sets is zero.

Proposition 4.2.1

For | 2| = n, the number of NCLT having 3-open sets is always one for
A containing (0,1,1),(1,0,0) and (T,0.5, F), where T = F;T,F €
0, 1], and zero for A that does not include neutrosophic values which

are complement to each other.

Proof:

Let . be the set containing (0, 1,1),(1,0,0),(7,0.5, F), T = F;T,F €
[0, 1].

Casel: Let 2" = {a}and | 2| =1

In this case, the NCLT having 3-open sets is {07 1V7 A}, where
A = (Fo5m)-

CaseIl: Let 2" = {a,b} and | 2| = 2

In this case, the NCLT having 3-open sets is {0, 1V7 A,}, where
Ay = <(T,OC.L5,F)’ (T,oé5,F)>'

Case IIl: Let 2" = {a,b,c} and | 2| = 3

In this case, the NCLT having 3-open sets is {0, 1¥7 A3}, where

_ a b c
Az = <(T,0.5,F)> (T,0.5,F)° (T,0.57F)>‘
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Case IV: Let 2" = {a1,as,as3,...,a,} and |2"| = n (finite)
In this case, the NCLT having 3-open sets is {07 1V A, }, where
A = <(T(§l.15F)’ (TOC%F)’ (T(§1.35 F)) - (T(C)l.%F)>‘

It is seen that there exists only one NCLT having 3-open sets. This NCLT
ON T 1N T

contains and A,,. Note that, in A,, every member of .2 has neu-
trosophic value as (7,0.5, F),T = F;T, F' € [0, 1], whose complement
isitself i.e., A, = C'(A,).

On the other hand, if .# does not contain (7,0.5, F),T = F;T,F €
[0, 1], then there exists no neutrosophic subset of 2" of the form A, i.e.,

A, # C(A,). Hence, there exists no NCLT having 3-open sets.

4.3 Number of Neutrosophic Clopen Topologies having
4-Open Sets

This section analyses and determines the formulae for the number of
NCLTs with 4-open sets.

1. If Z = {p} or | Z"| = 1 whose neutrosophic values lie in ./
Casel: If .# = {(0,1,1),(1,0,0)}

In this case,

N 9| = 2! = 2 and so, there exists no NCLT having 4-open
sets. Therefore, the number of NCLT having 4-open sets is zero.
CaseIl: If .7 = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}

In this case,

N9 | = 31 = 3 and we have obtained no NT having 4-open
sets. Therefore, the number of NCLT having 4-open sets is zero.
CaseIll: If .# = {(0,1,1),(T,1,F),(F,1—-1,T7),(1,0,0);T,1,F €
0,1]

In this case,

N9| = 4 = 4 and we have obtained one NCLT having
4-open sets. Therefore, the number of NCLT having 4-open sets is one.
2.1f 2 = {p,q} or | Z'| = 2 whose neutrosophic values lie in .Z .
CaseL: If .# = {(0,1,1),(1,0,0)}

Na| = 2% = 4 and we have obtained one NCLT having

In this case,
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4-open sets. Therefore, the number of NCLT having 4-open sets is one
ie., = {0NT Ay, Ay, 1VTY,
CaseIl: If .# = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}
In this case, |#9| = 32 = 9 and we have obtained three NCLTs having
4-open sets. These are
1 = {0V, Ay, Ay, 1NTY,
o = {0NT, Ay, Ag, 1VT},
3 = {ONT A3, A, 1T},
Therefore, the number of NCLTs having 4-open sets is three.
CaseIll: If .# = {(0,1,1),(T,1,F),(F,1—-1,7),(1,0,0);T,1,F €
0.1]
= 42 = 16 and we have obtained four NCLTs having
4-open sets. These are
= {0V Ay, Ayy, 1VTY,
= {0V, Ay, Ag, 1VT),
3 = {ONT, Ag, Ay, 1V,
7y = {0NT ) Ay, Ay, 1V}

‘ 1NT

Aj= C(A)

! o

ONT

Figure 4.3: NCLTs having 4-open sets

Proposition 4.3.1
Let 2 be afinite set with | 2| = nand # = {(0,1,1),(1,0,0),(0.5,0.5,0.5)}.
Then the number of NCLTSs having 4-open sets is obtained by

ty =0+3204+320 432243224 ... 4322 =62"2-3,

where t,, is the sum of first n'"* term and t, = 0.
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Proof:

Forn =1,wehavet; = 0 = 6.2172 — 3.

Let 27 = {u;} then |#y| = 3! = 3. So, there is no NCLT having 4-
open sets.

Therefore, the result is true for n = 1.

Forn = 2, wehave t, = 0 + 3.2° = 3 = 6.2272 — 3.

Let 2 = {uy, v} then |#y| = 32 = 9. In this case, NCLTs having

4-open sets are

_ NT 14NT U1 V1 Ul V1

1 = {0 ) 1 ) <(O,1,1)7 (0.5,0.5,0.5)>’<(1,0,0)’ (0.5,0.5,0.5)>}’
_ NT 1 NT U1 V1 Ul V1

T2 = {0 ) 1 ’<(0.5,0.5,0.5)’ (0,1,1)>’<(0.5,0.5,0.5)’ (170,0)>}’

= {0 1Y Gy wom {aoey min) -
Let us consider the result is true for n = ki.e., t;, = 6.2872 — 3.
We now try to prove the result for n = k + 1.
Therefore, t,, = tj.1 = t + 3.2F+1)—2
= 6.2F2 — 34 3.2
=3.2F%2+2) -3
=3.4.2F2 -3
=6.2F1 -3
= 6.2+1)-2 3,
Thus, the result is true for n = k£ + 1. Hence, for all the natural numbers
the result is true.
The following table 4.1 shows the number of NCLTSs having 4-open
sets on 2~ whose neutrosophic values lie in

A ={(0,1,1),(0.5,0.5,0.5), (1,0,0)}.

Table 4.1: Number of NCLTSs having 4-open sets on .2~ with neutrosophic values in
A =1{(0,1,1),(0.5,0.5,0.5),(1,0,0)}
| 2| 1 2 3 4 5 - n
Number of NCLTs |0 3 9 21 45 --- 62"2-3
having 4-open sets

From the Table 4.1, the following figure 4.4 is constructed. In the figure
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4.4, every small sphere represents a NCLT having 4-open sets on 2

whose neutrosophic values lie in .Z.

SRR
\ Tss T3y Taz T3z Ty /'

\\ \’ NV

16~

T2z

Figure 4.4: Representation of NCLTSs having 4-open sets on 2~ with | 27| > 2 whose
neutrosophic values lie in .Z

Proposition 4.3.2

Let |Z°| = n (finite) and .# = {(0,1,1),(1,0,0), (T, 1, F),(F,1 —

I,T)}. Then the number of NCLTSs having 4-open sets is obtained by
tn =1432°+32 +322+... 43202 =32""1-2

where t,, is the sum of first n'"* term and t, = 1.

Proof:
Forn = 1, we have, t; = 1 = 3.2171 — 2.
Let 2 = {u1} then |#y| = 4! = 4. So, there is one NCLT having

4-open sets which is

Uoin) woo Swrm) () -
Therefore, the result is true for n = 1.

Forn =2,wehavety =1+3.20=4=32' — 2.
Let 2 = {uy, 0} and .4 = {(0,1,1),(1,0,0),(T, I, F), (F.1—I,T)}.

Then |#4 | = 4% = 16. In this case, NCLTs having 4-open sets are

1 =A{0" 1 (i mre) (oo mer)
— 0N N Uy U1 Gl 4
= {0 1 iy wim) (w mrm) b
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- N N U1 V1 Uy V1
T3 = {0 Tv 1 T? <(0,1,1)7 (1,0,0)>7 <(1,0,0)’ (0,1,1)>}’

_ NT 1NT U v U v
T =070 1wty win) (wrorny o -

Let us consider, the result is true for n = ki.e., t; = 3.2 1 — 2.

We now try to prove the result forn = k£ + 1.
Therefore,
tn = tkt1
= t), + 3.2(-+1)=2
=3.2F 1 — 24 3.2k
=2321 -2
=32 -2
_ 3'2(14:4—1)—1 -9
Hence, the result is true for n = k£ + 1. So, for all the natural numbers
the result is true.
The following table 4.2 shows the number of NCLTSs having 4-open
sets on 2~ whose neutrosophic values lie in
A ={(0,1,1),(1,0,0), (T, 1, F),(F,1—1,T)}.

Table 4.2: Number of NCLTSs having 4-open sets on 2~ with neutrosophic values in
A ={(0,1,1),(1,0,0), (T, I, F),(F,1—-1,T)}

E4 12 3 4 5 .- n
Number of NCLTs
having 4-opensets |1 4 10 22 46 --- 3.2"1 -2

From the Table 4.2, the following figure 4.5 is constructed. In the figure
4.5, every small sphere represents a NCLT having 4-open sets on 2

whose neutrosophic values lie in .Z .
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Figure 4.5: Representation of NCLTSs having 4-open sets on 2~ with | 27| > 1 whose
neutrosophic values lie in .Z

4.4 Number of Neutrosophic Clopen Topologies having
5-Open Sets

This section analyses and determines the formulae for the number of
NCLTs with 5-open sets.

1. If 2" = {p} or | Z"| = 1 whose neutrosophic values lie in ..
CaseI: If .# = {(0,1,1),(1,0,0)}

In this case, |#/»-| = 2! = 2 and we have obtained only one NT which
is 71 = {0ONT 17T} and so, there exists no NCLT having 5-open sets.
Therefore, the number of NCLT having 5-open sets is zero.

CaseIl: If .# = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}

In this case, |#2| = 3! = 3 and we have obtained only two NCLTs
having 2 and 3-open sets. Therefore, the number of NCLT having 5-open
sets 1s zero.

CaselIl: If .7 = {(0,1,1),(T,I,F),(F,1—-1,T),(1,0,00};T,1,F €
0,1
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N9 | = 41 = 4 and we have obtained no NT having 5-open

In this case,

sets. Therefore, the number of NCLT having 5-open sets is zero.

‘ ONT

P

‘ A, = C(4y)

‘ A; = C(4;)

‘ 1N']'

Figure 4.6: NCLTs having 5-open sets

2.1t 27 ={p,q} or | Z°| = 2 whose neutrosophic values lie in .Z .
CaseI: If .# = {(0,1,1),(1,0,0)}
In this case, |#2-| = 22 = 4 and we have obtained no NCLT having
5-open sets. Therefore, the number of NCLT having 5-open sets is zero.
CaseIl: If .7 = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}
In this case, |#5| = 3% = 9 and we have obtained two NCLTs having
5-open sets. These are

= {ONT Ay, Ay, A7 1INT),

Ty = {ONT A3, Ay, A5, 1V
Therefore, the number of NCLTs having 5-open sets is two.
CaseIIl: If .7 = {(0,1,1),(T,1,F),(F,1—-1,T7),(1,0,00};T,I,F €
0,1
In this case, | /4| = 4> = 16 and we have obtained no NCLT having

5-open sets. Therefore, the number of NCLT having 5-open sets is zero.

Proposition 4.4.1
Let 2" be a non-empty finite set, | 2| = n and
A = {(0,1,1),(1,0,0),(0.5,0.5,0.5)}. Then the number of NCLTs

having 5-open sets is obtained by
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th =042V +22 423 ... 4271 =97 9 where t, is the sum of

first n'" term and t; = 0.

Proof:
Forn =1,wehavet; = 0 =21 — 2.
Let 27 = {u;} then |#y| = 3! = 3. So, there is no NCLT having 5-
open sets.
Therefore, the result is true for n = 1.
Forn =2,wehavety =042 =2 =22 -2,
Let 2 = {uy, v} then |#y| = 32 = 9. In this case, NCLTs having
5-open sets are

. {<<o,uf,1w oin) (100 mon) (win: <o.5,5).15,o.5>>’},

<(1f61,0)7 (0.5,5).%,0.5)>7 <(0.5,g%,0.5)7 (0.5,(;).1570.5)>

Y {Qo?ﬁn’ 011 (oo ooy {wsas0s): <o,vf,1>>’}.

(o502 007/ {0502 505
(0.5,0.5,0.5)" (1,0,0)/7 \{0.5,0.5,0.5)* (0.5,0.5,0.5)
Let us consider, the result is true for n = k, i.e., t, = 28 — 2.

We now try to prove the result for n = k£ + 1.
Therefore, t, = tjq = tp+20D"1 =2k 249k — 20k 9 — oktl_9
Hence, for n = k + 1 the result is true. So, for all the natural numbers

the result is true.

Table 4.3: NCLTSs having 5-open sets on 2  with neutrosophic values in .Z =
{(0,1,1),(1,0,0),(0.5,0.5,0.5) }
|2 12 3 4 5 .- n
Number of NCLTs |0 2 6 14 30 --- 2" -2
having 5-open sets

From the Table 4.3, the following figure 4.7 is constructed. In the figure
4.7, every small sphere represents a NCLT having 4-open sets on 2~

whose neutrosophic values lie in .Z .
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30 T
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Figure 4.7: Representation of NCLTSs having 5-open sets on 2~ with | 27| > 2 whose
neutrosophic values lie in .Z

= n and
A ={(0,1,1),(T,1,F),(1,0,0)},T = F;I = 0.5. Then the number
of NCLTs having
(i) 4-open sets is obtained by
t, =0+32"+32 +322 43234 ... +32"2=6.2""2 -3
(ii) 5-open sets is obtained by
th=0+21 422425 ... 42071 =20 2,

Proof:
The proof is straightforward.

Remark 4.4.1
Result obtained for k = 4 is true for all ordered set

A ={(0,1,1),(1,0,0), (T, I, F),(F,1—1,T)}
provided I =0.5,T = F,andT' < F, I <0.5.

Moreover, in this case, the results obtained for I = 0.5, T' = F' co-
incides with results obtained for .# = {(0,1,1),(1,0,0),(0.5,0.5,0.5)}
and # = {(0,1,1),(1,0,0),(7,0.5,F)}, T = F. Also, the results
obtained for T' < F and I < 0.5 coincides with results obtained for
A ={(0,1,1),(1,0,0)}.
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Proposition 4.4.3
Let | Z'| = n,

taining (1,0,0), (0,1, 1) and other neutrosophic values which are com-

M| = m, M be any finite set of neutrosophic values con-

plement to each other, then the number of NCLTs having m'*-open sets is

one and for any other . it is zero.

Proof:

In this case, the NT having m/-open sets is discrete NT. This NCLT is
also clopen as it contains all neutrosophic subsets of 2" and complement
of each neutrosophic subset is also in that NT. Therefore, the number of
NCLTS having m'-open sets is one.

Further, for NCL]T, it is found that if .# consists of (1,0,0), (0,1, 1), and
other neutrosophic values which are not complement to each other, then
M, | M| = m > 2, is equivalent to .Z = {(1,0,0),(0,1,1)}. But for
A = {(1,0,0),(0,1,1)}, the maximum number of open sets in NCLTs

i1s 2". Since m' > 2", the number of NCLTS having m"-open sets is

Z€10.

Corollary 4.4.1
The minimum number of open sets in a NCLT is 2 and the maximum
number of open sets in a NCLT is m", where n is the number of elements

in 2" and m is the number of elements in A .

Proof:

This result is obtained by using Proposition 4.4.3.

Proposition 4.4.4

Let|Z'| =n, # = {(1,0,0),(0,1,1)} and N be the set of all NCLTSs
on Z whose neutrosophic values lie in ./ then

(i) JV%y contains only NCLTs having 2*-open sets where k = 1,2,3, ..., n.
(ii) Number of NCLTs having 2¥-open sets is S(n, k), k = 1,2,...,n.

Proof:
Let | 2| =n, # = {(1,0,0),(0,1,1)} and n; be the number of NCLTs
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having k-open sets.
Case: If 2" ={u} and | 27| =1
Then |/#y| = 2! = 2. These are
NT _ NT _ [ _w
0% = (oin) 1 = (woo-
In this case, we have obtained only one NCLT which is the indiscrete NT

i.e., 71 = {ONT 1¥T}. This shows that for | 27| = 1,

(a) there exists only NCLT having 2", n = 1-open sets.

(b) there exists one NCLT having 2!-open sets i.e., 7o = S(1,1).
CaseIl: If 2" = {uy,v1} and | 2| = 2

Then |/#y| = 2% = 4. These are

N _ Uq N (%1
0 = <(o,11) (o11)> IV = (1 0,0)>7
A= (i o) A2 = <<1f60>’ (0,”11,1)>'

In this case, the NCLTs are

= {0 INTY 7y = {ONT Ay, Ay, 1T}
This shows that there are 2-open sets in 7; and 4 = 22-open sets in 7.
Therefore, for | 2| = 2,
(a) there exists only NCLTs having 2", n = 1, 2-open sets 1.e., 71 and 7».
(b) there exists one NCLT having 2!-open sets and one NCLT having 22-
open sets i.e., o1 = 1 = S(2,1) and 192 = 1 = S(2, 2) respectively.
Case III: If 2" = {uy, v, w1} and | 2| =3

Then |#y| = 2% = 8. These are

NT __ Uy U1 N
0 T_<(o,11) (011) (011)> IR

(s 100 100) (11,1(})1,0)>’
U7

A = <(1f61,0) (071,1 071,1 > < 1% 0)? (01,111,1)%
A3:<(o?f,1) (011 1oo> <1oo 100) (Oﬁl,l)>’
As <(1,161,0) (0, 1 1) (1 00 > < (0, 1 Nk (1,761,0)7 (11,1())1,0)>'

In this case, the NCLTs are
7= {ONT 1NTY,
To — {ONT, Al, AG; 1NT},
5 = {ONT, Ay, A5, 1NT,
T. = {ONT,Ag,A4, 1NT},
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75 = {ONT Ay, Ay, As, Ay, As, Ag, 1VT}
This shows that there are 2-open sets in 71, 4 = 2-open sets in each of
T9, 73, and 74, and 8 = 23-open sets in 7. Therefore, for | 27| = 3,
(a) there exists only NCLTs having 2", n = 1, 2, 3-open sets.
(b) there exists one NCLT having 2!-open sets, three NCLTs having 22-
open sets, and one NCLT having 2%-open setsi.e., o1 = 1 = S(3,1), 17y =
3=.5(3,2),and n9s = 1 = 5(3, 3) respectively.
Continuing in this way, it is seen that for | 2| = n (finite) and
A ={(0,1,1),(1,0,0)},
(1) there exists only NCLTs having 2", n = 1,2, 3, ..., n-open sets.
(i) nor = 1 = S(n, 1), 2 = S(n,2), ms = S(n,3),...,mn = S(n,n).
Hence, ./ contains only NCLTs having 2¥-open sets and the number of
NCLTs having 2*-open sets is S(n, k), k = 1,2,...,n.

Table 4.4: Number of NCLTSs on 2 with neutrosophic values in .Z =
{(0,1,1),(1,0,0)}

A ={(0,1,1),(1,0,0)} | Number of NCLTSs having k-open sets

Ed k=21 k=2 k=2 k=2' .. k=2"
1 S,1) -
2 S(2,1) S(2,2) - -
3 S(3,1) S(3,2) S(3,3) - -
4 S(4,1) S(4,2) S(4,3) S(4,4) -
n S(n,1) Sn,2) S(n,3) S(n,4) S(n,n)

Proposition 4.4.5

Let | Z'| =n, # = {(0,1,1),(T,I,F),(F,1—1,T),(1,0,0)}, where
T # F;T,1,F € 10,1], then the number of NCLTS having odd number

of open sets is always zero.

Proof:

For NCLT, it is found that if .# consists of (1,0,0), (0,1,1), and other
neutrosophic values which are not complement to each other, then .,
|.#| = m > 2, is equivalent to .#Z = {(1,0,0),(0,1,1)}. Here, # =
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{(0,1,),(T,I,F),(F,1—1,T7),(1,0,0)}, where T" # F, and so, fol-
lowing Proposition 4.4.4, it is clear that the number of NCLTS having

odd number of open sets is zero.

Remark 4.4.2
There is no clopen topologies having odd number of open sets in general
topology but in case of NT we may have NCLTs consisting of odd number

of open sets.

Example 4.4.1

Let & = {p,q} and # = {(0,1,1),(0.5,0.5,0.5),(1,0,0)}. Then
pr = {0V, 1V, Ar}, where Ay = (050505 50505/ s @ NCLT on
2 having 3-open sets, i.e., odd number of open set. On the other hand,

in case of general topology, for '~ = {p,q}, if T = {¢, Z", A}, where
A = {p}, then 7 is a topology on X, but it is not a clopen topology as
A" = {q} ¢ 1. Here, the only clopen topologies on 2" are 7 = {¢, 2}

and o = {¢, ', {p},{q}}.

4.5 Number of Neutrosophic Clopen Bitopological Spaces

Definition 4.5.1
A neutrosophic clopen bitopological space (NCLBTS) is a triplet (X, 7;, T}),
where T; and T; are any two NCLTs on 2.

Remark 4.5.1

In this section, the NCLBTS with repetition refers to the NCLBTS of the
form (2,1, Tj), where T; and T; are identical or non-identical NCLTs,
and the NCLBTS without repetition refers to the NCLBTS of the form

(&, 7, 7j), where T; and 7; are non-identical NCLTS.

Definition 4.5.2
Let 7; and 7; be two NCLTs having i and j-open sets respectively. Then
(X, 7, 7j) is called a NCLBTS having (i, j)-open sets.
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Example 4.5.1

If Z = {p,q,r} and if we consider the family 7y = {ONT, 1NT} and

Ty = {ONT, 1NT7A1}’

where A = (
Ay = <(0.5,0].05,0.5)’ (0.5,0?570.5)’ (0.5,0?5,0.5)>'

Then (X', 1) and (Z',12) form NCLTSs. Therefore, (X ,11,T2) is a

NCLBTS on 2.

p q r )
(0.7,0.1,0.5) (0.5,0.2,0.3) (0.3,0.4,0.4) />

Proposition 4.5.1
For k = 1,m%%(n, m, k), the number of NCLBTSs having (k,l)-open sets
on X,

m is obtained by the formulae

2’| = n (finite), whose neutrosophic values lie in .# with |.#| =

(i) with repetition is ngL (n,m, k) = %(nkQ + ni) or %(7712 +m).

(ii) without repetition is ngL (n,m, k) = %(mf — M) or %(m2 —m).

Proof:

(i) Let 2 be a finite set having n elements and g = m; = n;as k = [.

Let 7y, 7o, ..., Tim, be such NCLTs on 2.
Let B; be the collection of NCLBTSs on 2" having (k, k)-open sets
or (1, )-open sets with repetition, where

B, ={(Z,7,1):1<j<i},i=12,...,m.
Then,

By = {(«%77'1771)},

By ={(Z, 10, 711), (X, 79,7)},

By ={(Z,1m3,711), (X ,713,7),(Z,713,73)},

B, = (L7, 1) (X Ty, 72)s s (2 Tongs Ty ) }-
This shows that |B1]| = 1, [Bs| = 2, ..., | By, | = my and |2} B,
contains all the NCLBTSs having (k, k)-open sets on .2~ with repe-

tition.

77



Therefore, n5%(n, m, k) = cardinality of [ J"!, 9B;
=it
= |%1‘ + |%2‘ + ...+ |%m1‘

=14+24+34+...+my

_ ma(mi+1)
T 2

= 5(m® + ).
Hence, the number of NCLBTSs having (k, k)-open sets on 2" is

ngL(n7 m, k) - %(UkQ + 77k:)

(ii) Let 2 be a finite set having n elements and 7, = n; as k = .
Let 7,72, ..., 7, be such NCLTs on 2.
Let B; be the collection of NCLBTSs on 2~ having (k, k)-open sets
without repetition, where
B, ={(Z,7,75)i<j<mpri=12,...,m — 1
Then,

{(% 7_177_2); (%;7—177_3)7 (’%77_177_4)3 R (%77_177_771@)}’
(& 7 m) (2 70, (2 70,75), - (F )
{(e% 7-3:7_4)7 (%77'377-5)7 (‘%773776)7 SRR (‘%77-377_%)}’

By
‘B
B3

B—2 = {(2, T2, Tam), (2, T2, 7 )}
By—1 = {(Z, 7, o)}
This shows that
Bi1] = — 1, |Bo| = m — 2,...,|By—2] = 2,/B,,-1| = 1 and
;751 B, contains all the NCLBTSs having (k, k)-open sets without
repetition on 2. Therefore,
nSt(n, m, k) = cardinality of [ J/*| 'y
— Y7198, as A, are distinct
= [B1]| + [Ba| + ... + [By,—1]
— =D+ —2)+...+2+1
=1+2+... .+ —2)+(n—1)
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_ me(me—1)
2
= (0 — ).
Hence, the number of NCLBTSs having (k, k)-open sets without

repetition on 2" is n§%(n, m, k) = L(nx* — mp).

Example 4.5.2
Fork =1

(i) Letk =2 =1,
T,1,F €|0,1].
In this case, we have only one NCLT having 2-open sets which is the in-
discrete topology, i.e., 7 = {ONT  1VT'}. So, the number of NCLTS having
k = 2-open sets n;, = ny = 1.

Therefore, the NCLBTSs having (k, k) = (2, 2)-open sets

2| = n(finite), and A4 = {(0,1,1),(1,0,0),(T,1,F)},

(a) with repetition: (X, 7,7) and hence n"(n,3,2) = 1 = L(n*+mp).

(b) without repetition: None, and hence ng"(n,3,2) = 0 = (> — ).

~ R~

Figure 4.8: NCLBTSs for Example 4.5.2 (1)

(ii)Letk =4 =1,|Z"| =2, and # = {(0,1,1),(1,0,0),(0.5,0.5,0.5)}.
In this case, the NCLTs having k = 4-open sets is N, = 1o = 3 say

71,72, T3.
Therefore, the NCLBTSs having (k, k) = (4, 4)-open sets

(a) with repetition:
(2, m,m), (X, 1,7),(Z,1,T3),
(2,10, 70), (X, 2, 73),
(2, 73, 73).
Here, the number of NCLBTSs having (k, k) = (4,4)-open sets with
repetition = 6 = (3% + 3).
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(b) without repetition:
(2,1, 1m), (X, 11,T3),
(2,19, 73).
Here, the number of NCLBTSs having (k,k) = (4,4)-open sets
without repetition = 3 = £(3? — 3).

T T1
T T3
13 T3

Figure 4.9: NCLBTSs for Example 4.5.2 (ii)

Proposition 4.5.2
If|Z| =n, |#| =m, and k # , then the number of NCLBTSs whose
neutrosophic values lie in ./ having (k,1)-open sets is nG*(n,m, k,1) =

kM-

Proof:
Let ny = my and 71,79, . .., T, be such NCLTs on 2.
Also, let 7; = mg and p1, p2, p3, - - ., Pm, be such NCLTs on 2.
Let B, = {(Z,7,p;):7=1,2,3,...mae},i =1,2,3,...my.
Then,
B ={(2 1, 00) (271 02) (L7193 (X 71 pu) |
By = (272, 0), (2, 72,02), (X, 72, 03), -, (2, T2, )

{ |
By = { (273 00) (2, 73,02), (2 T ps)s o (273, )

b

B _ (‘%7Tm1—17p1)7 (‘%7Tm1—1ap2)7
m1—1 - )
(2 Tini—1:03)s - (2 Tiny -1, Pry)

B {(%77_77117[)1)7 <%7Tm17p2)7 (%7Tm17p3)7}
' o s (2 Ty Prs)
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Here, |B1| = mo, [ Bo| = mo, ..., |Bum, 1] = ma, | B, | = ma.

We see that [, B; contains all the NCLBTSs having (k,[)-open sets

on Z . So,

The required number of NCLBTSs in .2" = cardinality of | J;";, B;
=21 |B
= [B1] + |Bo| + ... + B,

= Mo +MmMao+ ...+ Mo

, as 'B; are distinct

= 1MmM1.M>y

= Nk-M-
Hence, the required number of NCLBTSs on 2 is n5l(n,m, k1) =
M-

Corollary 4.5.1
If k # 1, nx = ny, then the number of NCLBTSs having (k,l)-open sets is

9 9
. ormng.

Proof:
Putting 7, = 7; in the above Proposition 4.5.2 we get the required result

of corollary.

Example 4.5.3

Letk =4,1 =5, 2 ={a,b,c}, and # = {(0,1,1),(1,0,0), (0.5,0.5,0.5) }.
In this case, N, = ny = 9 and n; = 15 = 6.

Let 1, To, T3, T4, T5, T6, T7, T3, Tg be the NCLTs having 4-open sets and p,

P2, P3, P4, P5, P be the NCLTs having 5-open sets.

Then, the NCLBTSs having (4, 5)-open sets are

(2,11, 01), (2,711, 02), (£, 71, 03), (27,71, p4), (27,71, 05), (27,71, ps),
(2,72, p1), (2,72, 02), (X772, 03), (2, T2, pa) s (X, 72, p5), (2, T2, p6),
(2, 73,01), (2,73, 02), (X773, 03), (27,73, pa), (X, 73, 05), (2, T3 p6),
(274, p1), (2,70, 02), (2774, 3), (2,745 pa), (2,745 05), (2, 745 p6),
(275, 01), (£, 75,02), (X, 75, p3), (27,75, pa), (2,75, p5), (£, 75, p6)
(2,76, p1), (27,76, 02), (27,76, 03), (2, T6, pa) s (X, 76, p5), (2, 765 p6),
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(2 77,01), (2,71, 02), (X, 77, 03), (2,71, 1), (2,77, 5), (2, 71, ),
(2,78, p1), (2,75, p2), (X, 78, p3), (27, 75, pa), (X, 78, p5), (X, 75, p6),
(2,79, p1), (27,79, p2), (27,79, p3), (X, T, pa), (X, 79, p5), (X, T, ps).
Therefore, the number of NCLBTSs having (4,5)-open sets = 54 = 9.6 =

T4.M5 = Nk-1Mi-

Figure 4.10: NCLBTSs having (4, 5)-open sets for Example 4.5.3

Example 4.5.4
For k # 1,n, = n, let the number of NCLTs having k-open sets and
l[-open sets on a finite set 2 be three i.e., n, = n; = 3.
Let the NCLTs having k-open sets be T\, Ty, T3 and the NCLTs having [-
open sets be p1, pa, p3. Then, the NCLBTS having (k,l)-open sets are
(271, 00), (27,71, 02), (27,71, p3),
(2,72, 01), (£, 72,02), (£, 72, p3),
(2, 73,1), (2,73, p2), (£, 73, p3)-
Therefore, the number of NCLBTSs having (k,l)-open sets = 9 = 3.3 =

NN = M- = 77k2 = 7712-
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e p2

‘ T3 P3

Figure 4.11: NCLBTSs having (k, [)-open sets for Example 4.5.4

Proposition 4.5.3
If |Z'| = nand |#| = m, then the total number of NCLBTSs whose

neutrosophic values lie in ./ having k & l-open sets is
(i) with repetition 1[(n), + ) + (ng 4+ ny))-

(ii) without repetition 3[(ny + n)? — (g + ).
Proof:

(i) The total number of NCLBTSs having £ & [-open sets with repeti-

tion includes:

(k, k)-open sets with repetition: Following Proposition 4.5.1 (i),
ng"(n,m, k) = 5(m® + m).

({,1)-open sets with repetition: Following Proposition 4.5.1 (i),
ng"(n,m, 1) = 5(m* +m).

(k,1)-open sets: Following Proposition 4.5.2,
ng"(n,m, k, 1) = .

Therefore, the total number of NCLBTSs is obtained by

s+ me) + 5 +m) + e = 5 [(nk +m)° + (g 4+ )]

(i1) The total number of NCLBTSs having k£ & [-open sets without rep-
etition includes:

(k, k)-open sets without repetition: Following Proposition 4.5.1 (ii),

ngL(nu m, k) - %(77192 - 77k)
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(1,1)-open sets without repetition: Following Proposition 4.5.1 (ii),
ngL(na m, l) - %(mz o 77l)

(k,1)-open sets: Following Proposition 4.5.2,
ngL(nu m, ku l) = Nk-"-

Therefore, the required total number of NCLBTSs is obtained by

s (2 =ne)+3 (=) +ne.m = 5 {(nk )’ — (g + nm)]

Example 4.5.5
For k # L,y #
Let " = {a,b}, # = {(0,1,1),(1,0,0), (0.5,0.5,0.5)} and k = 3,1 =
4.
In this case, N, = n3 = 1 and n, = 1y = 3.
Let the NCLTs having 3-open sets be 71 and the NCLTs having 4-open
sets be p1, pa, ps.
The NCLBTS having (3, 3)-open sets with repetition is (2", T, T1).
The NCLBTSs having (4, 4)-open sets with repetition are
(2 1, 01), (2, 1, p2), (2, p1, p3),
(2, p2,p2), (X, p2, p3),
(27, p3, p3)-
Then, the NCLBTSs having (3, 4)-open sets are
(Z,71,), (2,71, p2), (27,71, p3)-
Therefore, the number of NCLBTSs having 3 & 4-open sets
(i) with repetition = 10 = 3[(1 + 3)*+(1+3)] = 1[(ng + )+ ().
(ii) without repetition = 6 = %[(1 +3)—(1+43)] = %[(nk + ) — (np+

m)]
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4.6 Number of Neutrosophic Clopen Tritopological Spaces

Definition 4.6.1
A neutrosophic clopen tritopological space (NCLTRS) is a quadruple

(X2, 7,75, 7), where T;, 7, and Ty, are any three NCLTs on 2.

Remark 4.6.1

In this section, the NCLTRS with repetition refers to the NCLTRS of the
form (Z',1;,7;,7), where T;, T;, and T}, are identical or non-identical
NCLTs, and the NCLTRS without repetition refers to the NCLTRS of the

form (2", 7, 7;, ), where 7;, T;, and Ty, are non-identical NCLTS.

Definition 4.6.2
Let 7;, 75, and 1;, be the NCLTs having 1, j, and k-open sets respectively.
Then (X", 7, 7j, T) is called a NCLTRS having (i, j, k)-open sets.

Example 4.6.1
Let 2~ = {p,q,r} and if we consider the family 7, = {ONT 1NT},

1y = {ONT 1INT Ay} and 75 = {ONT1NT | A3, Ay}, where

— D q r

A= <(0.7,0.1,0.5)7 (0.5,0.2,0.3) (0.370.4,0.4)>v
— D q T

Ay = <(0.5,0.5,0.5)7 (0.5,0.5,0.5)° (0.5,0.5,0.5)>7
— p q T

Az = <(0.1,0.5,0.5)v (0.2,0.5,0.6) (0.5,0.7,0.5)>’

Ar = (50501 050502) 050305))"
Then, (Z',1),(Z , 1), and (2", 13) form a NCLTSs.

Therefore, (2", 11, T2, 73) is a NCLTRS on 2.

Proposition 4.6.1
Let |Z'| = n and |.#| = m, then the number of NCLTRSs having

(k, k, k)-open sets whose neutrosophic values lie in . is obtained by
(i) with repetition is T (n,m, k) = %(ng + 32 + 2m).

(ii) without repetition is T°F(n,m, k) = %(mf — 32 + 2n.).
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Proof:

(i) Let 2 be a finite set having n elements and the number of NCLTs
having k-open sets be 7.
Let 7y, 79,..., 7, be such NCLTs on 2.
Let T; be the collection of NCLTRSs on .2 having (k, k, k)-open
sets with repetition, where
T ={(Z mp101) i p=041<qg<p qg<r<p}i=
1,2, .., m.

T ={(Z,m,m,1)},

T, — {(%,7’2,7'1,7'1), (5&”,7'2,7'1,7'2),}’
(2, 79,72, T2)

(2,13, 711,711), (X, 73,71, 72), (X, T3, 71, T3),

T3 = { (213,72, 72), (X, T3, T2, T3), ,
(2, 713,7T3,73)

((%,Tnk,ﬁ,ﬁ), (2, T, T1,T2), - (%,Tnk,Tl,Tnk),\
T, =4 (X, Ty, T2, T2), (%,Tnk,T?,Tg), o (E T, T2 T )

L (L, Toes Towr Tige) J
Here, [Ty = 1,[Ts| =3 =142, T3/ =6 =1+2+3,..., |T,| =

1+243+...+n. Also, in | %; contains all the NCLTRSs having
(k, k, k)-open sets with repetition on 2.
Therefore,
I (n, m, k) = cardinality of | J/*, %;
= >"" |%;|, as T, are distinct
=T+ % +... + %,

=14+(14+2)+(1+243)+. .. (1424 . .+n)

(e t1) (e +2)
o 6

= +(m® + 3n? + 2m).
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Hence, the number of NCLTRSs having (k, k, k)-open sets on 2
with repetition is 7,7 (n, m, k) = ¢ (9 + 3n* + 2mp.).

(i) Let 2 be a finite set having n elements and the number of NCLTs
having k-open sets be 7.
Let 7y, 72,... , 7, besuch NCLTs on 2.
Let T, be the collection of NCLTRSs on 2" having (k, k, k)-open
sets without repetition, where
C={(Z 1p,71,7) p=0p<qg<r<m},i=12...,m—2.
Then,

.
(<%7Tl772773)7 (‘%‘77_177_277_4)7 ceey (‘%‘77_177_277—7%)7
T, = . (,%,71,7'3,7'4),..:,(%,71,7'3,7'%), .

. (‘%’7—177_%—177-%)

p
(‘%772773774)7 (%7 7-277-377-5)7 ce ey (%7 T2, T3, Tnk)a
(‘%'77_27 7_477_5)7 I (‘%'77_27 T47T77k>7

/
\

(%7 725 Typ—1, Tnk)

{ ‘% s Te—35 T —25 Ty — 1) (%77ﬂk377_77k277_77k)7}
9

3{ s T =35 T —1, Tnk)

771c 2 = { >4 » Toe—25 T — 17T77k>}

Bl L2 D) B 12 )
‘(ZTIk*?)’ =1+2, “Zﬁk*2| -

Also, ;’22 %, contains all the NCLTRSs having (k, &, k)-open sets

without repetition on 2.

Therefore, in this case,
T (n, m, k) = cardinality of | J*,* %,
= %% |5, as T; are distinct
= T+ [Tof + ... + [Ty
= 1+(1+2)+(14+2+3)+. . . +{1+2+. . .+ (n:—2)}
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— me(pe=1)(mk—2)
6

= & (m® — 3n? + 2mp,).
Hence, the number of NCLTRSs having (k, k, k)-open sets on .2

without repetition is 7,5 (n, m, k) = %(771:3 — 3k + 2nk).

Example 4.6.2

(i) Fork = 2, let 2" = {a,b} and .4 = {(0,1,1),(1,0,0),(0.5,0.5,0.5)}.
In this case, we have only one NCLT having two open sets which is in-
discrete topology say T = {ONT 1NT}. So, the number of NCLTs having
k = 2-open sets ni, = 1o = 1. Therefore, the NCLTRS having (2,2, 2)-
open sets is (2, 7,7, 7). Hence, the number of NCLTRS is one.

T

i

Figure 4.12: NCLTRS having (2, 2, 2)-open sets for Example 4.6.2

(ii) For k = 4, let |\ 2| = 2 and # = {(0,1,1),(1,0,0),(0.5,0.5,0.5) }
In this case, the number of NCLTs having k = 4-open setsis n, = N4 = 3
say Ti, To, 3. Therefore, the NCLTRSs having (4,4, 4)-open sets

(a) with repetition:

(2, m,m,m), (X, 1,71,7), (X, 7,71, T3),

(2 1,10, m), (X, 11,72, T3),

(2, 71,73, 73),

(219,710, 72), (X, 0, T2, T3),

(2, 19,73, 73),

(X, 73,73, T3).
Here, the number of NCLTRSs having (4,4,4)-open sets with repe-
tition=10 =1+ (1+2)+ (1 +2+3) = §(3*+3.3° +23) =
(e + 3mi® + 2m.).
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(b) without repetition: (2,71, T2, T3).
Here, the number of NCLTRSs having (4,4,4)-open sets without rep-
etition =1 = (3% — 3.3% + 2.3) = ¢(m® — 3 + 2m).

T1 151 151
Ty Ty Iz
‘ T3 T3 T3

Figure 4.13: NCLTRSs having (4, 4, 4)-open sets for example 4.6.2

Proposition 4.6.2
For k # 1, n,, # ni, the number of NCLTRSs having (k, k,1)-open sets on
2, | 2| = n (finite), whose neutrosophic values lie in .4 with |.#| = m

for with and without repetition are obtained respectively by the formulae
(l) LG/WTCL(nv m, kv l) - %[nknl(nk + 1)]
(ii) T (n,m, k. 1) = glnem(nr — 1))

Proof:

(i) Let 2" be a finite set having n elements and the number of NCLTs
having k-open sets be 7, and the number of NCLTs having [-open
sets be 7;.

Let 71,72, ..., 7, be the NCLTs on 2" having k-open sets and p;,
P2, - - ., py, be the NCLTs on 2" having [-open sets.

Let A; be the collection of NCLTRSs having (&, k, [)-open sets with
repetition, where

A ={(Z,mi,1j,pr): 1 <j<i,1<r<m}i=12... .
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Then,
Al = {(%,Tl,’fl,ﬂl), (%7T177_17p2)7' R (%7T177_17p771)}’

A . (%77_277_17/01)7(%77_277-17/)2)7---7(%77_277_17pm)7
2 — ’
(%77_27T27p1)7 (%,7—2,7-2,,02),---7(%77_2,7_27an)

r : \
(‘%77_771@77_17p1)> (‘%77_771@77-17:02)7 SR (%77_77;@77_17p7}l)7

A = < (‘%7Tnk77-27p1)7(%77_%77-2”02)7'--7(%77-7%77-27:077»7
mw =

k

\(%a Tnk;Tnkapl)a (%7Tnk77nka p2),- - (%?Tnkﬂ_??k?pm))
Here, |Ai| =, |As| = 2mi, [As] = 3mi, ..., [ Ay, | = mem.

We see that | J/*, A; contains all the NCLTRSs with repetition on
Z.

So, the required number of NCLTRSs on .2~ = cardinality of | J* | A,

— Nk
= i

L |Ail, as A; are distinct

= [A1] + |Aa| + |As| + ... + Ay,
=+ 2+ 3+ e
=(1+24+3+... +me)m

_ nk(néfrl) )

_ nem(net1)
- 2

Hence, the number of NCLTRSs having (%, k, [)-open sets with rep-

etition is 7,55 (n, m, k,1) = w

(i) Let 2 be a finite set having n elements and the number of NCLTs
having k-open sets be 7; and the number of NCLTs having [-open
sets be 7.

Let 71,72, ..., T, be the NCLTs on 2" having k-open sets and p;,
P2, - - ., pn, be the NCLTs on 2" having [-open sets.

Let A; be the collection of NCLTRSs having (&, k, [)-open sets with-
out repetition, where

A ={(Z,mi,1j,m) i <j<mp, 1 <r<m},i=12 ... mp—1.
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\

( (%77_177_27p1)7 (%77_177_37p1)7' ) (%77—177_771@7p1)7
(%77—177-27p2)7(‘%77—177-37p2)7' . '7(‘%77—177-77k7p2)7

\(%;7—177'2;/07;1)7 (%77_177_37p771)7 I (%7717771k7pnl);
( (%7727T3ap1)7 ('%77_277_47p1)7' ) (%77_2;7'%”01)7 )
(‘%77-27T37p2)7 (‘%‘77-277—47p2)7' c e (‘/%/'77—277_77k7p2)7

. (%7 T2, T3, 10771)7 (%7 T9, T4, pm)v ceey <%7 T2, Tnka pm) )

.
(%77_77k7277_7]k717p1)7 (%7T?7k7277nk7p1)7
<'%‘7T77k7277_77k—1?p2)7 (‘%'77_7%727 Tnkap2)a

\

A’I]k—Q — <

\ (%7 T77k—27 Tﬂk—l’ pTh)? (%7 T77k—27 Tﬁk’ pm) )
( )
(%7 Tri—1> Tnes Pl),

A L= 4 (‘%77_771@71’7_%7;02)7
Me—L1 = .

\ (‘%7 T77k:—17 an pm) J
Al = (e — Vs Aol = (o = 2)mis -,
[ Ay | = .

We see that U?i;l A; contains all the NCLTRSs without repetition
on 2 .

So, the required number of NCLTRSs on 2" = cardinality of | J/* Il A;
— Y% 1| Ay, as A; are distinct

= |Av]+ Ao+ A [Ay |+ Ay 1]
= (M= L)+ —2)m+. .. +2m+n
=[1+2+3+...+ (m— D

Here, Ay Ll = 2,

_ Uk(ﬁéc—l).m
_ mem(me—1)
.
Hence, the number of NCLTRSs having (k, k, [)-open sets without
repetition is 7,5 (n,m, k,1) = w
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Proposition 4.6.3
For k # l,ny # mi, the total number of NCLTRSs on 2 having k &

[-open sets with repetition is obtained by the formula
L+ m)® + 3(me + m)? + 2( + m)).

Proof:
The total number of NCLTRSs having k£ & [-open sets with repetition

includes:

(i) (k,k,k)-open sets with repetition: Following Proposition 4.6.1(i),

the number of NCLTRSs is computed by

9TCL(n,m, k) = 77k(77k+16)(77k+2).

(i1) (,1,1)-open sets with repetition: Following Proposition 4.6.1(i),

9TCL(n, m, l) — 771(771+16)(771+2)-

(iii) (k, k,1)-open sets with repetition: Following Proposition 4.6.2(i),

1
T (n,m, k1) = Bt

(iv) (1,1, k)-open sets with repetition: Following Proposition 4.6.2(i),

+1
T (nym, 1, k) = ),

Therefore, adding results from (i) to (iv), the required total number of
NCLTRSs having k£ & [-open sets with repetition is obtained as
§Lm +m)® + 3k +m)? + 20k + ).

Proposition 4.6.4 For k # [, n. # n;, the number of NCLTRSs having k

& l-open sets without repetition is obtained by the formula
6L +m)® = 30+ m)* + 2 +m)].

Proof:

The total number of NCLTRSs having k£ & [-open sets without repetition
includes:
(i) (k, k, k)-open sets without repetition: Following Proposition 4.6.1(ii),
yTCL(n m, k) = e (1 —1) (71 —2)
s M0y 6 :
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(i1) (I,1,1)-open sets without repetition: Following Proposition 4.6.1(ii),

gTCL(n7 m, 1) = 77l(77l*16)(7ll*2).

(iii) (k, k,1)-open sets without repetition: Following Proposition 4.6.2(ii),

T (n,m, ke, 1) = mlnl),

(iv) (1,1, k)-open sets without repetition: Following Proposition 4.6.2(ii),

T (n,m, 1, k) = wunl)

Therefore, adding results from (i) to (iv), the required total number of

NCLTRSs having k£ & [-open sets without repetition is obtained as
sl +m)* = 3(me 4+ m)* + 20 + m)).

Example 4.6.3

For kL, n, # ny

(i)Letk =3,l =4, Z ={a,b}, and # = {(0,1,1),(1,0,0), (0.5,0.5,0.5) }.
In this case, i, = n3 = land ny =ny = 3.

Let the NCLT having 3-open sets be 71 and the NCLTs having 4-open sets

be p1, p2, ps.
Then, the NCLTRS having (3, 3, 3)-open sets is (2, 11,71, T1).

| |
T

(5] T

Figure 4.14: NCLTRS having (3, 3, 3)-open sets for Example 4.6.3

The NCLTRSs having (4,4, 4)-open sets are

(2, p1, p1, 1), (2, p1, p1, p2), (27, p1, p1, P3),
(275 p1, p2, p2), (2, p1, 2, p3), (27, p1, p3, P3),
(L, p2, p2, p2), (2, p2, 2, p3), (X, p2, p3, p3),
(2, p3, p3, p3)-
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A1 P1 P1
P2 P2 P2

P3 P3 P3

Figure 4.15: NCLTRSs having (4, 4, 4)-open sets for Example 4.6.3

The NCLTRSs having (3, 3,4)-open sets are
(‘%7 T1,T1, pl)? (‘%7 71,71, p2)7 (‘%'7 T1,T1, 03)

A

151 151 Pz

P3

Figure 4.16: NCLTRSs having (3, 3, 4)-open sets for Example 4.6.3

The NCLTRSs having (4,4, 3)-open sets are
(%7P17P1;7'1); (3{70170277'1% (%7p17p377_1)7

(‘%‘7 P2, P2, Tl)a (%a P2, P3, 7—1)7 (‘%7 P3, P3, 7—1)'
Here, the total number of NCLTRSs having 3 & 4-open sets

=20=1+10+3+6=¢[(1+3)*+3.(1+3)*+2.(1+3)].

| P1 P
| P2 % P2 71
bos

P3

Figure 4.17: NCLTRSs having (4, 4, 3)-open sets for Example 4.6.3
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(ii) Let k =4, =5, ny =ny = 2and n; = n; = 3.
Let the NCLTs having 4-open sets be 11, 75 and the NCLTs having 5-open
sets are p1, p2, P3.
Then, the NCLTRSs having (4, 4, 4)-open sets are

(2, m,m,m), (X, 1,71, m), (X, 7, T2, T),

(2, T, T2, T2).
The NCLTRSs having (5,5, 5)-open sets are

(2, p1sp1, 1), (2 1, p1, p2), (2, p1, p1, p3),

(2, p1,p2,p2) (s p1: p2: p3), (2, p1, p3, p3),

(X2, p2, p2, p2), (27, 2, p2, p3), (2, p2. 3. p3),

(27, p3, p3, p3)-
The NCLTRSs having

(4,4, 5)-open sets are
(2, m,m1,m), (2, 71,71,/)2) (2, 71,71, p3),
(‘%77_177-27p1)7(‘% 71, T2, 02) (%77'1,7'2,03),
(2,72, 72, 1), (27, 72, T2, p2), (X, 72, T2, p3)-
The NCLTRSs having (5,5,4)-open sets are
(27, p1,01,71), (27, p1, p1,72), (27, p1, p2, 1),
(27, p1, p2,72), (2, p1s p3: 1), (X, p1, p3, T2),
(2, p2,p2:71), (X, p2, p2, T2), (27, p2, p3, 1),
(2, p2,p3:72), (X, p3: p3:T1) (2, 3 p3, T2)-
Here, the total number of NCLTRSs having 4 and 5-open sets

=35=4+104+9412=¢[(2+3)* + 3.(2+ 3)? + 2.(2 + 3)].

Proposition 4.6.5
For k # | # m, the number of NCLTRSs on 2" having (k,l,m)-open
sets is

gTCL(na m, ka la m) = Nk "Mm-

Proof:
Let the number of NCLT's having k-open sets be 7y, the number of NCLT's

having [-open sets be 7;, and the number of NCLTs having m-open sets

95



be M.
Let 71,7y, ..., T, bethe NCLTs on 2" having k-open sets, p1, p2, . . ., pn,
be the NCLTs on 2" having [-open sets, and p1, ft2, . . . , /iy, be the NCLTs
on 2 having m-open sets.

Let A; be the collections of NCLTRSs having (k, [, m)-open sets, where
A ={(Z 1,05 10) 1< J <1 <7 <imbi=1,2,... 1.
Then,

(2,70, 00,m), (270,01, p12), - (271, 1, i) )
1%24(%?mmwmxﬁﬁmgwﬁ~wwﬁﬁmeﬁ
(271 pys b0)s (271, Py pi2) s - -+ (2771 s i) )
(272,00, 1), (2 72, 01, 112), - (2,72, 1, i) )
(27,72, p2,00), (X, 72, 2, pi2), - (2 72, p2, ),

-~
-

\(‘%77-27pm7,u1)7 (%77'2,,()77“#2), SRR (‘%77'27%17:“%),

) :
(%77'%;017#1)7 (‘%7Tnkaplyu2)7' SR («%77'%7017#%),

A = (‘%77_T]k7p27:u1)7 (‘%JTTIMPQMMQ)) IR (’%DTT)k7p27M7]m)7
U .

k

\(%aTnmpnmﬂl)7 (‘%7Tnk7 Pmn‘@)a ce (%ankvpma:“Tlm);
Ar| = it [Aa| = M, -+ | Ay | = T

We see that | J*, A; contains all the NCLTRSs having (k, [, m)-open sets
on Z .

So, 7£E(n, m, k,1,m) = cardinality of | J*, A;

= > |A;l, as A; are distinct

= |A| + |As| + ... + A,

= MM + MW+ -+ + MW

= MMM -

Here,
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Corollary 4.6.1
For k # 1 # m, if g, = n = N, the number of NCLTRSs having
(k,l,m)-open sets is

L
T (n,m, kL m) = 03 or g or 3.

Proof:
Putting 7y, = 1, = 7w 1n the Proposition 4.6.5, the required result is

obtained.

Example 4.6.4

For k # 1 # m,np = = N

Let 2 = {a,b}, # = {(0,1,1),(1,0,0),(0.5,0.5,0.5)} and k = 2,1 =
3, andm = 9.

Then, n = m = N = 1, say 11, p1, u1 are the NCLTSs having k, [, m-
open sets respectively.

The NCLTRSs having

(a) (k,k,k)-open sets is (X, 11,71, T1).
(b) (I,1,1)-open sets is (2", p1, p1, p1)-

(c) (m, m, m)-open sets is (X, ji1, 1, J41)-
(d) (k,k,l)-open setsis (2,1, 71, p1)-
(e) (k,k,m) open sets is (X, 11,71, l11)-
(f) (1,1, k)-open sets is (2, p1, p1,T1)-
(g) (1,1, m)-open sets is (X, p1, p1, fi1)-
(h) (m,m, k)-open sets is (Z", p1, pi1, T1).
(i) (m,m,l)-open sets is (2, u1, pi1, p1)-
(j) (k,l,m)-open setsis (2,71, p1, pi1).
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Therefore, the total number of NCLTRSs is
=10=¢[(1+1+1>+31+14+1)2+2(1+1+1)].

Proposition 4.6.6
For k # | # wm,n, # m # N, the number of NCLTRSs having k,l &

m-open sets with repetition is obtained by the formula

sl 4 4 )+ 30 + 0+ ) 4 2(0k + 0+ D).

Proof:
The total number of NCLTRSs having %, [ & m-open sets with repetition

includes:

(i) (k, k, k)-open sets with repetition: Following Proposition 4.6.1(i),
TE(n,m, k) = w.
(ii) (,1,1)-open sets with repetition: Following Proposition 4.6.1(i),
9TCL(n m, 1) = m(m+16)(m+2)
(iii) (m,m, m)-open sets with repetition: Following Proposition 4.6.1(i),

3%1;(” m m) _ 77m(77m+é)(77m+2)

(iv) (k, k,1)-open sets and (k, k, m)-open sets with repetition: Following
Proposition 4.6.2(1),

gTCL(n m, k l) 77k771(727k+1) and FfTCL(TL m, k m) nwm(;?k+1)

respectively.

(v) (1,1, k)-open sets and (I, 1, m)-open sets with repetition: Following
Proposition 4.6.2(1),
L (n,m, 1, k) = 200 a0d G200 (0, m, 1, m) = Walntl)
respectively.

(vi) (m, m, k)-open sets and (m, m, [)-open sets with repetition: Follow-

ing Proposition 4.6.2(1),
T (n,m.m, k) = PG and T (n,m,m, 1) = Helget
respectively.
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(vii) (k,l,m)-open sets: By Proposition 4.6.5,

9TCL(n7 m, k; l? m) = Nk M-

Therefore, adding results from (i) to (vii), the required total number of
NCLTRSs is obtained as

L+ m+ 1w)® + 300 + 1m0+ 1)+ 2005 + 0+ 7).

Proposition 4.6.7
For k # 1 # m,n; # n # N, the number of NCLTRSs having k,l &

m-open sets without repetition is obtained by the formula

S0+ m 4 mm)® = 30+ 4 1)® + 20 + M+ ).

Proof:
The total number of NCLTRSs having k, [ & m-open sets without repeti-

tion includes:

(i) (k, k, k)-open sets without repetition: Following Proposition 4.6.1(ii),
TEL(n, m, k) = i (10— 16)(77k 2)
(ii) (I,1,1)-open sets without repetition: Following Proposition 4.6.1(ii),
gTCL(m m, 1) = m(m—16)(m—2)
(iii) (m,m, m)-open sets without repetition: Following Proposition 4.6.1(ii),

gTCL(n m m) Non (N — é)(nm_2)

(iv) (k, k,l)-open sets and (k, k, m)-open sets without repetition: Fol-
lowing Proposition 4.6.2(i1),
T (n,m, ke, 1) = 200 and ZCL (n,m, k, m) = Winlnl)
respectively.

(v) (1,1, k)-open sets and (/, [, m)-open sets without repetition: Follow-
ing Proposition 4.6.2(i1),
gTCL(n m, 1, k) = nkm(m D and %CL(n,m, l,m) = Ul??m(;/lfl)

respectively.
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(vi) (m,m, k)-open sets and (m, m, [)-open sets: Following Proposition
4.6.2(i),
T E(n,m,m k) = w and 7L (n,m,m,l) = w
respectively.

(vii) (k, [, m)-open sets: Following Proposition 4.6.5,

gTCL(nv m, ka la m) = NEMMm-

Therefore, adding results from (1) to (vii), the required total number of
NCLTRSSs is obtained as

SO+ m 4 mm)® = 30+ 4 m)® + 20 + M+ ).

Corollary 4.6.2
For k # 1 # m,np = n; = N, the total number of NCLTRSs is obtained
by

(i) with repetition: %[9%3 + 92 + 2mz],

(ii) without repetition: %[977;5’ — 9 + 2m].

Proof:
These results are obtained by substituting 7, = 7; = 7, in Proposition

4.6.6 and Proposition 4.6.7 respectively.

Example 4.6.5

Fork # 1 #m ng # m # 1

Let us assume that, n, = 1,1, = 2, nm = 3 and let T, be the NCLTs hav-
ing k-open sets, pi, ps be the NCLTs having [-open sets and ji1, Ji2, 13 be
the NCLTs having m-open sets.

The NCLTRS having (k, k, k)-open sets is (2, 11,11, T1).

| I |
T (5]

T

Figure 4.18: NCLTRSs having (k, k, k)-open sets for example 4.6.5
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The NCLTRSs having (1,1, 1)-open sets are
(%7p17p17p1>7 <%7p17p17p2)7 (%7P17/027p2)7

('%7 P2, P2, p2)
| P4 E P P
| P, P, P,

Figure 4.19: NCLTRSs having ([, [, [)-open sets for example 4.6.5

The NCLTRSs having (m, m, m)-open sets are
(‘%7M17M17M1)7 (%HMMMDMQ)? (‘%7M17M17M3)7
(%7/«517#27#2)7 (%nuhﬂ%lu?))a (%7/~L17,u37,u3)7
(X7, pa, pi2, p2), (2, 2, 2, 13), (27, pa, i3, 143),
(%7M37,u3nu3)'

Hy Hy il
Hy My Hy
Ha 3 3

Figure 4.20: NCLTRSs having (m, m, m)-open sets for example 4.6.5

The NCLTRSs having
(l) (ka k) l)-open sets are (%7 T1, 71, p1)7 (‘%7 T1, 71, 102)
(ii) (k, k, m)-open sets are

(%77-177_17:u1)7 (’%77-177—17”2)7 (‘%—77—177_17“3)-

101



1

T 71

P2

Figure 4.21: NCLTRSs having (&, k, [)-open sets for example 4.6.5

Py

(5] 5] Ha

H3
Figure 4.22: NCLTRSs having (k, k, m)-open sets for example 4.6.5

The NCLTRSs having
(a) (1,1, k)-open sets are
(2, p1,p1,711), (27, p1, p2,11), (2, p2, p2, 71), and
(b) (1,1, m)-open sets are
(2, p1,p1, ), (2, pr, p1s ), (2, p1, p1, pi3),
(27, p1, p2, 1), (27, p1, p2, 2), (', p1, p2, p3),
(2, p2, p2, 411), (7, p2, p2, p2), (27, p2, p2, 13)-

‘ Py Py
> T1
| Ps )

Figure 4.23: NCLTRSs having (I, [, k)-open sets for example 4.6.5
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’ H
Ha
H3
Figure 4.24: NCLTRSs having ([, [, m)-open sets for example 4.6.5

The NCLTRSs having
(a) (m,m, k)-open sets are
(%aﬂlaﬂhﬁ)? (%nulnu%ﬁ)? (‘%7N17:u3771)7

(%7,“27,“277_1)7 (%7M27M3771)7 (%MLLS)M?))TI)'
(b) (m,m, [)-open sets are

(‘%‘7M17M17p1)7 (‘%7M17M17p2)7 (%nulalu%pl)? (‘%7M17M27p2)7
(%7M17M37p1)7 (%7M17:u37,02)7 (%7M27M27PI)7 (%7H27M2,P2)7
(%7M27M37P1)7 (%7,“27,“3;/02); (%:H&N&Pl)a (‘%7u37,u37p2)-

P 5w
h % : > i
Ha . Hg

Figure 4.25: NCLTRSs having (m, m, k)-open sets for example 4.6.5

51 51 |
P4
7 s
|
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Ha Ha

Figure 4.26: NCLTRSs having (m, m, [)-open sets for example 4.6.5
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The NCLTRSs having (k, [, m)-open sets are
(%77_17:017/11)7 (‘%‘77_17p17:u2)7 (%77_17/)17:u3)7
(%77171027,u1)7 (%,Tl,pQ,,LLQ), (%7Tl7p27:u3)'

#
i p .
71 . Ho
P3
Hg

Figure 4.27: NCLTRSs having (k, [, m)-open sets for example 4.6.5

Therefore, the total number of NCLTRSs having k,l & m-open sets with
repetition = 56 = ¢[(1 + 2+ 3)* + 3(1 + 2+ 3)* + 2(1 + 2 + 3)],
and the total number of NCLTRSs having k,l & m-open sets without
repetition = 20 = ¢[(1+ 2+ 3)* = 3(1+ 2+ 3)* + 2(1 + 2 + 3)].
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