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The Score, Accuracy, and Certainty Functions determine
a Total Order on the Set of Neutrosophic Triplets (T, I, F)

Florentin Smarandache *

1 Division of Mathematics, Physical and Natural Sciences, University of New Mexico, 705 Gurley Ave., Gallup,
NM 87301, USA
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Abstract: In this paper we prove that the Single-Valued (and respectively Interval-Valued, as well
as Subset-Valued) Score, Accuracy, and Certainty Functions determine a total order on the set of
neutrosophic triplets (T, I, F). This total order is needed in the neutrosophic decision-making
applications.

Keywords: single-valued neutrosophic triplet numbers; single-valued neutrosophic score function;
single-valued neutrosophic accuracy function; single-valued neutrosophic certainty function.

1. Introduction

We reveal the easiest to use single-valued neutrosophic score, accuracy, and certainty functions
that exist in the literature and the algorithm how to use them all together. We present Xu and Da’s
Possibility Degree that an interval is greater than or equal to another interval, and we prove that this
method is equivalent to the intervals’ midpoints comparison. Also, Hong-yu Zhang et al.’s interval-
valued neutrosophic score, accuracy, and certainty functions are listed, that we simplify these
functions. Numerical examples are provided.

2. Single-Valued Neutrosophic Score, Accuracy, and Certainty Functions

We firstly present the most known and used in literature single-valued score, accuracy, and
certainty functions.

Let M be the set of single-valued neutrosophic triplet numbers,

M = {(T,I,F),whereT,[,F €[0,1,0<T+1+ F < 3}. )

Let N = (T,1,F) € M be a generic single-valued neutrosophic triplet number. Then:

T = truth (or membership) represents the positive quality of N;

I =indeterminacy represents a negative quality of N,

hence 1 — I represents a positive quality of N;

F = falsehood (or nonmembership) represents also a negative quality of N, hence 1—F
represents a positive quality of N.

We present the three most used and best functions in the literature:
2.1. The Single-Valued Neutrosophic Score Function

s:M - [0,1]

T+(1-D+(1-F) _ 24T—-I-F

s(T,I,F) = 2 - )

that represents the average of positiveness of the single-valued neutrosophic components T, I, F.

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
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2.2. The Single-Valued Neutrosophic Accuracy Function

a:M - [-1,1]
a(T,I,F) =T —F 3)

2.3. The Single-Valued Neutrosophic Certainty Function

c:M - [0,1]
o(T,LF) =T (4)

3. Algorithm for Ranking the Single-Valued Neutrosophic Triplets

Let (Ty, 1, F,) and (Ty, I, F,) be two single-valued neutrosophic triplets from M, i.e.
T, 1,,F,, Ty, 1, F, € [0,1].

Apply the Neutrosophic Score Function.

1.If s(Ty, I, Fy) > s(Ty, I, F,), then (Ty, I, Fy) > (Ty, I, F).

2.1f s(Ty, 1y, F,) < s(Ty, I, ), then (Ty, 1y, Fy) < (T, I, F,).

3.1f s(Ty, I, Fy) = s(Ty, I, F,), then apply the Neutrosophic Accuracy Function:

3.11f a(Ty, I, F) > a(Ty, L, F,), then (Ty, Iy, Fy) > (Ty, I, F,).

321f a(Ty, I, F,) < a(Ty, L, F,), then (Ty, Iy, Fy) < (Ty, I, F,).

3.31f a(Ty, I, Fy) = a(Ty, I, F,), then apply the Neutrosophic Certainty Function.

3.3.11f ¢(Ty, I, Fy) > c(T,, I, F,), then (Ty,1;,F,) > (T,,1,, F,).

3.321f ¢(Ty, I, Fy) < c(Ty, I, Fy), then (Ty, 1, F,) < (T,, I, F,).

33.11f c(Ty, 1, Fy) = ¢(Ty, I, F>), then (Ty, 14, Fy) = (Ty, I, Fy),ie. Ty =T, I =1, F{ =F,.

3.1. Theorem

We prove that the single-valued neutrosophic score, accuracy, and certainty functions all
together form a total order relationship on M. Or:

for any two single-valued neutrosophic triplets (Ty,1;, F;) and (T3, I, F,) we have:

a) Either (Ty, 14, F;) > (T,, I, F,)

b) Or (Ty, I, Fy) < (Ty, 5, F,)

¢)Or (Ty, I, F,) = (T, I, F,), whichmeans that T, =T,, I, =1,, F, = F,.

Therefore, on the set of single-valued neutrsophic triplets M = {(T,I,F),withT,I,F €
[0,1],0 < T + 1 + F < 3}, the score, accuracy, and certainty functions altogether form a total order
relationship.

Proof.

Firstly we apply the score function.

The only problematic case is when we get equality:

s(Ty, I, Fy) = s(Ty, I, Fy). 6)

That means:

24Ti—11—F1 _ 2+To—I—F,

3 3

orTy—1,—F, =T, — 1, — F,.

Secondly we apply the accuracy function.

Again the only problematic case is when we get equality:
a(Ty, 11, F) =a(Ty,I,,F,) or Ty —F, =T, — F,.

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)



Neutrosophic Sets and Systems, Vol. 38, 2020 3

Thirdly, we apply the certainty function.

Similarly, the only problematic case may be when we get equality:

(T, I, Fy) = c(Ty, I, F) or Ty =To.

For the most problematic case, we got the following linear algebraic system of 3 equations of
6 variables:

T,—L—-F=T,—1,—F,
I,-F=T,-F
T, =T,

Let’s solve it.

Since T; = T,, replacing this into the second equation we get F; = F,.

Now, replacing both T; = T, and F; = F, into the first equation, we get I, = I,.

Therefore the two neutrosophic triplets are identical: (T4, 11, F;) = (T,, I, F,), i.e. equivalent
(orequal),or T, =T,, I; = I;,and F; = F,.

In conclusion, for any two single-valued neutrosophic triplets, either one is bigger than the

other, or both are equal (identical).

4. Definition of Neutrosophic Negative Score Function

We have introduce in 2017 for the first time [1] the Average Negative Quality Neutrosophic Function

of a single-valued neutrosophic triplet, defined as:

0T o> [01Ls (0, f) = (1—t);—i+f _ 1—t-;i+f_

(6)

4.1. Theorem

The average positive quality (score) neutrosophic function and the average negative quality

neutrosophic function are complementary to each other, or
st ) +s (i, f)=1. 7)
Proof.

S (h ) 4 (0 f) = 2

i—erl—t+i+f:1

3 3 (8)
The Neutrosophic Accuracy Function has been defined by:
h:[0, 1P 2 [-1, 1], h(t, i, )=t-f. )
We have also introduce [1] for the first time the Extended Accuracy Neutrosophic Function, defined
as follows:
he: [0, 1P 2 [-2, 1], he(t, i, ) =t =i~ f, (10)

which varies on a range: from the worst negative quality (-2) [or minimum value], to the best

positive quality (+1) [or maximum value].

4.2. Theorem

If s(T1, I, F1) = s(T>, I, F2), a(T1, I, F1) = a(T>, I, F2), and c(T1, I1, F1) = c(T>, I2, F2),
then T1 = Tz, I1 = I, F1=F3, or the two neutrosophic triplets are identical:
(T1, I, F1) = (T2, I, F2).

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
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Proof:

It results from the proof of Theorem 3.1.

5. Xu and Da’s Possibility Degree

Xu and Da [3] have defined in 2002 the possibility degree P(.) that an interval is greater than
another interval:

lay, az] = [by, b]

for ay,a,, by, b, € [0,1] and a; < a,, b; < b,, in the following way:

P([ay,a,] = [by, by]) = max {1 — max (lel, O) , O},

az—aq+by—

Where az - al + bz - bl i 0 (i.e. az ¢ al or bz i bl'

They proved the following;:

5.1. Properties
1) P(lay,a;] = [by,b,]) € [0,1];
2) P([ay,a;] = [by, b,]) = 0.5;
3) P(lay, az] = [by, by]) + P([by, by] = [a4,a,]) = 1.

5.2, Example
Let [0.4,0.7] and [0.3,0.6] be two intervals.
Then,
P([0.4,0.7] = [0.3,0.6]) = max {1 - max( 06— 04 ,0) , 0} = max {1 — max (E) , 0}
0.7—-04+0.6—-0.3 0.6
= max{l - E,O} = % ~ 0.66 > 0.50,
0.6 0.6
therefore [0.4,0.7] = [0.3,0.6].
The opposite:
P((0.3,0.6) = ([0.4,0.7])) = max{l — max ( 07-03 ,0) ) o} = max {1 — max (E, 0) ) 0}
06—-03+07-04 0.6
= max {1 — %,0} = B ~ 0.33 < 0.50,
0.6 0.6
therefore [0.3,0.6] < [0.4,0.7].
We see that

P([0.4,0.7] > [0.3,0.6]) + P([0.3,0.6] > [0.4,0.7]) = % + % =1.
Another method of ranking two intervals is the midpoint one.

6. Midpoint Method

Let A =[a1, a2] and B = [bs, b2] be two intervals included in or equal to [0, 1], with
my = (a1+a2)/2 and mg = (b1 + b2)/2 the midpoints of A and respectively B. Then:
1) If my < mg then A <B.

2) If my > mg then A > B.

3) If my = mp then A =y B, i.e. A is neutrosophically equal to B.

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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6.1. Example

1) We take the previous example,

_ 04407

where A =[0.4,0.7], and m, = = 0.55;

0.3+0.6

and B =[0.3,0.6], and mp = = 0.45.

Since m, = 0.55 > 0.45 = my, we have A > B.
Let € =[0.1,0.7] and D =[0.3,0.5].

_0.1+07

03+0.5
Then m, = = 0.4, and mp = =
2

2

0.4.

Since m¢ = mp = 0.4, we get C =y D.
Let’s verify the ranking relationship between C and D using Xu and Da’s possibility degree
method.

0.5—-0.1 0.4
1,0.7] = [0.3,0.5]) = —~ = - —
P([0.1,0.7] = [0.3,0.5]) max{l max<0.7_0.1 +0.5_0.3,0>,0} max{l max<0.8,0>,0}
_ {1 0.4 0}_ {0.4 0}_ 0.5
= max o5’ 0f = max15ge 0§ = 05
and P([0.3,0.5] = [0.1,0.7]) = max {1 — max (ﬁ 0) , o} = max {1 -

max (% 0),0} = max{l —E%Z,O} = max {%,0} =0.5;

0.8’ 0.8

thus, [0.1,0.7] =y [0.3,0.5].

6.2. Corollary

The possibility method for two intervals having the same midpoint gives always 0.5.

For example:

p([0.3, 0.5]1>[0.2, 0.6]) =max{1-max( ((0.6-0.3)/(0.5-0.3 + 0.6-0.2)), 0 ), 0} =

= max{1 - max( ((0.3)/(0.6)),0),0} = max{1-max( 0.5,0) 0}=0.5.

Similarly,

p([0.2,0.6]>[0.3, 0.5]) =max{1-max( ((0.5-0.2)/(0.6-0.2 +0.5-0.3)), 0), 0} = 0.5.

Hence, none of the intervals [0.3, 0.5] and [0.2, 0.6]) is bigger than the other.

Therefore, we may consider that the intervals [0.3, 0.5] =y [0.2, 0.6] are neutrosophically equal

(or neutrosophically equivalent).

7. Normalized Hamming Distance between Two Intervals

Let’s consider the Normalized Hamming Distance between two intervals [as, a2] and [b1, b2]
h :int([0, 1]) x int([0, 1]) 2 [0, 1]
defined as follows:
h([ai, bi], [az, b2])=Yo(la1- b1l + laz- b21).

7.1. Theorem

7.1.1. The Normalized Hamming Distance between two intervals having the same midpoint

and the negative-ideal interval [0, 0] is the same.

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
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7.1.2. The Normalized Hamming Distance between two intervals having the same midpoint

and the positive-ideal interval [1, 1] is also the same (Jun Ye [4, 5]).

Proof.
Let A=[m—a, m+a] and B=[m—b, m + b] be two intervals from [0, 1], where m-a, m+a, m-b, m+b,

a,b,m €[0, 1]. A and B have the same midpoint m.
711 . h(lm-a,m+al, [0,0)="2(lm—a-0l+Im+a-0l)=%(m—-a+m+a)=m, and

h(lm-b, m+b],[0,0))=Y(lm -=b-01 + lm+b-01)=Yo(m—-b+m+b)=m,
712 . h(lm-a m+al [1,1)=Y(Ilm—a-11+Im+a-11)=%(1-m+a+1-m-a)=1-m, and

h(lm-b, m+0b], [1, 1])=Y(lm—=b-1l +Im+b-11)=%(1-m+b+1-m-b)=1-m.

8. Xu and Da’s Possibility Degree Method is equivalent to the Midpoint Method

We prove the following:

8.1. Theorem

The Xu and Da’s Possibility Degree Method is equivalent to the Midpoint Method in ranking

two intervals included in [0, 1].

Proof.

Letzj‘; and B be two intervals included in [0,1]. Without loss of generality, we write each interval
in terms of each midpoint:

A=[m; —am;+a] and B =[m, — b,m, + b],

where my, m, € [0,1] are the midpoints of A and respectively B, and a,b € [0,1], 4, B € [0,1].

_ 04407

(For example, if A =1[0.4,0.7], my = = 0.55, 0.55-0.4=0.15, then A = [0.55 — 0.15,0.55 +

0.15]).
1) First case: m; < m,. According to the Midpoint Method, we get A < B. Let’s prove the same
inequality results with the second method.
Let’s apply Xu and Da’s Possibility Degree Method:
P(A=B) =P(fm; —a,m; +a] = [m, — b,m, + b])

B {1_ < (m; + b) — (my — a) 0> 0}
= max max mi+a)—(m;—a)+(@m,+b)—(my,—b)" )’

m,—my+a+b ) 0}

= 1—
———

m,—my+a+b
2a+2b

= max {1 — ,0},because m; <m,,

2a+2b—my+my—a-—>b a+b+m—m,
,0}=max{ ,0}

=max{ 2a + 2b 2a+2b
a+b+m1—m2'0

)If a+b+my —m, <0, then p(4 = B) =max{ 2a+2b

}= 0, hence A < B.

i)lif a+b+my —m, >0,

then p(4A = B) = max{

a+b+mq—m, } _ a+b+m;-my
, =

> 0.
2a+2b 2a+2b

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
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a+b+mi—-my
2a+2b

We need to prove that <0.5,

or a+b+m; —m, <0.5(2a+2b),

ora+b+m —m,<a-+b,

or my —m, <0,

or m; < m,, which is true according to the first case assumption.

2) Second case: m; = m,. According to the Midpoint Method, A is neutrosophically equal to B
(we write A =y B).

Let’s prove that we get the same result with Xu and Da’s Method.

Then A = [m; —a,m; + a], and B = [m,; — b,m; + b].

Let’s apply Xu and Da’s Method:

P(AZB)=max{1—max<( (my +b) = (m, — a) 0),0}

my+a)—(my—a)+ (m; +b)—(m; — b)’

= {1 ( b o) o}— {1 10}—05
= max max (5——,0),0; = max 5,0§=0.
Similarly:
(m1+a)_(m1_b) ) }
P(B=A) =max{1—max ,01,0
& 24) { <(m1+b)—(m1—b)+(m1+a)—(m1—a>

— maxft -~ max (252 0).0) = o3
= max max rat25°) 0 =0

Therefore, again A =y B.

3) If my > m,, according to the Midpoint Method, we get A > B.

Let’s prove the same inequality using Xu and Da’s Method.
P(A=B)=P(Imy —a,m; +a] = [m, —b,m, —b]) =

1 (m2+b)_(m1_a) 0l o
m“x{ _m“x((m1+a)—(ml—a)+(m2+b)—(mz—b)' > }

m,—m;+a+b )0}
2a+2b )

i)If my—m; +a+b<0,then P(A = B) = max{1 — 0,0} = 1, therefore A > B.

ii) If my—my +a+b >0, then

= max {1 — max(

m,—m;+a+b } 2a+2b—-my,+my—a—-»b a+b+m; —m,

> = - -
P(A = B) max{l 2a +2b 2a + 2b 2a +2b

a+b+mq—m,
2a+2b

We need to prove that > 0.5,

or a+b+m; —m, > 0.5(2a + 2b)
ora+b+m;—my,>a+b
ormy—m, >0

or my > m,, which is true according to the third case. Thus A > B.

8.2. Consequence

All intervals, included in [0, 1], with the same midpoint are considered neutrosophically equal.
c(m) = {{m — a,m + a], where allm,a,m — a,m + a € [0,1]}

represents the class of all neutrosophically equal intervals included in [0, 1] whose midpoint is m.

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
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i) If m =0 or m = 1, there is only one interval centered in 0, i.e. [0, 0], and only one interval
centered in 1, i.e. [1, 1].

ii) If m ¢ {0, 1}, there are infinitely many intervals from [0, 1], centered in m.

8.3. Consequence

Remarkably we can rank an interval [a, b] € [0,1] with respect to a number n € [0,1] since the
number may be transformed into an interval [n,n] as well.

For example [0.2,0.8] > 0.4 since the midpoint of [0.2, 0.8] is 0.5, and the midpoint of [0.4, 0.4]=
0.4, hence 0.5 > 0.4.

Similarly, 0.7 > (0.5, 0.8).

9. Interval (-Valued) Neutrosophic Score, Accuracy, and Certainty Functions

Let T,1,F € [0,1] be three open, semi-open / semi-closed, or closed intervals.

Let Tt = infT and TV = supT; I* = infl and IV = supl; F* = infF and FY = supF.

Let TL,TY, I, 1V, FL, FU € [0,1], with TX < TV, I < IV, FL < FU.

We consider all possible types of intervals: open (4, b), semi-open / semi-closed (4, b] and [4, b),
and closed [g, b]. For simplicity of notations, we are using only [4, b], but we understand all types.

Then A = ([T%,TY], [1%1Y],[F%, FV]) is an Interval Neutrosophic Triplet.

TL is the lower limit of the interval T,

TY is the upper limit of the interval T,

and similarly for I%,1Y, and F%, FY for the intervals I, and respectively F.

Hong-yu Zhang, Jian-giang Wang, and Xiao-hong Chen [2] in 2014 defined the Interval
Neutrosophic Score, Accuracy, and Certainty Functions as follows.

Let’s consider int([0, 1]) the set of all (open, semi-open/semi-closed, or closed) intervals included
in or equal to [0, 1], where the abbreviation and index int stand for interval, and Zhang stands for

Hong-yu Zhang, Jian-qiang Wang, and Xiao-hong Chen.
9.1. Zhang Interval Neutrosophic Score Function

sZere . Gnt([0,1])Y — int([0,1])

mt
Zhang(A) [TE+1-1Y+1-FU, TV +1—-141—FL] (11)

mt

9.2. Zhang Interval Neutrosophic Accuracy Function

a2 - Lint([0,1])} — int([0,1])

a’l" (4) = [min{T* - FL, TY — FY}, max{T" — FL,TV — FV}] (12)
9.3. Zhang Interval Neutrosophic Certainty Function
c2 - £int([0,1])} — int([0,1])
Ce 0 (A) = [T*, TV (13)

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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9. New Interval Neutrosophic Score, Accuracy, and Certainty Functions

Since comparing/ranking two intervals is equivalent to comparing/ranking two members (i.e.

the intervals’ midpoints), we simplify Zhang Interval Neutrosophic Score (S2:*"
( Zhang

int

), Accuracy
Zhang

e ) functions, as follows:

s {int([0,1])} = [0,1]

int

a’ {int([0,1])}’ > [-1,1]

nt

¢ {int([0,1])}* — [0,1]

int

), Certainty (c

where the upper index FS stands for our name’s initials, in order to distinguish these new functions

from the previous ones:

10.1. New Interval Neutrosophic Score Function

FS TlirVU+(1-15)+(1-1Y)+(1-FY)+(1-FY a+1lyrV_L_jU_pL_FU
s (([TL,TU], [IL,1Y], [FL,FU])) _ I+ +( )+( ; )+( )+( )= T+ . :

which means the average of six positivenesses;

10.2. New Interval Neutrosophic Accuracy Function

FS tlitU—_Fl_pU | which means the average of differences
g ((ITH TV I, 1Y), [FY FU])) = 8
between positiveness and negativeness;

10.3. New Interval Neutrosophic Certainty Function

rs R
e (A, T, [, 10, R, PO = TR

which means the average of two positivenesses.

10.4. Theorem

Let M, = {(T,I,F),whereT,I,F < [0,1],and T, I, F are intervals} , be the set of interval
neutrosophic triplets.
The New Interval Neutrosophic Score, Accuracy, and Certainty Functions determine a total

order relationship on the set M}, of Interval Neutrosophic Triplets.

Proof.

Let’s assume we have two interval neutrosophic triplets:

Pl = ([TlLl Tlu]l [If' Ilu]! [FlLf Flu])/

and P, = ([Tf, TP, 115, 1Y], [FF, FY]), both from M.

We have to prove that: either P, > P,, or P; < P,,or P, = P,.

Apply the new interval neutrosophic score function (Si:f ) to both of them:

4+TE+TV —1F -1 —FF - FY
Siif(Pl): 1 1 1~ 1 1

6
Fs 4+T2L+T2U—11L—11U—F1L—F1U
Sint (P2)= 6

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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If Fs

FS ,then P, > P,.
Sim (Pl) > Sint (PZ) ! z

If Fs

FS ,then P, < P,.
Sint (P) < Sint (P2) ! 2

If 'S 'S
s (P = S0 (Py)

TEATY —1F = 1Y — FF—FY = T}+TY — 15 — 1Y — F}—F}

In this problematic case, we apply the new interval neutrosophic accuracy function

, then we get from equating the above two equalities that:

(aiits ) to both Pjand P,, and we get:
L, U L U
appy =T F
2
L, U L U
afi(py=2 B
2
If , then P; > P,.

FS FS
aint (Pl) > aint (PZ)

If ,thenP1<P2.

FS FS
aint (Pl) < aint (PZ)

If , then we get from equating the two above equalities that:

FS FS
iy (Pl) = iy (PZ)
TE+T{ — F{—F{ = Ty+T; — F;—F;

Again, a problematic case, so we apply the new interval neutrosophic certainty function (cii;S )

toboth P; and P,, and we get:
FS
Cint (Pl) = T1L+T1U

ES
Cint (Pz) = T2L+T2U

If , then P, > P,.

ES ES
Cint (Pl) > Cint (PZ)

If then P; < P,.

ES ES ’
Cint (Pl) < cint (PZ)

If then we get:

Co (P1) = €y (P
TE+1? = TE+TY
We prove that in the last case we get:
P, =y P, (or P; isneutrosophically equal to P,).
We get the following linear algebraic system of 3 equations and 12 variables:
Ti+TY —If=1f — Ff—F = T} +T) — I;-1j — F;—F;

TE+TY — FE—F! = TF+T{ — Ff—F}

TE+T = T;+T)

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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Second equation minus the third equation gives us:

—Ff—F! = —F}—F},or FL + F/ = F; + F.

First equation minus the second equation gives us:

—1f -1y =-I5—1,or f +17 =15+ 1f.

The previous system is now equivalent to the below system:
T{+TY Ty +T)

et =ary |22,
B+l =5+ o 1122

2 2
FIAR) = BB gy plpry
2 2

which means that:

i) the intervals [T{,T] and [T}, TY] have the same midpoint, therefore they are
neutrosophically equal.

ii) the intervals [IF,I7] and [I},1Y] have also the same midpoint, so they are neutrosophically
equal.

iii) similarly, the intervals [F{,F{] and [F, F{] have the same midpoint, and again they are
neutrosophically equal.

Whence, the interval neutrosophic triplets P, and P, are neutrosophically equal, i.e. P; =y P,.

10.5. Theorem

Let’s consider the ranking of intervals defined by Xu and Da, which is equivalent to the ranking
of intervals’ midpoints. Then, the algorithm by Hong-yu Zhang et al. for ranking the interval

neutrosophic triplets in equivalent to our algorithm.
Proof

Let’s consider two interval neutrosophic triplets, P, and P, € My,
Pl = ([TlL’ Tlu]’ [I%! Ilu]l [Ff! Flu])/
and PZ = ([TZLl TZU]I [Ié‘! IZU]! [FZLI FZU])

Zhang

Let’s rank them using both methods and prove we get the same results. We denote by ;" ",

Zhang
int 4

Zhang
int

FS

a c , and sk, afs., ¢, the Interval Neutrosophic Score, Accuracy, and Certainty

Functions, by Hong-yu Zhang et al. and respectively by us.
Interval Neutrosophic Score Function

S (P =[TF+1—1 +1—FY, TV +1— I} +1— F}]

s (p) = [Th+1— 1Y +1-FY,TY +1— Ik +1—F}]

a) If then

Zhang Zhang
Sim (Pl) > Sim (PZ)’

the midpoint of the interval midpoint of the interval _zhang (P,Y
int 2

Zhang
S (P>

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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. TE+1-1Y+1-rV+ TV +1-1k+1-FL S th+1-1Y+1-FY+ TV +1-1k+1-FF
2 2

or T1L+T1U_If_IF_Ff_F1U>T2L+T2U_I£‘_[2U_F2L_F2U,

. a+TErV —1E— 1V —FL-FY S a+1E+mY - 1h 1Y -FE-FY
6 6

or siue(P1) > sige (P2).
b) If Sile;ang ) < Siil:ang P,y the proof is similar, we only replace the inequality symbol > by

< into the above proof.

o) If  Zhan Zhan , the proof again is similar with the above, we only replace > by =
) Sinta ¢ (Pl) = Sinta ¢ (PZ) p g y p y

into the above proof.

Interval Neutrosophic Accuracy Function
Zh . y
aintang P) = [min{T} = F{, TY — F}, max{T}" — F{, T/ — F{'}]

aiii”mg (P,) = [min{Ty — F}, T, — F{}, max{T} — F3, T} — F/}]

a) If then

Zhang Zhang ’
aint (Pl) > aim (PZ)
Hong
int

(P,) > the midpoint of the interval aio"?(P,),

the midpoint of the interval a int

L_pL, rU_gpU L_pL, pU_pU
Ty —Fy'+Ty —F. Ty'—Fy+Ty —F,
or L1171 7h - 2772 T2 7

2 2

or afy(Py) > afy,(Py).

b) Similarly, if just replacing > by < into the above proof.

Zhang Zhang
Ui (P) < @y (Py)

c) Again, similarly if , only replacing > by = into the above proof.

Zhang _ . Zhang
aint (Pl) - aim (PZ)

Interval Neutrosophic Certainty Function
Zh
Cimang ) = [T1L, T1U]

Zh
Coi (P = [TE,TY]

a)lf , then

Zhang Zhang
Cim (Pl) > cim (PZ)

b) the midpoint of the interval the midpoint of the interval = Zhang

nt

Zhang
Cie ~ (Pq)>

(P2

L U L U

Ty +T: Ty +T,
or —121 >—22 2

or cf5.(P) > cfS.(P).

int int

b) Similarly, if just replacing > by < into the above proof.

Zhang Zhang
Cine (P < Gy~ (P

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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) Again, if o Zhang ) = o Zhang P,y only replace > by = into the above proof.

1nt 1nt

Therefore, we proved that, for any interval neutrosophic triplet P,

g Zhang where ~ means equivalent;
e (PY)~shL(PY a

Zh
A (P)~afy (PY

and 7z (py_cFs (py

11. Subset Neutrosophic Score, Accuracy, and Certainty Functions

Let Meypset = {(Tsubset Isubsets Fsubset), Where the subsets Toupset Isubsets Fsubset < [0, 11}.

We approximate each subset by the smallest closed interval that includes it.

Let’s denote:

= inf (Tsypser) and TY = sup(Tqypser); therefore Towsee < [TE, TY];

I' = inf (Igypser) and 1V = sup(Igypser); therefore Iawset < [IL, IV];

FL = inf (Fsupser) and FY = sup (Fsypser); therefore Fsuset < [FL, FU.

Then:

([T, TV, 1), [F", FY)), where T5, TV, 11,1V, FL, FU € [0, 1],
andTE<TY 1" <1V, Ft <FY

Msubset ~

11.1. Definition of Subset Neutrosophic Score, Accuracy, and Certainty Functions

Then, the formulas for Subset Neutrosophic Score, Accuracy, and Certainty Functions will
coincide with those for Interval Neutrosophic Score Accuracy, and Certainty Functions by Hong-yu

Zhang, and respectively by us:

11.2. Theorem

Let N be the Interval Neutrosophic Triplet

N = ([T, T [1%1°], [F*, FUD),

where T <TY, I <Y, FL < FU,

and all [T%,TY], [I%1Y],[F%, FU] < [0, 1].

If each interval collapses to a single point, i.e.

TL=TY =T, then [T5,TU] =[T,T] =T €0,1],

I =1Y =1 then [I}1Y]=[,I]=1€[0,1],

FL=FU =F, then [F!,FV]=[F,F]=T €]0,1],

then sii(N) = s(N), afp:(N) = a(N), and cfp(N) = c(N).

Proof
44+TL4TV —[L—JU—_FL—FY 44T4+T—-]—-1-F—-F 4+42T-2]-2F
She(N) = 6 - 6 - 6
2+T—-1—F
=———F——=sW).

TL+TU—FL—FU_T+T—F—F 2(T — F)
2 B 2 2

agne(N) = a(N).

Florentin Smarandache, The Score, Accuracy, and Certainty Functions determine a Total Order on the Set of Neutrosophic
Triplets (T, I, F)
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TE4+TY T+T 2T -
2 2 2 Y

ch(N) =

12. Conclusion

The most used and easy for ranking the Neutrosophic Triplets (T, I, F) are the following
functions, that provide a total order:
Single-Valued Neutrosophic Score, Accuracy, and Certainty Functions:
24+T—-1-F
s(T,)LF) =—""——
3
a(T,I,F) =T —F
c(T,I,F) =T
Interval-Valued Neutrosophic Score, Accuracy, and Certainty Functions:

4+TL4+TV —[F -V —FL —FV

seo (AT, TVL U5 191, [FY, FUD) =

6
TL4+ TV —FL —FU
ES
apy ([T, TY), [1%, 1Y), [FL, FU])) = .
T:+ TV
FS
cint (([TL' TU]: [ILJ IU], [FL, FU])) = T

All these functions are very much used in decision-making applications.
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Abstract. NeutroSophication and AntiSophication are processes through which NeutroAlgebraic and AntiAlgebraic
structures can be generated from any classical structures. Given any classical structure with m operations (laws and
axioms) where m > 1 we can generate (2™ — 1) NeutroStructures and (3™ — 2") AntiStructures. In this paper, we
introduce for the first time the concept of NeutroHyperGroups. Specifically, we study a particular class of NeutroHy-
perGroups called [2, 3]— NeutroHyperGroups and present their basic properties and several examples. It is shown that
the intersection of two [2,3]— NeutroSubHyperGroups is not necessarily a [2, 3]—NeutroSubHypergroup but their union
may produce a [2,3]— NeutroSubhypergroup. Also, the quotient of a [2,3]—NeutroHyperGroup factored by a [2,3]—
NeutroSubHyperGroup is shown to be a [2, 3]—NeutroHyperGroup. Examples are provided to show that in the neutro-
sophic environment, [2,3]— NeutroHyperGroups are associated with dismutation reactions in some chemical reactions

and biological processes.

Keywords: NeutroHyperGroup, NeutroSubHyperGroup, NeutroHyperGroupHomomorphism, NeutroHyperGrouplso-

momorphism.

1. Introduction

In 2013, Agboola and Davvaz established the connections between neutrosophic set and algebraic
hyperstructures. In [143] they studied neutrosophic hypergroup, neutrosophic canonical hypergroup
and neutrosophic hyperrings. Since then several neutrosophic algebraic structures have been studied
and many results have been obtained and published. Recently, Ibrahim and Agboola in [13] studied
Neutrosophic Hypernearrings and presented some of their properties. In 2019, Florentin Smarandache
in [20] presented the concept of NeutroAlgebraicStructures and AntiAlgebraicStructures which can be
generated from classical algebraic structures through processes called NeutroSophication and AntiSoph-
ication respectively. He recalled, improved and extended several definitions and properties of these new

structures in [19]. These new concepts have provided new methodologies for handling indeterminate,
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incomplete and imprecise information and processes. The work of Smarandache in [20] was studied viz-
a-viz the classical number systems N, Z, Q, R and C by Agboola et al. in [4]. In [5/6], Agboola formally
presented the notions of NeutroGroups, NeutroSubgroups, NeutroRings, NeutroSubrings, Neutroldeal,
NeutroQuotientRings, and he established several properties of these structures and their substructures
for the classes he considered. Recently, Rezaei and Smarandache in [17] introduced the concepts of
Neutro-BE-algebras and Anti-BE-algebras and in [7,/12] Agboola and Ibrahim introduced the concept
of NeutroVectorSpaces and AntiRings. The present paper will be concerned with the introduction of
the concept of NeutroHyperGroups and presentations of their basic properties and examples. For more

details on Neutrosophy and applications, the readers should see [8}|9}/14}16}|18}/22].

2. Preliminaries

In this section, we will give some definitions, examples and results that will be used in the sequel.

Definition 2.1. Let H be a non-empty set and o : H x H — P*(H) be a hyperoperation. The couple
(H, o) is called a hypergroupoid. For any two non-empty subsets A and B of H and = € H, we define

AoB = U aob, Aox=Ao{z} and xzoB={z}oB.
a€A,beEB

Definition 2.2. A hypergroupoid (H,o) is called a semihypergroup if for all a, b, ¢ of H we have
(aob)oc=ao(boc), which means that
U woc= U aov.
u€aob vEboc
A hypergroupoid (H, o) is called a quasihypergroup if for all a of H we have a o H = H o a = H. This

condition is also called the reproduction axiom.

Definition 2.3. A hypergroupoid (H, o) which is both a semihypergroup and a quasi- hypergroup is
called a hypergroup.

Definition 2.4. Let (H,o) and (H’,0’) be two hypergroupoids. A map ¢ : H — H’, is called
(1) an inclusion homomorphism if for all x,y of H, we have ¢(x oy) C ¢(z) o’ ¢(y);
(2) a good homomorphism if for all x, y of H, we have ¢(z oy) = ¢(x) o ¢(y).

Definition 2.5. Let H be a non-empty set and let + be a hyperoperation on H. The couple (H,+) is
called a canonical hypergroup if the following conditions hold:

) z2+y=y+uz, forall x,y € H,
2)z+(y+z2)=(x+y)+z forall z,y,z € H,

(1)

(2)

(3) there exists a neutral element 0 € H such that z + 0= {z} =0+ z, for all z € H,

(4) for every x € H, there exists a unique element —x € H such that 0 € z + (—z) N (—z) + =,
(

5) z€x+yimpliesy € —z+zand x € z —y, for all z,y,z € H.
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Definition 2.6. [21]

(i) A classical operation is an operation well-defined for all the set’s elements.

(ii) A classical hyper-operation is a hyper-operation well-defined for all the set’s elements.

(iii) A neutro operation is an operation partially well-defined or partially indeterminate or partially
outer defined on a given set.

(iv) (Anti) Operation is an operation that is outer defined for all set’s elements.

(v) A classical law/axiom defined on a nonempty set is a law/axiom that is totally true (i.e., true
for all set’s elements).

(vi) A NeutroLaw/NeutroAxiom defined on a nonempty set is a law/axiom that is true for some set’s
element [degree of truth (7')], indeterminate for other set’s elements [degree of indeterminacy
(I)], or false for the other set’s elements [degree of falsehood (F)], where T, 1, F € [0,1], with
(T,I,F) # (1,0,0) that represents the classical axiom, and (7,1, F) # (0,0,1) that represents
the AntiAxiom.

(vil) An AntiLaw/AntiAxiom defined on a nonempty set is a law/axiom that is false for all set’s
elements.

(viii) NeutroHyperOperation is a hyper-operation partially well-defined, partially indeterminate, and
partially outer-defined on a given set.

(ix) AntiHyperOperation is a hyper-operation outer-defined for all set’s elements.

(x) A NeutroAlgebra is an algebra that has at least one NeutroOperation or one NeutroAxiom
(axiom that is true for some elements, indeterminate for other elements, and false for other
elements).

(xi) An AntiAlgebra is an algebra endowed with at least one AntiOperation or at least one Anti-

Axiom.

Theorem 2.7. [17] Let U be a nonempty finite or infinite universe of discourse and let S be a finite
or infinitre subset of U. If n classical operations (laws and axioms) are defined on S where n > 1, then

there will be (2™ — 1) NeutroAlgebras and (3™ — 2™) AntiAlgebras.

Definition 2.8. [Classical group] Let G be a nonempty set and let * : G X G — G be a binary operation
on G. The couple (G, *) is called a classical group if the following conditions hold:

(Gl) zxy € G Vz,y € G [closure law].

(G2) zx(y*2) = (z*y)*2z Vz,y,z € G [axiom of associativity].

(G3) There exists e € G such that x x e = e xx = 2 Vz € G [axiom of existence of neutral element].

(G4) There exists y € G such that  xy =y *x = e Vo € G [axiom of existence of inverse element)
where e is the neutral element of G.

If in addition Vz,y € G, we have
(Gh) z*xy =y xx, then (G, *) is called an abelian group.
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Definition 2.9. [NeutroSophication of the law and axioms of the classical group] [5]

(NG1)

(NG2)

(NG3)

(NG4)

(NG5)

There exist some duplets (x,y), (u,v), (p,q), € G such that xxy € G (inner-defined with degree
of truth T) and [u * v = indeterminate (with degree of indeterminacy I) or p x ¢ € G (outer-
defined/falsehood with degree of falsehood F)] [NeutroClosureLaw].

There exist some triplets (z,y, z), (p,q,7), (u,v,w) € G such that z * (y* z) = (x *y) * z (inner-
defined with degree of truth T) and [[p * (g * r)]or [(p * ¢) * r] = indeterminate (with degree of
indeterminacy I) or u * (v * w) # (u * v) * w (outer-defined/falsehood with degree of falsehood
F)] [NeutroAxiom of associativity (NeutroAssociativity)].

There exists an element e € G such that x x e = e x x = 2 (inner-defined with degree of truth
T) and [[x * e]or[e * 2] = indeterminate (with degree of indeterminacy I) or x x e # = # e x x
(outer-defined /falsehood with degree of falsehood F)] for at least one x € G [NeutroAxiom of
existence of neutral element (NeutroNeutralElement)].

There exists an element v € G such that « * u = u * x = e (inner-defined with degree of truth
T) and [[z * u]or[u * )] = indeterminate (with degree of indeterminacy I) or x x u # e £ u * x
(outer-defined /falsehood with degre of falsehood F)] for at least one x € G [NeutroAxiom of
existence of inverse element (NeutroInverseElement)] where e is a NeutroNeutralElement in G.
There exist some duplets (z, y), (u,v), (p, ¢) € G such that x+y = y+x (inner-defined with degree
of truth T) and [[u * v]or[v * u] = indeterminate (with degree of indeterminacy I) or p *x ¢ #
q * p (outer-defined/falsehood with degree of falsehood F)] [NeutroAxiom of commutativity
(NeutroCommutativity)].

Definition 2.10. [AntiSophication of the law and axioms of the classical group] [5]

(AG1)
(AG2)

(AG3)

(AG4)

(AG5)

For all the duplets (z,y) € G, x xy ¢ G [AntiClosureLaw].

For all the triplets (z,y,2) € G,  * (y* 2) # (x *y) * z [AntiAxiom of associativity (AntiAsso-
ciativity)].

There does not exist an element e € G such that x xe = exx = = Vo € G [AntiAxiom of
existence of neutral element (AntiNeutralElement)].

There does not exist u € G such that x xu = u* 2 = e Vo € G [AntiAxiom of existence of
inverse element (AntilnverseElement)] where e is an AntiNeutralElement in G.

For all the duplets (x,y) € G, zxy # y*x [AntiAxiom of commutativity (AntiCommutativity)].

Definition 2.11. [5] A NeutroGroup NG is an alternative to the classical group G that has at least
one NeutroLaw or at least one of {NG1, NG2, NG3, NG4} with no AntiLaw or AntiAxiom.

Definition 2.12. [5] An AntiGroup AG is an alternative to the classical group G that has at least
one AntiLaw or at least one of {AG1, AG2, AG3, AG4}.
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Definition 2.13. [5] A NeutroAbelianGroup NG is an alternative to the classical abelian group G
that has at least one NeutroLaw or at least one of { NG1, NG2, NG3, NG4} and NG5 with no AntiLaw

or AntiAxiom.

Definition 2.14. [5] An AntiAbelianGroup AG is an alternative to the classical abelian group G that
has at least one AntiLaw or at least one of {AG1, AG2, AG3, AG4} and AGS.

Proposition 2.15. [5] Let (G,*) be a finite or infinite classical non abelian group. Then:

(i) there are 15 types of NeutroNonAbelianGroups,
(ii) there are 65 types of AntiNonAbelianGroups.

Proposition 2.16. [ Let (G, *) be a finite or infinite classical abelian group. Then:

(i) there are 31 types of NeutroAbelianGroups,
(i) there are 211 types of AntiAbelianGroups.

Definition 2.17. [5] Let (NG, #) be a NeutroGroup. A nonempty subset NH of NG is called a
NeutroSubgroup of NG if (NH,x) is also a NeutroGroup of the same type as NG. If (NH,x) is a
NeutroGroup of a type different from that of NG, then N H will be called a QuasiNeutroSubgroup of
NG.

Example 2.18. [5]
(i) Let NG =N=1{1,2,3,4---,}. Then (NG,.) is a finite NeutroGroup where ".” is the binary
operation of ordinary multiplication.
(ii) Let AG = Q% be the set of all irrational positive numbers. Then (AG,*) is an infinite Anti-
Group.
(iii) Let U= {a,b,c,d,e, f} be a universe of discourse and let AG = {a,b, ¢, } be a subset of U. Let
* be a binary operation defined on AG as shown in the Cayley table below:

x|al|bl|c
dicl|d
clela
clblalf

Then (AG, %) is a finite AntiGroup.
3. Formulation of a NeutroHyperGroup

Definition 3.1. [Classical Hypergroup]
Let H be a non-empty set and o : H x H — P*(H) be a hyperoperation. Then (H, o) is a hypergroup
if the following conditions hold:

(H1) for all z,y € H, x oy C H (closure law),

(H2) for all z,y,2z € H, (xoy)oz=uxzo0(yoz) (associative axiom),
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(H3) for all z € H, x o H = H o x = H (reproductive axiom).

Definition 3.2. [NeutroSophication of the law and axioms of the classical hypergroup]

(NH1) There exist some duplets (u,v), (x,y), (p,q) € H such that uwov C H (inner-defined with the
degree of truth T) and [z oy = indeterminate (with the degree of indeterminacy I) or poq ¢ H
(outer-defined /falsehood with degree of falsehood F)].

(NH2) There exist some triplets (u,v,w),(x,y,2),(p,q,7) € H such that v o (vow) = (uowv)ow
(inner-defined with the degree of truth T) and [z o (y 0 2) or (z o y) o z = indeterminate(with
the degree of indeterminacy I) or (pog) or # po (qor) (outer-defined/falsehood with degree
of falsehood F)].

(NH3) There exists at least a triplet (u,v,x) € H such that wo H = H ou = H (inner-defined with
the degree of truth T) and [vo H or H o v = indeterminate (with the degree of indeterminacy
I) or x o H # H # H oz (outer-defined /falsehood with degree of falsehood F)].

Definition 3.3. [AntiSophication of the law and axioms of the classical hypergroup ]

(AH1) uov € H Yu,v € H (anti closure law).
(AH2) uo(vow) # (uowv)ow Yu,v,w € H (anti associative axiom)

(AH3) xo H # H and H ox # H Vx € H (anti reproductive axiom).

Definition 3.4. A NeutroHyperGroup (NH,o) is an alternative to the classical hypergroup (H,o)
that has a NeutroLaw or at least one of NH2 and N H3 with no Antilaw or AntiAxiom.

Definition 3.5. An AntiHyperGroup (AH, o) is an alternative to the classical hypergroup (H, o) that
has an AntiLaw or at least one of AH2 and AH3.

Theorem 3.6. Let (H, o) be a classical hypergroup. Then,

(1) there are 7 classes of NeutroHyperGroup.
(2) there are 19 classes of AntiHyperGroup.

Proof. The proof follows easily from Theorem -0

Theorem shows that there are 7 classes of NeutroHypergroups. The classes where NH1 — NH3
hold are called the trivial NeutroHyperGroups. Examples of NeutroHyperGroups in this class are

presented below.
Example 3.7. Let V = {u, v, w, s,t, z} be a universe of discourse and let NH = {v,w, s, 2z} be a subset

of V. Define on N H the binary Operation o as shown in the table below.

It can easily be deduced from the table that (N H, o) is a trivial NeutroGroup. The subset NK = {v, s}

of NH is also a trivial NeutroGroup and hence a NeutroSubgroup of N H.
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o} v w S z
(% S z v
w z u ( S
S v w S z
z z u v S

Now, consider the NeutroSubgroup NK = {v, s}. Defined on NK a hyperoperation xxx as follows

xoNKoy={zozoy:2€ NK}if x =y,
THANK Y =
{z,zoy}if x#y.

From this definition we construct the table below:

TABLE 1. Cayley table for the hyperoperation "%y "

v {v,2}  {t,v} {v,z} {v}

w {w,z} {t,u} {v,w} {s,w}
s {s,v} {s,w} {s,z} {s, 2z}
z {z} {u,2} {v,2z}  {s,v}

It can be seen from Table 1 that g satisfies :

(1) NeutroClosureLaw (NH1) : Except for the composition
vixng w={t,v},wxnk w = {t,u} and z *yx w = {u, 2} which are false with 18.75% degree
of falsehood, all other composition are true with 81.25% degree of truth.

(2) NeutroAssociative (NH2) :
sxNiK (VxNK V) = (s *NK V) *nK U = {s,v, z}.

s*ni (wrng v) = {s,w,z} but (s kg w) *nvg v = {s,v,w, 2} # {s,w, z}.

(3) NeutroReproductionAxiom (NH3) :
S*NK NH = NH*NK S = {U,U),S,Z} = NH.

wxyg NH =NH *yg w = {u,v,w,s,t,z} # NH.

Hence, (NH,*n k) is a trivial NeutroHyperGroup.

Example 3.8. Let V = {u,v,w,s,t,z} be a universe of discourse and let NH = {u,v,w, z} be a

subset of V. Define on N H the binary operation o as shown in the table below.

It can be shown from the table that (NH, o) is a NeutroGroup and the subset NK = {u,v} of NH is

a classical group with respect to o.
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Now, defined on NH a hyperoperation xy g as follows :

xoNKoy={zozoy:2z€ NK} ifzx#uy#uandz#y,
THNK Y = roy ifx=y,

{z,y} otherwise.
Note, if z o y is indeterminate, we write x oy = I.

From this definition we construct the table below:

TABLE 2. Cayley table for the hyperoperation "y "’

U u {u,v} Au,s} A{u,z}
v {u,v} u {s,t} {w, z}
s {u,s}  {w,s} wu {v,t}
z {u,z} {t, I} {w, 1} u

It can be seen from the table that *x g satisfies :

(1) NeutroClosureLaw (NH1) : Except for the compositions
ving s = {s,th,v*yg z = {w, 2}, s*yk v = {w,s} and s xyg z = {v,t} which are false
with 25.0% degree of falsehood, and the compositions z xyg v = {t,I} and z xyx s = {w, I}
which are indeterminate with 12.5% degree of indeterminacy all other compositions are true
with 62.5% degree of truth.

(2) NeutroAssociative (NH2) :

UKNEK (’U *NK u) = (U*NK ’l)) ANK U= {U,U}.

s*xNi (uxni v) = {u,w, s} but (s *yk u) *ni v = {u,v,w, s} # {u,w, s}.

(3) NeutroReproductionAxiom (NH3) :
uxyg NH =NH xyg s = {u,v,s,2} = NH.

z+xnik NH = {u,w,t,z,1} # NH and NH xyg z = {u,v,w,t,2} # NH.

Hence, (NH,*xn k) is a trivial NeutroHyperGroup.
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4. Study of a Class of NeutroHyperGroup

In this section, we are going to consider a particular class of NeutroHyperGroups (N H, x) where
(i) (NH,x) is a classical hypergroupoid,
(ii) the hypergroupoid (N H,x) is a NeutroSemiHyperGroup and
(iii) the hypergroupoid (N H,x) is a NeutroQuasiHyperGroup.
We will refer to this class of NeutroHyperGroups as [2,3]-NeutroHyperGroup (i.e., H2 and H3 of
Definition are NeutroAxioms).

Example 4.1. Let NH = {u, v, s,t} be a non empty set and let ”-”” be a binary operations defined on
NH as shown in the table below.

[ v S t
U v t S [
v v U t [
s s t v [
t [ u [ [

Now consider the subset NK = {u,v}. Defined on NH a hyperoperation x5 as follows :

- NK-y={z-z-y:2z€ NK} if £y and x,y # u,
THANK Y =

Ty otherwise.

From this definition we construct the table below.

TABLE 3. Cayley table for the hyperoperation "%y "

*NK U v S t
U v t s U
v v {u,t}  {s,t} U
s s {u,t}  {u,v} w
t u t s U

It can be seen from Table 3 that :

(1) (NH,xnk) is a hypergroupoid.

(2) *nk is NeutroAssociative, since
(t *NK ’U) *NKt=txNK ('U *NK t) = {U}

(U *NK S) *NKT= {u} but V*NK (S *NK i) = {'U} 75 {u}

Hence, the hypergroupoid (NH,xnk) is NeutroSemiHyperGroup.
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(3) *n ki satisfies NeutroReproductiveAxiom, since
skygk NH = NH *yi s = {u,v,s,t} = NG.

vang NH = {u,v,s,t} # {u,t} = NH xng v.

Hence, the hypergroupoid (NH,xyg) is a NeutroQuasiHyperGroup.
Accordingly, (NH,*n¥k) is a [2, 3]-NeutroHyperGroup .

Example 4.2. Let NH = {«, 8,7, ¢,%} and let x be a hyperoperation defined on NH as shown in
the table below ;

TABLE 4. Cayley table for the hyperoperation "x”

* « 153 ¥ o] P

B e! {7, ¢} {9, ¢} {8,7} {a, ¥}
¥ ! {7} {a,7} ¥ {7}
o) a {a, ¢} ¢ {a, ¢} {a, ¢}
() e! {7, ¢} {8, ¢} {7, %} {a, B}

Then, (NH,x) is a [2, 3]—NeutroHyperGroup.
It can be seen from Table 4 that :

(1) (NH, ) is a hypergroupoid.
(2) x is NeutroAssociative, since

(@ B)*1h = (Brv) ={a, ¢}

(Bx¢)xy={a,7,0,9} but Bx(¢px7) ={B8,7} #{a,7,0,¢}.
Hence, the hypergroupoid (INVH,x) is NeutroSemiHyperGroup.

(3) x satisfies NeutroReproductiveAxiom, since

Y« NH = NH*9 = {a,f,7,¢,1} = NH.

¢ NH ={o, ¢} #{a, 8,7, ¢} = NH x ¢.

Hence, the hypergroupoid (INVH, x) is a NeutroQuasiHyperGroup.
Accordingly, (N H, ) is a [2, 3]-NeutroHyperGroup.

Example 4.3. Let NH = {m,n,p,q} and let o be a hyperoperation defined on NH as shown in table
5 below.

Then, (NH,o) is a [2,3]—NeutroHyperGroup. It can be seen from the Table 5 that :

(1) (NH,o) is a Hypergroupoid.
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TABLE 5. Cayley table for the hyperoperation

o m n P q

m m {m,n} {m, p} {m, ¢}
n {m, n} p n {n,p}
p p {r,q} p {r,q}

q q {m, ¢} q {m, ¢}

(2) o is NeutroAssociative, since
(mom)on=mo (mon)={m,n}.
(momn)ogq={m,n,p,q}but mo(noq)={m,n,p}# {m,np,qj}.

Hence, the hypergroupoid (N H, o) is NeutroSemiHyperGroup.

(3) o satisfies NeutroReproductiveAxiom, since
moNH =NHom={m,n,p,q} = NH.
poNH ={p,q} # {m,n,p,q} = NHop.

Hence, the hypergroupoid (INVH, o) is a NeutroQuasiHyperGroup.
Accordingly, (NH, o) is a [2, 3]-NeutroHyperGroup.

Example 4.4. Let NH = {1,2,3,4,5,6} and let x be a hyperoperation defined on NH as shown in
the table below ;

" n
*

TABLE 6. Cayley table for the hyperoperation

* 1 2 3 4 5 6

1 1 1 1 1 1 1

2 1 {1,2} 2 {2,4} {1,2} {2,4}

3 1 3 {1,3} 3 {1,3} {1,3}

4 1 {1,4} 4 (2,4} (1,4} (2,4}

5 1 {3,5} {2,5} {5,6} {1,2,3,5} {2,4,5,6}
6 1 {3,6} {4,6} {5,6} {1,3,4,6} {2,4,5,6}

It can be shown from Table 6 that, (NH,x) is a [2,3]—NeutroHyperGroup.

Proposition 4.5. Let (NHy,x1) and (N Ha, %) be any two [2,3]— NeutroHyperGroups. Let
NH; x NHy = {(v,k) :v € NHy and k € NHo},
for x = (v1,k1), y = (va, ko) € NHy x NHy define :
xxy = ((v1 %1 v2), (k1 %2 k2)).

Then (NH; x NHy, %) is a [2,3]— NeutroHyperGroup.
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Proof. (1) Let « = (v1, k1), y = (v2,k2) € NHy x NHy, then
TrY = (Ul,k‘l)*(vg, kg) = (1}1*11)2,]451*2]{:2) - NH1 XNHQ. Uik vg C NH1 and k‘l*gk‘g - NHQ.

Hence, (NH; x N Hoy, %) is a hypergroupoid.
(2) There exists at least a triplet ((v1, k1), (v2, k2), (vs, k3)) € NH; x N Hy such that

((v1, k1) * (va, ko)) * (v3, k3) ((v1 *1 v2), (k1 *2 k2)) * (vs, k3)
((v1 %1 v2) %1 3, (k1 *2 k2) *2 k3)
= (v1 *1 (vg %1 v3), k1 *2 (k2 %2 k3)) " NH2 holds in NHjand NH,.
(v1, k1) * ((v2 %1 v3), (ko %2 k3))
(v1, k1) * ((v2, k2) * (v3, k3)).

Also, there exists at least a triplet ((a1,b1), (ag, b2), (as,bs)) € NH; x N Hy such that

((al,bl)*(GQ,bg))*(ag,bg) = (al*lag) (bl*gbg)) (a3,b3)
(

<

(
= ((a1 %1 az) %1 az, (b1 *2 bz) x2 b3)
75 (a1 *1 (ag *1 ag) b1 *9 (bg *9 b3)) - NH2 holds in NHland NH2
= (
(

ai, bl) (((LQ *1 a3) (bg *9 bg))
al,bl) ((ag,bg) (ag,bg)).

Hence, NH2 holds in NH; x NHs.
(3) There exists at least a (v, k) € NH; x NHy with v € NH; and k € NH; such that
(v,k)* NHy x NHy = (v,k)*{(v1,k1):v1 € NHy,k; € NHy}

= {(v,k)* (v1,k1) :v1 € NHy, k1 € NHy}
{((v*1v1),(k*2 k1)) :v1 € NHy, k1 € NHy}

= (v*1 NHy,k*y NH>)
(NHy %1 v, NHy *2 k) (. NH3 holds in NH; and NH,)

= NH; X NHy* (v,k)

= NH1 X NH2
Also, there exists at least a (u,q) € NHy; x NHs with w € NH; and ¢ € NHy such that
(u,q) x NHy Xx NHy = (u,q) x{(vi,k1) : v7 € NHy, k1 € NHy}

{(u,q) * (v1,k1) : v1 € NHy, k1 € NHy}

= {((ux1v1), (gr2 k1)) :v1 € NHy, ky € NHo}

= (ux1 NHy, q*3 NH>)

(NHy x1 u, NHy %3 q) (. NH3 holds in NH; and NHy)
NH;, x NHy x (u,q).

LN

Accordingly, (NH; x N Ha,*) is a [2,3]—NeutroHyperGroup.

Proposition 4.6. Let (NV,*1) be a [2,3]— NeutroHyperGroup and (H,*2) be any hypergroup. Let
NV x H={(v,h) :ve NV and h € H},
for x = (v1,h1), y = (ve,ha) € NV x H define :
x*y = ((v1 %1 v2), (h1 *x2 ha).

Then (NV x H,x) is a [2,3]— NeutroHyperGroup.
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Proof. The proof follows similar approach as the proof of £.5]. g

Definition 4.7. Let NH be a [2,3]—NeutroHyperGroup, a non-empty subset NK of NH is called a
[2, 3]—NeutroSubHyperGroup of NH if NK is itself a [2, 3]—NeutroHyperGroup.

Example 4.8. Let (NH, o) be the [2,3]— NeutroHyperGroup defined in Example [4.3] and let
NK ={m,p,q} be a subset of NH. Let o be defined as shown in the table below.

TaBLE 7. Cayley table for the hyperoperation "”o”

[¢] m P q

m m {m,p} {m,q}
p p P {r,q}
q q q {m, ¢}

It can be shown from Table 7 that (NK,o) is a [2,3]—NeutroHyperGroup. Then, (NK, o) is a
[2, 3]—NeutroSubHyperGroup of NH.

Example 4.9. Let (NH,o) be the [2,3]— NeutroHyperGroup defined in Example and let
NK =1{1,2,3,4} and NW = {1,2,3,5} be subsets of NH.

Let x be defined as shown in the tables below :

TABLE 8. Cayley table for the hy- TABLE 9. Cayley table for
peroperation "« the hyperoperation "«

* 1 2 3 4 * 1 2 3 5

1 1 1 1 1 1 1 1 1 1

2 1 1,2} 2 (2,4} 2 1 (1,2} 2 {1,2}

3 1 3 1,3} 3 3 1 3 (1,3} {1,3)

4 1 (1,4 4 (2,4} 5 1 (3,5} {25} {1,2,3,5}

We can see from Tables 8 and 9 that (NK,x) and (NW,x) are [2,3]—NeutroHyperGroups. Then,
(NK,x) and (NW, %) are [2,3]— NeutroSubHyperGroups of NH.
Now, consider the following:

(1) NKUNW = {1,2,3,4,5}.

(2) NKNNW ={1,2,3}.
It can be shown from Table 6 that NK U NW is a [2, 3]— NeutroSubHyperGroup of NRbut NK N NW
is a non-trivial NeutroSemiHyperGroup of N H.

These observations are recorded in Remark [£.10]

Remark 4.10. Let NK and NW be two [2, 3]—NeutroSubHyperGroups of a [2, 3]— NeutroHyperGroup
NH. Then
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(1) NKUNW can be a [2,3]— NeutroSubHyperGroup of NH.
(2) NK N NW is not necessarily a [2,3]— NeutroSubHyperGroup of NH.

Proposition 4.11. Let NH be a [2,3]— NeutroHyperGroup and let NW be a [2,3]— NeutroSubHy-
perGroup of NH. For aNW,bNW € NH/NW with a,b € NH, let x be a hyperoperation defined on
NH/NW by

aNW «bDNW = {cd | c € aNW, d € bLNW}.

Then, (NH/NW,x) is a [2,3]— NeutroHyperGroup which is known as a [2,3]— NeutroQuotientHyper-
Group.

Proof. The proof of this Proposition will be by a constructed example as given in Example 0

Example 4.12. Let (NH,o) be the [2,3]— NeutroHyperGroup defined in Example and let NW
be the [2, 3]—NeutroSubHyperGroup of Example . Then we have

NH/NW = {NW,po NW,no NW,qgo NW}.

Define on NH/NW a hyperoperation x as shown in the table below

TABLE 10. Cayley table for the hyperoperation "+"

* NW pNW nNW qgNW

NW {NW,pNW,qNW} {NW,pNW,qNW} {NW,pNW,nNW} {NW,pNW,qNW}
pNW  {pNW,qNW} {pPNW,qNW} {pPNW,qNW} {pPNW,qNW}
nNW  {NW,pNW,nNW}  {pNW,nNW} {NW,nNW} {pNW,qNW,nNW}
gNW  {NW,qNW} (NW,qNW} (RNW,gNW} aNW

Then, it can be seen from the table that :
(1) (NH/NW,x) is a hypergroupoid.
(2) there exists at least a triplet (bNW,nNW,¢NW) € NH/NW such that

PNW « (nNW %« gNW) = (pNW xnNW) x gNW = {pNW,qNW }.
And, there exists at least a triplet ((NW,nNW,gNW) € NH/NW such that
(GNW xnNW) % gNW = {pNW,nNW,qNW} £ {NW,nNW,gNW} = gNW * (nNW % gNW).
(3) there exists nNW € NH/NW such that
nNW x NH/NW = NH/NW xnNW = NH/NW.

And, there exists pNW € NH/NW such that
pNW « NH/NW = {pNW,qgNW } £ {NW,pNW, nNW qNW} = NH/NW xpNW.
Accordingly, (NH/NW, %) is a [2, 3]— NeutroHyperGroup.
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Definition 4.13. Let (NH,*) and (NW, o) be any two [2,3]— NeutroHyperGroups . The mapping
¢:NH — NW

(1) is called a NeutroHyperGroupHomomorphism if ¢(a x b) C ¢(a) o ¢(b) for at least a duplet
(x,y) € NH.

(2) is called a good NeutroHyperGroupHomomorphism if ¢(axb) = ¢(a) o ¢(b) for at least a duplet
(x,y) € NH.

(3) is called NeutroHyperGrouplsomorphism if ¢ is a NeutroHyperGroupHomomorphism and ¢~*

is also a NeutroHyperGroupHomomorphism.

Definition 4.14. Let (NH,*) and (NW, ) be any two [2,3]— NeutroHyperGroups with NeutroNeu-
tralElements ey and eny respectively.

Let ¢ : NH — NW be a good NeutroHyperGroupHomomorphism.

The kernel of ¢ denoted by NH Kerg is defined as

NHKer¢ ={x: ¢(x) = enw}-
The image of ¢ denoted by N HIm¢ is defined as
NHIm¢ ={y € NW :y = ¢(x) for at least one y € NW}.
Example 4.15. Let (N K, o) be the [2,3]— NeutroHyperGroup of Example and let
¢:NK x NK — P*(NK)

be given by ¢(k1, ko) = k1 o ko for all k1, ks € NK.

Then ¢ is a good NeutroHyperGroupHomomorphism.

We have NHKer¢ = {(m,m), (p,m), (p,p), (¢;m), (¢, p)} and

NHIm¢ = {m,p,q,{m,p},{m,q},{p,q}}.

It can be shown that NHKerg is a [2,3]— NeutroSubHyperGroup of (NK x NK,o) and NHIm¢ is
a [2, 3]— NeutroSubHyperGroup of (P*(NK),o).

Proposition 4.16. Let (NH,*) and (NW, %) be any two [2,3]— NeutroHypergroups.
Let ¢ : NH — NW be a good NeutroHperGroupHomomorphism. Then :

(1) NHKer¢ is a NeutroSubHyperGroup of NH.
(2) NHIm¢ is a NeutroSubHyperGroup of NW.

Proof. The proof follows from Example 0
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5. Applications of [2,3]— NeutroHyperGroups in Biological and Chemical Sciences

In [10], Davvaz et al. provided some examples of hyperstructures and weak hyperstrutures associated
with dismutation reactions. In what follows, we will provide examples to show that when dismutation
reactions take place in the neutrosophic environment, they are associated with [2,3]— NeutroHyper-

Groups.

Example 5.1. Let NX = {zg = Sn,ry = Sn?", x4 = Sn*T} be a set of Tin in different oxidation
state. Define on VX, a hyperoperation x as shown in the table below, where x is a comproportionation

reactiod] (without energy). Then, it can be seen from Table 11 that :

"o n
*

TABLE 11. Cayley table for the hyperoperation

* o T2 T4
xo Zo {:L’o, 962} X2
Z2 {zo,z2} T2 {z2, 24}
T4 o {z2, x4} T4

(1) (NX,) is a hypergroupoid.
(2) For the triplet (z2,24,22) € NX, we have

Xo * (Tg *x x2) = (T * Tq) x X2 = {2, 24}

and for the triplet (xq,z2,24) € NX, we have have
(g * o) xxg = {Ta, x4} # {T0, 22} = To * (T2 * T4).
(3) For z2 € NX, we have
o x NX = NX x 29 = {29, 22,24}

and for z4 € NX, we have

24 * NX = NX *xqy = {x2, 24} # NX.

Accordingly, (N X, x) is a [2, 3]— NeutroHyperGroup.

Example 5.2. Let BG = {ag = AA,a1; = AS,a3 = SS} be a set of blood group. Define on BG, a
hyperoperation * as shown in the table below, where x denote mating.

Then, it can be seen from table 12 that :

(1) (BG,*) is a hypergroupoid.

A Comproportionation is a chemical reaction where two reactants each containing the same element but with a different

oxidation number, will give a product with oxidation number intermediate of the two reactant.
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" n
*

TABLE 12. Cayley table for the hyperoperation

* ap ai as
ao ao {ao, al} ai
ax {ao,a1} {ao,a1,as} {a1,as}
as ai {a1, a3} as

(2) For the triplet (a1, as,a1) € BG, we obtain
ay * (az *xay) = (a1 *asz) xa; = {ap, a1,as}.
and for the triplet (ag,a1,a3) € BG, we obtain
(ap * a1) x ag = {a1,a3} # {ap,a1} = ag * (a1 * az).
(3) For an element a; € BG, we obtain
a1 * BG = BG x a1 = {ag,a1,a3} = BG
and for an an element a3 € BG, we obtain
asx BG = BG x a3 = {a1,a3} # BG.

Accordingly, (BG, %) is a [2,3]— NeutroHyperGroup.

Remark 5.3. It is evident from Examples and that in the neutrosophic environment, [2,3]—
NeutroHyperGroups are associated with dismutation reactions in some chemical reactions and biological

processes.

6. Conclusions

In this paper, we have for the first time introduced the concept of NeutroHyperGroups. Specif-
ically, a class of NeutroHyperGroups called [2,3]— NeutroHyperGroup was investigated and some
of their elementary properties and several examples were presented. It was shown that the inter-
section of two [2,3]— NeutroSubHyperGroups is not necessarily a [2,3]— NuetroSubHyperGroup but
their union may produce a [2,3]— NeutroSubHyperGroup. Also, it was shown that the quotient of a
[2, 3]—NeutroHyperGroup factored by a [2, 3]— NeutroSubHyperGroup is a [2, 3]— NeutroHyperGroup.
Examples were provided to show that in the neutrosophic environment, [2,3]— NeutroHyperGroups
are associated with dismutation reactions in some chemical reactions and biological processes. In our
future work, we hope to use the algebraic properties of NeutroHyperGroups to analyze some chemical
reactions and biological processes.
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Abstract. In this paper, we introduce the notion of commutator of two elements in a specific NeutroGroup.
Then we define the notion of a NeutroNilpotentGroup and we study some of their properties. Moreover, we
show that the intersection of two NeutroNilpotentGroups is a NeutroNilpotentGroup. Also, we show that the
quotient of a NeutroNilpotentGroup is a NeutroNilpotentGroup. Specially, using NeutroHomomorphism we

prove the NeutroNilpotentcy is closed with respect to homomorphic image.
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momorphism.

1. Introduction

One of the most important concepts in the study of groups is the notion of nilpotency [6].
Nilpotent groups arose in Galois theory, as well as in the classification of groups. By Galois
theory, certain problems in field theory reduced to group theory. In [10,11], Smarandache in-
troduced the notions of NeutroDefined, AntiDefined laws, NeutroAxiom and AntiAxiom. Then
in [9], he studied NeutroAlgebras and AntiAlgebras. Rezaei et al. in [5], proved that there are
(2™ —1) NeutroAlgebras and (3" —2") AntiAlgebras in a classical algebra S with n operations
and axioms all together, where n > 1. Agboola et al. in [1], studied NeutroGroups (NG, *)
where the law of composition and axioms defined on NG may either be only partially defined
(partially true), or partially undefined (partially false), or totally undefined (totally false) with
respect to *. Moreover, they considered three NeutroAxioms (NeutroAssociativity, existence
of NeutroNeutral element and existence of Neutrolnverse element) to show the difference be-
tween groups and NeutroGroups. Also, in [3], Agboola studied NeutroRings by considering

three NeutroAxioms (NeutroAbelianGroup (additive), NeutroSemigroup (multiplicative) and
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NeutroDistributivity (multiplication over addition)). Scholars applied the notion of NeutroAx-
ioms and NeutroLaw on Rings, Subgrings, Ideals, QuotientRings and Ring Homomorphism
to present some new notions and several results are obtained (see [3], [7]). In this paper, we
consider a class of NeutroGroups was introduced in [1], and define the notion of NeutroN-
ilpotentGroups. Moreover, we investigate elementary properties of NeutroNilpotentGroups.
Specially, we show that the intersection of two NeutroNilpotentGroups is a NeutroNilpotent-

Group. Also, we prove the NeutroNilpotency is closed with respect to homomorphic image.

2. Preliminaries

We recall some basic definitions and results which are proposed by the pioneers of this

subject.

Definition 2.1 ( [§]). (i) A classical operation is well defined for all the set’s elements.

(ii) A NeutroOperation is an operation partially well defined, partially indeterminate, and
partially outer defined on the given set.

(iii) A classical law/axiom defined on a nonempty set is totally true (i.e. true for all set’s
elements).

(iv) A NeutroLaw/NeutroAxiom (or NeutrosophicLaw/NeutrosophicAxiom) defined on a
nonempty set is a law/axiom that is true for some set’s elements (degree of truth
(T)), indeterminate for other set’s elements (degree of indeterminacy (I)), or false
for the other set’s elements (degree of falsehood (F)), where T,I, F € [0,1], with
(T,I,F)# (1,0,0) that represents the classical axiom.

(v) A NeutroAlgebra is an algebra that has at least one NeutroOperation or one Neu-
troAxiom (axiom that is true for some elements, indeterminate for other elements and

false for other elements).

Definition 2.2 ( [4]). For a nonempty set G and a binary operation * on G the couple (G, )

is called a classical group if the following conditions hold:

(Gl) xxy € G for all z,y € G.

(G2) zx (y*x2)=(x*xy) 2z foral z,y,2z € G.

(G3) There exists e € G such that zxe =exx =z for all x € G.

(G4) There exists y € G such that x xy = y*x = e for all z € G, where e is the neutral

element of G.

If for all z,y € G, (G5) zxy =y z, then (G, *) is called an abelian group.
Note that x x y will be written as xy for all z,y € G.
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Definition 2.3 ( [6]). A group (G, *) is called nilpotent if it has a central series, that is, a
normal series e = Gop < G < --- < G, = G such that G;11/G; is contained in the center of

G/G; for all i. The length of a shortest centeral series of G is the nilpotent class of n.

Definition 2.4 ( [6]). Let (G, ) be a group and z1, ..., x, be elements of G. Commutator of
x1 and xg is [z, x2] = 1‘1_1.7}2_13311'2. A commutator of weight n > 2 is defined by [z1,...,2,] =
[€1,...,Zn—1], xy], where by convention [z1] = z7.

A NeutroGroup is an alternative of a group that has either one NeutroOperation (partially
well-defined, partially indeterminate and partially outer-defined), or at least one NeutroAxiom
(NeutroAssociativity, NeutroNeutralElement or NeutrolnverseElement) with no AntiOpera-
tion (is an operation outer-defined for all the set’s elements (totally falsehood)) or AntiAxion
(is an axiom that is false for all set’s elements). It is possible to define NeutroGroup in another

way by considering only one NeutroAxiom or by considering two NeutroAxioms or etc.

Definition 2.5. Let NG be a nonempty set and * be a binary operation on NG. The couple
(NG, ) is called a NeutroGroup if the following conditions are satisfied:

(NG1) There exists some triplet (z,y, z) € NG such that z*(y*z) = (zxy)*z and ux (vxw) #
(u % v) * w for some (u,v,w) € NG or there exists some (r,s,t) € NG such that
r % (s * t) =indeterminate or (7 x s) x t =indeterminate (NeutroAssociativity).

(NG2) There exists at least an element a € NG that has a single neutral element i.e., we have
e € NG such that a *xe = exa = a and for b € NG there does not exist e € NG
such that b+ e = e *x b # b or there exists ej,es € NG such that bxe; = ey xb =10 or
b*ex = exxb=> with e; # ey or there exists at least an element ¢ € NG that there
is d € NG such that ¢ * d = d * ¢ =indeterminate (NeutroNeutralElement).

(NG3) There exists an element a € NG that has an inverse b € NG w.r.t. a unit element
e € NGie., axb=>bxa = e, or there exists at least one element b € NG that has
two or more inverses ¢,d € NG w.r.t. some unit element ©u € NG i.e., bxc=cxb=u,
bxd = d=*b = u or there exists at least one element » € NG that has one element
s € NG such that r x s = s *x r=indeterminate (NeutrolnverseElement).

(NG4) There exists some duplet (a,b) € NG such that a * b = b * a and there exists some
duplet (¢,d) € NG such that ¢ x d # d x ¢, or there exists some (r,s) € NG, r
s =indeterminate or s*r =indeterminate, then (NG, %) is called a NeutroAbelianGroup

(NeutroAbelianGroup).

Example 2.6. Let U = {a,b,c,d, e, f} be a universe of discourse and NG = {a,b,c,d} be a
subset of U. Define the operation *x; on NG in table(l Then %7 is a NeutroLow since c¢*; d =

indeterminate. Also,

ax1 (bx1¢) = (a*1b)x1 c and ¢ *; (a*1 ¢) = ¢ *; d = indeterminate
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TABLE 1. The table of NeutoGroup (NG, *1)

*1 a b c d
a b c d a
b c d a c
c d a b

d b ? a

Thus, (NG, *1) is a NeutroGroup.
Note that x * y will be written as zy for all z,y € NG.

Theorem 2.7 ( [1]). Let (NH,x) be a NeutroSubgroup of the NeutroGroup (NG, x). The sets
(NG/NH); ={zNH : x € NG} and (NG/NH), = {NHz : x € NG} are two NeutroGroups
with operations o;, o, where for any xtNH, yNH € (NG/NH),, NHx, NHy € (NG/NH),,
x,y € NG we have

sNHoyyNH =xyNH, NHxo, NHy = NHuzy.

Definition 2.8 ( [1]). Let (NG, x) and (NK,o) be two NeutroGroups. The mapping
¢ : NG — NK is called a NeutroGroup Homomorphism if for every duplet (z,y) € G,

we have p(z xy) = ¢(x) o p(y).

In addition, if ¢ is a NeutroBijection, then ¢ is called a NeutroGroup Isomorphism. Neu-
troGroup Epimorphism, NeutroGroup Monomorphism, NeutroGroup Endomorphism are de-

fined similarly.

Theorem 2.9 ( [1]). Let (NG, %) and (NK,o) be NeutroGroups and let enc and expg be
NeutroNeutralElements in NG and NK respectively. Suppose that ¢ : NG — NK 1is a

NeutroGroup Homomorphism. Then p(eng) = enk -

From now on, NG is a NeutroGroup with tree NeutroAxioms (NeutroAssociativity, Neu-
troNeutralElement and NeutrolnverseElement). Also, for all x € NG, N, and I, represent

the NeutroNeutralElement and the NeutrolnverseElement respectively.

3. Some Results On NeutroNilpotentGroups

In this section, we introduce the notion of commutator of two elements in a NeutroGroup
and study a new concept as NeutroNilpotentGroups and their properties are given.

Let z,y be elements of a NeutroGroup NG. The commutator of x,y, denoted by [z, y], is
the element I, I zy, i.e., [x,y] = I, Iyzy. If I, or I, does not exist, then put I, = x and I, = y.

Also, for any x,y1,...,yn € NG, define the commutator [z,y1,...,yn] by [Z,91,...,yn] =

[[$7y1, s 7yn71]>yn]-
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TABLE 2. The table of NeutoNilpotentGroup (NG, *2)

*g a b c d
a b c d a
b c d a c
c d a b d
d b ¢

TABLE 3. The table of NeutoAbelianGroup (NG, *3)

*3 a b c e
a b a b a
b ¢ f c

c d c e c
e b ¢ e

Definition 3.1. A NeutroGroup (NG, *) is called NeutroNilpotentGroup if Z,(NG) = NG

for some n € N, where
Zn(NG) ={x € NG : [z,91,92,...,9n] = N, for at least one g1,...,gn,2 € NG}.

The smallest such n is called the NeutroNilpotency of NG.
Note that, if NG is a NeutroNilpotentGroup, then for any x € NG there exists at least one
J1s---y9n, 2 € NG such that [z, g1,92,...,9n] = N..

Example 3.2. Let U = {a,b,c,d, e, f} be a universe of discourse and NG = {a,b,c,d} be a
subset of U. Define the operation *3 on NG in table [2| Since [a,b] = d, [d,b] = d, [c,c] = d
and [b,b] = a, we have [c,d,b] = [b,b,b] = [a,b] = d = N,, [d,b,b] = [d,b] = N, and
[a,b,b] = [d,b] = N,. Therefore, NG is a NeutroNilpotentGroup of class 2.

Example 3.3. Let U = {a,b,c,d, e, f} be a universe of discourse and let NG = {e,a,b,c} be
a subset of U. Define the operation %3 on NG in table |3} Since [a,b,a] = e = N, [b,a,e] =
le,e] = e, [c,e,c] = [c,c] = e, [e,a,a] = [b,a] = e, we have NG is NeutroAbelianGroup and a

NeutroNilpotentGroup of class 2.
In what follows we have a non Abelian NeutroNilpotentGroup.

Example 3.4. Let U = {a, b, ¢, d} be a universe and NG = {a, b, ¢} be a NeutroGroup by the
Cayley table Then H = {a, b}, by the operation #4, is a NeutroSubgroup of NG (see [1]).
Since N, = a, I, = a, Ny, I, does not exist, we have [a, a] = aaaa = a = N, and [b,b] = a = N,,.

Therefore, H is a NeutroNilpotentSubgroup that is not an AbelianNeutroGroup.
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TABLE 4. The table of non Abelian NeutoAbelianGroup (NG, *4)

%4 a b c
a a C b
b C a C

a C d

%y a b
a c
b C a

TABLE 6. The table of NeutoSubgroup (N H, *5) of (NG, x*5)

*5 a c d
a b d a
c d b d
d a c a

Theorem 3.5. Let NG and NK be two NeutroGroups. Then Z,(NG x NK) = Z,(NG) x
Zn(NK). Moreover, NG x NK is a NeutroNilpotentGroup of class n if and only if NG and
NK are NeutroNilpotentGroups of class n.

Proof. Assume (z,y) € Z,(NG x NK), z€ NG and t € NK. Then for some
(x1,91), -+, (Tn,yn) € NG x NK, we have

(N, Ny) = (2,9), (21,91)5 - (@n,yn)] = ([, 21, @) [y, 91, yn])
& (v, x1,..xn]) = Ny [y, y1, - Un] = Ny
& x € Zy(NG),ye Z,(NK)
& (1,y9) € Zo(NG) X Z,(NK).
Therefore, Z,(NG x NK) = Z,(NG) x Z,(NK).

Moreover, NG x NK is NeutroNilpotentGroup if and only if Z,(NG x NK) = NG x NK =
Zn(NG) x Zp(NK) if and only if NG and NK are NeutroNilpotentGroups.

In what follows we have a NeutroSubgroup that is not NeutroNilpotentGroup.

Example 3.6. Consider the NeutroGroup NG from Example Define the operation x5 on
NG in table[6] Then NH = {a,c,d} is a NeutroSubgroup of NG (see [1]). Since [a,d] = a,
[a,a] and [a,c] does not exist, we get [a,g1,...,gn] does not exist for any g1,...,9, € NH,
and so a &€ Z,(NH) i.e., NH is not NeutroNilpotentGroup.
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Theorem 3.7. Let NH be a NeutroSubgroup of the NeutroNilpotentGroup NG. Then Neu-
troQuotientGroups (NG/NH); and (NG/NH), are NeutroNilpotentGroups.

Proof. Assume NH be a NeutroSubgroup of NG and gH € (NG/NH);. Since NG is a
NeutroNilpotentGroup, we have [g,¢1,...,9,] = N, for some g1, ..., g, 2 € NG, and
so [JNH,q1NH,...,g.NH] = [9,91,...,92JNH = N,NH. Since (zNH) o; (N, NH) =
(z%x N,))NH = zNH = (N,)NH o; zNH, we get (N,)NH is a NeutroNaturalElement of
(NG/NH);. Therefore, (NG/NH), is a NeutroNilpotentGroup. Similarly, (NG/NH), is a
NeutroNilpotentGroup.

We recall that the intersection of two NeutroGroups is a NeutroGroup (see [1]). Now we

have the following:

Theorem 3.8. Let NG and NK be two NeutroNilpotentGroups. Then NGN NK is a Neu-
troNilpotent Group.

Proof. Straightforward.

Theorem 3.9. Let NH be a NeutroNilpotentSubgroup of a NeutroGroup NG and for all
x,t € NG we have
*NH=NH =2x€ NH, (N, )NH = NH.

If (NG/NH); is a NeutroNilpotentQuotientGroup, then NG is a NeutroNilpotentGroup.

Proof. Assume (NG/NH); is NeutroNilpotentGroup of class n and NH is NeutroNilpo-
tentGroup of class m. Then for any «tNH € (NG/NH);, there exist gt1NH,...,g.NH €
(NG/NH); such that [tNH,g1NH,...,goNH] = (N,)NH, where z € NG. Then
[€,q91,...,92)NH = (N,)NH = NH, and so [z,¢91,...,9,] € NH. Since NH is NeutroN-
ilpotentGroup, we get there exist k1,. .., ky € NH such that [[z,g1,...,9n], k1, km] = Ne,
for some t € NG. Consequently, NG is NeutroNilpotentGroup of class n +m.

Theorem 3.10. Let NH be a NeutroNilpotentSubgroup of a NeutroGroup NG and for all
x,t € NG we have
NHx=NH =x€ NH, NH(N;) = NH.

If (NG/NH), is a NeutroNilpotentQuotientGroup, then NG is a NeutroNilpotentGroup.

Proof. Similar to the proof of Theorem 0

Theorem 3.11. Every homomorphic image of a NeytroNilpotentGroup is NeutroNilpotent-
Group.
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Proof. Assume NH be a NeutroSubgroup of a NeutroNilpotentGroup NG and ej, ex be
NeutroNeutralElements in NG and NH, respectively. Suppose that ¢v : NG — NH
is a NeutroGroup Epimorphism. Then for any h € NH, there exists x € NG such
that h = (x). Since NG is NeutroNilpotentGroup, for x € NG, there exist g1, ...,
gn € NG such that [x,¢1,...,9,] = e1. Take k1 = ¥(g1),...,kn = ¥(gn). Therefore,
hok1, ... ko) =¢U([z,091,...,9n]) = ¢(e1) = e2, and so NH is a NeutroNilpotenGroup.

4. Conclusion

In this paper, we defined a class of NeutroGroups, named NeutroNilpotentGroups, and
their elementary properties were presented. The intersection of two NeutroSubgroups is not
necessarily a NeutroSubgroup while their union is a NeutroSubgroup. We hope to study
NeutroSolvabelGroups, NeutroEngelGroups in our future works.
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Abstract. The fundamental intent of this article is to develop the idea of neutrosophic #-cluster point, neutro-
sophic 6- closure operator, neutrosophic efg-neibourhood in neutrosophic topological spaces. We characterize
some types of functions like neutrosophic #-continuous, neutrosophic strongly-6-continuous, neutrosophic weakly
continuous functions in terms of N'@-closure operator are discussed. Further, neutrosophic regular space is also

introduced.
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set, N/ Strongly 6-continuous; N'weakly-continuous.

1. Introduction

Fuzzy set theory is introduced and studied as a mathematical tool concern with uncertainties
where every element had a ”degree of membership, truth(t)”, by Zadeh [28]. A fuzzy set is one
where every element had a ”degree of membership” which lies between 0 and 1. Atanassov [11]
developed intuitionistic fuzzy set(IFS) as a generalization of fuzzy sets where besides, the
”degree of non-membership” is assigned to each elelment. Both degrees belong to the interval
[0,1] with the restriction that their sum is should not exceed 1. In IFS, the "degree of non-
membership” depends on the ”degree of membership”.

Neutrality (i), ”the degree of indeterminacy”, as an independent notion, was proposed by F.
Smarandache [26,27]. In addition he described neutrosophic set on ”three components (t , f, i)
= (truth, falsehood, indeterminacy)”. In neutrosophic set respectively ”degree of membership,
indeterminacy and non-membership” assigend to every elememt and it lies between [0,1]*,

non-standard unit interval. Unlike in IF'S, where the uncertainity depends on both ”degree of
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membership” as well as "non-membership”, here the uncertainity is independent of ”degree of
membership and non-membership”. Neutrosophic sets are certainly too general than IFS as
there are no restrictions between ”degree of membership, degree of indeterminacy and degree
of membership”.

Neutrosophic notion have many applications in the fields of Information Sytems, Artificial
Intelligence , decision making and evaluating airline service quality [1-4].As developments goes
on, some researchers [5-9] have extended the idea of neutrosophic set into plithogenic set and
applied it in MCDM, MADM and optimization technique supply chain based model. Salama
et al [23] developed Neutrosophic topological space in 2012. This gave the way for investigation
in terms of neutrosophic topology and its application in decision making problems. The prop-
erties of neutrosophic open sets, neutrosophic closed sets, neutrosophic interior operator and
neutrosophic closure operator gave the way for applying neutrosophic topology. Researchers
established the sets which are close to neutrosophic open sets as well asmneutrosophic closed
sets. Like this, Neutrosophic closed sets as well as Neutrosophic continuous mappings were
developed in [24]. Arokiarani et al. [10] introduced neutrosophic semi-open (sequentially, pre-
open as well as a-open) mappings and discussed their properties. R. Dhavaseelan et al. [12]
introduced generalized neutrosophic closed sets. In [14,/15] the concept of neutrosophic gener-
alized a-contra continuous along with neutrosophic Almost a-contra-continuous functions are
introduced and studied their properties.Dhavaseelan et al. |[16] presented the idea of neutro-
sophic a™-continuity. Narmada Devi, et al. [20] presented the idea of Neutrosophic structure
ring contra strong precontinuity. The notion of fuzzy #-closure operator introduced in [19] .
Hanafy et al [17] established the notion of intuitionistic fuzzy #-closure operator and intuion-
istic fuzzy weakly continuous functions.

The main contribution of the article is

e To establish the notion of neutrosophic #-closure operator along with its properties in
neutrosophic topological spaces.

e Neutrosophic 6-closed set is also defined using the operator defined.

e As application of this new notion, neutrosophic #-continuous, neutrosophic strongly
f-continuous and neutrosophic weakly continuos functions are charcterized in terms of
neutrosophic #-closure operator.

e At the end we have shown the relation between these neutrosophic continuous functions

through implication diagram.

2. Preliminaries

Definition 2.1. [26,127] For a nonempty fixed set Nx a neutrosophic set [in short, NS|] K
is an object of the form K = {(x, u, (x),0,(x),7,(x)) : * € Nx} where p, (z),0,(z) and
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v (z) respectively denotes the ”degree of membership function ( p,(x))”, the "degree of

9

indeterminacy ( o, (x))” as well as the "degree of nonmembership ( v, (x))” of each element

x € Nx to the set K.

Remark 2.1. [26]27]

(1) ANS K = {(J,pux(4),04(3),7(4)) : 5 € K} can be recognized as an ordered triple
<NK7GK77K> in 07, 1+[ on Ny.

(2) For covenience, we write K = (,,0,,7) for the NS set K =
{<]7 l’LK(j)70-K(j)7fYK(j)> WS NX}‘

Definition 2.2. [26/27] Consider a nonempty set Nx along with NSs K as well as H in the

form

K ={(, 15 (5), 0 (3), 7 (4)) 2 5 € Nx}, H={{j, 1y (), 04 (4), 7 (4)) : J € Nx}. Then
(a) K C H iff py(§) < pyg (4), 04 (4) < 04 (5) and 7, (j) = v, (j) for every j € Nx;
(b) K=H iff K C H and H C K;

(¢) K ={{j:7x(5): 04 (5), by (7)) : 5 € Nx}; [Complement of K]

(d) KNH = {{j, 1 (3) Nty (3)s 05 (@) Aoy (3), 75 (5) V vy () : 5 € Nx 5

() KUH ={(j, iy () V g (j2), 04 (2) V 01 (), e (@) Ay (4)) 7 € Nx }s

(£) [1K =0, py (4), 05 (3): 1 — 1 (43)) 1 5 € Nx }s

(8) OK ={0,1 =7 ()04 ()7 (7)) : j € Nx}.

Definition 2.3. [26[27] Let {K; : i € J} be any family of NSs in Nx. Then

() (VKi = {(@ At (2), Aoy (), Ve, () - & € N}
(b) UK = {(z, \/:U’Ki (z), \/O'Ki('r)v /\")/Ki (z)) : @ € Nx}.

Since our main work is to construct the tools for generating neutrosophic topological spaces,

so we present the NSs 0, and 1, in Nx as below:
Definition 2.4. [26,27] 0, = {(x,0,0,1) : 2 € Nx} and 1, = {(2,1,1,0) : © € Nx}.

Definition 2.5. [23] A neutrosophic topology (NT) on a nonempty set Nx is a collection 2
of NSs in Nx satisfy the axioms given below:
(i) Oy, 1y €4
(ii) Ry N Ry € Q for any Ry, Ry € Q,
(iii) UR; € Q for arbitrary collection {R; | i € A} C Q.
Here the ordered pair (Nx, ) or only Nx is termed as neutrosophic topological space (NTS)
and each NS in €2 is known as neutrosophic open set (NOS). The complement R of a NOS R

in X is known as neutrosophic closed set (NCS) in Ny.
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Definition 2.6. [13| Consider a NS, K in a NTS Nx. Then
Nint(K)=J{R| Ris a NOS in Nx also R C K} is referred as neutrosophic interior of K;
Nel(K)=N{R| Ris a NCS in Nx with R O K} is referred as neutrosophic closure of K.

Definition 2.7. [12] Consider a nonempty set as Nx. Whenever t,4, f be "real standard or
non standard” subsets of |07, 17 [ then the NS z;; s is named as neutrosophic point(shortly,

NP )in Nx given by

(t,7,f), whenever z = x)
Tt,i,f(Tp) =
(0,0,1), whenever x # z)
for 2, € Nx is called the support of z;; r.where ¢ denotes the "degree of membership” i the

"degree of indeterminacy” and f is the "degree of non-membership” of z;; ;.

3. Neutrosophic /—Closure Operator

Definition 3.1. (1) ANP (4, in Ny is termed as quasi-coincident with the NS A =
{{z, ua(z), o0 (7),7A())}, represented as x(q g \qA iff a +ppy > 1, B+ 0p > 1 and
A4y < 1.

(2) Consider A = {(z, up(x),on(z),ya(x))} along with T' = {{(x, ur(z),or(x),yr(z))} as
NSs in Nx. Then A is said to be quasi-coincident with I', indicated as AqI" iff there
exists an element x € Ny such that pp(z) + pr(x) > 1l,0a(x) + op(z) > 1 and
ya(x) +yr(z) < 1.

The expression "not quasi-coincident” will be summarized as gq.

Proposition 3.1. Let A and I' be two NSs along with a NP z(,5.5) in Nx. Then
i)AGTiff ACT.

i) Ag Tif AZT.

e iil) (48 1) CAlffx(aﬁA)qK

V) Tapng A 2apn €A
Definition 3.2. Let 4 : Nx — Ny be a function and z(, ) be a NP in Nx. Then the
preimage of x(, g ) under p, designated as (74 3,))) is defined by
1(z(a,8.0)) = {{s wl@p)as wlp)g, (1 = plp)i-x)) -y € Ny}
Proposition 3.2. Let f: Nx — Ny be a function and T(a,8,)) be a NP in Nx.

i) m(aﬁ,)\)qf’ (I) if f(2(a,n))al- for any NS T'in Ny.
ii) f(:n(aﬂ’)\))qf( ) if x(a757A)qA for any NS A in Ny

Definition 3.3. Let (X,0) be a NTS on Nx and x(, ) be a NP in Ny. A NS A is called
Neq — nbd of T(a,8,)), if there exists a neutrosophic open I' in Nx such that z(, g y¢l' and
I' C A. The family of all Neq — nbd of x(, g ) is indicated as N'NZ(z (4, 5,0))-
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Definition 3.4. A NP z(, g ) is known as neutrosophic 6-cluster point (N 6-cluster point,for
short) of a NS A iff for each T in N'eq—nbd of x(, 5 5 and Ncl(T')gA. The set of all N'O-cluster
points of A is named as neutrosophic 6 closure of A and denoted by Ncly.

A NS A will be Nf—closed set(NOCS for short) iff A = Nelg(A). The complement of a
N6—closed set is N@—open set (in short NOOS ).

Proposition 3.3. Let (Nx,©) be a NTS and let A and I' be two NSs in Nx. Then
i) ACT = Nelg(A) C Nely(T)
i) AUT = NCZ@(A) UNCZQ(F)
iii) Nintg(A) = Nelg(A)
Definition 3.5. A NS A of a NTS Ny is named as Nefq — nbd of a NP T(q,p,)) if there arises

a Neq —nbd T of x(, g such that Nel(I)gA. The family of all Nefg — nbd of x(, g ) is
represented as Nqu(az(aﬂ’A)).

Remark 3.1. For any NS A in a NTS Nx, Ncl(A) C Nelg(A).
Proposition 3.4. If A is a NOS in a NTS N, then Ncl(A) = Nelg(A).

Proof. Tt is enough to prove Ncl(A) D Nelp(A). Consider x(,5) be a NP in Nx so as t

(@,p\) & Ncl(A), then there exists I' € NN&(x(, 5 1)) such that gA and hence I' C A. Then
/\/cl( ) € Nint(A) C A, as A is a NOS in Nx. Thus Ncl(I')gA which implies 2, 5) &
Nelg(A). Then Nelg(A) C Nel(A). Thus Nel(A) = Nelg(N). o

Proposition 3.5. Let (Nx,©) be a NTS, the conditions are satisfied

i) Finite union and arbitrary intersection of neutrosophic 6-closed sets in Ny is a NOCS.
ii) For two neutrosophic sets A and T" in Ny, if A C T, then Nelg(A) C Nelg(T).

iii) On and 1y are neutrosophic 6-closed sets.

Corollary 3.1. Let A be a NS in NTS Nx. Nelg(A) is evidently NCS.The converse of the
Corollary doesn’t hold .

Example 3.1. For Nx = {ki, k2, k3} NSs A,T" and K in Nx are defined as :

k1 ko k- k1 ko k: ki1 ko k:
A:<x7(0167ﬁ>07,32)>(ﬁ7ﬁ7032) (Oé?ﬁaﬁ)%
ki ko k k1 ko k ki1 ko k
P = (o B 890, (B 3 8, B, 85, 80) an
ki ke k ki ke ksy (ki ke k . .
K = (z,(5% 53 o3) (65 03 o3) (6% 0% 03))- Then the family © = {0,,1,,A,T} is NT
on Nx. So, (Nx,©) is NTSs. Let x(96,0.6,0.3)(k1) and z(9.80.80.1)(k1) are neutrosophic points

in Nx. Here
(0.6,0.6,0.3) (k1) € Neclg(K), that is (960603 (k1)gA € A and Nel(A) = 1y ¢ K. Now
(0.8,0.8,01) (k1) & Nelg(K), that is 2(0.80.80.1)(k1)gl, Nel(T') = TgK. But zs0.801)(k1) €
Nelo((0.6,0.6,03) (k1)) € Nelg(Nclp(K)). Hence Nelp(K) is not NOCS.
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Proposition 3.6. A NS A is V0OS in NTS Ny iff for each NP x4 5 ) in Nx with (4 g 3)qA,
A is a NeOgq — nbd of x4 5).-

Proposition 3.7. For any NS A in a NTS (Nx,0), Nclp(A) = N{N¢cly(T') : T' € © and
ACT}.

Proof. Obviously Nelg(A) C N{Ncly(T') : T € © and A CT'}.
Now, let (8,3 € {Nclg(T) : T'€ © and A C T}, but 2455 & Neclg(A). Consequently there
arises a N'eq — nbdn of z(, g5y so that Nel(n)gA and hence by Propositio A C Nel(n).

Then x4\ € Nelg(Nel(n)) and consequently, Ncl(n)gN cl(n).Which is a contradiction.

Definition 3.6. A NTS Ny is named as neutrosophic regular(N'RS in short) iff for each
T(a,p,) In Ny and each Neq —nbd n of T(q,8,)), there arises Neq—nbd T of T(q,,n) Such that
Ncl(T) Cn.

Proposition 3.8. A NTS Ny is N'RS iff for each NS A in Ny, Necl(A) = Nelg(A).

Proof. Let Nx be a NRS. It is true that Nel(A) C Nelg(A) for any NS A. Now, consider
T(a,3)) be NP in Nx with x4 g5) € Nelp(A) and let T be a N'eq — nbd of x(, 5. Then by
NRS X, there exists Neq —nbd 1 of x4 ) such that Necl(n) CT. Now, x4, € Neclg(A)
implies Ncl(n)gA implies T'gA implies (4 51 € Ncl(A). Hence Nelp(A) € Nel(A). Thus
Ncl(A) = Nelp(A).

Contrarily, let z(, 5 be a NP in Nx and A be a Neq — nbd of T(a,8,n)- Lhereupon
Tiapn) € A = Nel(A) = Nelp(A). Thus there exists a Neq — nbd 1 of (4, such that
Nel(n)gA and then Nel(n) C A . Hence Nx is N'RS. g

4. Applications

Here we characterize some types of functions in terms of N f-closure operator as application.
Using this operator, we characterize neutrosophic strongly-8-continuous, neutrosophic weakly

continuous functions.

Definition 4.1. A function f : (Nx,0) — (Ny,Z) is termed as neutrosophic strongly
f—continuous (N Strf-continuous, for short), if for each NP x5, in Nx and T' €
NN(f(x(a,82))), there exists A € NN (x(q,5,1)) such that f(Nel(A)) CT.

Proposition 4.1. For a function p: (Nx,0) — (Ny, E) the conditions are equivalent :

i) p is N Strf-continuous.
ii) p(Nelg(A)) C Nel(u(A)) for each NS A € Ny-.
iii) Nelg(u=(T)) € p= 1 (Necl(T)) for each NS T € Ny-.
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iv) p~Y(T) is a NOCS in Nx for each NCS T € Ny.
v) p~Y(T') is a NOOS in Ny for every NOS T € Ny.

Proof. i) = i) Let x5 € Nclg(A) and Q@ € NNE(B(x(np))). By (i) , there ex-
ists 7 € NN&(x(a,5,\)) such that S(Nel(n)) € Q. Now, using Definition and Propo-
sition we have x5\ € Nclg(A) = Nel(n)gh = BNcl(n)qu(A) = Qqu(A) =
(T (0 p0) € Nel(u(A)) = (0 € 1 H(Nel(pu(A))). Hence Nelg(A € = (Nel(n(A))) and
s0 u(Nelg(A)) C Nel(B(A))

i) = 4ii)Is obvious by substituting A = u~1(A).

iii) = iv) Take I' be a N'CS in Ny. By (iii), we have Nclg(p~ (")) C 71 (Nel(I)) = p~1(T)
which implies that p=1(T') = Nely(T). Hence p~1(T') is a NOCS in Ny.

iv) = v)Let T as a NOS in Ny. By (iii), we have Nclg(u=1(T)) D u=*(Nel(T)) = p=1(T)
which implies that ;~1(T) = Nclp(T). Hence p~1(T) is a NOOS in Ny.

v) = i) Consider ZL'(aﬂ’)\) be a NP and Q € N¢(B(z(a,5,)))- By (v), p~1(Q) isa NOOS in N.
Now, using Proposition we have (1(2(q,51))q = T(a,p, ,\)q;fl(Q) = T(ap)) & 1.
Hence 11~ 1(Q2) is a NOCS, such that z(, 5 & (). Then there exists n € N(B(2(4,5.1)))
such that Ncl(n)gu—1(Q) which implies that u(Ncl(n)) € Q. Hence p is a N Strf-continuous.

|

Definition 4.2. A function f : (Nx,0) — (Y,E) is termed as neutrosophic weakly
continuous[N w-continuous for short], iff for each NOS A in Y, B71(A) C Nint(3~L(Necl(A))).

Proposition 4.2. Let § : (Nx,0) — (Ny,Z) be a function. Then for a NS T' in
Ny.3(8~1(I")) C T, wherein equality holds if 3 is surjective.

Proposition 4.3. Let ® be a NS and z(, g ) be NP in a NTS (Nx,©). Then the function
f:(Nx,0) = (Ny,E) if 74,1 €D then f(z(a,sn) € f(D).

Proposition 4.4. The successive results are equivalent for a function g : (Nx,©) — (Ny, Z):
a) ( is a Nw-continuous.
b) BNcl(D)) C Nelg(B(D)) for each NS D in Ny.
c) Nel(B71(®)) C B~ Neclp(®)) for each NS & in Ny.
d) Nel(B~1(®)) C B~1(Nel(®)) for each NOS & in Ny.

Proposition 4.5. Let f: (Nx,0) — (Ny,E) be a Nw-continuous function, then

i) f74I) is a NCS in N, for every NOCS T in Ny.
i) f~4T) is a NOS in N, for each NOOS T in Ny.
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Definition 4.3. A function p : (Nx,0) — (Ny,ZE) is known as neutrosophic 6
continuus(N6@—continuous, for short), iff for each NP =z, 5, in Nx and each I' €
N (2 (a,p,2))), there arises A € N (x(q,51)) 50 as p(Nel(A)) € Nel(T).

Proposition 4.6. For p: (Nx,0) — (Ny,E) , the successive results are identical:

a) u is a N'O-continuous.

b) u(Nelg(D)) € Nelg(u(D)) for each NS D inNx.

¢) Nelg(p=1(8)) C p=H(Ncly(®)) for everry NS & in Ny.
d) Nelg(p=1(8)) C u= 1 (Nel(®)) for each NOS & in Ny.

Remark 4.1. Based on the above results we have implication diagram as shown below.

N Str—continuous = N -continuous = N w-continuous

4

NB-continuous

5. Conclusion

This research article presents and establishes the idea of neutrosophic #-closure operator in
neutrosophic topogical spaces. Using this operator neutrosophic #-closed set is defined. Some
results are discussed and further more, as applications of these concepts, certain functions
like neutrosophic #-continuous, neutrosophic strongly 8-continuous together with neutrosophic
weakly continuous are characterized interms of neutrosophic 6-closure operator. Neutrosophic
regular space is also introduced and characterized interms of neutrosophic 6-closure operator.
In future, using this operator, one can define the neutrosophic 8-generalized closed set and do

the further interesting research.
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Abstract. In this paper, the concept of neutrosophic pu—topological spaces is introduced. We define and study
the properties of neutrosophic yu—open sets, u—closed sets, y—interior and y—closure. The set of all generalize
neutrosophic pre-closed sets GN PC(7) and the set of all neutrosophic a-open sets in a neutrosophic topological
space (X,7) can be considered as examples of generalized neutrosophic p—topological spaces. The concept
of neutrosophic u — continuity is defined and we studied their properties. We define and study the proper-
ties of neutrosophic p — compact, p-Lindelof and p-countably compact spaces. We prove that for a countable
neutrosophic p-space X: p-countably compactness and p-compactness are equivalent. We give an example of
a neutrosophic p-space X which has a neutrosophic countable p-base but it is not neutrosophic p-countably

compact .

neutrosophic p—topological spaces;u—open; p—closed; p—interior; p—closure; generalize neu-
trosophic pre-closed sets; neutrosophic a-open sets; neutrosophic p — continuity; neutrosophic

u — compact; neutrosophic p-Lindeldf; neutrosophic p-countably compact space.

1. Introduction

The fuzzy set was introduced by Zadeh [24] in 1965, where each element had a degree
of membership. The intuitionstic fuzzy set (Ifs for short) on a universe X was introduced
by K. Atanassov [10-12] in 1983 as a generalization of fuzzy set, where besides the degree
of membership we have the degree of non- membership of each element. The concept of
neutrosophic sets first introduced by Smarandache [19,[22] as a generalization of intuitionistic
fuzzy sets, where we have the degree of membership, the degree of indeterminacy and the degree
of non-membership of each element in X. After the introduction of the neutrosophic sets,
neutrosophic set operations have been investigated. Many researchers have studied topology
on neutrosophic sets, such as Smarandache [22], Lupianez |15,/16] and Salama [17]. The
neutrosophic interior, neutrosophic closure, neutrosophic exterior, neutrosophic boundary and

neutrosophic subspace can be found in [20]. Neutrosophy has many applications specially
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in decision making, for more details about new trends of neutrosophic applications one can

consult [1], [2], [3] and [4].

Definition 1.1. [19]: A neutrosophic set A on the universe of discourse X is defined as
A= {{z,pa(z),04(x),va(x));2 € X} where p,o,v : X —]70,17[ and ~0 < u(z) + o(z) +
v(z) <3t.

The class of all neutrosophic set on X will be denoted by N (X). We will exhibit the
basic neutrosophic operations definitions (union, intersection and complement. Since there
are different definitions of neutrosophic operations, we will organize the existing definitions

into two types, in each type these operation will be consistent and functional.

Definition 1.2. [18|[Neutrosophic sets operations of Type.I| Let A, Ay, B € N (X) such that
a € A. Then we define the neutrsophic:

(1) (Inclusion): AC B If pa(z) < up(x), ca(z) > op(x) and va(z) > vp(x).

(2) (Equality): A= B if and only if AC B and B C A.

(3) (Intersection) aI;IAAa(x) = {(x,aé\A,uAa (z), QXAGA($),QXAVA($)>; x e X}

(4) (Union) aIEIAAa(a:) = {(x,agAuAa(x), aé\AUA(:r),aé\Az/A(m»; x e X}

(5) (Complement) A® = {{z,va(x),1 —oa(x),pa(z));z € X}

(6) (

(7) (

Universal set) 1x = {(x,1,0,0); x € X }; will be called the neutrosophic universal set.

Empty set) 0x = {(x,0,1,1);x € X}; will be called the neutrosophic empty set.

Definition 1.3. [18][Neutrosophic sets operations of Type.Il| Let A, Aa, B € N(X) for every
a € A. Then we define the neutrsophic:

1) (Inclusion): AC B If pa(z) < pp(x), oa(x) < op(x) and vy(x) > vp(z).

(

(2) (Equality): A= B if and only if AC B and B C A.

(3) (Intersection) aIE‘IAAa(:U) = {(x,aé\A,uAa (x), aé\AaA(a:),aé/Az/A(x»; re X},

(4) (Union) QIEIAAQ(JU) = {<$’a¥A’uA“ (x), a\E/AUA(a:),aé\AVA(x»; re X}

(5) (Complement) A® = {{z,va(x),1 —oa(x),pa(z));z € X}

(6) (Universal set) 1x = {(z,1,1,0);x € X}; will be called the neutrosophic universal set.
(7) (Empty set) 0x = {(x,0,0,1);x € X}; will be called the neutrosophic empty set.

Proposition 1.4. [18] For any A, B,C € N (X) we have:

)Al_lA:A,Al_lA:A,Al_l()X:OX,ALlOX:A,Al_llsz,Al_ll)(:lx.
2) AN(BNC)=(ANB)NC and AU (BUC)=(AUuB)uUC.

) AN( U Ay)= U (AMA,).

)

acA acA

4) AU( M Ay)= 1 (AU A,).
aEA aceA

5) (A9 =A

Murad Arar and Saeid Jafari , Neutrosophic p-Topological spaces
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(6) De Morgan’s law:
Cc __ C
(&) (aQAA“) B alélAA"‘
b) (U Ay)°= M AS.

( ) (aeA a) aeA @
Definition 1.5. |[18] [Neutrosophic Topology] Let 7 C N'(X). Then 7 is called a neutrosophic
topology on X if

(1) 0x,1x €.

(2) The union of any number of neutrosophic sets in 7 belongs to 7,

(3) The intersection of two neutrosophic sets in 7 belongs to 7.

The pair (X, 7) is called a neutrosophic topological space over X. Moreover, the members
of 7 are said to be neutrosophic open sets in X. For any A € N (X), If A® € 7, then A is said

to be neutrosophic closed set in X.

Definition 1.6. [20][Neutrosophic interior] Let (X, 7) be a neutrosophic topological space
over X and A € N(X). Then, the neutrosophic interior of A, denoted by int(A) is the union

of all neutrosophic open subsets of A.
Clearly that int(A) is the biggest neutrosophic open set over X which containing A.

Theorem 1.7. [20] Let (X, T) be a neutrosophic topological space over X and A, B € N(X).
Then
(1) int(lx) = 1x, int(0x) = 0x and int(A) C A.
(2) int(int(A)) = int(A).
(3) A C B implies int(A) C int(B).
(4) int(AN B) = int(A) Nint(B).

Definition 1.8. [20][Neutrosophic closure] Let (X, T) be a neutrosophic topological space over
X and A € N(X). Then, the neutrosophic closure of A, denoted by cl(A) is the intersection

of all neutrosophic closed super sets of A.
Clearly, cl(A) is the smallest neutrosophic closed set over X which contains A.

Theorem 1.9. [20] Let (X, 7) be a neutrosophic topological space over X and A, B € N(X).
Then,
(1) c(1x) =1x, cl(0x) = 0x and AC cl(A).
(2) cl(cl(A)) = cI(A).
(3) ALC B implies cl(A) C cl(B).
(4) cl(AUB) =cl(A)Ucl(B).
Murad Arar and Saeid Jafari , Neutrosophic p-Topological spaces
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Definition 1.10. [5][Neutrosophic pre-open and pre-closed] Let (X, 7) be a neutrosophic topo-
logical space over X and A € N (X). Then A is said to be neutrosophic pre-open set (NPOS),
if A C Int(Cl(A)). The complement of a neutrosophic pre-open set is called neutrosophi
pre-closed set (NPCS).

Definition 1.11. |[6][Neutrosophic a-open] Let (X, 7) be a neutrosophic topological space
over X and A € N(X). A is said to be an a-open set, if A C Int(Cl(Int(A)). The set of all
neutrosophic a-open sets in (X, 7) will be denoted by Noo — O(7).

Definition 1.12. [5][Neutrosophic pre-closure] Let (X, 7) be a neutrosophic topological space
over X and A € N(X). The neutrosophic pre-closure of A, denoted by pNCL(A) is the

intersection of all neutrosophic pre-closed super sets of A.

Definition 1.13. [5|[Generalized Neutrosophic pre-closed sets] Let (X, 7) be a neutrosophic
topological space over X and A € N (X). A is said to be a neutrosophic generalized pre-closed
set (GNPCS) in (X, 7) if pNCL(A) C B whenever A C B and B is neutrosophic open. The
set of all generalized neutrosophic pre-closed sets in (X, 7) will be denoted by GNPC(7).

Theorem 1.14. [5,6/ Let (X, 7) be a neutrosophic topological space over X. Then

(1) The union of any collection of a-open sets is an c-open set.

(2) The union of any collection of GNPC's is GNPC.

The following is an improvement of a definition in [14] makes it suitable for type.I and

type.Il neutrosophic sets.

Definition 1.15. Let X and Y be two nonempty sets and €2 : X — Y be any function. Then
for any netrosophic sets A € N'(X) and B € N(Y) we have:

(1) The Type.I(Type.II) pre-image of B under 2, denoted by Q~!(B), is the Neutrosophic
set in X defined by
Q1 (B) = {{z, 4p(a), 05(a)), vp(Q(x)))s o € X)
(2) The Type.I (Type.ll) image of A under €2, denoted by Q(A), is the Neutrosophic set
in Y defined by
Q(A) = {{y, Apa)(y), 2oa)(y), (1 = Q1 —va))(y));y € Y} where

sup () i Q7N y) # 0
(a)(y) = { =W
0 if Q7 L(y) =10

inf oa(z) HQ(y) #0
(0a)(y) = =W (Type.I)
1 if Q1 (y) =10
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sup oa(x) if Q7N (y) #0

(0a)(y) = =€) (Type.II)
0 if Q- l(y) =0
inf va(z) if Q7N (y) #0
(1= Q(1 —va))(y) = { =€ W
1 if Q1 (y) =0

For the sake of simplicity we write 2 — (v4 instead of (1 — Q(1 — v4)).

Note that the only difference between Type.l and Type.Il images lies in the definition of the
image of ¢ and this is important to make sure both Type.I and Type.ll neutrosophic functions

satisfy the following proposition.

Proposition 1.16. [14] Let X and Y be two nonempty sets and 2 : X —'Y be any function.
Let A, Ay € N(X) and B, By € N(Y). Then we have:

(2) B C By = Q_l(Bl) C Q_l(Bz).

3) AC Q1(Q(A)) and equality holds if Q is injective.

(3) quality j

4) Q(QY(A)) C A and equality holds if Q is surjective.

(4) quality j

() 20 Y, Ao) = U 2(4)

(6) Q( M Ay) T 11 QA,) and equality holds when § is injective.
_aiGA acA 1

0 070, = L 07

(8) @7 0 Ba) = 0 Q7 (Ba)

(9) Q_l(lN) =1pn, Q_l(ON) =0pn.

(10) Q(1n) = 1y and Q(0n) = On, whenever Q is surjective.

Definition 1.17. Let X be a nonempty set and 0 < «, 3,7 < 1. Then a neutrosophic set
A e N(X) is called:

(1) A neutrosophic point of Type.I if and only if there exists z € X such that A =
(G, @, 8,7} U {{#,0,1,1); 6 # 2},

(2) A neutrosophic point of Type.Il if A = {(x, o, B,7) }U{(#,0,0,1); £ # x}. Neutrosophic
points will be denoted by x4 g 4.

Now, we will exhibit some definitions and properties of p-topological spaces. A. Csdszar [13]

introduced the notion of Generalized Topological Space (GTS). He also introduced the notion of
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(ft1;p12)-continuous function on GTS’s. p-compactness introduced in [23] and [21]. Countbaly
pu—paracompact introduced and studied in [8]. Strongly Generalized neighborhood systems

introduced and studies in [9].

Let X be a nonempty set. A collection p of subsets of X is called a generalized topology on
X and the pair (X, u) is called a generalized topological space, if 1 satisfies the following two
conditions:

(1) 0 € p.

(2) Any union of elements of 1 belongs to p.

Let 8 C exp(X) and ) € 8. Then 3 is called a pu — base for p if = {|Jp’; 8 C B},We also
say p is generated by . If 8 is countable, then it said a countable u — base. A generalized
topological space (X, ) is said to be strong if X € u. A subset B of X is called p-open (resp.
p-closed) if B € pu (resp. if X — B € pu). The set of all y-open sets containing a point z € X
will be denoted by u, (i.e. py, ={U € p;x € U}).

Definition 1.18. Let (X, u1) and (X, u2) be two p-topological space. A function f : (X, u1) —
(X, p2) is said to be (u1, u2) — continuous if and only if f~1(V) € u1 whenever V € puso.

Definition 1.19. Let X be a generalized topological space and let § be a collection of subsets
of X. Then § is said to be:

(1) A p-cover of X if X =|J{U;U € §F}.
(2) A p-open cover of X if § is a p-cover of X and U € p for every U € §.

Definition 1.20. Let X be a generalized topological space and let § and € be p-covers of X.
Then € is said to be a p-subcover of §, if € C §.

Definition 1.21. A generalized topological space X is said to be p-compact (resp. u-Lindeldf)

if and only if every p-open cover of X has a finite (resp. countable) u-subcover.

The following theorem shows some differences between topological spaces and p—topological

spaces.

Theorem 1.22.

(1) In pu—topological spaces Int, (ANB) = Int,(A)NInt,(B) is not satisfied where Int,(A)
stands for interior of A.
(2) In p—topological spaces Cl, (AU B) = Cl,(A) U Cl,(B) is not satisfied where Cl,(A)

stands for the closure of A in p.
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(3) /7] There exists a p-normal space with a countable p-base which has a p-open cover

with no p-open point-finite refinement.
2. Neutrosophic p-Topological Spaces

In the literature of generlaized topological spaces the symbol p is used to refer the
p—topology and in neutrosophic sets it is used to refer the membership function pu, so, to
avoid ambiguity, we will use the underlined p to refer the p-topology and keep u for the

membership function in neutrosophic sets.

Definition 2.1 (Neutrosophic p-Topology). Let p C N(X). Then p is called a neutrosophic
p-topology on X if
(1) Ox € M

(2) The union of any number of neutrosophic sets in p belongs to p.

The pair (X, p) is called a neutrosophic u-topological space over X. The members of p are
said to be neutrosophic p-open sets in X. If 1x € p, then (X, u) is called a strong neutrosophic
p-topological space. For any A € N (X), if A° € p, then A is said to be neutrosophic p-closed
set in X. Since their are two types of neutrosophic sets, a neutrosophic u-topology is said
to be Type.I(Type.Il) neutrosophic topology if its elements are treated as Type.I(Type.II)

neutrosophic sets.

Example 2.2. Let X = {a,b,c} and A,B,C,C € N(X) with:

A = {{a,03,05,0.7),(b,03,04,1)}, B = {(a,04,0.7,0.1),(0.2,06,09} C =
{(a,0.4,0.5,0.1), (,0.3,0.4,0.9)}, ¢ = {(a,0.4,0.7,0.1),(b,0.3,0.6,0.9)}.  Then u =
{0x,A, B,C} is a Type.l neutrosophic p — topology and i = {1X,OX,A,B,C'} is a Type.Il
strong neutrosophic mu — topology. Neither p nor fi is neutrosophic topology. Note that ,in
(X,p), AN B = {(a,0.3,0.7,0.7), (b,0.2,0.6,1) } is not neutrosophic mu-open (here we apply
type.l intersection). And in (X, ) we have AT B = {(a,0.3,0.5,0.7), (b,0.2,0.4,1)} is not

neutrosophic mu-open (here we apply type.Il intersection).

Most examples and theorems will be considered for Type.l neutrosophic sets, since the two

types of neutrosophic sets have the same properties.

Definition 2.3 (Neutrosophic p-interior). Let (X, 1) be a neutrosophic topological space over
X and A € N(X). Then, the neutrosophic pu-interior of A, denoted by int,(A) is the union
of all neutrosophic p-open subsets of A. Clearly int,(A) is the biggest neutrosophic p-open

set over X contained in A.

Theorem 2.4. Let (X, p) be a neutrosophic p-topological space over X and A, B € N(X).
Then,
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int,(0x) = 0x and int,(A) C A.
1

u(1x) = 1x whenever p is a strong u—topology.

Proof. We will establish a proof for (4) and (7).

(4) Since AC B, {U € ;U C A} C{U € ;U C B}. So that pin, (a)(x) = sup{uv(x); U €
U C A} < sup{uu(z);U € p, U T B} = fiine, () (%), Tint,(a)(z) = inf{oy(z);U € p, U C
A} > inf{oy(2);U € p,U C B} = 04y, () (), and Vl-mu(A)(a?) = inf{vy(z);U € pn,U C A} >
inf{vy(z);U € p,U E B} = mtu(B)(:U)T Which means ;ntﬁ(A) C int,(B).

(7) Since AN B C A and B, int,(A N B) C int,(A) and int, (AN B) C int,(B) (by (4)), so
we have int, (AN B) Cint,(A) Mint,(B). g

Example 2.5. Consider (X, ) as in Exampl. Note that:
(1) intﬁ(lx) =0x UAUBUC =C # 1x%.
(2) Since AN B = {(a,0.3,0.7,0.7),(b,0.2,0.6,1)} and there is no neutrosophic p — open

set in p contained in A B except Ox, we have intﬁ(Al_l B) = 0x, and since 4, B € p,
int,(A) Mint,(B) = AN B # int, (AN B) = 0x.

Definition 2.6 (Neutrosophic u-closure). Let (X, ) be a neutrosophic u-topological space
over X and A € N(X). Then, the neutrosophic p-closure of A, denoted by cl,(A), is the
intersection of all neutrosophic u-closed super sets of A.

Clearly cl;,(A) is the smallest neutrosophic p-closed set over X which containing A.

Theorem 2.7. Let (X,p) be a neutrosophic p-topological space over X and A,B € N(X).
Then,

(1) clu(lx) =1x and A C cl,(A).

(2) clu(0x) = 0x whenever p is a strong p—topology.
(3) clulclu(A)) = clu(A).

(4) AC B implies cl,(A) E cl,(B).

(5) A is p-closed if and only if cl,(A) = A.

(6)

Example 2.8. Consider (X, ) as in Exampl The only p-closed sets in (X, p) are:

(1) 05 = 1x.
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(2) A° = {(a,0.7,0.5,0.3), (b, 1,0.6,0.3)}.

(3) B¢ = {(a,0.1,0.3,0.4), (b,0.9,0.4,0.2)}.

(4) C¢ = {(a,0.1,0.5,0.4), (b,0.9,0.6,0.3) }
It is clear that cl,(0x) = 05 MA°MBNCe = {(a,0.1,0.5,0.4), (b,0.9,0.6,0.3) } # Ox. Let H =
A¢and K = B€. Then cl,(H)Ucl,(K) = {(a,0.7,0.3,0.3), (b, 1,0.4,0.2) } and cl,(HUK) = 1x,
since the only neutrosophic y-closed set containing H U K = cl,(H) U cl,(K) is 1x.

The following theorem shows the importance of generalized neutrosophic u-topological

spaces.

Theorem 2.9. Let (X, 7) be a neutrosophic topological space over X. Then:

(1) The set Nao—O(7) of all neutrosophic a-open sets over (X, T) is a strong neutrosophic
p-topology over X.

(2) The set GNPC(7) of all neutrosophic pre-closed sets in (X, T) is a strong neutrosophic
p-topology over X.

Proof. Easy! we just call Theore 0

Definition 2.10. Let (X, u) and (Y, /1) be two neutrosophic p-topological spaces and let
Q: X =Y be any function. Then €2 is said to be neutrosophic (u, fi)-continuous if for any
neutrosofpic point x5, and for any neutrosophic fi-open set V' € 7 such that f(za5,) € V

there exists U € 7 such that x4, € U and QU) T V.

Theorem 2.11. Let X and Y be two nonempty sets and €2 : X — Y be any function. Let
Tapy be a neutrosophic point in X. Then QUxap~) = Q2)apy; that is the image of a

neutrosophic point is a neutrosophic point.

Proof. We will prove it for Type.I and Type.II neutrosophic sets. Let A =z, 5, and Q(z) = 7.
Then the Type.I (Type.Il) image of A under €2, denoted by (A), is the Neutrosophic set:

Q(A) = {(y, 2pa)(y), Uoa) (), (1 = Q(1 —va))(y));y € Y}, where

sup IU,A(.T) if Q_l(y) # 0 a ify=4g
(na)(y) = S =€) - , ’
0 if Q7 1(y) £ 0 0 ify#y

(ca)(y) = zegizgfl(y)UA(x) ) 70 _ )P ity =9

= ‘ ) (Type.I)
1 if Q 1(y) #0 1 ity #y
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if Q71(y) # 0 ity — g
(o) (y) = a7 W ED f iy =y

= . ) (Type.IT)
0 if Q~1(y) £ 0 0 ify#y

(1- Q1 - va))ly) = xegizllfl(y)VA(x) if Q—l(y) # 0 K ify =1

1 iﬂr%w¢®__1 ify#y

That is -in Type.I and Type.Il neutrosophic sets- Q(zq,5,y) = Ya,8,y Where 3§ = Q(z) . g

Definition 2.12. A neutrosophic point of type.l (type.Il) x4 g~ is said to be in the neutro-
sophic set A -in symbols z, 3, € A)- if and only if @ < pa(x),8 > oa(x) and v > va(x)

(a < pa(z), B <oa(zr) and v > va(z)).

Lemma 2.13. Let A € N(X) and suppose that for every xq g~ € A there exists a neutrosophic
set B(xa,~) € N(X) such that xop~ € B(zap~) T A. Then A =1L{B(a,8);Tap~ € A}.

Proof. The proof will be established for Type.l. Set H = U{B(24,5); Ta,8~ € A}. It suffices to
show that A T H and H C A. First note that for every B(zq,,y) C A we have pup, , () <
1A(Z), OBz, 5.) (%) = 0a(®) and v, , y(z) > va(x) for every x € X. Let 2 € X. Then
pr () = SUp{UB(r, 5.)i Taby € A} < pa(x), on(z) = inf{opu, , )i %apy € A} > oa(z),
and vy (z) = inf{vp(, , )i Ta,py € A} > 0a(z), this means H C A. To prove the converse,
let z € X and let oy = pa(z), 1 = oa(x), and 1 = v4(x). Consider the neutrosophic points
Tq8, such that o < a1, > f1 and v > v1. Then z,5, € A. Let Ay = U{B(z03,); 0 <
a1, > prandy > vy}, It is clear that Ay, C H so that pa,(z) < pp(x), oa,(x) > og(x)
and vg, (z) > vg(x). But pa, (z) = sup{qua’Bﬁ(ﬂz);a < a,L,B > P,y > mb =0 =
pa(x), oa,(x) = inf{aAza’m(a:);a < a,B > P,y > m}t = P = oalzr) and va,(z) =
sup{VAxaﬁﬁ(x);a < a,B > B1,7v > M} = 11 = va(x), which implies pa(z) < pp(z),
oA > op(z) and vy > vg(x) or, equivalently, AC H.

Corollary 2.14. Let (X, u) be a neutrosophic topological space over X and let A € N(X).
Then A is neutrosophic p-open in (X, ) if and only if for every x5, € A there evists a
neutrosophic p-open set B(xq.,) € p such that x4, € B(za,) E A.

Definition 2.15. Let (X, ) be a neutrosophic topological space over X. A sub-collection
B C p is called a neutrosophic p — base for p if and only if for any U € u there exists BCB
such that U = LI{B; B € B}.
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Corollary 2.16. Let (X, 1) be a neutrosophic topological space over X. Then a subcollection
B of u is a neutrosophic p — base for p if and only if for every U € p and every xqop5, € U
there exists B € B such that vo3~ € BEU.

Theorem 2.17. Let (X, u) and (Y, i) be two neutrosophic p-topological spaces and let €2 :
X =Y be any function. Then § is neutrosophic (, j1)-continuous if and only if QO Y(V)isa

neutrosophic p-open set whenever V' is a neutrosophc fi-open set.

Proof. Suppose that  is neutrosophic (u, fi)-continuous, V' be a neutrosophc fi-open set,
and zap, € QU HV). Then Qzapy) = x)ap, € UL H(V)) T V (we used theo-
rem@(@). Since €2 is (u, f1)-continuous, there exists a neutrosophic pu—open set V(zq,g.)
such that 245, € V(Zap,y) and QV(zas,)) E V, which implies, by theorem[l.16(3),
V(zapy) T NV (zapy)) E Q7 H(V), that is, by Corollar QY(V) is p — open.
Conversely, suppose the condition of the theorem is true. To show that Q is (u, fi)-continuous
let x5, be a neutrosophic point in X and V' is a neutrosophic fi — open set such that
Q(zq,8,y) € V. By the condition of the theorem, Q! (V) is neutrosophic 11— open set, and from
theoremm (3) and (4) we have x4 5, € X HQx0,p)) T Q2 HV), and QQ (V) C V, re-
spectively. So we have Q™1 (V) is neutrosophic pu—open, z43, € Q71(V) and Q(Q~1(V)) TV

which mean (2 is a neutrosophic (y, fi)-continuous function. g

Theorem 2.18. Let (X, p) and (Y, fi) be two neutrosophic p-topological spaces, 0 : X —'Y be
any function, and Bisa neutrosophic pi—base for fi. Then  is neutrosophic (u, fi)-continuous

if and only if Q~Y(V) is a neutrosophic p-open set for every V€ B.

Proof. =) Obvious!

<) Suppose that Q satisfies the condition of the theorem, and let V' be any neutrosophic
f1 — open set. Since Bis a neutrosophic p — base for fi, there exists a sub-collection B* from
B such that V = LU{B; B € B*}. But Q"}(V) = Q" (U{B; B € B*}) = U{Q"(B); B € B*}.
Since Q~1(B) is neutrosophic (v — open for every B € B*, Q~1(V) is neutrosophic W — open,

and so € is a neutrosophic (u, fi)-continuous function. g

Definition 2.19. Let (X, ) be a neutrosophic u-topological space. A sub-collection U C p
is called a type.I (type.Il) neutrosophic pu—open cover of X, if 1x = L{U;U € U}.

Definition 2.20. Let (X, 1) be a neutrosophic p-topological space, and let I be a neutrosophic
p—open cover of X. A sub-collection U c N(X) is called a neutrosophic pu—subcover of X
from U, if U is a neutrosophic p—open cover of X and Ucu.
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Corollary 2.21. Let (X, i) be a neutrosophic p-topological space. A sub-collection U C pu is a
p—open cover of X if and only if for every xq g in X there exists U € U such that x5, € U.

Definition 2.22. A neutrosophic p-topological space (X, p) is called neutrosophic p-compact
space if every neutrosophic p—open cover of X from p has a finite neutrosophic p-subcover of
X.

Theorem 2.23. Let Q : (X,p) — (Y, /1) be a neutrosophic (, fi)-continuous function. If

(X, p) is neutrosophic p—compact, then (Y, f1) is neutrosophic pu—compact.

Proof. Let V be a neutrosophic p—open cover of Y. Consider the collection Yyl =
{Q7Y(V);V € V}. Since Q is neutrosophic (g, f)-continuous, V' C pu. Set A =
U{Q (V);V € V}. To show that A = 1x. But 4 = L{Q"YV);V € V} = QL (W{V;V €
V}) = Q7 Y(1y) = 1x (we used Proposition m(Q)), i.e. V™1 is a neutrosophic p — open cover
of X. Since X is neutrosophic y — compact space, V! has a finite neutrosophic i — open
sub-cover V*~1. Suppose that V7! = {Q71(V;);i = 1,2,...,n}. Set V* = {Vi;i =1,2,...,n}.
It is clear that V* C V. Since Q is surjective, Q(Q~1(V;)) = V; for every i = 1,2, ...,n, so we
have L{V;;i = 1,2,....,n} = UW{QQY(V));i = 1,2,...,n} = QU{Q Y (V;);i = 1,2,...,n}) =
Q(1x) = 1y, that is V* is a neutrosophic u—subcover of X from V.

Theorem 2.24. Let (X, p) be a neutrosophic p-topological space, and B be a neutrosophic
p — base for p. Then (X, p) is neutrosophic pu—compact if and only if every neutrosophic

p — open cover of X from B has a finite neutrosophic p — subcover.

Proof. =) Obvious!

<) Suppose that X satisfies the condition of the theorem. Let ¢/ be a neutrosophic p — open
cover of X. For every U € U there exists By C B such that U = UBy. Set By = {B;B €
By,U € U}. 1t is clear that By is a neutrosophic p — open cover of X from B, so it has a
finite neutrosophic p — subcover By. For every B € By there exists Ug € U such that B C Up.
Let U* = {Up; B € Bi}. Since By is a finite neutrosophic p — open cover of X, U* is a finite

1 — subcover of X from U, and X is neutrosophic p — compact.

Definition 2.25. A neutrosophic p-topological space (X, p) is called:

(1) meutrosophic p-Lindeldf space if every neutrosophic p — open cover of X from p has a
countable neutrosophic p-subcover of X.
(2) neutrosophic pi-countably compact space if every neutrosophic p—open countable cover

of X from p has a finite neutrosophic p-subcover of X.
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Theorem 2.26. Every neutrosophic p-topological space with a countable neutrosophic p—base

is neutrosophic p-Lindelof .

Proof. Let (X, 1) be a neutrosophic p-topological space with a countable neutrosophic p—base
B. Let U be a neutrosophic u — open cover of X. For every U € U, there exists By C B such
that U = UBy. Let B* = U{By;U € U}. Since U is a neutrosophic p — open cover of X, B*
is a neutrosophic p — open cover of X. And since B* C B, B* is countable. We can write
B* ={B;;i=1,2,3,...}. For every i = 1,2,3, ... pick a unique U; € U such that B; C U;. Let
U* = {U;;i = 1,2,...}. Since B* is a neutrosophic p — open cover of X, U* is a neutrosophic

{ — open subcover of X from U, and hence X is a neutrosophic p-Lindelof space.

Theorem 2.27. Every neutrosophic p-Lindelof and p-countably compact space is pu-compact.

Proof. Let (X, ) be a neutrosophic p-Lindeldf and p — countably compact space, and let U
be a neutrosophic p — open cover of X. Since X is neutrosophic p-Lindelof, U has a countable
neutrosophic p — subcover (say Uy) of X from U. And since X is neutrosophic pu — countably
compact, U1 has a neutrosophic p — finite subcover, say Us, from U;. It is clear that Us
is a neutrosophic p — finite subcover of X from U, that means (X,u) is a neutrosophic

p — comapact.

Corollary 2.28. Every neutrosophic p-countably compact space with a neutrosophic countable

1 — base is p-compact.

Example 2.29. Let X = {a,b} and 8 = {A,;;n = 1,2,3,...} where A, = {(z,1 —

1 1 1
2n’ 2n’ 2n

sophic p-base 3. Since 7(3) has a countable base, 7(/3) is neutrosophic p-Lindelof. Note that

);z € X}. Consider the neutrosophic u-topology 7(3) generated by the neutro-

7(5) is strong neutrosophic p-topological space, since 8 covers X, actually:
UB =U{Ayn=1,2,3,..} = {{z, V]l — £, AP, A5z € X} = {(2,1,0,0);2 € X} =
1x. Now, we will show that 7(f) is not neutrosophic p-countably paracompact (which im-
plies it is not neutrosophic p-compact). By contrapositive, suppose X is neutrosophic u-
countably paracompact. Then U = 3 is a countable neutrosophic p-open cover of X. Since
we suppose X is neutrosophic p-countably paracompact, U has a finite p-subcover , say
U ={An1,Anay .., Apr . But Ayp U Ao U U Ay, = Ay where t = max{nq,ng, ...,n;}, and
Ay = {(z,1 - %, %, %), r € X} # 1x, a contradiction. So X is not neutrosophic p-countably
paracompact and hence is not neutrosophic p-compact.

The following theorem shows that neutrosophic p-compact space and neutrusophic pu-
countably compact space are equivalent if X is countable, which is not true in topological

spaces.
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Theorem 2.30. For every countable neutrosophic p-topological space X, the following two

statements are equivalent:

(1) X is neutrosophic p-compact.

(2) X is neutrosophic p-countably compact.

Proof. =) Obvious!
<) Suppose that X is a countable neutrosophic p-countably compact space, and let U be a
neutrosophic p-open cover of X. For every x € X we define the following three subsets of
[0, 1].

(1) Dz = {ualw); A €U},

(2) D2 = {oa(x); A U},

(3) DE ={va(x); A€ U}.
Let DY, D3 and D3 be three countable dense subsets of Djj, D7 and Dy respectively in the
usual sense (the usual topology on the unit interval). Since U is a neutrosophic p-open cover
of X, we have sup DY = supD); = 1 ,inf DJ = inf D7 = 0 and inf D5 = inf Dj = 0. Let
U(x) = {A € U;pa(x) € DY, oa(x) € D5 or va(z) € D5}, It is clear that U(x) is countable.
Let U* = U{U(x);x € X }. Since X is countable, U* is a countable sub-collection from U/. We
will show that ¢/* is a neutrosophic p-cover of X. Set B = LI{*. For every v € X we have:

(1) pp(x) = V{pa(z); A € B} = V{pa(z); A € Di} = sup DY =

(2) op(x) {oa(z); A€ B} > N{oa(x); A€ Df} =inf DJ = 0.

(3) vp(z) = N{ra(x); A € B} > AN{Va(x); A € Df} =inf D = 0.

V
A

Which implies that B = 1x and U* is a neutrosophic countable p-open cover. Since X is a

neutrosophic p-countably compact space, U* has a finite subcover , that is X is compact.

Question 2.31. Are neutrosophic p-compactness and neutrosophic p-countably compactness

equivalent.

3. Applications and further studies

All existing studies are about neutrosophic topological spaces and since Neutrosophic pu-
topological space is a generalization of neutrosophic topological spaces we can get more gen-
eralized results in Neutrosophic p-topological space that are true for neutrosophic toplogical
spaces, see for example Theorem [2.30] and some previous notations about neutrosophic sets
can be considered as examples of neurosophic p-topological spaces, see Theorem which
shows the relationship between p-topological space and previous studies. In the future work

we need to answer the question posted in this paper: Are neutrosophic p-compactness and
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neutrosophic p-countably compactness equivalent. Furthermore; many notations about neu-

trosophic p-topological spaces need to be studied for example, first and second countable

spaces, neighborhood systems, the relation between the usual topology defined on the interval

[0,1] (which is the range of y, ¢ and v functions) and the neutrosophic p-topology defined on

X.
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Abstract. Aim - Stress binds everyone as we face uncertainty in our lives. So, it is notable that we experience
anxiety during this coronavirus disease (COVID — 19) pandemic context. When we try to handle stress for
longer duration leads to chronic, and it can affect both physical and mental health. The scientific techniques to
precisely pre-assess or assess mental health disorders are hardly available for the students. This paper intends
to provide an explication to pre-assess or assess the mental health of the students amidst this pandemic. We
present the notions of single-valued neutrosophic N-soft set (SVNA'SS) and the quasi-hyperbolic discounting
intertemporal single-valued neutrosophic N -soft set (QHDISV NN SS) to show the mental condition of the stu-
dents. Design- We develop a four-phase method to pre-assess or assess the mental health disorders of students.
In the initial phase, we present an outline to identify the students, parameters, and the psychosocial aspects of
the students. Also, we provide the framework of positive and negative statements for each parameter, rating
scales, and scoring norms. In the second phase, we execute case studies based on observation of the students
and mention the values using neutrosophic numbers for each counseling session with no loss of information.
Then we apply the concept of score function (SF') and weighted single-valued neutrosophic vector (W SV NV).
In the third phase, we construct SVNN'SS or QHDISV NN'SS to access or pre-access the mental health of
the students. Finally, we assess the scores of each student with the help of norms and predict mental health
disorders. Results- Using SV NNSS, we can assess the mental health of the students and able to pre-assess
the mental health of the students by using QHDISV NN'SS. Hence, this result supports the psychiatrist or
the counselor to focus on those with mental health conditions, as they are known to experience a higher level
of emotional distress. Contributions- This study shows how the significance of the neutrosophic concept can
be modified and implemented in the psychology field to determine the mental health of the students. Implica-
tions- As pointed out by the counselor and the therapist, the first step to self-care is to take care of our mental
health. Here, in this study, we provide a solution to pre-assess and assess the mental health of the students by
using these concepts. This method gives a valuable solution to the counselor or the therapist for analyzing the

psychosocial aspects.
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sophic N-soft set; quasi-hyperbolic discounting function.

1. Introduction

World health organization (W HO) observes 10 October as world health day to understand
the enhancing mental health issues. Mental health holds the emotional, psychological, and
social wellness within us. Mental health issues have become one of the worlds major causes
of the burden of chronic disease, and it frequently begins at an early age and can ruin lives,
influencing families, peers, and societies. Students mental wellness is a subject of concern
worldwide. The success of the student hinges on mental health. The socially acceptable
conduct of student behavior depends on his mental health. Disturbance in his mental health
creates a negative impact on the student as well to the community. Hence, mental health
plays a significant role in a students life. On 11 March 2020, W HO conceded the spread of
COVID — 19 to be a pandemic. When analyzing the inflation in COVID — 19, the only
approach left to slow the spread of the infection is a complete lockdown. A study carried on
over 8,000 people by YourDost [I], an online mental health site, found that college students are
the most affected by COVID — 19. Because of the lockdown effect, many students undergo
emotional stress, and there is a need to assess their mental health status. A recent survey
conducted by WHO [2] in 130 countries from June to August 2020 showed that there is a
disruption in mental health services in 93 percent of countries. The findings show that 89
percent of countries have national mental health and psychological support plans, but only 17
percent of them have funds allocated to implement those plans. They have also found that only
7 percent of countries have reported no service interruption, meaning that some disruption of
service has occurred in 93 percent of countries. Based on the global burden of disease research
work [3], around 792 million individuals have a mental illness. The representation of the global
ratio is 10.7 percent, slightly over one in ten individuals. Hence, there’s a need for a therapist
to assess the students’ mental aspect during this pandemic.

When most of the models apportioned with fuzzy set (F'S) [4] and intuitionistic 'S (IF'S) [5]
to solve the problems of uncertainty situations. Smarandache [6] presented the concept of the
neutrosophic set (N.S), a combination of truth, indeterminate, and falsity membership values.
Later, Wang [7] introduced single-valued NS (SVNS) to overcome the difficulties faced in
NS. Maji [§] established the concept of a single-valued neutrosophic soft set (SVNSS) and
its properties. During an uncertain condition, the indeterminate membership value plays a
vital role in ranking the alternatives, and the domination of neutrosophic theory in various
fields started from thereon. We highlight some of the recent works that have used neutrosophic

theory in decision making problems. Abdel-Basset et al. [9] proposed the type 2 SV NS and
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defined some of its operational rules. Abdel-Basset et al. [L0] presented a novel approach for
estimating smart medical devices in a neutrosophic environment. Abdel-Basset et al. [I1] pro-
posed the concept of the analytical network method with SV NS for dealing with multi-criteria
decision making (M CDM) problems. Abdel-Basset et al. [12] implemented a new technique
for project selection in an ambiguous environment. Chinnadurai et al. [13] introduced the con-
cept of a unique ranking for the alternatives using parameters. Chinnadurai and Bobin [14]
presented a study to rank the attributes in M CDM problems using prospect theory. Sudan
et al. [I5] proposed a novel approach for stock value prediction based on real data. Nabeeh et
al. [16] illustrated an ideal solution in ranking the personnel selection process by integrating
neutrosophic and analytical hierarchy method. Mohana and Smarandache [17] solved M CDM
problems using bipolar SVNS (BSV NS). Broumi et al. [18] introduced a new algorithm to
find out the shortest path between each pair of nodes. Kumar et al. [I9] presented shortest
path problem using neutrosophic graph. Abdel-Basset [20] presented the framework for the
professional candidate selection process using BSVNS. Abdel-Basset [21] proposed a con-
cept to solve the supply chain problem by using the combination of the plithogenic set (PS)
and the best-worst method. Abdel-Basset [22] integrated PS with different M CDM appli-
cations to assess the progress of manufacturing industries. Abdel-Basset [23] implemented
smart product-service systems to process a large amount of information in M C DM problems.
Abdel-Basset [24] presented a model to diagnose COVID — 19 by using PS and computer-
ized tomography scans. Rohini et al. [25] presented the concept of single-valued neutrosophic
coloring. It is used widely in information technology, banking technology, psychology, soci-
ology, and other fields where the indeterminacy occurs. Edward and Narmadhagnanam [26]
developed a concept using rough -SV NS to diagnose the disease. Villamar et al. [27] analyzed
Ecuador’s gross domestic product by using a neutrosophic cognitive map. The domination of
neutrosophic theories in various fields is clear from these research works.

Zadeh [4] proposed the notion of F'Ss to deal with the concept of vagueness. The thoughts
inside the human brain for learning, understanding, and describing are naturally vague and
imprecise. The boundaries of these concepts are not precisely defined. Therefore, the judging
and rationalizing that develop from human brain also become uncertain. In the late 80s, amid
criticism and controversy, F'Ss gained credibility in psychology [28]. Although psychologists
have shown interest on F'S theory concepts and fuzzy logic have been slow to take up the
field. Rosch [29], Hersh and Caramazza [30], Rubin [3I] and Oden [32] conducted experi-
mental research using F'S theory. Oden and Massaro [33] explained the perception theory by
using a F'S. Hesketh et al. [34] introduced the concept of fuzzy logic to study the thought

processes which cannot fit into classical mathematical techniques. Broughton [35] insists that
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typicality and F'S helps in refining personality assessment tools and improving abnormal di-
agnosis. Horowitz and Malle [36] examined depression by using the fuzzy concept. Alliger et
al. [37] applied the concept of the fuzzy approach in decision-making problems of personnel
assessment and selection. Vasantha et al. [38] defined the concept of a single-valued refined
NS. They analyzed the age group of 1 to 10 years to study the imaginative play in children.
Hernandex et al. [39] presented the pedagogical validation through ladov technique. Nandita
et al. [40] detailed the aspects of mental health and presented the details using soft comput-
ing and neuro-fuzzy techniques. Wang et al. [41] identified the various types of psychological
dysfunctions in construction designs. They developed a fuzzy mapping to determine the in-
fluence of psychological disorders in the context of the time, cost, and quality of construction.
Sanpreet [42] designed an expert system to aid the psychiatrists in assessing the mental health
of the individuals. Sumathi and Poorna [43] presented the concept of machine learning tech-
niques, Bayesian networks, and fuzzy clustering to study the mental health associated with
children. Srivastava et al. [44] analyzed the aspects of psychological behavior by using fuzzy
logic rules. Nuovo et al. [45] implemented a method to classify the mental retardation level. It
is vital to select the best therapeutic medication and to ensure a quality of life that is sufficient
for the particular condition of the patient. Chicaiza et al. [46] studied the state of emotional
intelligence of the students. Since a high emotional intelligence guarantees a better future
professional and higher quality learning.

Psychologists believe that the F'S theory suffers mismatches with human perception, and
lacks measurement foundations, from theoretical incoherence or paradoxes. Judgment and
decision-making psychologists remained unconvinced that F'Ss could deliver something not
already handled by subjective likelihood and utility. These manuscripts bring out the sig-
nificance of the F'S and other hybrid sets in analyzing personality assessment, diagnosis of
disorders, and occupational counseling rather than using traditional set theory. Although the
usage of the F'S and other hybrid theory is clear in psychology, the preference of using it is
not widespread. The psychiatrists are used to analyze scaled data with statistical techniques.
They are always in the mindset to follow the traditional method of handling scale construction
and classical test-theory. These conventional concepts have forced the psychiatrists to use scale
construction rather than F'Ss and other hybrid sets. Also, most of the psychological study
deals with questionnaires to study human behavior. In this process, we can never ignore the
prejudice of the subject when the subjects express their thought process using a questionnaire.
That’s the reason when the information received by a questionnaire are imprecise since ‘raw’
values include hidden risks. Neutrosophic logic acts as a vital tool to deal with uncertainty.
The reason for introducing the neutrosophic concept in the study of mental health is that much

of the data received by the questionnaire is vague. Using neutrosophic information instead
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of raw data has the advantage of reducing vagueness. In psychology, this concept offers an
additional benefit and allows us to use vagueness measures to quantify the ambiguity associ-
ated with the prediction of mental health parameters. Hence, there is a need to define a novel
set that is user friendly for the psychiatrists to assess the psychological behaviors of human
beings.

Fatimah et al. [47] introduced the notion of N-soft set (N'SS) with real-life illustrations.
Later, Akram et al. coined the definition of fuzzy N'SS (FN'SS) [48] and hesitant N'SS
(HN'SS) [49] by combining fuzzy and hesitancy sets with N'SS respectively. Kamaci and
Petchimuthu [50] presented the concept of bipolar N'SSS and its properties. Zhang et al. [51]
studied the properties of Pythagorean fuzzy N'SS. Riaz et al. [52] detailed on neutrosophic
N'SS along with their properties. The implementation of A'SS in various theories is evident
from the above research works. But, we find there are some limitations when the combination
of hybrid sets and A'SS happens and maybe insignificant when applied in the psychology field.
i) We cannot accommodate the membership value of indeterminacy in FNSS and HN'SS.
ii) We would like to refer the Example 2.5 in Akram et al. [53]. They decide the grading
criteria based on the membership values in IFS and discard the non-membership values,
assigned independently in IFS. Similarly, in Example 5.1, Riaz et al. [52] decides on the
grading criteria (Table 21) based on the truth membership values in SV NSS and discard
the indeterminacy and falsity membership values, assigned independently in SV NSS. By
discarding the non-membership values in 1 F'S and the indeterminacy and falsity of membership
values in SV INSS, may restrict in analyzing the psychological aspects of human beings. This
limitation may initiate a research gap in the psychological field.

In 1968, Phelps and Pollak [54] introduced the notion of the quasi-hyperbolic discounting
function (QHDF). In 1997, David [55] coined the definition of QHDF to capture the qual-
itative properties. Later, Peter and Botond [56] changed the notion introduced by David to
deal with QHDF'. Takanori [57] analyzed whether smoking status, including cigarette addic-
tion, can be accurately predicted by two-time perception parameters. Nascimento [58] showed
that fuzzy temporal logic expresses patterns of perception to interpret decision-making be-
haviors. Dou et al. [59] implemented a method using fuzzy temporal logic to forecast the
passenger flow. Alnahhas and Alkhatib [60] supported a decision system to manage the crisis
by combining fuzzy logic and temporal techniques. Alcantud and Torrecillas [61] introduced
the intertemporal framework to fill the gap in the fuzzy soft set theory. Lie et al. [62] proposed
an intertemporal hesitant fuzzy soft set and showed the significance of the set with MCDM
problems. Although the temporal logic plays a significant role in considering the ‘immediate
effect’ from different parameters and sessions, the application of neutrosophic theory is still

open for research.
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On examining these manuscripts, we impersonate the following research scopes in a nutshell.
Initially, during a pandemic, a change in environment is prevalent, which affects the psychoso-
cial aspects substantially among the individuals. So, it is vital to analyze the mental health
aspects of the students during this lockdown situations. Second, neutrosophic theory shows
competence in decision making across all the fields. But, in psychology, there is still scope for
enhancement. Third, the available standardized psychological tool for analyzing psychosocial
behavior has limitations. A simple rating scale distribution cannot provide the exact risk
level and prohibits the remedy process. Upon further analysis, we found that psychiatrists are
comfortable in using raw data and rating scale criteria. So, a novel set that could handle the
indeterminacy and the traditional method of assessing the human behaviors aids psychiatrist.
Finally, the treatment process has many sessions to diagnose socially unacceptable behaviors.
Hence, implementing intertemporal choice for capturing information is being preferred by the
psychiatrists. The principal objectives of this manuscript are to overcome the mentioned re-
search gap. i) to define a new set SV NN'SS, by combining SF value of SVNSS with N'SS.
This set enables us to use the SF of SV NSS, which represents the information independently
in truth, indeterminate, and falsity. Later, with the help of a rating scale distribution, we
relate the A/'SSS to the corresponding SF' value. ii) to define a new set of QHDISVNNSS, a
combination of intertemporal SVNNSS (ISVNNSS) with QHDF. This set enables us to
record the intertemporal information and pre-assess the risk level associated with each session
with the help of QHDF. We contemplate that these two novel sets will bridge the gap and
aid the psychiatrist to use neutrosophic theory.

We organize the structure of this manuscript as below. Section 2 recalls existing definitions.
Section 3 defines a new SF and WSV NV. Section 4 shows a comparison study between the
proposed SF and existing SF's. Section 5 introduces the definition of SV NNSS. Section
6 provides the method, algorithm, and flowchart to assess the mental health of the students.
Section 7 illustrates the case studies to assess the mental health of the students by using
SVNNSS. Section 8 introduces the definition of QHDISV NN SS. Section 9 provides the
method, algorithm, and flowchart to pre-assess the mental health of the students. Section 10
illustrates a case study by using QHDISV NN'SS. Section 11 shows the significance and a
comparison study of QHDISV NN'SS and finally, section 12 ends with limitations, conclusion

and future works.

2. Preliminaries

In this section, we discuss some basic definitions, essential for understanding this manuscript.

Let U denote a universal set, P a set of parameters, £ C P and 2 the power set of U.
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Definition 2.1. [7] A single-valued neutrosophic set (SVNS) is represented as, N
{(u, Ty (u), In(u), Fy(u)) |u € U}, where Tn(u) : U — [0, 1] represents truth-value, In(u) :

U — [0, 1] represents indeterminate-value and Fn(u) : U — [0, 1] represents falsity-value with
a condition 0 < T (u) + In(u) + Fy(u) < 3V u € U. Let N¥ denote the collection of all
SVNSs defined on U.

Definition 2.2. [63] A pair (F,&) is called a soft set (SS) over U, F is a mapping given by
F:&— 24 Thus a SS is a parameterized family of subsets of I/.

Example 2.3. Let U={c1,c2,c3} be a set of clients with psychosocial conditions and
E={p1,p2,p3} be the set of dimensions which stand for anxiety, depression and sleeping dis-
order respectively. A SS (F,E) is a collection of subsets of U, based on the description (Table
1).

TABLE 1. Representation of clients with psychosocial conditions in SS form

U | anxiety(p1) | depression(p2) | sleeping disorder(ps)
c1 1 0 1
c2 0 1 1
c3 1 1 0

F(anziety) = {c1,c3}, F(depression) = {cq,c3} and F(sleeping disorder) = {c1,ca}.

Definition 2.4. [§] A single-valued neutrosophic soft set (SVINSS) over U is defined

as a pair (F,€), where F : & — NY. A SVNSS is represented as, N = (F,§)
{(p, Tr(p)(v), Ir(p)(u), Fr(p)(u)) |u € U and p € €}, where Tr(p)(u), Ir(p)(w), Fr(p)(u) €

[0, 1], are the membership values of truth, indeterminacy and falsity respectively.

Example 2.5. Let U and & represent the same as in Example 2.3. A SVNSS (F, ) describes
the subset of clients with psychosocial conditions approximately in terms of membership values

of truth, indeterminacy and falsity as in Table 2.

TABLE 2. Clients with psychosocial conditions in SV NSS form (F,E)

u

anxiety(p1)

depression(p2)

sleeping disorder(ps)

Cc1
Cc2

C3

(0.55,0.25,0.45)
(0.70,0.45, 0.40)
(0.85,0.60, 0.15)

(0.75,0.55, 0.55)
(0.35,0.10, 0.40)
(0.25,0.35,0.15)

(0.90,0.95, 0.20)
(0.35,0.45, 0.25)
(0.50,0.20, 0.60)

Definition 2.6. [64] A SVNSS can be represented in matrix form as,

nii ni2 Nin

y n21 n22 nan
N* = [nw] = . . )

Nm1  Mm2 Nmn
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where [n;;| = (Tij, Lij, Fij); i = 1,2,...,m and j = 1,2,...,n. N* is an m X n single-valued

neutrosophic soft matrix (SVNSM).

Example 2.7. The SVNSM for the Example 2.5 is as below:

(0.55,0.25,0.45)  (0.75,0.55,0.55)  (0.90,0.95,0.20)
N* = ](0.70,0.45,0.40) ~ (0.35,0.10,0.40) (0.35,0.45,0.25)
(0.85,0.60,0.15)  (0.25,0.35,0.15)  (0.50,0.20, 0.60)
Definition 2.8. [47] Let G = {0,1,...,N' — 1} be a set of ordered grades, where N’ € {2,3, ...}
Then, (F,&E,N) is a N - soft set (N'SS) on U if F : & — 24%9 with the condition that for
each p € & there exists a unique (u, gp,) € U x G, such that (u,gp) € F(p), u €U, g, € G.

Definition 2.9. [56] In a T-horizon game, the quasi-hyperbolic discounting function (QHDF)

for the period t’s is given as,
T—t

u(qr) + Z " u(grri),

i=1

with 3,9 € [0, 1] and represent the short-term and long-term discounting parameters.

Definition 2.10. Let N = <TN, Iy, FN> represent SV NSS. Then the framework of existing
SF definitions are given in Table 3.

TABLE 3. Representation of existing SF's

Existing author details | SF's
Ridvan [65] R(N) — y
Nancy and Garg [66] (N) = IHTN’Z(IN)*;?N)(Q*TN*FN)
Pal and Jana [67] P(N) — IQ“NT+ ij 4 EN

Broumi et al. [68] B(N) = W

: 14T ~F
Mondal and Pramanik [69] | M = —L X

Peng et al. [70] (

TTTy 2Ux) - Fg

Q
=

=

= 2
)= To+1—Ig+1-Fg
3

—~
=
—

v
=,

3. Score function and weighted vector of neutrosophic

In this section, we introduce two new definitions to solve the case studies mentioned in
sections 7 and 11. i) Score function (SF) of a SVINSM helps to integrate the neutrosophic
number into a single real number to bring out the importance of truth, indeterminacy, and
falsity membership values. ii) In MCDM problems, decision makers (DM s) always consider
each parameter uniquely and also provide the weightage value based on their experiences. So,
the weighted single-valued neutrosophic vector (W SV NV') provides an added advantage to

the DM s to consider each criterion uniquely based on the selection of problem.
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Definition 3.1. Let N* = [n;;] = <TN;;.,IN;J.7FN;J.>- Then define the SF for the element n;;

as,

Ty, + IN;;} — Fy,
2

S(N™) = [si5] = [ V5.

Example 3.2. The SF values for the Example 2.3 is given below:

0.18 0.38 0.83
S(N*) = |0.38 0.03 0.28
0.65 0.23 0.05

Definition 3.3. Let ¢ be the collection of all SF's deduced from neutrosophic values and
M = {s1, s2, ..., 81} be a neutrosophic vector with components of (. Let W = {wy,wa, ..., w;}

be a weight vector associated with M. w; can be considered as the significance attached to s;;
l
i=1,2,....,0 with w; € [0,1], > = 1. Then the WSV NV corresponding to M and W denoted
i=1
by WM is defined as, WM = {w;s1,was2, ..., w;s} .
Example 3.4. Let W = (0.35,0.35,0.30) be the weight vector assigned to the parameters.

Then the WSV NV for the Example 3.2 is as below:

0.06 0.13 0.25
WS(N*) = [013 0.01 0.08
0.23 0.08 0.02

4. Comparison of proposed score function with existing score functions

In this section, we compare and analyze existing SF's namely; Ridvan [65], Nancy and
Garg [66], Pal and Jana [67], Broumi et al. [68], Mondal and Pramanik [69] and Peng et
al. [70] with proposed SF' to show the ranking constraints in neutrosophic environment. From
Table 4, we infer that in some conditions, the existing SF's cannot rank the alternatives

whereas the proposed SF can rank the alternatives in the best way.

5. Single-valued neutrosophic N-soft set

In this section, we define the notion of single-valued neutrosophic N-soft set and single-

valued neutrosophic AV-soft matrix with suitable examples.

Definition 5.1. Let I/ be the universal set and P be a set of parameters, & C P. Let
G ={1,2,..., N} be a set of rating scales, where N' > 2. Then the triple (¢, J,N) is said to
be a single-valued neutrosophic N-soft set (SVNN'SS), where J = (F,&,N) is a N-soft set
over U and v maps every parameter in £ with a score function of SVNSS, S(N) over F(p)
which is clearly a subset of i/ x G and p € £. That is, for each parameter p € £, there exists a
unique (u,g,) € U x G such that (u,g,) € F(p), u €U, gp € G and <(u,gp),S(N)> € ¢(p) or

NW) = %)) = (g S(V)).
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TABLE 4. Shows the ranking constraints in existing SF's

SVNSSs SFs Score values Remarks
0.25,0.35,0.15) Ridvan [63] R (1\71 R (NQ) =R (N3) =0.20 Ny = Ny = N3

Ny = (0.70,0.45,0.40

N3 — (0.45,0.40,0.25) Proposed s(M) =022 5 ( V2 ) =0.37, S (Ng) —030 N»>N3>N;
0.55,0.25,0.45) Nancy and Garg [66] a(M)=a (M) -G ( *3> —0.30 N1 = N» = N3
0.50, 0.20, 0.50

N3 — (0.60,0.23,0.72)  Proposed s(M) =017, 5 ( V2 ) = 0.10, S <N3> =0.05 N;>N;> Nj
0.40,0.35,0.45) Pal and Jana [67] P 1.20 Ny =Nz = N3

N2 = (0.35,0.45,0.40
N3 = (0.45,0.60,0.15

Proposed

N3>N2>]\71

N2 = (0.20,0.25,0.45
N3 = (0.60,0.55,0.55

Broumi et al. [68]

Proposed

Ny = Ns = N3

N3>N1>]\72

=
(
(
=
=
(
=
(
(
= (0.35,0.45,0.40
(
(
=
=
(
=
(
(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

0.55,0.50,0.45) Mondal and Pramanik [69] M (Nl) - M (M) —-M <N3> —0.55 Ny = Ny = Ny
0.35,0.35,0.25
N5 — (0.60,0.55,0.50) Proposed s <N1) —0.30, S (N ) 0.22 s( ) =032 N3>N >N
0.55,0.50,0.40) Peng et al. [70] P <N1> —p <N2> —P (N, ) —0.55 Ny = N» = N3
Ny = (0.55,0.40, 0.50
N3 = (0.75,0.55,0.50) Proposed s (N1> —032, S <N2> —02259 ( ) =037 N3>N>No
Definition 5.2. Let U = {uy, ug,...,u} be the universal set. Let P = {p1,pa,...,pn} be set

of parameters and G = {1,2, ...,

be expressed in matrix form as,

such that N*(N) =

Um <gp7n175m1> <gp7n278m2>

<gp11 ) 511>

<9P217321>

<gpij73ij>7 1 =1,2,..,

p2 ces Pn
<gp127512> <gp1":31n>

<gl722 ) 522> <9P2n ) 52n>

<gpmn ) Smn>

mand j = 1,2,...,

N} be a set of rating scale. Then SVNNSS (¢, J,N) can

n. Then N*(N) is called an

m x n single-valued neutrosophic N-soft matrix (SVNNSM) of the SVNNSS (¢, T, N).

Example 5.3. Consider a scenario where a mental health counselor (M HC') observes the

behavior of students to understand their mental health conditions and provides the values in

SVNSM as in Example 2.7. Let’s assume the M HC considers a 5 point rating scale (5-soft

set) for positive and negative statements with the rating scale distribution as in Tables 5 and

6, respectively. The M HC' can amend the values in Tables 5 and 6 as per their needs. The

positive statements denote socially acceptable behavior and the negative statements denote

socially deviant or problematic behavior. Here, let’s assume that the M HC constructs positive
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statements for the parameters p; and p3 and for ps - negative statement. Then, we compute

the N*(N) for Example 3.2 as below.

TABLE 5. Showing the rating scale details

Positive statement | Negative statement
5 1
4 2
3 3
2 4
1 5

TABLE 6. Showing the rating scale distribution

Positive statement | Negative statement Score values

5 1 0.8 <s;; < 1.0
0.6 <s;; <0.8
0.3 <s4; <06
0.0 <s4; < 0.3
-0.5 <535 < 0.0

=N W
T W N

(2,0.18)  (3,0.38) (5,0.83)
N*(5) = |(3,0.38) (4,0.03) (2,0.28)
(4,0.65) (4,0.23) (2,0.05)

We shall show the significance of N*(N) in sections 6 and 7 with constructive examples.

6. To assess the mental health of students amidst COVID-19 using SVNN SM

COVID — 19 has caused the entire world to a lockdown situation. For the progress of the
world, it is vital to understand the mental health and psychosocial concerns of the students
amidst this pandemic. To deal with this, we construct the concept of SV NN SM, which
supports to assess the mental condition of the individuals. In this section, we put forward
a method to assess the condition of students amidst COVID — 19 with an algorithm and
flowchart. We explain the feasibility and validity of the application with real-life case studies
in the following section.

Consider a scenario where an institution approaches the M HC and wishes to assess the
mental health of its students amidst the pandemic, COVID—19. Let us assume that the M HC
selects a partially standardized method like video conferencing or telephonic conversations to
assess the students. Let U = {s1, $2, ..., S, } denote the set of students and & = {p1,p2, ..., Pn}
the set of parameters to assess the psychosocial conditions. Let us assume the M HC' gets in
touch with a team of psychiatrist experts and frames the following details namely; positive

and negative statements for parameters, rating scales with distribution criteria as in Table
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6, weightage criteria to assess the parameters, scoring keys, and mental health norms as in
Table 7. These details should be chosen wisely and with extra cautiousness since it plays a
significant role in describing the risk level of the students. Also, we signify that high scoring
students are under risk and require immediate attention or treatment.

The M HC based on each question, say r = {1, 2, ..., k} evaluates the students by considering
the parameters and present the results in the form of neutrosophic matrices, N.* of order m xn.
Now, we have to assess the mental health of the student with the help of pre-determined scores

and norms.

6.1. Methodology to assess the mental health of the students

Construct the SVNSMs, N}, r = {1,2,...,k} for each positive or negative statement by
observing or understanding the behavior of the student based on the parameters. Apply
SF Definition 3.1, to the SVNSMs and represent the resultant matrices by S(N)), r =
{1,2,...,k}. If weightage criteria are to be considered for each parameter, then calculate
WS(N}) by using Definition 3.3. Now compare the entries in each S(N;) or in WS(N})
matrix and construct the N,(N) as below by using Definition 5.2. Also, with the help of the

framed rating scale distribution.

p1 P2 . Pn
S1 <g;11787{1> <g;12757£2> t <g:zln7 Sin>

N: (N) = 32 <g£21 ’ $§1> <g£22 ) $§2> s <g;2'n,’ S£n> y
Sm <g;7n1’ S:ﬂ1> <g;m2’ S:VL2> e <g£mn’sfn">

where r = {1,2,...,k}.

Determine the N (AN) matrix as below by adding the corresponding entries of
N{(N),N3(N), ..., Nj:(N) matrices.

p1 p2 cee Pn
+ + + +
51 [9p11 9pi2 -+ Y9pin Z?:l Ip1j
% + + + +
N+ (N) = 52 [9pay  Yp22 -+  Ypan Z?:l Ip2j
+ + + +
Sm LOpn1 9pm2 -+ Ipmn Z?:I Ipmj

where
+_Zk r +_Zk r and*—zk r
gpn - r=1 gpu’ gp12 - r=1 gpu gpm - r=1 gpln'
+ _ 5k or + _ 5k o + Nk
gp21 - Zrzl gp21’ gp22 — Zrzl gp22 and gp2n - Zrzl gpzn‘
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similarly,

+ _ 5k o + _ Sk + _ 5k
gp'ml - ZTZI gp’ml7 gme - ZTZI gpm? and gpmn - ZTZI gpmn

Now assess the risk level for each parameter as well for the overall by using the level norms.
If the student attains a low-risk level, then he/she does not require psychological treatment. If
otherwise, then M HC' should start the remedy process for the students who show a high-risk

level towards psychosocial conditions.

TABLE 7. Shows the qualitative norm details

Parameter | Scores | Norms

1-13 low

P1, P4 14-25 average (avg)
26-35 high
1-15 low

D2, P3 16-24 avg
25-30 high
1-56 low

Total 57-97 avg
98-130 high

6.2. Algorithm to assess the mental health of students

The following steps facilitate the M HC' to assess the mental health of students in a better

way.

Step 1: M HC identifies the problem, selects the students and the parameters.

Step 2: M HC involves a psychiatrist to frame the required details namely; positive and negative
statements, rating scale with distribution, scoring keys and risk level.

Step 3: Constructs N/, where i = {1, 2, ..., k} matrices for each question by observing the
behavior of the students.

Step 4: Evaluates SN, and WSN;* by using Definition 3.1 and 3.3 respectively.

Step 5: Constructs N;(N) by comparing it with rating scale and distribution details.

Step 6: Determines N (M) matrix by summing the corresponding entries of
NY(N),N5(N), ..., N (N) matrices.

Step 7: Tabulates and assesses the mental health risk level by using scoring keys and risk level
norms.

Step 8: Start the treatment process, if the risk level is found to be high for the students.
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6.3. Flowchart for single-valued neutrosophic N -soft matrix

In this subsection, we depict the flow of the problem to assess the mental health of students.
A step by step process is shown below to understand the nature and the complexity of the

problem.

( Mental health counselor )‘ ~i
T 1
! 1 ! 1
1 1
. : ' :
! 1 ! 1
! 1 ! 1
! 1 ! 1
N2 N2 L2 1
defines the problem | | selects the students | | selects the parameters '
: \ : !
e _______ * _____________________ 1 :
| 1
| 1
| 1
— - involves the '
———————————— :I frames the required details |<— - == L -
————————————————————— - - psychiatrist

¥
positive and negative ~
rating scales and dis- scoring and
statements for - - F---
tribution criteria level norms
each parameter T
T 1
1 1
1 L,
U
constructs SVNSM
for each R el >| score function
h question T

weight

order

1 : - constructs and
determines the

constructs N/ (N) |— ——————————— assesses the risk level K- --

N (N) matrix

by using the norms

counselor to start the no

recovery treatment

1
1
| yes
1
1
1

treatment may

not be required
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7. Case Studies using SVNN SM

In this section, we present two case studies with ill-structured problems faced by the students
amidst COVID —19. In the Case study la, the M HC tries to identify the students who show
high-risk level towards mental illness and requires immediate attention. In this illustration,
two students are at a high-risk level towards mental illness and require counseling or treatment
to overcome the same. In the Case study Ib, M HC starts the process after counseling sessions
for the students, who showed a high-risk level in the Case study la. After following the same
method, we show that the two students are at low-risk levels and have shown progress towards
the counseling or the treatment. In the Case study II, we discuss the same process by using
WSV NV and show all the students are at an average-risk level towards overall mental health

score.

7.1. Case study Ia

Let us assume an institution approaches a professional M HC to assess the mental health
and psychosocial aspects of the students.

Step 1: Suppose that U = {s1, s2, s3, s4} be the set of students and P = {p1,p2, p3,psa} be
the set of parameters where p;= avoiding social activities (ASA), po= thinking about suicide
(TAS), p3= extreme mood changes (EMC) and ps = stress.

Step 2: The M HC in liaison with the psychiatrist frames seven questions for the parameters
p1 and py and six questions for the parameters ps and ps. For the parameter p;, question
numbers three and six are positive statements and others are negative statements. For the
parameter p2, question number two is a negative statement and others are positive statements.
For the parameter ps, question numbers five and six are positive statements and others are
negative statements. Finally, for the parameter ps, question numbers one, two, and seven are
positive statements, and others are negative statements. We provide the above information in
a tabular form(Table 8).

TABLE 8. Shows the positive (pos) and negative (neg) statement details

q1 q2 q3 q4 g5 g6 q7

p1 | neg | neg | pos | neg | neg | pos | neg
p2 | pos | neg | pos | pos | pos | pos -

p3 | neg | neg | neg | neg | pos | pos -

pa | pos | pos | neg | neg | neg | neg | pos

Let’s assume a 5 point rating scale (5-soft set) for positive and negative statements as in
Table 5, the rating scale distribution as in Table 6 and the norms for each parameter and

overall parameters as in Table 7.
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Step 3: The M HC observes or understands the behavior of each student based on the
framed statements and records the values in neutrosophic form, N/, where i = {1,2,...7} rep-
resent the number of questions, for each parameter. The highlighted values in the Ny, N3, N3,
N}, NZ, Ng and N7 matrices show the values of negative statements for easy understanding

and scoring procedures.

p1 p2 Pp3 pa
s1 [(0.90,0.95,0.05) (0.90,0.80,0.35) (0.88,0.75,0.12) (0.71,0.25,0.45)
Nik _ s2 (0.45,0.35,0.20)  (0.78,0.68,0.36)  (0.45,0.25,0.35)  (0.90,0.82,0.45)
s3 [(0.24,0.20,0.05)  (0.90,0.15,0.35) (0.89,0.22,0.32) (0.12,0.25,0.10)
s4 [(0.45,0.35,0.55) (0.90,0.85,0.10) (0.25,0.35,0.25) (0.80,0.85,0.35)
p1 P2 p3 yt
s1 [(0.98,0.95,0.10) (0.90,0.95,0.10) (0.90,0.85,0.12) (0.75,0.25,0.55)
N; _ 82 (0.35,0.25,0.35)  (0.55,0.30,0.15)  (0.60,0.55,0.58)  (0.70,0.88,0.12)
s3 1(0.98,0.95,0.10) (0.48,0.32,0.35) (0.78,0.42,0.45) (0.16,0.12,0.13)
sa (0.55,0.61,0.23) (0.33,0.20,0.15) (0.10,0.45,0.50)  (0.90,0.75, 0.05)
p1 p2 p3 pa
s1 [(0.80,0.60,0.10) (0.10,0.20,0.25) (0.91,0.81,0.10) (0.88,0.78,0.30)
N; _ s2 (0.75,0.65,0.10)  (0.88,0.91,0.05) (0.25,0.35,0.33)  (0.35,0.55,0.15)
s3 [(0.80,0.60,0.10) (0.40,0.50,0.20) (0.45,0.55,0.25)  (0.30,0.20,0.45)
s4 [(0.89,0.79,0.10) (0.85,0.75,0.35) (0.15,0.24,0.10) (0.30,0.20,0.35)
p1 p2 p3 P4
s1 [(0.90,0.54,0.10)  (0.25,0.45,0.25)  (0.75,0.35,0.16)  (0.87,0.67,0.25)
N; = s2 |(0.25,0.20,0.10)  (0.91,0.88,0.16)  (0.55,0.30,0.45) (0.48,0.57,0.25)
s3 |(0.90,0.54,0.10)  (1.00,1.00,0.00) (0.10,0.45,0.20) (0.65,0.45,0.55)
sa [(0.15,0.35,0.45) (0.88,0.78,0.25) (0.25,0.15,0.10) (0.45,0.65,0.35)
p1 p2 Pp3 P4
s1 [(0.79,0.99,0.10) (0.25,0.75,0.85) (0.75,0.10,0.25) (0.78,0.86,0.25)
Ng _ s2 (0.25,0.35,0.40)  (0.77,0.66,0.21)  (0.92,0.93,0.22) (0.38,0.48,0.19)
s3 [(0.79,0.99,0.10) (0.75,0.65,0.42) (0.90,0.85,0.10) (0.28,0.25,0.46)
s4 [(0.35,0.45,0.55) (0.88,0.77,0.25) (0.85,0.75,0.15) (0.15,0.35,0.45)
p1 p2 p3 P4
s1 [(0.35,0.40,0.30) (0.55,0.45,0.80) (0.74,0.55,0.09) (0.88,0.78,0.05)
Ng _ s2 (0.30,0.32,0.21) (0.65,0.75,0.19)  (0.55,0.50,0.40) (0.55,0.15,0.35)
s3 |(0.35,0.40,0.30) (0.70,0.50,0.40) (0.65,0.60,0.50) (0.45,0.20,0.21)
sa (0.79,0.89,0.27) (0.80,0.75,0.35) (0.85,0.75,0.40) (0.75,0.55,0.30)

Given that there are only six questions for ps and p3, we exclude these two parameters in

NZ.
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p1 P4
s1 [(0.95,0.85,0.10) (0.27,0.21,0.09)
Ni= % (0.20,0.10,0.05)  (0.85,0.75, 0.25)
s3 |(0.95,0.85,0.10) (0.80,0.70,0.10)
sa |(0.45,0.25,0.35) (0.25,0.85,0.25)

Step 4: By applying SF Definition 3.1, we get the following values in matrices form.

p1 D2 p3 P4 p1 D2 p3 Pa
s1 [0.900 0.675 0.755 0.255 s1 [0.915 0.875 0.815 0.225
*\ __s2 |0.300 0.550 0.175 0.635 *\ _ s2 [0.125 0.350 0.285 0.730
S(N}) = ‘ S(N3) = )
s3 10.195 0.350 0.395 0.135 s3 |0.915 0.225 0.375 0.074
s4 |0.125 0.825 0.175 0.650 sq 10.465 0.190 0.025 0.800
p1 D2 p3 P4 p1 D2 D3 P4
s1 [0.650 0.025 0.810 0.680] s1 [0.670 0.225 0.470 0.645]
%\ _ s2 |0.650 0.870 0.135 0.375 %\ _ sz |0.175 0.815 0.200 0.400
S(N3) = ‘ S(Nj) = ,
s3 10.650 0.350 0.375 0.025 s3 |0.670 1.000 0.175 0.275
s4 |0.790 0.625 0.145 0.075 s4 |0.025 0.705 0.150 0.375]
p1 b2 p3 P4 p1 p2 p3 P4
s1 [0.840 0.075 0.300 0.695] s1 [0.225 0.100 0.600 0.805]
%\ __ s2 |0.100 0.610 0.815 0.335 %\ __ s2 |0.205 0.605 0.325 0.175
S(Ng) = C1S(Ng) =
s3 10.840 0.490 0.825 0.035 s3 |0.225 0.400 0.375 0.220
s4 [0.125 0.700 0.725 0.025] s4 [0.705 0.600 0.600 0.500
and
p1 P4

s1 |0.850 0.195

*\ __ sz |0.125 0.675
S(N7) =
s3 [0.850 0.700

sq4 [0.175 0.425

Step 5: Now by comparing the score values with Table 6, rating scale distribution and by

using Definition 5.2, we obtain the following values in matrices form.

p1 P2 p3 pa
s1 [(1,0.900) (4,0.675) (2,0.755) (2,0.255)
%(E\ _ s2 |(3,0.300) (3,0.550) (4,0.175) (4,0.635)
Ni(5) =
ss |(4,0.195) (3,0.350) (3,0.395) (2,0.135)
sa |(4,0.125) (5,0.825) (4,0.175) (4,0.650)
p1 p2 p3 yt
s1 [(1,0.915) (1,0.875) (1,0.815) (2,0.225)
w/e\ sz |(4,0.125)  (3,0.350) (4,0.285) (4,0.730)
N3 (5) =
s3 |(1,0.915) (4,0.225) (3,0.375) (2,0.074)
sa |(3,0.465) (4,0.190) (4,0.025) (5,0.800)
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Ni(5) =

S1

S3

54

S1
52
S3

S4

S1
52
S3

S4

51
52
53

S4

N7

Step 6:

p1
4,0.650
4,0.650
4,0.650
4,0.790

o~ o~~~
NG A

p1
2,0.670
4,0.17
2,0.670
4,0.025

o~~~ o~
ot
NN N4

p1
1,0.840)
4,0.100)
1,0.840)
4,0.125)

K
(
(

L(

P
2,0.225
2,0.205
2,0.225
4,0.705

o~ o~ o~ o~
Rt B S B

S1
(5) = *
53

S4

Nf(N),N3(N), ..., N3(N) matrices.

S1

Ni(s) =

S3

54

(
(
(
(

P

p2
13
24
21
25

1,0.850)
4,0.125
1,0.850
4,0.175

)
)
)

o~ e~~~

p3
14
24
21
24

p3
1,0.810
4,0.135
3,0.375
4,0.145

= TS =

p3

(3,0.470)
(4,0.200)
(4,0.175)

4,0.150)

p3

(3,0.300)
(5,0.815)
(5,0.825)
(4,0.725)

4,0.600
3,0.325
3,0.375
4,0.600

(
(
(
(

NG RGN A

Pa
2,0.195
4,0.675
4,0.700

)
)
)
3,0.425)

P4

131 52
25| 98
24| 81
26| 102

Pa
2,0.695)]
3,0.335)
4,0.035)
4,0.025) |

o~ o~~~

Determine N} (5) matrix by summing the corresponding entries

of

Step 7: Tabulate the details as in Table 9 and assess the risk level of the students by using

the norm details (Table 7).

Analysis: From Table 9, we suggest that for sq, the risk level is low for each parameter

and also for the combined parameter scores, which signify that s; does not experience any

mental illness and may not require any treatment from M HC'. For so, the risk level is average

for each parameter and high for the combined parameter scores. Although the risk level is
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TABLE 9. Shows students’ mental health scores and levels for the parameters

i D1 D2 p3 j2 Total
score | level | score | level | score | level | score | level | score | level
s1 12 low 13 low 14 low 13 low 52 low
S2 25 avg 24 avg 24 avg 25 avg 98 high

83 15 avg 21 avg 21 avg 24 avg 81 avg
S4 27 high 25 high 24 avg 26 high 102 high

average for ss in each parameter, the total score is 98, which signifies that so may require the
help of the M HC or the psychiatrist to lower the risk level of mental illness. For s3, the risk
level is average for each parameter and also for the combined parameter scores, which signify
that s3 may not experience any mental illness. For s4, excluding ps, the risk level is high for
other parameters as well for the combined parameter scores, which signifies that s4 requires
aid from the M HC' or the psychiatrist to lower the mental illness. Hence, in this study, we
analyze the mental health of the students in a traditional method by using SV NN'SS.

7.2. Case study Ib

In this case study, we select the two students from case study la, who show high-risk level
towards mental health. Let’s assume that M HC records the details after the counseling or
the treatment.

Step 1: Consider U = {s9,s4} be the set of students who are at high risk level towards
mental health and P = {p1, p2, p3, p4} be the same set of parameters as in earlier case.

Step 2: Let’s assume that M HC provides positive and negative information as in Table

10. Let the rating scale distribution and the norms be as in Table 6 and 7.

TABLE 10. Shows the positive (pos) and negative (neg) statement details

q1 q2 q3 q4 q5

p1 | pos | neg | pos | neg | pos
p2 | pos | pos | pos | pos | neg
p3 | neg | pos | pos | pos | pos

p4a | pos | pos | neg | pos | pos

Step 3: The M HC observes the behavior of sy and s4 based on the new set of framed

statements and records the values in neutrosophic form, N}, where i = {1,2,...5} represent

1

the number of questions, for each parameter. The highlighted values in the N7, Ny, N3, Nj

and N7 matrices show the values of negative statements.

P1 p2 p3 2
N* — 52 (0.35,0.40,0.25)  (0.67,0.78,0.36)  (0.90,0.85,0.35) (0.85,0.95, 0.40)
! s4 [(0.25,0.35,0.19) (0.65,0.55,0.15) (0.87,0.88,0.20) (0.45,0.55,0.45)
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p1 b2 p3 P4
NF — s2 [(0.88,0.98,0.15) (0.20,0.30,0.10) (0.35,0.45,0.58) (0.41,0.51,0.12)
2 s4 |(0.88,0.75,0.23) (0.35,0.25,0.15) (0.45,0.55,0.32)  (0.25,0.35,0.05)
p1 p2 p3 P4
NF — s2 [(0.45,0.55,0.10) (0.55,0.23,0.10) (0.20,0.30,0.31) (0.35,0.45,0.10)
3 sa |(0.69,0.79,0.15)  (0.66,0.77,0.24) (0.20,0.34,0.21) (0.88,0.78,0.22)
p1 p2 p3 pa
N* — sz [(0.88,0.78,0.10)  (0.34,0.45,0.10) (0.45,0.32,0.25) (0.34,0.45,0.10)
4 s4 |(0.88,0.91,0.45) (0.45,0.78,0.35) (0.28,0.48,0.15) (0.45,0.70,0.30)
p1 D2 p3 P4
NF — s2 [(0.25,0.35,0.40) (0.38,0.48,0.19) (0.34,0.45,0.22) (0.77,0.66,0.21)
5 s4 |{(0.38,0.45,0.48) (0.35,0.35,0.40) (0.80,0.75,0.20) (0.78,0.70,0.25)

Step 4: By applying SF Definition 3.1, we get the following values in matrices form.

p1 p2 p3 P4 p1 p2 p3 P4
S(N*) _ s2 |0.250 0.545 0.700 0.700 S(N*) _ s2 |0.855 0.200 0.110 0.400
! sq4 |0.205 0.525 0.775 0.275 2 sq4 |0.700 0.225 0.340 0.275
p1 p2 p3 P4 p1 p2 p3 P4
S(N;) _ s2 |0.450 0.340 0.095 0.350 S(Njf) _ s2 |0.780 0.345 0.260 0.345
sq4 |0.665 0.595 0.165 0.720 sq |0.670 0.440 0.305 0.425

P1 p2 Pp3 pa

%\ __ sz |0.100 0.335 0.285 0.610

S(N5) = ,
sq4 |0.175 0.150 0.675 0.615

Step 5: Now by comparing the score values with Table 6, rating scale distribution and by

using Definition 5.2, we obtain the following values in matrices form.

P1 p2 p3 Ppa
Ni(5) = = {(2,0.250> (3,0.545)  (2,0.700) <4,0.700>]
s4 [(2,0.205) (3,0.525) (2,0.775) (2,0.275)

P1 p2 p3 yz
Ni(5) = = |:<1,0.855) (2,0.200)  (2,0.110) <3,0.400>]
s4 [(2,0.700)  (2,0.225) (3,0.340) (2,0.275)

P1 p2 p3 pa
Ni(5) = s2 {(3,0.450> (3,0.340)  (2,0.095) <3,0.350>]
s4 |(4,0.665) (3,0.595) (2,0.165) (2,0.720)
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p1 D2 p3 Pa
Ni(5) = * [20750) (3,0315) (2,0260) (3,0345)
4 (2,0.670)  (3,0.440) (3,0.305) (3,0.425)

p1 p2 p3 P4
N*(5) _ 52 (2,0.100) (3,0.335) (2,0.285) (4,0.610)
5 (2,0.175)  (4,0.150) (4,0.675) (4,0.615)

Step 6: Determine N7 (5) matrix by summing the corresponding entries of

Ny (N), N3(N), ..., N¥(N) matrices.

p1 P2 P3 P4

* sz |10 14 10 17| 51
N1 (5) =
sq4 (12 15 14 13| 54

Step 7: Tabulate the details as in Table 11 and assess the risk level of the two students.

TABLE 11. Shows students’ mental health scores and levels for each parameter

Si D1 D2 D3 D4 Total
score | level | score | level | score | level | score | level | score | level
S2 10 low 14 low 10 low 17 avg 51 low
S4q 12 low 15 low 14 low 13 low 54 low

Analysis: From Tables 9 and 11, we infer that for the parameter ASA, the student s,
had an initial score of 25 with an average-risk level towards mental illness. After the remedy
process, the student has attained a score of 10 with a low-risk for the same parameter. Likewise,
for other parameters, TAS, EMC, and stress, in the initial stages, the scores are 24, 24, and
25, respectively, with an average-risk level. After the treatment, we find the scores are 14 and
10, with low-risk for the parameters T'AS and EMC. For the parameter stress, the score is
17 and has attained an average-risk level. Similarly, the student s4 showed a high risk with
an initial score of 27 for the parameter ASA. After the treatment, a score of 12 with low-risk
for the same parameter. Likewise, for other parameters, TAS, EMC, and stress, in the initial
stages, the scores are 25, high risk, 24, average risk, and 26, high risk, respectively. After the
treatment, we observe that for parameters T AS, EMC, and stress, the scores are 15, 14, and
13, with low-risk levels, respectively. Hence, we conclude that both the students have attained
a low-level risk score of 51 and 54, respectively, towards mental illness and have responded

well to the treatment.
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7.3. Case study I1

Let us consider the same example as in case study Ia. Let W = (0.45,0.15,0.25,0.15) be

the weight vector assigned by the M HC' to the parameters. Refer section 7.1, for steps 1 to 4

data information. In this section, we explain the method when M HC' uses criteria weights.

Step 4: By applying WSV NV Definition 3.3, we get the values in matrices as below.

51
WS(NT) = **
53

S4

S1
WS(Ng) =

S4

S1

WS(NZ) =

S3

54

and

p1
0.405
0.135
0.088
0.056

p1
0.293
0.293
0.293
0.356

p1
0.378
0.045
0.378
0.056

b2 p3 P4
0.101  0.189 0.038 s1
0.083 0.044 0.095 WS(N;) _ s2
0.053  0.099 0.020 53
0.124 0.044 0.098 S4
p2 p3 P4
0.004 0.203 0.102 s1
. .034 .056
0.053 0.094 0.004 s3
0.094 0.036 0.011 S4
b2 p3 P4
0.011  0.075 0.104 s1
5
0.092 0.204 0.050 WS(N;) _ s2
0.074 0.206 0.005 53
0.105 0.181 0.004 S4
p1 b4
s1 [0.383 0.029
*\ __ s2 [0.056 0.101
WS(N7) = -
s3 |0.383 0.105
s4 |0.079 0.064

p1
0.412
0.056
0.412
0.209

p1
0.302
0.079
0.302
0.011

p1
0.101
0.092
0.101
0.317

p2
0.131
0.053
0.034
0.029

b2
0.034
0.122
0.150
0.106

p2
0.015
0.091
0.060
0.090

Pp3
0.204
0.071
0.094
0.006

p3
0.118
0.050
0.044
0.038

p3
0.150
0.081
0.094
0.150

Ppa
0.034
0.110
0.011
0.120

P4
0.097
0.060
0.041
0.056

Ppa
0.121

0.026
0.033
0.075

Step 5: By comparing the WSV NV values with Table 6, rating scale distribution and by

using Definition 5.2, we obtain the following values in matrices form.

S1

Ni(5) = *

S3

S4

p1
3,0.405
4,0.135
4,0.088

(
(
(
(4,0.056

)
)
)
)

P2
2,0.101
2,0.083
2,0.053

(
(
(
(2,0.124

)
)
)
)

p3
(4,0.189
(4,0.044
(4,0.099

)
)
)
(4,0.044)

P4
2,0.038
2,0.095
2,0.020

(
(
(
(2,0.098

)
)
)
)
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P p2 3 pa
s1 [(3,0412)  (4,0.131)  (4,0.204) (2,0.034) ]
w/ey _ s2 |(4,0.056)  (4,0.053) (4,0.071) (2,0.110)
N3 (5) =
s3 [(3,0.412) (4,0.034) (4,0.094) (2,0.011)
sa [(4,0.200) (4,0.020) (4,0.006) (2,0.120) |
P p2 3 pa
s1 [(2,0.293)  (2,0.004) (4,0.203) (4,0.102) ]
wrey  s2 [(2,0.203)  (2,0.131)  (4,0.034)  (4,0.056)
N3(5) =
s3 [(2,0.293)  (2,0.053) (4,0.004) (4,0.004)
1 [(3,0.356) (2,0.094) (4,0.036) (4,0.011) |
P p2 p3 pa
s1 [(3,0.302)  (2,0.034) (4,0.118) (4,0.097)]
wrey  s2 [(4,0079)  (2,0.122)  (4,0.050)  (4,0.060)
Ni(5) =
s3 [(3,0.302)  (2,0.150) (4,0.044) (4,0.041)
sa [(4,0.011) (2,0.106) (4,0.038) (4,0.056) |
p1 D2 p3 P4
s1 [(3,0.378)  (2,0.011) (2,0.075) (4,0.104) ]
wrey  sa [(4,0.045)  (2,0.092)  (2,0.204)  (4,0.050)
N5 (5) =
s3 |(3,0.378)  (2,0.074) (2,0.206) (4,0.005)
sa [(4,0.056) (2,0.105) (2,0.181) (4,0.004) |
p1 D2 p3 P4
s1 [(2,0.101)  (2,0.015) (2,0.150) (4,0.121) ]
wrey  osa [(2,0.002)  (2,0.001)  (2,0.081)  (4,0.026)
Ng(5) =
s3 [(2,0.101)  (2,0.060) (2,0.094) (4,0.033)
se [(3,0317)  (2,0.090) (2,0.150) (4,0.075) |
P1 P4
s1 [(3,0.383)  (2,0.029)
«rey _ s2 | (4,0.056)  (2,0.101)
N7(5) = o
s3 |(3,0.383)  (2,0.105)
sa | (4,0.079)  (2,0.064)

Step 6: Determine N7 (5) matrix by summing the corresponding entries of
N{(5),N5(5), ..., N¥(5) matrices.

p1 b2 p3 P4
s1 [19 14 20 22| 75
Ni(5) _ S2 24 14 20 22| 80
s3 |20 14 20 22| 76
s4 |26 14 20 22| 82

Step 7: Tabulate the details as in Table 12 and assess the risk level of the students.
Analysis: We observe from Table 12 that for the parameter, ASA, the mental health scores

for the students, s1, so, and s3 are 19, 24, and 20 respectively, with an average-risk level. For
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TABLE 12. Shows students’ mental health scores and levels for each parameter

84 P1 D2 P3 P4 Total

score | level | score | level | score | level | score | level | score | level

s1 19 avg 14 low 20 avg 22 avg 75 avg
s2 24 avg 14 low 20 avg 22 avg 80 avg
53 20 avg 14 low 20 avg 22 avg 76 avg
S4 26 high 14 low 20 avg 22 avg 82 avg

s4, the score is 26 and at a high-risk may require a counseling session to lower the same.
Similarly, for the parameter, T AS, the scores for all the students are 14 and at low-level risk.
For the parameter, EMC, and stress, the scores are 20 and 22 with an average-risk level for
all the students. The overall scores for the students are 75, 80, 76, and 82 show an average-risk

level associated with mental illness.

8. Intertemporal single-valued neutrosophic N-soft set

Definition 8.1. An intertemporal single-valued neutrosophic N-soft set (ISV NAN'SS) is rep-
resented as a finite sequence of SVNNSS over U, and denoted by {(wt,J LN )}i:k for a
session k,1 € N such that (k < k' <1).

Definition 8.2. Let {(¢t,jt,N)}i:k for a session k,l € N be an ISVNNSS,
then the quasi-hyperbolic discounting intertemporal single-valued neutrosophic AN-soft set
(QHDISVNN'SS) computed from {(wt,jt,./\/)}i:k at session k', (k < k' < 1) is defined

-k
NN = 4% (p)(u) = <gp, l_,jﬂ S(N)y +6(Zét-S<N>k'+t) >
t=1

where 0 € [0,1] and 8 € [0,1) are the long-term and short-term discounting parameters
respectively and S(]V)k/ and S(N)k/_H are the SFs of SVNSS for the session k" and k' + t

respectively.

Definition 8.3. Let U = {uj,uo,...,un} be the universal set. Let P = {p1,p2,...,pn} be
set of parameters and G = {1,2,..., N’} be a set of rating scale. Then the QHDISVNNSS
computed from {(¢*, jt,/\/)}i:k at session k, (k < k' <) is defined as,

p1 p2 . Pn
ur [qu1  q12  --- Qqin

N* (N)k/ = [qu] = u2 q21 q22 . qon ,
Um gm1 dm2 ce dmn

such that
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] -k
N*(N)y = lai] = <gpij7 w1 |G +5(Z5t-<3ij)k’+t> >
t=1

i =1,2,..,mand j = 1,2,..,n. Then N*(N), is called an m x n quasi-hyperbolic dis-
counting intertemporal single-valued neutrosophic N-soft matrix (QHDISV NN SM) of the
QHDISVNNSS {(¢!, TN}, _,.

9. An application to pre-assess the mental health of students using
QHDISVNN SM

Consider the M HC has planned for n counseling sessions in a phased manner to study and
change the socially deviant behavior to socially acceptable behavior. To check the progress of
the students, M HC would like to pre-assess the students after m sessions i.e., (m < n). Pre-
assessment helps the MHC to understand the level of progress shown by the students in their
behavior. To deal with this, we construct the concept of QHDISV NN SM, an algorithm,
and a flowchart to pre-assess the mental health of the students.

Consider a scenario where the M HC wishes to assess the mental health of the students in
a phased manner. Let U = {s1, s2, ..., S;} denote the set of students and €& = {p1,p2,...,Pn}
the set of parameters to assess the psychosocial conditions. Let us assume the M HC frames
the following details namely; positive and negative statements for parameters, rating scales
with distribution criteria (Table 13), weightage criteria to assess the parameters, scoring keys,
and mental health norms (Table 14). The M HC based on each question, say r = {1,2,...,h}
evaluates the students by considering the parameters and present the results in the form of
neutrosophic matrices, (N;'),s of order m x n for each session k'. Now, we have to pre-assess

T

the mental health of the student with the help of pre-determined scores and norms.

TABLE 13. Shows the rating scale distribution

Positive statement | Negative statement | Score values
1 5 0.8 <s;; < 1.0
2 4 0.6 <s;; <08
3 3 0.3 < <06
4 2 0.0 <4 < 0.3
5 1 -0.5 <535 < 0.0

9.1. Methodology to pre-assess the mental health of the students

Construct the neutrosophic matrices (N;),/, 7 = {1,2,..., h} for each positive or negative
statement by observing the behavior of the student for each session. Apply SF' Definition 3.1,

to the neutrosophic matrices and represent the resultant matrices by S(N),,. If weightage
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TABLE 14. Shows the qualitative norm details

Parameter | Scores | Norms
1-5 low
6-10 moderate (mod)
p1, P2, P3, p4 | 11-15 borderline (bor)
16-20 high
21-25 very high (vh)
1-20 low
21-40 mod
Total 41-60 bor
61-80 high
81-100 vh

criteria are to be considered for each parameter, then calculate W SV NV by using Definition

3.3. Now compare the entries in each S(N;),, matrix and construct the N(N'), by using

Definition 8.3 with the values of § =0.9, 5§ =0.5 and by comparing the values with the framed

rating scale distribution (Table 13). Determine the N (N), matrix by adding the corre-

sponding entries of Ny(N) ./, Ny (N),/, ..., Nj(N),s matrices. Now pre-assess the risk level for

each parameter as well for the overall by using the level norms (Table 14). If the student

attains a low/moderate-risk level in pre-assessment, then he/she responds to the treatment. If

otherwise, then M HC should start an alternative remedy process for the students who show

a high-risk level towards psychosocial conditions.

9.2. Algorithm to pre-assess the mental illness among the students

The following steps provide an insight to pre-assess the mental illness among the students.

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step T7:

Step 8:

Identify the problem, select the students and the parameters.

Involve a psychiatrist to frame the required details namely; positive and negative
statements, rating scale with distribution, scoring keys and risk level.

Construct (N),s, where 7 = {1,2, ..., h} matrices for each question by observing the
behavior of the students at k~ session.

Evaluate SF and WSV NV by using Definition 3.1 and 3.3, respectively, and compute
the risk-level analysis Table for the first session using Algorithm 6.2.

Construct N;(N),/ for the sessions by using Definition 8.3 and by comparing it with
rating scale and distribution details.

Determine N7 (N),s matrix by summing the corresponding entries of

NY(N) s Ny (N )y ooy N (N2 matrices.

Tabulate and pre-assess the mental health risk level by using the Table values
determined in Step 4, and by using scoring keys and risk level norms.

If the risk level is high for the students then the M HC' to terminate the current
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treatment and initiate an alternative treatment process from the next session.

9.3. Flowchart for intertemporal neutrosophic N -soft matriz

In this subsection, we depict the flow of the problem to pre-assess the mental illness of

students. A structured process is shown below to understand the nature of the problem.

1

1

1
________________________ ¥ - involves the
———————————— :| frames the required details |<— - == Lo ----
-- psychiatrist

( Mental health counselor } “

1 : 1 :

! 1 ! 1

! 1 ! 1

1 \ ! 1

1 \ ! 1

! 1 ! 1

+ v + .

defines the problem | | selects the students | | selects the parameters :
T

: 1 : !

e _o______ # _____________________ 1 :

1

1

1

1

1

T
1
1
1
1
1

N2 >
positive and negative rating scales and dis- scoring and
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1
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\
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T

1

1

1

1
1
+
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1

1

1

1

1
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\ computes the risk constructs N (N) s
h'd

: Determines SF,WSVNV |- - -5 level for session 1 |- ----- and determines the

! .

! using Algorithm 6.2 . Ni(WN),, matrix

1 | T

1 | 1

1 | N2

' changes the remedy 24 constructs and pre-

no .

-:- - - process for unsatisfactory [¢-------- ¢ = — - - assesses the risk level - -
: students from next session by using the norms
: yes
1
1
1
1

continues the

remedy process

10. Case study using QHDISVNN SM

The M HC or the psychiatrist might have to encounter multiple sessions to identify the
mental health or the psychosocial behavior of the students. When there is a deviation in
behavior, the M HC' may find it difficult in which session the treatment or counseling failed to
work for the students or could also be the students who did not follow the guidelines informed

by the M HC'. To overcome this gap, we present a method to pre-assess the mental illness of
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students with the information recorded during every session. Also, this method gives an insight
into whether the M HC' treatment or the counseling moves forward in the right direction.

Consider a scenario where the M HC observes the behavior of the students and records
the information using SV NSMs for every lockdown session during the pandemic. Also, let
the M HC compute the risk level for session 1 using Algorithm 6.2 to understand the risk
level associated with the students. Let’s assume that the students are at the beginning of the
fourth lockdown session and the M HC would like to pre-assess the students and determine
the risk level connected with the previous lockdown session. In the first case, let’s consider
the information from sessions 1 to 3, in the second, sessions 2 and 3, and the third, session 3.

Step 1: Suppose that U = {s1, s2, 83,54} be the set of students who suffer from mental
illness and P = {p1,p2,ps3,pa} be the set of parameters where p;= avoiding social activities
(ASA), po= thinking about suicide (T'AS), ps= extreme mood changes (EMC) and py =
stress.

Step 2: Let’s consider the M HC frames five positive questions for all the parameters across
the three lockdown sessions. Let the rating scale distribution and level norms be as in Tables
13 and 14, respectively.

Step 3: Let M HC observes the behavior of each student based on the framed positive
statements and provides the value in SV NSMs form, (N7)1, (N5)1, (N3)1, (N})1 and (NZ)y

for the first lockdown session.

p1 P2 p3 P4
s1 [(0.30,0.32,0.19) (0.40,0.42,0.35) (0.20,0.30,0.12) (0.40,0.42,0.05)
(N}) = (0.35,0.38,0.20)  (0.43,0.45,0.38)  (0.30,0.35,0.13)  (0.30,0.35,0.10)
s3 [(0.32,0.35,0.15) (0.50,0.55,0.40) (0.40,0.45,0.14) (0.20,0.25,0.05)
s4 [(0.23,0.31,0.22) (0.45,0.50,0.40) (0.20,0.30,0.05) (0.33,0.43,0.17)

p1 P2 p3 P4
s1 [(0.21,0.24,0.20)  (0.40,0.42,0.15) (0.30,0.32,0.11)  (0.25,0.35,0.06)
(N}), = 2 (0.25,0.35,0.20)  (0.30,0.34,0.10)  (0.40,0.42,0.13)  (0.32,0.45,0.20)
s3 |(0.26,0.30,0.25)  (0.20,0.32,0.10) (0.32,0.35,0.20) (0.40,0.42,0.15)
s4 |(0.30,0.35,0.23)  (0.30,0.40,0.12) (0.33,0.37,0.07) (0.20,0.32,0.12)

p1 D2 p3 DPa
s1 [(0.28,0.32,0.17) (0.40,0.42,0.12) (0.32,0.42,0.14) (0.40,0.42,0.10)
(N, = = (0.21,0.31,0.10)  (0.35,0.38,0.10)  (0.28,0.32,0.15)  (0.37,0.40, 0.15)
s3 [(0.30,0.34,0.16) (0.42,0.45,0.15) (0.25,0.30,0.16) (0.20,0.25,0.17)
s4 [(0.27,0.32,0.20) (0.30,0.35,0.25) (0.21,0.31,0.15) (0.30,0.35,0.25)

Chinnadurai and Bobin, Applications to assess and pre-assess the mental health of students



Neutrosophic Sets and Systems,Vol.38,2020

p1 D2 p3 P4
s1 [(0.23,0.32,0.15) (0.25,0.30,0.19) (0.30,0.32,0.21)  (0.34,0.38,0.43)
(NI = * (0.33,0.35,0.45)  (0.26,0.34,0.55) (0.40,0.42,0.45) (0.35,0.38,0.44)
ss |(0.31,0.35,0.20) (0.29,0.32,0.17)  (0.35,0.40,0.20)  (0.40,0.43,0.13)
sa |(0.25,0.28,0.65) (0.30,0.34,0.55) (0.32,0.35,0.50) (0.32,0.33,0.24)
p1 D2 p3 Pa
s1 [(0.40,0.45,0.15)  (0.30,0.34,0.20) (0.34,0.40,0.30)  (0.25,0.28,0.15)
(NP = * (0.34,0.35,0.25)  (0.32,0.35,0.30)  (0.32,0.35,0.45)  (0.35,0.38, 0.25)
s3 |(0.20,0.25,0.12)  (0.20,0.30,0.13)  (0.20,0.25,0.20)  (0.45,0.48, 0.05)
sa [(0.23,0.24,0.25)  (0.30,0.40,0.23)  (0.25,0.30,0.24)  (0.50,0.52, 0.34)

Now, compute the risk level analysis Table for session 1 using Algorithm 6.2 and with the

help of norms (Table 14) understand the risk level associated with the students as in Table 15.

TABLE 15. Shows students’ mental health scores and levels for session 1

Si D1 D2 P3 D4 Total
score | level | score | level | score | level | score | level | score | level
s1 19 high 18 high 19 high 18 high 74 high
s2 20 high 19 high 19 high 19 high 77 high
s3 20 high 18 high 19 high 17 high 74 high
S4 21 vh 20 high 19 high 19 high 79 high

Likewise, form (N7)a, (N3)2, (N5)2, (Nf)2 and (NZ)2 SVNSMs for the second lockdown

session.

p1 p2 p3 P4
s1 [(0.90,0.85,0.15) (0.55,0.45,0.20) (0.40,0.60,0.20)  (0.88,0.78,0.20)
(N)g = (0.35,0.40,0.15)  (0.55,0.45,0.15)  (0.45,0.40,0.15)  (0.35,0.20, 0.15)
ss |(0.82,0.78,0.25) (0.82,0.77,0.25) (0.82,0.75,0.25)  (0.82,0.30,0.25)
s4 |(0.85,0.35,0.18) (0.85,0.35,0.18) (0.85,0.35,0.18) (0.85,0.35,0.18)
p1 p2 p3 b4
s1 [(0.79,0.69,0.20) (0.58,0.48,0.17) (0.55,0.33,0.24) (0.65,0.32,0.24)
(N})g = (0.64,0.60,0.13)  (0.23,0.16,0.16)  (0.66,0.22,0.21)  (0.77,0.24, 0.20)
s3 |(0.80,0.55,0.20) (0.81,0.76,0.23) (0.77,0.87,0.24)  (0.80,0.66, 0.24)
sa4 |(0.82,0.34,0.20) (0.82,0.33,0.15) (0.83,0.31,0.19)  (0.82,0.36,0.25)
p1 D2 p3 Y&
s1 [(0.83,0.54,0.22) (0.56,0.32,0.20) (0.68,0.54,0.33)  (0.70,0.65,0.24)
(ND)g = (0.68,0.23,0.18)  (0.64,0.19,0.15)  (0.77,0.20,0.24)  (0.80,0.30, 0.18)
s3 |(0.85,0.69,0.22) (0.84,0.79,0.25) (0.72,0.88,0.18) (0.75,0.65,0.24)
sa4 |(0.87,0.31,0.19) (0.85,0.30,0.18) (0.82,0.35,0.25) (0.81,0.31,0.19)
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s1
(Ni)2= 72
s3

54

s1
(N3)2 =
s3

S4

o~ e~~~

o~ e~~~

P
0.55,0.45,0.25
0.60,0.25,0.20
0.45,0.40,0.15
0.45,0.52,0.20

P
0.88,0.30, 0.20
0.68,0.40, 0.26
0.88,0.78,0.25
0.84,0.38,0.24

RN, A

T o2 =

p2
0.65,0.55,0.15
0.75,0.15,0.20
0.85,0.54,0.30
0.80,0.30,0.25

o~ o~~~
RN

P2
0.77,0.30, 0.28
0.67,0.28,0.15
0.87,0.89,0.25
0.46,0.35,0.12

o~ o~~~
- T =

p3
0.58,0.48,0.22
0.86,0.22,0.18
0.88,0.66,0.24
0.82,0.34,0.20

o~ o~~~

)
)
)
)

p3
0.55,0.30, 0.22
0.60,0.20,0.18
0.77,0.68,0.30
0.87,0.35,0.28

o~ o~~~
o o =

22
0.77,0.67,0.22
0.68,0.22,0.16
0.88,0.58,0.24
0.84,0.34,0.20

o~ o~~~
= 2O

pa
0.60,0.34, 0.26
0.54,0.67,0.28
0.84,0.76,0.25
0.85,0.38,0.18

o~ o~~~
RSNG4

Similarly, form (N)s, (Ng)s3, (N3)s, (IVf)z and (NZ)3 SVNSMs for the third lockdown

session.

s1
(N{)s =
s3

84

s1
(N3)z= 2
s3

S4

51
(N3)z = "
53

S4

S1
(Ni)s= ™
S3

S4

S1
(N3)z = ™
53

84

(
(
(
(
(
(
(
(

(
(
(
(

o~ o~~~

o~ o~~~

P1
0.70,0.80,0.25
0.80,0.70,0.20
0.82,0.75,0.21
0.90,0.88,0.10

p1
0.71,0.81,0.20
0.55,0.50, 0.25
0.80,0.85,0.21
0.85,0.88,0.22

P
0.67,0.72,0.29
0.85,0.75,0.30
0.70,0.80,0.25
0.88,0.91,0.21

p1
0.72,0.75,0.25
0.95,0.82,0.31
0.82,0.78,0.21
0.72,0.68,0.24

P1
0.73,0.76,0.10
0.95,0.90,0.15
0.85,0.80,0.20
0.80,0.75,0.25

_ - = = KA NS B4 = = =

T — —

)
)
)
)

p2
(0.92,0.89, 0.25)
(0.88,0.90, 0.25)
(0.84,0.88,0.10)
(0.88,0.84,0.12)

P2
0.88,0.87,0.22
0.50, 0.60, 0.26
0.95,0.88,0.32
0.72,0.75,0.42

o~ o~~~

)
)
)
)

b2
0.82,0.88,0.30
0.86,0.77,0.32
0.72,0.82,0.28
0.77,0.88,0.38

o~ o~

)
)
)
)

p2
(0.91,0.73,0.21)
(0.92,0.84, 0.30)
(0.88,0.79, 0.23)
(0.78,0.69, 0.22)

p2
0.93,0.83,0.25
0.94,0.92,0.44
0.88,0.82,0.21
0.89,0.72,0.19

o~ o~~~
= - I =

p3
0.90, 0.85,0.40
0.91,0.88,0.05
0.75,0.72,0.14
0.77,0.72,0.10

o~~~ o~

)
)
)
)

p3
0.77,0.87,0.10
0.57,0.57,0.21
0.67,0.65,0.05
0.77,0.71,0.10

o~ e~~~
RN BN, 4

p3
0.84,0.90,0.25
0.88,0.81,0.30
0.77,0.80,0.24
0.79,0.85,0.34

o~ e~~~
=z D=

p3
(0.94,0.75,0.28)
(0.92,0.85,0.21)
(0.90,0.79,0.19)
(0.75,0.70,0.22)

p3
0.89,0.80,0.10
0.88,0.82,0.17
0.92,0.55,0.19
0.94,0.88,0.25

o~ o~~~
Rt IR AN B4

Pa
(0.90, 0.80, 0.20)
(0.69,0.59, 0.40)
(0.85,0.75, 0.10)
(0.76,0.78, 0.25)

P4
0.88,0.85,0.10
0.91,0.80,0.15
0.88,0.98,0.05
0.90,0.88,0.15

o~ o~~~
RO BRGNS I

P4
0.85,0.82,0.20
0.90, 0.85,0.31
0.85,0.72,0.21
0.84,0.81,0.30

o~ o~~~
= O D=

ba
(0.93,0.77,0.20)
(0.89, 0.88, 0.15)
(0.72,0.82,0.10)
(0.79,0.77,0.09)

Ppa
0.85,0.80,0.25
0.89,0.85,0.20
0.79,0.89,0.15
0.90, 0.85,0.25

o~ o~~~

)
)
)
)
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Step 4: Apply SF Definition 3.1, to get the values in matrices form for session 1.

S(Ny

S(N3h

S1

53

S4

S1
52
53

S4

p1
0.215
0.265
0.260
0.160

p1
0.215
0.210
0.240
0.195

P2 pP3
0.235 0.190
0.250 0.260
0.325 0.355
0.275 0.225
P2 pP3

0.350 0.300
0.315 0.225
0.360 0.195
0.200 0.185
S1
* _ S2
S(Ns)1 =

83

S4

P4
0.385
0.275
0.200
0.295

2
0.360

S(N3 )1

S1

53

S4

S1

0.310 S(NZ)l _ 52

0.140
0.200

p1
0.350
0.220
0.165
0.110

Apply SF Definition 3.1, for session 2.

S(Ny

S(N;

S1
52
53

S4

S1
52
53

S4

p1
0.800
0.300
0.675
0.510

p1
0.575
0.365
0.660
0.495

p2
0.400
0.425
0.670
0.510

p2
0.340
0.340
0.690
0.485

p3
0.400
0.350
0.660
0.510

p3
0.445
0.366
0.710
0.460

S1

S(N5)e = 2

3

S4

2
0.730
0.200
0.435
0.510

P4
0.555
0.460
0.580
0.465

p1
0.490
0.410
0.705
0.490

p2
0.220
0.185
0.185
0.238

S(N2)2

S(N)2

p2
0.395
0.400
0.755
0.345

Similarly, apply SF Definition 3.1, for session 3.

S(Ny)s =

S1
s2
s3

S4

P1
0.625
0.650
0.680
0.840

p2
0.780
0.765
0.810
0.800

p3
0.675
0.870
0.665
0.695

2
0.750

53

S4

p3
0.220
0.110
0.125
0.155

S1
52
53

S4

S1
52
53

S4

p3
0.315
0.310
0.575
0.470

S1

0.440 S(N;)g _ 52

0.750
0.645

S3

S4

p1
0.125
0.200
0.155
0.210

p1
0.200
0.115
0.230
—0.060

2
0.190
0.240
0.440
0.340

p1
0.640
0.555
0.575
0.480

0.375
0.325
0.350
0.385

P4
0.340
0.465
0.675
0.525

p1
0.660
0.400
0.720
0.755

p2
0.335
0.270
0.210
0.290

D2
0.180
0.025
0.220
0.045

p2
0.445
0.115
0.670
0.500

p2
0.525
0.350
0.545
0.425

p2
0.765
0.420
0.755
0.525

p3
0.255
0.345
0.235
0.315

p3
0.205
0.185
0.275
0.085

p3
0.320
0.335
0.700
0.475

p3
0.420
0.450
0.650
0.480

p3
0.770
0.465
0.635
0.690

P4
0.270
0.285
0.335
0.200

P4
0.145
0.145
0.350
0.205

2
0.365
0.405
0.610
0.465

P4
0.610
0.370
0.610
0.490

P4
0.815
0.780
0.905
0.815
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P1 p2 p3 Pa pP1 p2 p3 Pa
s1 [0.550 0.700 0.745 0.735 s1 [0.610 0.715 0.705 0.750
* sz |0.650 0.655 0.695 0.720 * __ s |0.730 0.730 0.780 0.810
S(N3)3 = S(Nj)s =
s3 10.625 0.630 0.665 0.680 s3 |0.695 0.720 0.750 0.720
s4 10.790 0.635 0.650 0.675 s4 10.580 0.625 0.615 0.735
pP1 p2 p3 Pa

s1 [0.695 0.755 0.795 0.700

s2 |0.850 0.710 0.765 0.770
S(N5)s= "

s3 |0.725 0.745 0.640 0.765

s4 |0.650 0.710 0.785 0.750

Step 5: Let’s consider the information from sessions 1 to 3 to pre-assess the mental illness
of the students before the next lock-down session begins. By applying Definition 8.3, we get
the following matrices. The QHDISV NN SM at the beginning of session 1 is computed by

2
* 1
NT‘ (5)1 = gpij7§ (Sij)]_ +05(209t(82])1+t) )

t=1
r=1,2,..,5,i=1,2,3,4and j = 1,2,3, 4.
p1 P2 p3 P4
s1 [(4,0.276) (4,0.244) (4,0.214) (3,0.339)
% sy |(4,0.221)  (4,0.250) (4,0.257) (4,0.181
N (5); = ( ) ( )
s3 |(4,0.280) (3,0.318) (3,0.307) (4,0.233)
sa |(4,0.243)  (4,0.276) (4,0.245) (4,0.262)
p1 b2 p3 P4
s1 [(4,0.227) (4,0.282) (4,0.237) (4,0.255)
% sy |(4,0.204) (4,0.164) (4,0.228) (4,0.261)
N3y (5)1 =
ss |(4,0.235) (4,0.272) (4,0.269) (3,0.325)
sa |(4,0.244) (4,0.243) (4,0.269) (4,0.246)
p1 P2 p3 yZt
s1 [(4,0.232) (4,0.262) (4,0.267) (3,0.302)
X sy |(4,0.213)  (4,0.244) (4,0.224) (4,0.270)
N3(5)1 =
s3 |(4,0.263)  (3,0.309) (4,0.261) (4,0.225)
sa |(4,0.246) (4,0.225) (4,0.218) (4,0.228)
p1 P2 P3 P4
s1 [(4,0.205) (4,0.235) (4,0.227) (4,0.241)
% sy |(4,0.186) (4,0.159) (4,0.234) (4,0.213)
Ni(5) =
s3 |(4,0.223)  (4,0.252) (4,0.290) (3,0.305)
sa |(4,0.116) (4,0.163) (4,0.183) (4,0.241)
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S1
Ni() =
S3

S4

p2
(4,0.235
(4,0.218
(4,0.275
(4,0.227

_ = =

3
(4,0.228)
(4,0.186)
(4,0.214)
(4,0.228)

P4
4,0.209
4,0.254
3,0.351
4,0.293

( )
( )
( )
( )

By applying Definition 8.3, we get the following matrices for sessions 2 to 3. The
QHDISVNNSM at the beginning of session 2 is computed by

Ny (5)2 = <9pij’; [(si7)2 +0.5(0.9).(s7)3)] >

r=1,2,..,5,i=1,2,3,4and j = 1,2,3, 4.

S1
N{(5)2 = *
3
S4
51
N3 (5)2 = *
s3
S4
51
N3(5)2 = *
s3
S4
S1
Ni(5)2 = *
s3
S4
S1
N5 (5)2 = *
s3

S4

p1
(3,0.541)
(4,0.296)
(3,0.491)
(3,0.444)
p1
3,0.469
3,0.368
3,0.450
3,0.410

T 1
o~ o~~~
= = = =

p1
3,0.411
3,0.329
3,0.471
3,0.425

T 1
o~ o~~~
= o=

p1
3,0.325
3,0.327
3,0.331
3,0.323

o~ o~~~
= D O =

p1
3,0.401
3,0.396
3,0.516
3,0.391

( )
( )
( )
( )

p2
3,0.376
3,0.385
3,0.517
3,0.435

o~ e~~~
Rt B B R

P2
3,0.395
4,0.152
3,0.505
3,0.368

o~ o~ o~ o~
R NG §

p2
3,0.328
3,0.317
3,0.487
3,0.385

o~ o~~~
Rt BN SN SN2

P2
3,0.423
3,0.339
3,0.435
3,0.353

o~ o~~~
RS N A4

P2
3,0.367
3,0.360
3,0.545
3,0.332

(
(
(
(

KA N A §

p3
3,0.352
3,0.371
3,0.480
3,0.411

o~ o~~~
= =

p3
3,0.333
4,0.272
3,0.493
3,0.393

o~ o~~~
RSNG4

p3
3,0.390
3,0.339
3,0.505
3,0.376

o~ o~~~
RSN

p3
3,0.369
3,0.401
3,0.494
3,0.378

o~ o~~~
= T =

p3
3,0.336
3,0.327
3,0.432

(
(
(
(3,0.412

)
)
)
)

2
3,0.534
4,0.199
3,0.386
3,0.400

o~~~ o~
RGNt

Pa
3,0.366
3,0.378
3,0.509
3,0.416

o~ o~~~
RGNS

Pa
3,0.443
3,0.392
3,0.443
3,0.384

o~ o~~~
z Lz =0 =

Ppa
3,0.474
3,0.367
3,0.467
3,0.410

o~ o~~~
= O O 2

P4
3,0.328
3,0.406
3,0.510
3,0.431

( )]
( )
( )
( )

By applying Definition 8.3, we get the following matrices for session 3. The QHDISV NN SM

at the beginning of session 3 is computed by

N (5)3 = {gps;» (si5)3)
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r=1,2,..,5,i=1,2,3,4and j = 1,2,3, 4.

S1

S3

( )
Ni’((5)3 _ S2 (2,0.650)
( )
( )

S4

S1

S3

( )
N2*(5)3 _ S2 (3,0.400)
( )
( )

S4

S1

S3

( )
N§(5)3 _ S2 (2,0.650)
( )
( )

S4

S1

53

( )
NI(5)3 _ 52 (2,0.730)
( )
( )

S4

S1

S3

( )
Ng(5)3 _ S2 (1,0.850)
( )
( )

S4

Step 6:
N{(5)1,N5(5)1, ..., N (5)1 matrices.

Ni(5)1 =

Determine N7 (5); matrix

S1

53

S4

by

p1
20
20
20
20

summing the

D2
20
20
18
20

p3
20
20
19
20

p3
2,0.675)
1,0.870)
2,0.665)
2,0.695)

o~ o~~~

p3
(2,0.705)
(2,0.780)
(2,0.750)
(2,0.615)

p3
2,0.795
2,0.765
2,0.640

(
(
(
(2,0.785

)
)
)
)

P4

18] 78
20| 80
17 74
20| 80

2
2,0.700
2,0.770
2,0.765

(
(
(
(2,0.750

)
)
)
)

corresponding entries

of

For N7 (5)2 matrix by summing the corresponding entries of Ni(5)2, N5 (5)2, ..., N5 (5)2 ma-

trices.
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p1 P2 P3 Pa
st |15 15 15 15| 60
* _ s2 |16 16 16 16| 64
+(5)2 -
s3 |15 15 15 15| 60
s4 |15 15 15 15| 60
Similarly, form N3 (5)3 matrix by summing the corresponding entries of
N{(5)3,N5(5)3, ..., NZ(5)3 matrices.
PL P2 P3 P4
st (11 10 10 9| 40
* _ s2 [10 11 10 10| 41
1(5)s =
s3 |10 9 10 9| 38
sq4 |10 10 10 9] 39

Step 7: Tabulate the details as in Table 16 and pre-assess the risk level of the students

during the lockdown sessions 1 to 3 .

TABLE 16. Pre-assessing students’ mental illness from sessions 1 to 3

Si p1 D2 D3 P4 Total
score | level | score | level | score | level | score | level | score | level
$1 20 high 20 high 20 high 18 high 78 high
S2 20 high 20 high 20 high 20 high 80 high
s3 20 high 18 high 19 high 17 high 74 high
Sa 20 high 20 high 20 high 20 high 80 high

Tabulate as in Table 17 and pre-assess the risk level of the students during the lock-down

sessions 2 to 3.

TABLE 17. Pre-assessing students’ mental health illness from sessions 2 and 3

Si p1 D2 P3 P4 Total
score | level | score | level | score | level | score | level | score | level
S1 15 bor 15 bor 15 bor 15 bor 60 bor
S2 16 high 16 high 16 high 16 high 64 high
83 15 bor 15 bor 15 bor 15 bor 60 bor
S4 15 bor 15 bor 15 bor 15 bor 60 bor

Similarly, tabulate the details as in Table 18 and pre-assess the risk level of the students for

the lock-down session 3.

Analysis: When we examine the total (last column) in Table 15, we understand that

everyone in the group establishes a high risk-level towards mental health. Similarly, when

we analyze the total data in Table 16, the students show a high risk-level in sessions 1 to 3.

The reason is that QH DF enhances the effect of value in the first session and decreases the
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TABLE 18. Pre-assessing students’ mental health illness for session 3

S p1 D2 p3 j2 Total
score | level | score | level | score | level | score | level | score | level
S1 11 bor 10 mod 10 mod 9 mod 40 mod
S2 10 mod 11 bor 10 mod 10 mod 41 bor
s3 10 mod 9 mod 10 mod 9 mod 38 mod
S4 10 mod 10 mod 10 mod 9 mod 39 mod

influence of value in the second and third sessions. Likewise, when we analyze the total data
in Table 17, except ss, all others show a borderline risk of mental illness in sessions 2 and 3.
The student s is yet to subdue from high risk-level. The reason is the same as before. QHDF
enhances the effect of value in the second session and decreases the influence of value in the
third session. Hence, from the above observation, we conclude that in session 2, except for the
student ss, all other students are in the borderline stage, and sy still shows a high-risk level
towards mental health illness. Also, we state that the students s1, s3, and s4 have reached the
borderline stage from high-level mental health illness. On a similar note, when we analyze the
total data in Table 18, except s, all others show a moderate risk of mental illness in session 3.
We infer from the data that students s1, s3, and s4 have reached the borderline stage (session
3) from high-level mental health illness (session 1). This method helps the psychiatrist to
understand the risk level during a longitudinal study when there are n counseling sessions.
Also, this result provokes to follow an alternative remedy process to lower the risk level from

the forthcoming session for the student ss.

11. Comparison and Significance of QHDISVNN SM

This section will focus on the significance of QHDISV NN SM. Since, this method is new
and cannot be compared with existing methods, we choose a simple average method to show
the superiority of QHDISV NN SM.

Consider a scenario where the students have to undergo a total of four counseling sessions.
Let’s assume that M HC would like to pre-assess the mental health of the students before the
completion of the last session. Here, the M HC wishes to pre-assess the students after the
completion of the third session. The rating scale distribution and norms be as in Tables 19
and 20.

Step 1: Suppose that U = {s1,s2} be the set of students who suffer from mental illness
and P = {p1, p2,p3, pa, 5} be the set of parameters. Let M HC' observes the behavior of each
student based on a framed positive statement and provide the values in SV NSMs form, (N7);

for the first session.
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TABLE 19. Shows the rating scale distribution

Positive statement | Negative statement | Score values

5 1 0.8 <s;; < 1.0
0.6 <s;; <0.8
0.3 <55 <06
0.0 <5 <0.3
-0.5 <555 < 0.0

4
3
2
1

TR W N

TABLE 20. Shows the qualitative norm details

Parameter Scores | Norms
1 low
P1, P2, P3, P4, P5 | 2-3 average (avg)
4-5 high
1-15 low
Total 16-20 avg
21-25 | high
p1 P2 p3 22 P5

(Nf) = o (0.98,0.76,0.05)  (0.88,0.77,0.06) (0.83,0.69,0.10) (0.78,0.88,0.43) (0.78,0.83,0.15)
! sz [(0.92,0.95,0.17)  (0.80,0.95,0.12) (0.90,0.95,0.25) (0.87,0.83,0.24) (0.88,0.86,0.34)

The M HC provides the value in SV NSMs form, (Ny)2 for the second session.

p1 p2 p3 pa p5
(N*)2 _ s (0.90,0.80,0.20) (0.88,0.85,0.10) (0.85,0.82,0.20) (0.93,0.77,0.20) (0.85,0.80,0.25)
! s2 [(0.76,0.78,0.25) (0.90,0.88,0.15) (0.84,0.81,0.30) (0.79,0.77,0.09) (0.90,0.85,0.25)

The M HC provides the value in SV NSMs form, (N)s for the third session.

pP1 p2 p3 P4 Y45
(NF)s = (0.88,0.78,0.20)  (0.65,0.32,0.24)  (0.70,0.65,0.24)  (0.77,0.67,0.22)  (0.60,0.34,0.26)
! s> |(0.85,0.35,0.18) (0.82,0.36,0.25) (0.81,0.31,0.19) (0.84,0.34,0.20) (0.85,0.38,0.18)

Step 2: Apply SF Definition 3.1, to get S(N{)1, S(N{)2 and S(N7)s in matrices form for

sessions 1, 2 and 3.

p1 p2 p3 pa p5
s1 |0.845 0.795 0.710 0.615 0.730

SN ="
s2 |0.850 0.815 0.800 0.730 0.700
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p1 b2 p3 P4 p5
[0.750 0.815 0.735 0.750 0.700]
S(N{)2 = "'
s2 |0.645 0815 0.675 0.735 0.750]

p1 p2 p3 2 Ps
S(Nl*)d _ s1 (0730 0.365 0.555 0.610 0.340
s2 |0.510 0.465 0.465 0.490 0.525

Step 3: Now, let’s construct the AN matrices by computing the average of each corre-

sponding entries in S(N7)1, S(N7)2 and S(Ny)s matrices.

p1 p2 p3 pa ps

* _s1 [0.775 0.658 0.667 0.658 0.590
AN} =

s2 10.668 0.698 0.647 4,0.652 0.658

Step 4: Apply Definition 5.3, to determine the rating scale for each entry and represent

the resultant matrix as AN (5).

p1 p2 p3 yZt p5
w(ey _ s1 [(4,0775)  (4,0.658) (4,0.667) (4,0.658) (3,0.590
AN;(5) = ( ) | )« ) | ) | )
s |(4,0.668) (4,0.698) (4,0.647) (4,0.652) (4,0.658)

Step 5: Tabulate the details as in Table 21 and pre-assess the risk level of the students
during the sessions 1 to 3 by using the norms (Table 20).

TABLE 21. Pre-assesing students’ mental health scores and levels by taking

average of sessions 1 to 3

S P1 P2 P3 P4 P5 Total
score | level | score | level | score | level | score | level | score | level | score | level

S1 4 high 4 high 4 high 4 high 3 avg 19 avg

S92 4 high 4 high 4 high 4 high 4 high 20 avg

Now, let’s compute the QHDISV NN SM at the beginning of session 1. Steps 1 and 2
remain the same as above.

Step 3: By applying QHDISV NN SM Definition 8.3, for the corresponding entries in
S(N{)1, S(N7)2 and S(N7)s matrices, we get N7 (5); matrix for sessions 1 to 3.

p1 P2 P3 Pa 5
Ni(5) = (3,0.493)  (3,0.437) (3,0.422) (3,0.400) (3,0.394)
! s2 [(3,0.449) (3,0.457) (3,0.431) (3,0.420) (3,0.417)
Step 4: Tabulate the details as in Table 22 and pre-assess the risk level of the students

during the sessions 1 to 3 .
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TABLE 22. Pre-assessing students’ mental health scores and levels by using
QHDISVNNSM from sessions 1 to 3

S P1 P2 P3 P4 Ps5 Total
score | level | score | level | score | level | score | level | score | level | score | level

s1 3 avg 3 avg 3 avg 3 avg 3 avg 15 low

89 3 avg 3 avg 3 avg 3 avg 3 avg 15 low

Analysis: From Tables 21 and 22, we infer that the risk levels are different for the same
values. When we use a simple average approach, the overall risk levels for the students are
high. Similarly, when we implement the QHDISV NN SM, the risk levels are low for the
students. The reason being, in the former approach, we derive the average of the SF values,
whereas, in the latter method, the computation approach is intermittent. Hence, the risk levels
are different in each of the discussed methods. The M HC may take a discussion based on
the results of immediate effect. Thus the QHDISV NN'SM proves to be significant than the

simple average approach.

12. Limitations, Conclusion and Future works

The following are the limitations of the proposed research work: i) May require a qualified
mental health counselor, therapist,psychiatrist to execute the case studies. ii) When we involve
over one psychiatrist in examining the students, the risk of understanding the uncertainty
information may lead to different remedy process. iii) Negative preferences for psychological
applications. iv) There may be areas of ambiguity that test results do not reflect, even after
comprehensive research because of students cautiousness.

Smarandache [71] presented the concept of neutrosophic to determine the vagueness associ-
ated with actions, memory, and temperaments of humans. Christianto and Smarandache [72]
analyzed cultural psychology as one of the seven philosophical aspects by using neutrosophic
theory. To find the hidden patterns in psychological models, Farahani et al. [73] developed a
case study on mental health disorders. They compared the combined overlap block of fuzzy
cognitive maps and neutrosophic cognitive maps to find out the hidden patterns. In most of
the current psychological applications, we come across only a limited range of neutrosophic
theoretical principles and methods. Most of such applications merely use membership classes,
usually in combination with prototypes and product similarity measures. We have a scarcity
of neutrosophic theories in the psychology field but may soon find a wide range of ways to
make use of neutrosophic constructs in their pursuits. There are situations where psychologists
appeal to vagueness have not progressed far beyond the theoretical level. In this study, we
provide a suitable workaround to two critical issues, which represent a barrier for the dom-

ination of neutrosophic theory in psychology. i) Most of the psychological studies deal with
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questionnaires, and psychiatrists would like to follow the traditional method of handling scale
construction and classical test-theory to access the conditions. But, considering the ambigu-
ity conditions, it is not advisable to capture the information with raw data to analyze the
vagueness associated with psychological aspects. ii) Also, psychiatrists would like to record
the data and analyze the change in behavior based on the treatment given for each session.
We present solutions to these arguments by using a blend of SVNSS, N'SS, and QHDF. By
applying the concept of SVNNSS and QHDISV NN'SS, we can easily relate these theoret-
ical theories to the neutrosophic group. These concepts support the psychiatrists to capture
the information using neutrosophic and follow the rating method. SV NA'SS helps the psy-
chiatrists to use their traditional scoring method (positive and negative scoring keys). During
the decision-making process, we consider the immediate influence of human action to decide
on the consequences more accurately.

We may extend these notions to other fuzzy hybrid sets and determine the importance of
the same with a real-life case study. Also, we may prepare a questionnaire with the support
of a pilot study and try to pre-assess or assess the students psychosocial behavior during the

pandemic.
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Abstract. In this paper some elementary types of neutrosophic functions and their inverse functions are
defined based on Smarandache’s definition. Also composition of two neutrosophic functions is introduced and

some elementary theorems on them are developed.
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1. Introduction

The importance of neutrosophic set invented by Smarandache [1] is increasing rapidly due
to its characteristic inherent in its definition itself. It has acquired in latest years in extensive
applicational areas [2-9]. Recently it is applied in professional selection [10], supply chain
problem [11], evaluation of manufacturer industry [12], smart product-service system [13]
(Mohammed Abdel Basset et al., 2020). Even neutrosophic set is included in the research-
arena of algebra [14-16], calculas [17], topology [18H22] etc.

All laws in the world are not deterministic. So, the axioms need to be more flexible to cope up
with our dynamic world. Neutrosophic algebraic and N algebraic structure, notion of groups,
N-groups, semigroups, N-semigroups, N-loops etc. were discussed in [23] by Kandasamy et al.
The author (Kandasamy et al.) also studied about neutrosohic rings [24]. Popular research
papers are on neutrosohic groups, subgroups [25], neutrosophic rings [27,28], hyper groups [26]
and hyper rings [2§]. In the context of neutrosohic theory N-bi-ideal [29] was discussed in
semigroup (Porselvi et al.). In BCI/BCK-algebras BMBJ-neutrosophic subalgebras as well
as their related properties were studied in [30] by H. Bordbar et al. G.R. Rezaei et al. [31]
investigated about neutrosophic quadruple a-ideal. The idea of neutrosophic lattice ideals and

Ll-ideals [32] was introduced by Rajab Ali Borzooei et al.
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In this way in algebra on various topics there are different types of researches based on
neutrosophic theory. But on mapping, which has an significant role, a few research are there.
In classical algebra the axioms characterized on a set are well defined. Yet there are various
circumstances in science and in space of information with a maxim characterized on a set
where algebraic axioms are partially followed. Herein lies the importance of neutro axioms.
Smarandache introduced neutroalgebraic, antialgebraic structure in [33] and discussed the
importance of neutro-axiom. Also the author [34] extended neutro algebra as a generalization
of partial algebra and defined neutrosophic function. In this article first time different types
of netro functions- one-one, onto, bijective neutro mapping, their composition and inverse
neutro mapping are defined. Based on these definitions, some elementary theorems are also

developed.

2. Preliminaries
2.1. Neutrosophic set [1]

Let U be an universe of discourse, then the neutrosophic set A is defined as A =
{{z : Ta(z),1a(x), Fa(z)),x € U}, where the functions T, I, F: U — ]70,17[ define re-
spectively the degree of membership (or Truth), the degree of indeterminacy and the degree
of non-membership (or falsehood) of the element z € U to the set A with the condition
0 < Ty(z) + La(z) + Fa(x) < 37.

2.2. Neutro Function [34]

A functionf : X — Y is called a Neutro function if it has elements in X for which the
function is well-defined, elements in X for which the function is indeterminate, and elements

in X for which the function is outer-defined.

3. Physical implication of the research work

In this section let us consider some practical examples which indicate the implication of the
proposed discussion.

Example 1. In case of radio active decaying element, among the disintegrating atoms of radio
active element, some may have only a short existence, while others may remain unchanged
for a long time- why we don’t know. The disintegration of a particular atom is a chance
incident, however, only half life period can be conveniently represented. Now if we want to
make a relation between atoms of an radioactive element and its decay within half life period,

mapping can not be defined rather a neutro function can be established.
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Example 2. Suppose (ct, ¢/t) denotes the position of a moving particle at any time t. Then
the mapping can not be defined from [0, 7] (representing time interval) to its corresponding
position. Because at ¢t = 0, it is undefined; though it is a neutro mapping.

Example 3. Suppose a coin is tossed. Let us think a rule of correspondence f(Head) = 1,
f(Tail) = 0. But it may happen that the coin is stucked at a split and it is neither head nor
tail. Here also mapping is not defined., however neutro function is accepted.

In this way there are so many practical events where functions are not defined to give a rule
for making relations, whereas neutro functions can be defined. Now based on the concepts
of neutro function’s definition and their variation, the idea of different types of functions and

their elementary properties are introduced.

4. some proposed basic definitions
4.1. Neutro one-one function

A function f : X — Y is called a neutro one-one function if for each well defined pair of
distinct elements of X, their f images are distinct or it has elements in X for which the function
is undefined.

Consider U = {1,2,3,4,5,6,7,8,9}, X = {1,2,3,4,5,6}, Y = {7,8,9,10,11}, f(1) =
7,f(2) =8, f(3) =9, f(4) = undefined, f(5) = 10, f(6) = 11. Then f is not a function but its
a neutro one to one mapping.

Example 2., example 3. discussed in section [3| are the practical example of neutro one-one

mapping.

4.2. Neutro onto function

A neutro mapping f : X — Y is said to be a neutro onto if for any element y € Y it
is confirmed that every y € Y has its pre-image but exactly which one that may not be

determined.

4.2.1. Example

Let U = {1,2,3,4,5,6,7,8,9}, X = {1,2,3,4,5,6}, Y = {7,8,9}, f(1) =7, f(2) = 8,
f(3) =8, f(some numbers greater than 4)=9.

Example 1. in sec. [3|is a neutro onto mapping. Because only confirmation is within half
life period half of the radioactive quantity will decay, but it is not predictable particular which

atom will decay.
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4.3. Neutro bijection mapping

A neutro mapping f : A — B is said to be neutro bijective if f is both neutro one to one

and neutro onto.

4.3.1. Example
Let U ={1,2,3,4,5,6,7,8,9}, X = {1,2,3,4,5,6}, Y = {7,8,9,10,11}, f(1) =7, f(2) =
8,f(3) =9, f(4) = undefined, f(5) = 10, f(6) = 11. Clearly f is a neutro bijective mapping.
Consider example 3. (sec. [3). If we define the correspondence from position of the coin

after toss to the set {0,1}. Then it,s a neutro bijective mapping.

4.3.2. Neither one-one nor onto

Let U ={1,2,3,...,9}, X ={1,2,3,4,5,6}, Y ={7,8,9,10,11}, f(1) =7, f(2) =7,f(3) =
9 or 10 or 11. f is not one-one as images of 1,2 are same (7). It is not onto also because it is

not confirmed that 9, 10 and 11 have a pre-image.

Theorem 4.1. Let f : A — B and g : B — C be both neutro one-one mapping, then the

composite mapping gof : A — C is neutro one-one.

Proof. Clearly, the undefined points does not affect the theorem. Consider two elements 1,

x2 in A where f is well defined. Then clearly for z1 # x2, gof(z1) # gof(x2).

Theorem 4.2. Let f: A— B and g : B — C be two neutro mapping such that gof : A — C

is meutro one-one, then f is neutro one-one.

Proof. If possible let f be not neutro one-one. Then there exists two elements x and y in A
such that for x; # xa, f(x1) # f(x2). So,gof(x1) # gof(x2), which is a contradiction. So, f

is neutro one to one.

Theorem 4.3. Let f : A — B and g : B — C be both neutro onto mapping, then the composite

mapping gof : A — C is neutro onto.

Proof. Since g is onto, for any c in C, g(some element b in B)=C and in the same way f(some

a in A)=b. So, gof(a) =c.

Theorem 4.4. Let f : A — B and g : B — C be two neutro mapping then gof : A — C is

neutro onto then g is also neutro onto.

Proof. Let ¢ be an element in C, then there exist some element a in A such that gof(a) = c,

i.e., g(b) = ¢, for some b in B. Hence g is neutro onto.
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4.4. Neutrosophic identity mapping

A mapping f: A — A is said to be the neutrosophic identity mapping on A if f(z) = x at
each elements where the function is well defined.
According to the definition of neutrosophic identity mapping the concept of inverse neutro

mapping is developed:

4.5. Inverse Neutrosophic mapping

Let f: A — B be a neutrosophic mapping. If there exists a neutrosophic mapping g : B —
A, such that gof = I4, then g is said to be left neutro inverse of f.

If there exists a mapping h : B — A such that foh = I, h is said to be right neutrosophic
inverse of f.

Example 1: Take two neutrosophic mapping such that f : R — [-1,1] by f(x) = sinz and
g:[—1,1] = R by g(x) = sin"! z, thenfog(x) = z, but gof(z) does not always give the value
x. For example, for x = 7/2, gof(x) = (4n+1)7/2, n = 0,1, 2... So, g is the right neutrosophic

inverse of f but not left neutrosophic inverse.

4.6. Neutrosophic inverse

A function g is called neurosophic inverse of f if gof = fog = I.
Consider the mappings f and g from R — R by f(z) = 1/z andg(z) = 1/z, then fog =

gof = I. Here g is the neutrosophic inverse of f.
Theorem 4.5. A neutro mapping f : A — B is invertible if and only if f is neutro one-one.

Proof. Let f : A — B be a neutrosohic invertible, then there exists g : B — A such that
gof = I4. Clearly, I, is neutro one to one mapping. So, f is neutro one to one.

Conversely, let f is neutro one-one mapping. Let b € f(A), since f is one-one, there exist
a € A such that f(a) = b. Define a neutro mappping g : B — A such that g(b) = a. Then
gof(a) = g(b) = a and fog(b) = f(a) = b. Hence the proof.

Theorem 4.6. Let f is a neutrosophic mapping and f(P) C f(Q). Then p C Q.

Proof.
Let f(P) = {(Ty,(z), I, (x), Fyp(2)) : © € P} and f(Q) = {(Ty, (), L5, (x), Fy,(2)) : 2 € Q}.
Since f(P) € f(Q), Ty, (x) < Ty, (2), Ifp(x) 2 Igy (x), Frp(a) = Fy, (2).

Evidently, the existence of x in P is less than Q, otherwise it would violate f(P) C f(Q). 0

Theorem 4.7. Let f is a onto neutrosophic mapping and f~*(P) C f~1(Q), then P C Q.
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Proof. For an element vy, Tf;1(y) < Tf§1(y), If;1(y) > If;(y), Ff;1(y) > Ffél(y), where,

Tf_l(y), Ff_1(y) and If_l(y) denotes the truth, falsity and indeterminacy degree of belong-
P P P
ingness of f~1(y) in f;l respectively.

It assures that the belongingness of y in P less than Q, otherwise it would violate the above

relations.

Remark: To develop any theorem on neutro algebra, the necessary definitions should be

initially defined. All the theories are true only on the basis of the proposed definition.

5. Conclusion

In this paper several types of neutro mappings similar to classical algebra are defined. Also
some elementary theorems are established following the proposed definitions. Since in science
and technology the laws that describe them can hardly be rigorously defined, the neutro

mapping based on neutro axioms will keep its incredible utilities.
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Abstract: The concept of neutrosophic triplet firstly introduced by F. Smarandache and M. Ali [28]. This notion
(neutrosophic triplet) is a group of three elements that satisfy certain properties with some binary operation.
These neutrosophic triplets highly depends on the proposed binary operation. In this article, we make some
observations concerning Neutrosophic triplet metric space (NTMS), Neutrosophic triplet partial metric space
(NTPMS), Neutrosophic triplet-b-metric space (NT-b-MS) introduced by Sahin et al. [18-20] and put our
observation on the definitions defined in these articles. Moreover, inspired by Ur Rahaman [17] and Sahin et
al. [18-20] further we define a new topological construction named as Neutrosophic Triplet quasi—dislocated-
b-metric space (NT-qdb-MS) and study some properties of NT-qdb-MS. Furthermore using this construction,
we establish some fixed point theorems in the context of NT-qdb-MS using graph. For the validity of our results,
we also provide an example.

Keywords: Neutrosophic triplet group, neutrosophic triplet metric space, neutrosophic triplet partial metric
space, neutrosophic triplet quasi—dislocated-b-metric space, fixed point, graph.

Abbreviations:

1. NTS — neutrosophic triplet set

2. NTG - neutrosophic triplet group

3. NTMS- neutrosophic triplet metric space

4. NTM- neutrosophic triplet metric

5.NTPMS- neutrosophic triplet partial metric space

6. NTPM- neutrosophic triplet partial metric

7. NT-b-MS- neutrosophic triplet— b-metric space

7. NT-qdb-MS- neutrosophic triplet quasi—dislocated-b-metric space

8. NT-qdb-M- neutrosophic triplet quasi—dislocated-b-metric

1. Introduction and Preliminaries

Concept of fuzzy sets were introduced by Zadeh [29] to deal the problem of uncertainty existing in real-
world. Since its initiation, as a generalization of it, interval valued fuzzy set [13] and intuitionistic fuzzy set
[24] have come into sight. These extensions can deal with uncertain real-world problems but it does not cope

with indeterminate data. Thus, in order to cope with these uncertainties, Smarandache began to use the non-
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standard analysis and proposed the term "neutrosophic" which means knowledge of neutral thought, and this
neutral represents the main distinction between "fuzzy" and "intuitionistic fuzzy" set. Neutrosophy is a new
subsidiary of philosophy which is initiated by Florentin Smarandache [27]. The concept of neutrosophic logic
was first studied by Florentin Smarandache in 1995. Neutrosophic set is a stereotype of interval valued fuzzy
set [13], intuitionistic fuzzy set [24], fuzzy sets [29] and classical sets which is used to handle problems issues

containing inconsistent, indeterminate, falsity and imprecise data.

In the concept of neutrosophic logic and neutrosophic sets, there is T degree of membership, I degree of
undeterminacy and F degree of non-membership. These degrees are defined independently of each other in
neutrosophic logic and neutrosophic sets whereas these degrees are defined dependently of each other in
intuitionistic fuzzy logic and intuitionistic fuzzy set. Thus, neutrosophic set is an extension of fuzzy and
intuitionistic fuzzy set. Many authors have worked in neutrosophic theory for more details see
[1-6, 9, 21,23, 24-26]. Furthermore, Smarandache and Ali deliberated neutrosophic triplet theory particularly
NTG’s in [28, 12, 30]. Later on, netroshophic triplet theory has been studied with fixed point theory in [19, 20].

Moreover, a new direction in the theory of fixed point was recently given by Jachymski [11] and gave
some generalization of the Banach contraction principle for mapping on a metric spaces endowed with a graph
in 2007. Jachymski [11] generalized and unified the results existing in the literature using the languages of
graph theory and opened an avenue for further development of fixed point theory in this direction. His work is
considered as a reference in this domain. The fixed point theory with graph is a very curious way in the field of
research and have wide number of applications in other fields. Motivated by the remarkable work of Jachymski
[11], a lot of work in fixed point theory with graph have been done by several authors in various spaces with

various contractive conditions, see in [7,8,16,22] and etc.

Sahin et al. [18-20] proposed the NT-b-MS, NTMS, NTPMS respectively by combing the fixed point
theory with neutrosophy which is a new interesting approach in this direction. But in their paper [19] (pp. 699),
according to their Definition 4.1 of NTMS, Example 4.3 doesn’t support the definition 4.1. For this we give a
counter Example 2.1 in this paper in Section 2. Also, in 2018 Sahin et al.[20] introduced the concept of NTPMS
but we get the disparity of their Definition 4. with Example 1. in [ 20] (pp. 3). For this, we demonstrate a counter
Example 2.2 in Section 2. Also, in their paper [20] (pp. 5 ) in Theorem 4, we can’t write inequality (8)
ie, Pn (n, #K) < pn (s, i * neut(xn.1))
for any arbitrary element ., since in Definition 8 [20] (pp. 5) they assumed that there exist any element ¢
(any one ) in A such that

pn(a, b) < pn(a, bxneut (c)) for all a, b in A.
If they assumed condition (i) of Definition 8 in [20](pp.5) for all ‘c’ elements then all these properties of
Definition 4 in [20] (pp.3) becomes properties of the partial metric space. Therefore, Theorem 4 in [20] (pp. 5
) becomes the existing result in partial metric space. But Sahin et al.[18] again redefined their Definition 4.1[19]
of NTMS and Definition 4. of NTPMS which is in corrected form. Here, we also discussed what is the difference

between taking “any element” or “atleast one element” in triangular inequality of NTMS and NTPMS.
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Recently, Ur Rahaman[17] in 2015, introduced the topological properties of dislocated-
quasi-b-metric space and proved some fixed point theorems. Motivated by
Smarandache and Ali[28], Sahin et al.[18-20] and Ur Rahaman[17], we define anew topological structure
NT-qdb-MS which is different from classical quasi-dislocated-b-metric space. A great benefit of NT-qdb-MS
is that it gives a new space structure to those structures which are not quasi-dislocated-b- metric space with
respect to some functions that not satisfy triangular inequality for all 1, y,3 since we don’t need to verify the
triangular inequality for all », y,3 in NT-qdb-MS as we can see in Definition 2.3. defined in Section 2.
Triangular inequality in NT-qdb-MS is much weaker assumption as compare to the triangular inequality in
quasi-dislocated-b- metric space. We also studied some interesting properties of this newly born structure. At
the end, we obtained some fixed point results such as famous Banach fixed theorem(generalized version) and
Kannan fixed point theorem inspired by [7,10,14] in this topological structure and provided an example to

explain the results.

Now, we call some basic definitions from neutrosophic triplet theory following as:
Definition 1.1 [28]. Let S be a non—empty set with a binary operation ¢ then it is called a NTS if for any
S€S, there exist a neutral of s in S denoted by neut(s) different from classical algebraic unitary element and
also there exist antineutral of s in S named as anti (s) such that
s O neut(s) =neut(s) Os=s and s ¢ anti(s) = anti(s) ¢ s = neut(s)
The triplet (s, neut(s), anti(s)) represents neutrosophic triplet. For the same element, there may be more neutrals

to it neut(s)’s and more opposite of it anti(s)’s.

Definition 1.2 [28]. A non-empty set S with binary operation ¢ is called a NTG if it satisfies following
properties:
(1) s10sy € Sforallsi,s; € S;

(ii) (s1082) 0s3=s510(s20s3) forall sy, sz, 83 € S;
(iii) for each s;€ S, there exist a neutral of s; in S denoted by neut(s;) different from classical
algebraic unitary element such that
s1 ¢ neut(s1) = neut(si) ¢ s; = s;
(iv) and for each s; € S, there exist anti-neutral of s; in S named as anti (s;) such that

s10 anti(s;) = anti(s;) ¢ s; = neut(s;).

Definition 1.3 [7]: A mapping ¢: R* — R*is said to be comparison function if it satisfies:

1. ¢ is monotonic increasing;

2. The sequence {¢" ()} converges to zero for all t € R™.

2. Neutrosophic triplet quasi—dislocated-b-metric space and Revised definition of NTMS and NTPMS
In this section, first we define the revised definition of NTMS and NTPMS then we define NT-qdb-MS and its

properties.
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Definition 2.1 [19]. Let (M, ¢) be a NTS with » ¢ y° € M for all », y" in M. A mapping
d: MXM— [0, o0) is called a NTM on M if satisfying the following properties for all », 3 € M,
® d(x, 3) = 0;
(i1) If 3 = 3 then d(, 3) =0;
(i) dGe, 3)=d(3, #);
(iv) If there exist at least one element y" in M different from » and 3 in M such that

d(x, 3) < d(x, 3 Oneut(y)) then d(sx, 3 O neut(y)) < d(x, y)+d(Y, 3).
The space (M, ©), d) is known as NTMS.

Remark 2.1. In metric space, we have to verify the triangular inequality for all », y,3 € M and it is much
stronger assumption as compare to the triangular inequality in NTMS since we don’t need to verify the
triangular inequality for all », y,3 € M in NTMS. In fact, we have to verify it for at least one element y" in M
different from » and 3 in M such that
d(x, 3) < d(x, 3 Oneut(y)) then d(x, 3 0 neut(y)) < d(x, ¥) +d(Y, 3) and it implies
d(x, 3) < d, )+ d(, 3).

A big advantage of neutrosophic triplet metric space is that it gives a new space structure to those structures
which are not metric spaces with respect to some functions that not satisfy triangular inequality for all

n,¥Y,3 € M.

Example 2.1. Let M = {1, 2} and the power set of M, P(M) = {@, {1}, {2}, {1,2}} together with binary
operation ¢ = U form a NTS where neut(l) = I and anti(J) = I, for all I € P(M). Define a function
d: P(M)X P(M)—[0, oo] such that
d(1, K) =| n(I)- n(K) | where n(I) denotes the cardinality of 1.
Clearly (i), (ii) and (iii) of Definition 4.1 in [19] are satisfied.
Now, we will see condition (iv).
Take, I={1},£= {2} and K= {1}
0=d(, £) < d(, E ¢ neut(K))
=d(l, £V K)
=|n(l)-nkU K)|=1
But 1=d(I, £ ¢ neut(K)) £ d(I, K) +d(K,£) =0.
This shows that there exist an element y° € P(M) such that
d(x¢, 3) < d(x, 3 O neut (y))
but d(s, 3 ¢ neut (y))< d(», y) +d(Y, 3) doesn’t hold which contradict Example 4.3. provided in [19]

(pp.699),
i.e, Example 4.3[19] doesn’t satisfy the triangular inequality of Definition 4.1 in [19].

Remark 2.2. According to above Definition 2.1, Example 4.3 in [19] is accurate.

Definition 2.2 [20]. Let (M, 0) be a NTS with » ¢ y € M for all », y in M. A NTPM is a mapping
Py : MXM~— [0, o) such that forall », 3 € M,
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® Py (t, 1) < P (3¢, 3);

(i1) If Pn (3¢, 3) =P~ (3, %) =Px (3, 3) then » = 3;

(iii) Pn (3, 3) =Pn (3, %);

(iv) If there exist atleast one element y" in M different from » and 3 in M such that

Pn (3, 3) < Pn (3, 3 Oneut(y)) then Pn (5, 3 O neut(y)) < Px (%, V) +Px (¥, 3) - Pn(Y, Y).
The space (M, ©), Pn) is known as NTPMS.

Remark 2.3. Concept of NTPMS(NTMS) is different from partial metric space(metric space respectively),
neither of them is generalization of each other. First we see that, Is PMS implies NTPMS?. For this, we have to
identify triangular inequality i.e, (iv) condition of NTPMS since all other conditions of NTPMS are satisfied by
PMS.
If Pn(x,3) < Pn(x y)+Pn(Y, 3)-Pn(, y)and Px (3, 3) < Px (3, 3 0 neut(y))
then Px (3, 3 O neut(y)) < Px (3¢, ¥) + Px (Y, 3) - Px(Y, ) for atleast one element y, which is not possible
always, if this is possible then (iv) is meaningless.
Clearly, NTPMS doesn’t implies PMS.

If we take assumption (iv) in Definition 2.2 for any element y in M as defined by Sahin et al. [20]
(in Definition 4.[20] (pp. 3)) then examples which we have constructed not form NTPMS and it is difficult to
find the examples for NTPMS which satisfy the properties of NTPMS defined by Sahin et al. in [20] since it is
much stronger assumption as compare to assumption (iv) in Definition 2.2 and triangular inequality of partial
metric space.

Moreover, we take here element y" in M is different from » and 3 since there exist always an element

y = 3 forall x, 3 EM such that

Pn (2, 3) < Pn(x, 3 O neut(3)) = Pn (3, 3) then Px (3¢, 3 0 neut(3))< Pn (¢, 3) + Pn (3, 3) - Pn(3, 3)

and the property (iv) becomes meaningless.

Counter example 2.2. Let M be any set, P(M) be the power set of M with binary operation ¢ = U then
(P(M), V) is a NTS where neut(l) = I and anti(I) = I, for all Ie P(M).
Define amap Pn: P(M)X P(M)— [0,00) such that
Pxn(l, K) = max {n(l), n(K)} where n(l) denotes the cardinality of I.

Condition (i), (ii) and (iii) are easy to verified of Definition 4. [20] (pp.3). Here we see condition (iv).

If we take the sets, I, K, £ in P(M) such that

n(l)=25, n(K)=22,n(k)=10 and n(KN L)=4.
Now,
Pn(LE) < P (L, £ O neut(K)) = Px (L, LU K)
ie, max {n(I), n(£)} £ max{ n(I), n(£)+ n(K)-n(LU K) }
ie., 25 < 28
which is true.

But Px (I, £ ¢ neut(K)) £ Px (I, K) +Px (K, L) - Px(K, K)
since  Px (L, EU K) =28 and Px (I, K) + Pn (K, £) - Pn(K, K) = 25+22-22=25.
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Thus the condition (iv) of Definition 4. in [20] doesn’t satisfied. Hence (P(M),U) is not a NTPMS according
to Definition 4. [20] but it becomes a NTPMS according to Definition 2.2 as defined above. Since for any
elements ¥ =1 # @, y = K # @, there exist 3 = @ such that

Py (1, K) < Px (1, KO neut(@)) =Pn (1, K)

then Py (1, K 0 neut(@))< Px (I, @) + Px (@, K) - Pn(0,0)

and for x =1# @, y = K = @, there exist 3 =+ in P(M) different from @, I such that

Py (I, K) < Py ({, KO neut(t)) =Px (I, KUE)=Pn (I, £)

then Px (I, K¢ neut(t)) < Pn(I, £) + P (£, K) - Pn(EE).

Example 2.3. Let M = {0,4,8,9} be a NTG together binary operation ¢ = multiplication modulo 12 in (Zi2, X).
Neutrosophic triplet are:
(0,0,0), (4,4,4), (8,4,8), (9,9,9) where (3, y, 3) denote here, » € M be any element, y = neut(») and
3 =anti (x).
Now, we define a map Pn: MX M— [0,00) such that
PnGt,y)=max{x, y } forall %, y € M
Clearly, conditions (i), (ii) and (iii) are satisfied. Now, we identify condition (iv) for all », y, 3 EM;
For # =4, y =0 3 3 =8 such that
4=Pn (#,Y) < Px (3, ¥ O neut(3)) =P~ (3,0) =4 then
4=Px (3, ¥ O neut(3)) < Pn (3, 3) + Pn (3, Y) - Pn(3, 3)= 8+8-8=8.

For » =8, y =0 3 3 =4 such that
8=Pn (3, ¥) < Pn (3, ¥ O neut(3)) =Px (3,0)=8
then 8=Px (3, ¥ ¢ neut(3)) < Pn (3, 3) + Pn (3, Y) - Pn(3, 3) = 8+4-4=8.

Similarly, for # =9,y =03 3 =4,for x=8,y =43 3=9,for x =9,y =43 3=8,forx =9,y =8
A3=4,forx =0,y =43 3=8and for »x =0, y =8 3 3 =4 such that
Py (,y) < Pn (o, y Oneut(3)) then Px (3, y° O neut(3)) < Pn(,3) + Px (3,¥) - Pn(3, 3).

But for »# =0, y =9, for ¥ =4,y =8, for ¥ =4, y =9 and for ¥ =8, y =9 there does not exist a
different element 3 such that Pn (3, y) < Pn (3, ¥ O neut(3)) hold so, we will not see

Py (o, Y O meut(3)) < Pn (3, 3) + Pn (3, ¥) - Pn(3, 3)-
Hence (M, ¢), Px ) is a NTPMS.

Definition 2.3. Let (M, 0) be a NTS with » ¢ y € M for all »,y in M. Then a NT-qdb-M is a mapping
Nagab : MXM— [0, 00) such that for all %,y € M,
(Nqdbl.) Ngaw (3¢, ) = Ngav (¥, #) = 0 implies % =y
(Nqdb2.) If there exist atleast one element 3 in M/{ »,y" } such that
Naav(#, ¥) < Naan(2¢, y° O neut(3)) then Noap(2¢, y° 0 neut(3)) < s[Naan(#, 3) + Naav (3, )]
where s > 1 be a real number.

The space (M, 0), Nqav) is known as NT-qdb-MS.
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Remark 2.4. Concept of NT-qdb-MS is different from dislocated-quasi-b-metric space. Here,
Ngab (%, YY) #Nga (¥, #) and Nga (3, ) = 0 may not be possible. For s=1, the space NT-qdb-MS

((M, 9), Nqab) becomes neutrosophic triplet quasi dislocated metric space.

Example 2.4. Let M= {0,2,3,4} be a NTG together binary operation 0= in (Zs, X). Neutrosophic triplet
are:
(0,0,0), (2,4,2), (3,3,3) (4,4,4) where (3, ¥, 3) denote here, ¥ € M be any element, y* = neut(s) and
3 = anti ().
Now, we define a map Ngg» : MXM— [0,00) such that

Nqan(0,0) = 0, Naan(0,2) = 4, Ngan(0,3) =9, Ngan(0,4) = 16,
Nqan(2, 2) = 4, Ngan(3,3) =9, Ngan(4,4) = 16, Ngan(2,0) =8,
Ngan(3,0) =18,  Ngan(4,0) =32,  Nqan(2,3) =35, Nagan(3,2) = 10,

Ngav(2,4) =8, Ngan(4,2) =20,  Ngan(3,4) =10, Ngav(4,3) =17

Next, we identify the conditions (Nqdbl.) and (Nqdb2.) of NT-qdb-MS.
(Nqdbl.)  Nga (3, ¥) = Ngab (¥, %) = 0 for only » = y" =0 implies » =y

(Nqdb2.) Takes= % .

For »# =2, y =0 3 3 =3 in M such that
Ngab (2,0) < Ngav (2, 0 Q¢ neut(3))= Ngap (2,0) =8 then
8=Nga (2, 0 Q¢ neut(3)) < s[Ngab (2,3) + Nga» (3,0)] =s[ 5+18]=23s.

For % =3, ¥ =0 3 3 =2 in M such that
Ngab (3,0) < Ngav (3, 0 Q¢ neut(2))= Ngap (3,0) =18 then
18=Ngab (3, 0 ®¢ neut(2)) < s[Ngav (3,2) + Ngav (2,0)] =s[ 10+8]=18s.

For »x =4, y =0 3 3 =2 in M such that
Ngab (4,0) < Ngav (4, 0 Q¢ neut(2))= Ngav (4,0) =32 then
32=Ngaw (4,0 Q¢ neut(2)) < s[Ngab (4,2) + Nga» (2,0)] =s[ 20+8]=28s.

For % =2, ¥ =3 3 3 =0 in M such that
5:qub (2,3) < qub (2, 3 ®6 neut(O)): qub (2,0) =8 then
8= Ny (2, 3 ®¢ neut(0)) < s[Ngab (2,0) + Ngav (0,3)] =s[ 8+9]=17s.

For »# =2,y =4 3 3 =0 in M such that
8:qub (2,4) < qub (2, 4 ®6 neut(O)): qub (2,0) =8 then

8= Nyab (2,4 ®5 neut(0)) < s[Naab (2,0) + Ngap (0,4)] =s[ 8+16]=24s.

For »# =3, y =4 3 3 =0 in M such that
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10=Nga (3,4) < Ngab (3,4 ®¢ neut(0))= Ngap (3,0) =18 then
18=Nga» (3,4 Q¢ neut(0)) < s[Ngab (3,0) + Nga» (0,4)] =s[ 18+16]=34s.

Similarly, for ¥ =0,y =23 3=4,forx =0,y =43 3=2,forx =3,y =233=0,forx =4y =
233=0 andfor » =4,y =3 3 3 =0 suchthat
Naav (2, ¥) < Naao (%, ¥ O neut(3)) then Ngar (3, ¥ 0 neut(3)) < s[ Naav (¢, 3) + Naav (3, ¥)]-

See for #¥ =0, ¥ =3, Nga(0,3) £ Nga (0, 3 ®¢ neut(3)) for any element 3 € M/{ s,y }
so, we will not see Ngap (3, ¥ ¢ neut(3)) < s[Nga (3, 3) + Ngav (3, ¥)].
Hence (M, 0), Nqab ) is a NT-qdb-MS.

Example 2.5. Let M be any infinite set, P(M) be the power set of M with binary operation ¢ = U then
(P(M),V) is a NTS where neut(l) = I and anti(l) = I, for all Ie P(M) .
Define a map Ngap: P(M)X P(M)— [0,00) such that

Nyav(, K) = n(I)-n(K) ? + | n(I) > where n(J) denotes the cardinality of 1.

(Nqdb1.) Naav (I, K) = Noao (K, ) = 0

implies that | n(I)-n(K) |> + | n(]) > = | n(1)-n(K) > + | n(K) > =0
Le, In(l) =[n(K) =0
or n(l)=n(K)=0 impliesI=K= @.

(Nqdb2.) Foranysetsl # @, K# @ in P(M) there exist set @ in P(M) such that
Ngav(d, K) = Ngav(1, K ¢ neut(@)) = Nga» (I, K)
then | n(1)-n(K) [* + | n(I) > = Ngav (I, K 0 neut(9))< s[Nqas (I, @) + Nqan(,K)]
=s[ | n()-n(@) P+ | n(@) P+ | n(@)-n(K) 2+ | n(®) ]
=s[2/n(d) P+ n(K) ]
and for x=1 # @, y = K= 0, we have
2[n(1) [ = Nqav (I, @) < Naavo (1, @ U £) = Naav (I, E)
=n(D)-nk) P+ |n(l) ? forany £ € PM)\{ I, K } with n(E)=>2n(])
implies
Ngav (1, £) =Ngap (I, @ U £) < Nga» (I, £) + Ngap (£, 9)
Also, |n(I) P=Nga( @, I) < Ngao( 8,1U £)=|n(JU L) forany ke P(MM\{L@ } with n(£)= n().
implies |n(lU L) = Nga (4,1U L)
< 8[Ngab ( 0, £)+ Ngav» (£, 1)]
=s[|nt) ? +[nE)nd) P+ |nE) ] fors=2.
Hence, (P(M),U) is a NT-qdb-MS.

Remark 2.5. If M is finite set then it is also NT-qdb-MS.
Since for I = M itself, | n(M) > =Ngan( @, M) < Ngao( &,M U £)=|n(M U L)
for any £€ P(IM)\{M,® } with n(t) = n(M)-1.
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implies |n(MU L)P=Ngw( 6,MU L)
< s[Ngav ( @, £)+ Ngav (£, M)]
=s[[n(E) [} +[nE)-n(M) P+ |n(k) ] fors=2.

Let (M, ¢), Ngar) be NT-qdb-MS and G = (V, E) is a reflexive digraph where the vertex set V(G) =M and
the set E(G) of its edges contains no parallel edges. By G'! means that the graph obtained from G by reversing
the direction of edges. By disregarding the direction of edges of G, we acquire G, the undirected graph from G.
So, E(G) = E(G)U E(G™). Literally, it will be better appropriate for us to approach G as a digraph for which

the set of its edges is symmetric.

Definition 2.4. Let (M, 0), Nqga») be NT-qdb-MS with graph G then

(1.) A sequence {»n} in (M, ), Ngap) is said to be 0-Convergent to » €M if for each &> 0, there exist a
positive integer ng> 0 such that Nqan(#n, #) < € and Ngap(3, 3#,) < & forall n = no.

(2.) The sequence {x,} in ((M, 9), Nqab) is said to be 0-Cauchy if for each >0, there exist a positive integer
no > 0 such that Nqav(#n, #m) < € and Nqav(¥m, #n) < € forall n,m = n,.

(3.) (M, 0), Ngav) 1s said to be complete if every 0-Cauchy sequence {»,} in M converges to a point ¥ in M.
(4.) Mapping f: M— M is said to be continuous at » €M, if for each £>0, there exista § > 0 such that
whenever Nqab(3,3) < 6 and Ngan( 3, %) < 6 implies Nqan(fr, f3) < & and Ngan(f'3,fx) < € forall 3 € M.

Sequentially continuous if whenever »,— » then fx, - fix asn— oo
ie, if lim Nga(3n, 2#)=0 and lim Ngab(%, 3n) =0
n—-oo n—-oo

then lim Ngao(fren, f2¢) =0 and lim Nga(fx, f3,) =0
n—oo n—-oo
(5.) A mapping f: M — M is called G-continuous if given % € M and a sequence (¥, )pen, #n = X

asn — oo and (¥,,#,,1) € E(G) for nEN imply f, - fx asn - .

Remark 2.6. Here, a convergent sequence in NT-qdb-MS may not be Cauchy sequence and need not necessary
limit of the sequence is unique. Also, a constant sequence need not be convergent. For instance, we can see in
Example 2.4, the sequence {2,2,2,2......... } is not a convergent sequence. In fact, it is not a Cauchy sequence.
3. Main results
In this component, we shall obtain some fixed point results in context of complete NT-qdb-MS by proving
Lemma 3.1, Lemma 3.2. and present an example in the support of obtained results.
Lemma 3.1: Let {x,} be a 0-convergent sequence converges to 3 in (M, 0), Nga) be NT-qdb-MS and
Nadv(#n, #m) < Ngav(3n, #m ¢ neut(3)) for all n, m then {3} is a 0- Cauchy sequence in NT-qdb-MS.
Proof. Since {i,} be a 0-convergent sequence and it converges to 3 in M. Therefore, for given € > 0 there
exist a positive integer k> 0 such that
Naav(3n, 3) < £/25 and Ngan(3, #n) < €/2s forall n =k

By given assumption and triangle inequality (NTqdb2.), for all n, m> k, we have

Nqdo(#n, #m) < Ngab(3n, #m O neut(z)) < s [Nqav(¥n, 3)+ Ngan(3, #m)] < s[e/2s +e/2s ]=¢
ie, Nga(n, m) <€
Similarly, Ngao(3m, #n) < €

Thus, {»,} is a 0-Cauchy sequence in NT-qdb-MS.
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Lemma 3.2. Let {3,} be a 0-convergent sequence in NT-qdb-MS say (M, 0), Nqab), let it converges to » and
y in M. Assume that Nga(3, ¥) < Neav(2¢, ¥ ¢ neut(sx)) and Ngao(¥', )< Ngan(¥, 2 O neut(sx)) for any kEN
then limit of the sequence {»,} is unique.
Proof: By the assumption,
Ngav(*, ¥) < Ngav(3, Y O neut(sm))

and by (NTqdb2)

Naav(2¢, y* © neut(s¢m)) < 8 [Nqan(#, #m)+ Naan(#m, ¥)]
Since {»,} is a 0-convergent sequence and converges to » and ¥, so right hand side of above equation tends to

zero as m— oo that is, we have

qub(}t’, }f) =0.
Similarly, we can show that
Naan(y", #) =0

Hence, by (NTqdbl), » = y° which completes the proof.

Theorem 3.1. Let (M, 0), Nqa) be a complete NT-qdb-MS with graph G and coefficient s> 1. Let T: M—
M be a G-continuous mapping satisfying
Naao(Tre, TY) < @ (Ngan(¢, y)) forall x, y' € E(G) )
where ¢ is a comparison function, with the following properties:
(a) for a set O(x) = {3, T, T, T°x...}, assume that (T"¢, T™¢) € E(G) for alln, m and
Naao(T"¢, T™3¢) < Ngao(T"s¢, T O neut(v)) for any v € M and for all n, m.
(b) If sequence {3,} be converges to »x and y in M then Ngap(3, ¥)< Naav(3, ¥ ¢ neut(s)) and
Naao(¥', #)< Ngan(¥, # O neut(xx)) foranyk € N.
In addition, if » and »* are two fixed points with (3, %*) € E(G) then T has a unique fixed point.
Proof. Take 3, € M be any arbitrary point but it’s fixed. Define a iterative sequence in M as follows:
Hn=Tun1 wheren=1,234.........
ie, m1=Tro, #o=Tri, u3="Tiu
If we assume that »,11 = », for some n € Z* then it follows that », = a1 = Txn. So, 3, is fixed point and
proof is finished. Therefore, we assume that
Hn # Moy foreachn € Z°
We claim that {3} is a 0-Cauchy sequence in M. Now, for » = 3,, Y = a1 With assumption (a), contractive

condition (1) becomes,

Ngdv(*n , #n+1) = Ngao(Trn-1, Trn) < @ (Ngav(3n-1, #n))
and Nadv(*n-1 5 #n) = Nagab(Tn2 , Tatn1) < @ (Ngaw(¥n2 5 #n-1))
By assumption of ¢,

@ (Ngav(tn1, #0)) < @* (Ngav(n2 , #n1))
Computing repeatedly in this way, we obtain

Naav(*n 5 #n+1) < @ (Ngav(¥n-1 , Hn)

< @? (Ngav(#n2 » #n-1))

< @3 (Ngav(¥n3 5 #n2))
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< @™ (Nga(0 , 1)) 2
Proceeding in similar way, we can obtain
Noav(#n+1 5 #n) < @™ (Ngav(31 , #0)) 3)

If Nga(#0, 1) =0 and Ngao(3¢1, 2#0) =0 then 9 =Txo 1i.e., 3o is a fixed point. Therefore, assume that
Ngav(*0 , #1) > 0 and Ngan(31, #0) > 0
To prove {»,} is a 0-Cauchy sequence, consider m > n and using (a), (Nqdb2.)
Naao(n » #m) < S Naab(#n , #nr1) + 82 Naab(#ns1 5 #n2) + 8> Naav(#ni2 » #ni3) *ooeee (4)
Using (2), (4) becomes
Noab(n » #m) < s @"(Nga(30 , #1))+ s2@" 1 (Nqav(3¢0 , 1))+ 3 @2 (Ngav(3¢0 , #1)) +.......

By the definition of function ¢ and letting n, m — oo, we have

lim qub(%n , %m) =0
n,m—oo

Similarly, we can show that,

lim  Ngaw(#m, #n) =0
n,m-oo

which shows that {s,} is a 0-Cauchy sequence in M. Since M is complete NT- qdb- MS, there exist p€ M such
that »#, — p as n— 0. Now, here we will show that p is a fixed point in M.
As #, = pasn— oo and using G- continuity of T, it follows that

lim Tx,=Tp

n—-oo

and we can write above equation as

lim Hn+rl = Tp
n—oo

Thus, p is a fixed point in M by using assumption (b) and Lemma 3.2.

Now, we want to show that p is a unique fixed point. For this, suppose p* be another fixed point.

Consider, Nqab(p, p*) = Naao(Tp, Tp*) < @ (Naan(p, p*)) by using (1).

By assumption of ¢, above inequality implies that Nqa(p, p*) =0, also Ngav( p*,p) =0 by following same
process as we have done above. Hence by (NTqdbl.) p = p*.

Corollary 3.1: Let (M, ¢), Ngav) be a complete Neutrosophic quasi-dislocated-b-metric space with coefficient
s= 1. Let T: M— M be a G-continuous mapping satisfying
Noao(Tre, TY) < a Ngan(#, y) for all , y° € E(G)
where a € (0,1); with the following properties:
(a) for a set O(x) = {3, Tr, T?x, T3x...}, assume that (T"», T"%) € E(G) for alln, m and
Naav(T", T™) < Ngan(T"¢, T O neut(v)) for any v € M and for all n, m.
(b) If above sequence {x,} be converges to » and y in M and suppose
Naav(*, V) < Naav(3, ¥ O neut(sx)) and Ngan(¥', ) < Naao(y, # O neut(si)) forany k € N.

In addition, if » and »* are two fixed points with (3, %*) € E(G) then T has a unique fixed point.

Theorem 3.2: Let (M, ¢), Ngav) be a complete NT-qdb-MS with graph G (need not be reflexive) and

coefficient s> 1. Let T: M— M be a G-continuous mapping satisfying
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Naao(To, TY)< u[Ngav(2¢, T)) + Ngao(y. Ty)] ~ for all , y' € E(G) 6)

where 0 < u < T with the following properties:

L
s+
(a) fora sequence y+1= Txn, n€ N and 1= 3% €M, assume that (3,, ¥#m) € E(G) for all n, m€N and
Ngab(*n, #m)< Ngav(*n, #m Oneut(sey)) for all n, m, k except some first finite few terms.
(b) If the above sequence {»,} converges to » and y in M then Ngan(3, ¥)< Ngav(3, ¥ O neut(sry)) and
NV, #)< Ngan(¥, % © neut(x)) foranyk € N.
Furthermore, if 3 and »* are two fixed points with (3, %*) € E(G) then T has a unique fixed point.
Proof. Let 3 €M be any arbitrary point but it’s fixed. Construct an iteration sequence in M as follows:
n, Tn, T2%, Tn
ie, = and xuns1 =T"% =Tx, where n€ N.
If 3n+1 = 3, for some n € Z* then it follows that s, = 341 = Tx, then », is fixed point which completes
the proof. Therefore, we suppose that 3, # 3,1 for all n.
For »# = %, y =Tx and using (a), (5) becomes
Naav(To¢, T2 3¢) < u[Naan(s, T 3¢) + Nan(Tr, T2 5)]
ie, (1 — ) Naao(T 2, T?3) < p Ngap(3¢, Ta)

or Ngan(Tx, T%¢) < ﬁ Naan(¢, T#).

Again, for » =Tx, y =Tx, (5) becomes
Naao(T%¢, T32#)< u[Nqan(Tr, T%¢) + Ngan(T?¢, T3)]

Naan(T2¢, T3¢)< ﬁ Naan(Tre, %) )< (ﬁ)2 Naav(2¢, Trt) = t2 Ngav(2, T2¢) where t = ﬁ

Continuing in this way, we obtain
Noan(T¢, T 13¢) < 7 Ngap(¢, ) (6)
— 0asn - o, sincet € [0,1).
That is,
rlll_)rg) Noan(T, T 130) =0 i.e, 711-{1010 Ngdb(#n+1, #ni2)= 0.
Next, it is desirable to show that {3} is a 0-Cauchy sequence in M. For this, we take m, n are positive
integers such that m > n then by using definition of NT-qdb-MS and condition (a), (6), we have
Naav(#n , #m) < S [ Ngao(#n, #n+1) T Naab(tnr1 , Hm)]
< s Ngao(#n , #+1) + 82 Naab(¥n+1 , #ni2) + 8 Naav(#nt2 , #ni3) +ooeoo + 8" Noab(Mm-1 5 Him)

< s 1™ Noav(2¢,To) + 8% 17 Ngan(3¢,T3¢) + 8* 77 Noap(2¢, Toe)+...... + s™ M2 N gan(2¢, T3)

s¢n—1
< st qub(J{,T}{).

Taking limit as n, m— oo, we have

lim  Ngab(¥n, 3#m) = 0.
n,m—oco

In similar way, we can obtain

Lim Ngab(*m , #n) = 0.
n,m—oco
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Thus, {#,} is a 0-cauchy sequence in complete NT-qdb-MS. By definition of NT-qdb-MS, there exista 3 EM
such that », = 3asn — oo thatis
lim Noao(4o, 3)= 0 = lim Noao(3, %0)
By using G- continuity of T and (a), it follow that
T(lim, 1) =Tz = lim T 15
n—oo n—oo
Now,
Naan(T3, 3) < s[ Naao(T 3, T"*3¢) + Naao(T" 152, 3)]
—>0asn—- w

implies that T3 = 3 and also Nga(3, 3) = 0.

Hence, 3 is a fixed point of T. For uniqueness, we assume that 3 * be another fixed point of T different from
z. Clearly, also Nga(z*, z*) = 0 by the above observation.
By the contractive condition (5), we have
Naav(3, 3#) =Naao( T3, T3 %) < it [ Naao(3,T 3) Naao(3 *, T3 *)]
< i [ Naab 3, 3) TNaan(3 *, 3 )]
implies that Nqan(3, 3 *) =0 since Ngan(3, 3) = 0 and Ngan(3 *, 3 *) = 0 and which gives that 3 = 3 *.
Thus, z is the unique fixed point of T.

Example 3.1: Let M = {0,2,3,4} be a NTG together binary operation ¢ = @, in (Zs, X). Neutrosophic
triplet are:

(0,0,0), (2,4,2), (3,3,3) (4,4,4) where (3, ¥, 3) denote here, ¥ € M be any element, y= neut(x) and

3 = anti (»). Now, we define a map Nqa» : MXM— [0,00) such that

Ngav(0,0) =0, Ngan(0,2) =4, Ngan(0,3) =9, Nqan(0,4) = 16,
Ngav(2,2) =4, Ngav(3,3) =09, Ngan(4,4) = 16, Ngan(2,0) =8,
Ngav(3,0) =18,  Ngan(4,0) =32,  Ngw(2,3) =5, Nqav(3,2) =10,

Ngan(2,4) =8, Ngab(4,2) =20,  Ngan(3,4) =10, Ngav(4,3) = 17.

Hence, (M, 0), Nqa» ) is a NT-qdb-MS with coefficient s> 1, as we have proved in Example 2.4. and also it

is complete since {0,0,0,0.....} is only Cauchy sequence which converges in M.

A mapping T: M—>M defined as TO =0, T2=3, T3=0 and T4=0 and a graph G = (V, E) defined as
V(G) =M and E(G)={(0,0), (3,3), (4,4), (0, 3), (0, 4), (2,4), (3,4), (3,0), (4,0), (3,2), (4,2), (4,3)}.

Now, we have the following cases to identify the contractive condition for all », y' € E(G) as:

CaseI: for x=0and y =3

0= Ngan(T0,T3) < u[Ngap(0,T0)) + Ngan(3,T3)] = 18 p.

CaseII: for »=0and y =4
0= Nqao(TO, T4) < p[Ngap(0, TO)) + Ngan(4, T4)] =32 p.

Case III: for x =2 and y =4
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18= Nyan(T2. T4) < p[Naan(2. T2)) + Nyan(4. T4)] = 37 p.

CaselV:for x=3and y =4

0= Naan(T3.T4) < u[Nqan(3.T3)) + Nyan(4, T4)] = 50 p .

Case V:for x=3and y =0
0= Ngan(T3,T0) < pu[Ngan(3,T3)) + Ngav(0, TO)] = 18u.

Case VI: for x=4and y =0
0=Ngan(T4, TO) < p[Ngan(4, T4)) + Ngap(0, TO)] =32 p.

Case VII: for ¥»=3 and y" =2
9= Ngan(T3,T2) < u[Ngav(3,T3)) + Ngan(2, T2)] =21 u

Case VIII: for x=4and y =2
9=Nga(T4, T2) < p[Ngan(4, T4)) + Ngav(2, T2)] =37 p.

Case IX: for x=4and y =3
0= Ngan(T4,T3) < u[Ngav(4,T4)) + Ngan(3,T3)] =50 p.

Similarly, for # =0and y =0, for =3 and y =3 and for ¥ =4 and y =4

This shows that contractive condition of Theorem 3.2 is satisfied for u = ;—3 for all »#, y € E(G). Thus all

the conditions of Theorem 3.2 are satisfied. Therefore, 0 is a unique fixed point.

Conclusion: In this article, we reformulated the definition of NTMS and NTPMS and presented counter

examples for dissimilarity of definitions with examples in [18,19]. Also, we established a new space NT-qdb-

MS which is the generalization of the spaces established by Sahin et al. in [18,19]. Also, we studied some of

their properties. Concept of NT-qdb-MS is absolutely different from classical quasi-dislocated b- metric space.

The significance of NT-qdb-MS is that it provides a different space structure to those structures which are not

quasi-dislocated-b- metric space with respect to some functions that not satisfy triangular inequality for all s,

y, 3. Finally, we proved generalize version of Banach fixed theorem and Kannan fixed point theorem in the

framework of NT-qdb-MS with an example.

Open problems:

1. Can we also prove name theorems such as Chatterjee, Sehgal, Hardy and Rogers, Ciric,
Meir-Keeler, F-contraction fixed point theorems in NTMS, NTPMS or NT-qdb-MS?

2. Can we extend the Theorem 3.1 and 3.2 for more than one mapping?
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Abstract: In this paper we introduce the notion of neutrosophic-b-open set, pairwise
neutrosophic-b-open set in neutrosophic bitopological spaces. We have investigated some of their

basic properties and established relation between the other existing notions.
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1. Introduction

Smarandache (1998) introduced the notion of neutrosophic set as a generalization of
intuitionistic fuzzy set. The concept of neutrosophic topological space was introduced by Salama
and Alblowi (2012a). Salama and Alblowi (2012b) introduced the concept of generalized neutrosophic
set and generalized neutrosophic topological space. Thereafter Ozturk and Ozkan (2019) introduce
the concept of neutrosophic bitopologoical space. The concept of b-open sets in topological space
was introduced by Andrijevic (1996). Ebenanjar, Immaculate, and Wilfred (2018) introduced
neutrosophic b-open sets in neutrosophic topological spaces. Thangavelu and Thamizharsi (2011)
introduce the concept of bi-open sets in bitopological spaces. In this paper, we introduce the notion

of pairwise neutrosophic b-open set in neutrosophic bitopological spaces.

2. Preliminaries and some properties

Definition 2.1. [Smarandache, 2005] Let X be a non-empty set. Then H, a neutrosophic set (NS
in short) over X is denoted as follows:
H = {(y, Tu(y), In(y), Fu(y)): yeX and Tu(y), Iu(y), Fu(y)e ]0,1*[}, where Tu(y), In(y) and Fu(y) are the
degree of truthness, indeterminacy and falseness respectively.

There is no restriction on the sum of Tc(y), Fo(y) and Ic(y), so
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0 < Tu(y) + In(y) + Fu(y) < 3.

Definition 2.2. [Smarandache, 2005] Let H= {(y, Tu(y),Iu(y),Fu(y)): yeX } be a neutrosophic set over X.
Then the complement of H is defined by He= {(y, 1-Tnu(y), 1-Iu(y), 1-Fu(y)): yeX }.

Definition 2.3. [Smarandache, 2005] A neutrosophic set H= {(y,TH(y),Ix(y),Fu(y)): yeX } is contained
in the other neutrosophic set K= {(y, Tx(v),Ix(y),Fx(y)): ye X } (i.e. HCK) if and only if Tu(y) <Tk(y), In(y)
> Ix(y), Fu(y) 2Fx(y), for each yeX.

Definition 2.4. [Smarandache, 2005] If H= {(y,Tu(y),Iu(y),Fu(y)): yeX } and K= {(y, Tx(y).Ix(y),Fx(y)):
yeX } are any two neutrosophic sets over X, then HUK and HNK is defined by

HOK={(y, Trn ())VTr(y), In(y)A Ik (y), Fry) AF(y)): yeX};

HAK={(y, Tu(y) A Tx(y), In @)V Ix(y), Fu(y)V Fx(y),): yeX].

Here we can construct two neutrosophic set Ox and 1~ over X as follows:

1) On={(y,0,0,1): yeX);

2) 1In={(y,1,0,0): yeX}.
The neutrosophic set Ov is known as neutrosophic null set and neutrosophic set 1 is known as
neutrosophic whole set over X. Also, On and 1~ over X have three other types of representation too.

Clearly, On < 1n.

The neutrosophic topological space is defined as follows:
Definition 2.5. [Salama & Alblowi, 2012a] Let X be a non-empty fixed set and t be the family of some
NSs over X. Then t is said to be a neutrosophic topology (NT in short) on X if the following
properties holds:

1. On INn€eT,

2. Ti, T2 et =>TinTee 7,

3. uvieATiern, forevery {Ti:ieA} c 1.

Then the pair (X, 1) is called a neutrosophic topological space (NTS in short). The members of t are
called neutrosophic-open set (NOS in short). A NS D is called a neutrosophic-closed set (NCS in

short) in (X, 1) if and only if D¢ is a neutrosophic-open set.

Example 2.1. Let X={ z1, z2}Jand let

G={(21,0.6,0.5,0.3), (22,0.6,0.7,0.3): z1, z2€ X }

H={(z1,0.5,0.6,0.8), (22,0.4,0.9,0.8): z1, z2€X }

K={(21,0.6,0.6,0.3, (22,0.4,0.8,0.6): z1, z2e X } be three NSs over X.
Then clearly the family =={O~,In, G, H, K} isa NT on X.

Example 2.2. Let X={z1, z2, zs}and let
L={(21,0.6,0.7,0.4), (z2,0.5,0.6,0.8), (25,0.5,0.5,0.4): z1, z2, zze X }
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K ={(21,0.4,0.9,0.8), (z2,0.3,0.7,0.8), (23,0.4,0.6,0.8): z1, z2, zZze X }
J={(z1,0.4,0.9,0.9), (22,0.2,0.8,0.9), (23,0.3,0.5,0.8): z1, z2, z3e X }
be three NSs over X.

Here the collection =={0O~,1In, L, K, ]} is not a neutrosophic topology on X because KnJet.

Definition 2.5. [Salama & Alblowi, 2012a] Let (X,t) be a NTS and H be a NS over X. The
neutrosophic-interior (in short Nixt) and neutrosophic-closure (in short N«) of H are defined by
Nint(H) = U{P : P is an NOS in X and PCH};

Na(H) =N{Q: Qis an NCS in X and HCQ}.

Proposition 2.1. [Salama & Alblowi, 2012a] Let C, D are two neutrosophic subsets of (X, ). Then the
following properties hold:

1) CcNa(C);

2) Nin(C) < C;

3) Niu(C) < Na(C);

4) Cc D= Nu(C) c Nin(D);

5) Cc< D = N«(C) < Na(D);

6) Na(On) = 0On;

7)  Nim(In) = 1n;

8) Nua(CUD) = Na(C)u Na(D);

9) Nin(CUD)> Nin(C)J Nim(D);

10) Nint(CnD) = Nint(C)N Nint(D);

11) Na(CND) < Na(C) Na(D);

12) Cis neutrosophic closed if and only if Na(C)=C;

13) Cisneutrosophic open if and only if Niut(C)=C.

The neutrosophic bitopological space is defined as follows:

Definition 2.6. [Ozturk & Ozkan, 2019] Assume that (X, 11) and (X, 1) be two different NTSs. Then
the triplet (X, 11, 12) is called a neutrosophic bitopological space (NBTS in short).

Example 2.3. Let X={z1, z2} and let

U1={(21,0.6,0.5,0.4), (z2,0.8,0.7,0.6): z1, z2€ X },

U>={(z1,0.4,0.6,0.5), (b,0.7,0.8,0.8): z1, z2e X },

Us={(z1,0.4,0.6,0.8), (22,0.6,0.9,0.8): z1, z2€ X },

U+={(z1,0.6,0.8,0.7), (22,0.4,0.6,0.7): z1, z2€ X },

Us={(21,0.8,0.4,0.5), (22,0.6,0.4,0.5): z1, z2€ X },

Ue={(21,0.7,0.5,0.6), (22,0.6,0.5,0.5): z1, z2e X } are six NSs over X.

Then clearly t11={0On, 1n, U1, Uz, Us} and ©={0n, 1n, Us, Us, Us} are two different NTs on X. So the

triplet (X, 11, 12) is a neutrosophic bitopological space.
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Definition 2.7. [Ozturk & Ozkan, 2019] Let (X, 11, 12) be an neutrosophic bitopological space. Then H, a
neutrosophic set over X is called a pairwise open set in (X, 11, 12) if there exist a open set G1in 11 and a

open set Gz in 12 such that H= GiUG..

Remark 2.2. Let G be a neutrosophic subset of a neutrosophic bitopological space (X, 11, 12). Then we
shall use the following notations:

1) N/;(6)= 1 -neutrosophic-closure of G (i=1, 2);

2) Ni,(G)=ri -neutrosophic-interior of G (=1, 2).

3. ti -neutrosophic-b-open set:

Definition 3.1. Let (X, 11, 12) be an neutrosophic bitopological space. Then P, a NS over X is called
1) 1 -neutrosophic-semi-open if and only if P N5 N}, (P);
2) ti-neutrosophic-pre-open if and only if PS N/, N/;(P);
3) ti-neutrosophic-b-open if and only if P N/;Ni,.(P) U N NE (P).

Remark 3.1. In a neutrosophic bitopological space (X, 11, 12), a NS P over X is called a

t-neutrosophic-b-closed set if and only if its complement is t-neutrosophic-b-open set.

We formulate the following results based on the above definitions.
Proposition 3.1. In a neutrosophic bitopological space (X, 11, 12), if P is t-neutrosophic-semi-open

(ti -neutrosophic-pre-open), then P is 1 neutrosophic-b-open.

Proposition 3.2. In a neutrosophic bitopological space (X, 11, 1), the union of two

t-neutrosophic-b-open set is a ti-neutrosophic-b-open set.

4. tij -neutrosophic-b-open set:
Definition 4.1. Assume that (X, 11, 12) be a neutrosophic bitopological space. Then P, a NS over X is
called

1) tj-neutrosophic-semi-open if and only if PS NcilNi{It(P);

2) tij-neutrosophic-pre-open if and only if PS Nl.{ltNCil(P) ;

3) 1 -neutrosophic-b-open if and only if PS N4 N/ (P) U N] N} (P).

Remark 4.1. A neutrosophic set P over X is called a tj -neutrosophic-b-closed set if and only if P¢

(complement of P) is tij -neutrosophic-b-open set in (X, 11, 12).

Definition 4.2. Assume that (X, 11, 12) be a neutrosophic bitopological space. Then a neutrosophic set G
over X is said to be a

1) tj-neutrosophic-p-set if and only if N/;N ] (6) < N N jl(G) ;

int c
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2) Contra tj -neutrosophic-p-set if and only if leNl-int(G) c Ni"ntNle (@);
3) mj-neutrosophic-g-set if and only if N/ Ny(6) € NCilNl.J;lt(G).

int

4) Contra tj -neutrosophic-g-set if and only N},N, jl (@) c NcilNi];It(G).

int'Yc

Theorem 4.1. In a neutrosophic bitopological space (X, 11, 12),

1) if G is t-neutrosophic-closed and tij-neutrosophic-pre-open then G is
Ti-neutrosophic-semi-open.
2) if G is 7ti-neutrosophic-open and tj-neutrosophic-semi-open then G s

Ti-neutrosophic-pre-open.

Proof:

1) Let (X, 11, 12) be a neutrosophic bitopological space and G be a neutrosophic set over X, which is

both t-neutrosophic-closed and tij-neutrosophic-pre-open. So, we have

G= Ny (1)
and GE N/ Ny(G) e @)
From eq (2) we have GES Ni],'ltNCil(G)

= NJ.(G)  [byeq(1)]
= GS NJ,,(6) < NiNJ,.(6)
= GCS NyNJ,.(6)
Hence, G is a t-neutrosophic-semi-open set in (X, 11, 12).
2) Let (X, 71, 12) be a neutrosophic bitopological space and G be a NS over X, which is both

t-neutrosophic-open and tij-neutrosophic-semi-open. So, we have

G=N..() 3)
and GE N4yN2 (G . (4)
From eq (4) we have
GE NiNJ(6)
= Ni(G)  [byeq(3)]
= GES N;(6)
= N (6) € NJ,N&(6)

= G =N/ .(G) € N/ NL(G) [since G= N7,,(6)]

int int

= G S N/ N} (G)

int

Hence, G is a ti-neutrosophic-pre-open set in (X, 11, 12).

Theorem 4.2. Let (X, 11, 12) be a neutrosophic bitopological space. If A is tij-neutrosophic-semi-open
(ti-neutrosophic-pre-open), then A is tj-neutrosophic-b-open.

Proof: Let us assume that A is tij-neutrosophic-semi-open set in a neutrosophic bitopological space
(X,71,7,). Then AC NiN7, (A).
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Now, AS N4N7,.(4)

= ACS N4NJ(A) U NJ Njy(4).

Therefore, A is ti-neutrosophic-b-open in (X, 11, 12).

Similarly, we can show that if A is tj-neutrosophic-pre-open set in (X, t1, 12) then it is

ti-neutrosophic-b-open.

Theorem 4.3. Let (X, 11, 12) be a neutrosophic bitopological space.

1) If A is rtiyneutrosophic-b-open, contra Tti-neutrosophic-p-set then A is
Tij -neutrosophic-pre-open set;

2) If A is +tjneutrosophic-b-open, contra Tj-neutrosophic-g-set then A is
i -neutrosophic-semi-open set;

3) If A is ti-neutrosophic-b-open, ti-neutrosophic-p-set and contra ti-neutrosophic-g-set then
A is tji-neutrosophic-b-open set;

4) If A is tij-neutrosophic-g-set (ti-neutrosophic-p-set) then A< is contra tji-neutrosophic-p-set

(contra ti-neutrosophic-g-set).

Proof:

1) Let A be both ti-neutrosophic-b-open and contra tji-neutrosophic-p-set in a neutrosophic

bitopological space (X, 11, 12).

Then, we have AC NN/ () UN/ Ny 5)
and N4NJ,(4) € NJ,N}(4) RPN ()

From egs (5) & (6) we get
AC NGNJ,(A) U N NG (A)

S N/ N5 (A) UNJ,NL(A)
=N, N&y(A)
= AC N, Ny(4)

Therefore, A is ti-neutrosophic-pre-open set in (X, 11, 12).

2) The proof is analogous to the proof of part (1), so omitted.
3) Let A be tij-neutrosophic-b-open, tij-neutrosophic-p-set and contra ti-neutrosophic-g-set in a

neutrosophic bitopological space (X, 11, 12). Then we have

AS NGNS (D UNL NG, @)
NiNL.(A) S NELNSGA ®)
and Ni]Y'ltNL{:l(A) = chzNiint(A) .............. )
From eq (7) we get AS N/N..(4) U N} N} (A)

S NjpNJ(A) U NNL(A)  [byegs (8)& (9)]

[of
= A SN} ,NJ(A) U NINi.(4)

int''c int

Therefore, A is ti-neutrosophic-b-open set in (X, 11, 12).
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Theorem 4.4. In a neutrosophic bitopological space (X, 11, 12)

1) if A is tij-neutrosophic-semi-open and tj-neutrosophic-p-set then A s
Tji-neutrosophic-pre-open;
2) If A is +i-neutrosophic-semi-open and contra Tti-neutrosophic-p-set then A is

ti-neutrosophic-pre-open.

Proof:

1) Let (X, 11, 12) be a neutrosophic bitopological space and A is both ti-neutrosophic-semi-open and
ti-neutrosophic-p-set.
Since, A is tj-neutrosophic-semi-open, so we have
ACNLNL () (10)
Since, A is T]-i-neutrosophic-p-set, SO
NENL(A) S NE NS (11)
From eqgs (10) & (11), we've got
AC N} NJ(A).

Hence, A is 7ji -neutrosophic-pre-open in (X, 11, 12).

2) The proof is analogous to the proof of the first part, so omitted.

Theorem 4.5. Let (X, 11, 12) be an neutrosophic bitopological space.
1) If A is tyneutrosophic-p-set and tji-neutrosophic-g-set then NC"[NL.],‘M(A) c chlNiint(A) ;
2) If A is contra tij-neutrosophic-p-set and contra ti-neutrosophic-g-set then chlNi"m(A) c

NNZ(A).

Proof:

1) Let (X, 11, 2) be a neutrosophic bitopological space and A be both ti-neutrosophic-p-set and

ti-neutrosophic-g-set. Then, we have

NLND (A) S NELNJA) (12)
and NL,NJ(A) S NJNL.(A) (13)

From eqs (12) & (13), we get
N4NLL(A) € NJNE(A).

n

2) Let (X, 11, 12) be a neutrosophic bitopological space and A be both contra ti-neutrosophic-p-set

and contra tij-neutrosophic-g-set. Then, we have

NINL(A) S NENS(A) (14)
NLNL(A) € NiNL(y (15)

From eqs (14) & (15), we get
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N} N (A) € NcizNi]nt(A)

5. Pairwise 1 -b-open:

Definition 5.1. A neutrosophic set H is said to be pairwise Ttij-neutrosophic-semi-open set
(pairwise tij-neutrosophic-pre-open set) in a neutrosophic bitopological space (X, 11, 12) if H=KUL,
where K is a ti-neutrosophic-semi-open set (tj-neutrosophic-pre-open set) and L is a

tji-neutrosophic-semi-open set (ti-neutrosophic-pre-open set) in (X, 11, 12).

Definition 5.2. A neutrosophic set H is said to be pairwise ti-neutrosophic-b-open set in a
neutrosophic bitopological space (X, 11, 12) if H=KUL, where K is a tij-neutrosophic-b-open set and L

is a tji-neutrosophic-b-open set in (X, 11, 12).
j

Theorem 5.1. The union of two pairwise tj-neutrosophic-b-open set in a neutrosophic bitopological
space (X, 11, 12) is again a pairwise tj-neutrosophic-b-open set.

Proof: Let A, B be two pairwise i -neutrosophic-b-open set in a neutrosophic bitopological space (X,
11, 12). Then there exists two ti-neutrosophic-b-open set Gi, G2 and two ti-neutrosophic-b-open set Hi,
H> such that A= GiuH1 and B= G2\UH>.

Since, G1, G2 are ti-neutrosophic-b-open set so

G, SNLN! (GOUN. NyGH (16)

and G, € N4NJ (G,) UN/ N} (G,) e (17)
Since, Hi, H: are tji-neutrosophic-b-open set so

H, € N)Ni (H)UNLNS(HY (18)

and H, € N/NL.(H) UNLNS(HY) (19)

Now, we have
Gy UG, € N4N (Gy) UN] Ni(Gy) UNENL (Gy) UNL N (G,) [ using egs (16) & (17)]

int

=NcizNi]nt(G1) U NN, (G2) U Ni]nthiz(Gl) u Ni]mNciz(Gz)

int

S NY(NL (G) UNL(G2)) UNL (N (Gy) U NS(G))

int int

C Ni(NLL(GL U G)) U NL(NE(Gy U G))

int

= G1UG2 is a T -neutrosophic-b-open set.
Further, we have
Hy U Hy © NN (Hy) U N NJ (Hy) U NS NG (Hz) U Ny N (Hy) - [using eqs (18) & (19)]

=N/,N},;(H,) UNSNE(Hy) U NG N (Hy) U N NG (Hs)

int c

S NJ,(Nje(Hy) U Nk (Hy)) U NE(NJ (Hy) U N2 (Hy))

mn

S NY(Nine(Hy U H2)) U Njye (NG (Hy U Hp)
= Hi\UH: is a tji-neutrosophic-b-open set.

Hence, AUB=(G1UH1)uU (G2UH2)= (G1UG2)\U(H1\UH2)=G\UH.

Therefore there exists a tij-neutrosophic-b-open set G=(Gi1UG2) and a tji-neutrosophic-b-open set

H=(H1UH>) such that AAUB= GUH. Hence A\UB is a pairwise tij-neutrosophic-b-open set. Thus the
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union of two pairwise tj-neutrosophic-b-open set in a neutrosophic bitopological space (X, 11, 12) is

again a pairwise Tij-neutrosophic-b-open set.

Theorem 5.2. In a neutrosophic bitopological space (X, 11, 12), every pairwise tj-neutrosophic-semi
open set (pairwise ti-neutrosophic-pre-open set) is a pairwise tij-neutrosophic-b-open set.

Proof: Let G be a pairwise tj-neutrosophic-semi-open set (pairwise tij-neutrosophic-pre-open set).
Then there exist a ti-neutrosophic-semi-open set A (ti-neutrosophic-pre-open set A) and a
tji-neutrosophic-semi-open set B (tji-neutrosophic-pre-open set B) such that G=AUB.

In theorem 4.2, it is «clearly shown that every tj-neutrosophic-semi-open set
(ti-neutrosophic-pre-open set) is a ti-neutrosophic-b-open set and every ti-neutrosophic-semi-open
set (ti-neutrosophic-pre-open set) is a ti-neutrosophic-b-open set. So A be tj-neutrosophic-b-open
and B be tj-neutrosophic-b-open set. Therefore, there exist a tj-neutrosophic-b-open set A and a
ti-neutrosophic-b-open set B such that G=AUB. Hence, G is a pairwise tij-neutrosophic-b-open set.
Thus every pairwise tij-neutrosophic-semi-open set (pairwise tj-neutrosophic-pre-open set) is a

pairwise tij-neutrosophic-b-open set.
6. Conclusion

In this article, we studied neutrosophic-b-open set, pairwise neutrosophic-b-open set in
neutrosophic ~ bitopological spaces and investigate their basic properties. By defining
neutrosophic-b-open set, pairwise neutrosophic-b-open set, we prove some theorems on

neutrosophic bitopological spaces and some examples are given.
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Abstract: The aim of this paper is to introduce various types of r-single-valued neutrosophic open
sets based on the single-valued neutrosophic ideals in Sostak Sense. Different mappings of
single-valued continuity and ideal continuity based on the r-single-valued neutrosophic ideal
openness are defined and many implications between them are investigated with counterexamples
illustrated.
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single-valued neutrosophic continuous mappings and single-valued neutrosophic ideal continuous
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1. Introduction

In the classic text, Kuratowski [1] dealt with the genesis of the concept of ideal in general
topological spaces. This area of study is approached by many others and hence some sorts of ideals
arise as one goes further in mathematics such as the ideal of finite subsets of %, the ideal of nowhere
dense sets and ideal of meager sets. Many topologists introduced distinct types of operators as
regards ideals, compatibility property, compactness module an ideal and other concedes.
Vaidyanathaswamy [2] introduced the concept of local function of 7 in relation to %. The notion of
fuzzy ideal and the concept of fuzzy local function of J with respect to ¥ had been introduced and
examined by Sarkar [3]. Besides, the notion of compatibility of fuzzy ideals with fuzzy topologies
had been introduced and studied by Sarkar. In [4], Sostak initiated a new definition of fuzzy
topology, which is termed "fuzzy topology in Sostak sense", as an extension of both crisp topology
and Chang's fuzzy topology, in the logic that not only the objects are fuzzified, but also the
axiomatics. Sostak [5-7] presented some rules and explained how such an extension can be realized.
Saber et al [8] familiarized and considered the notion of fuzzy ideal and the concept of fuzzy local
function of 7 in respect of ¥ in Sostak sense. Saber et al [9-13] provided several rules and displayed
how such an extension can be acquired.

Thus, Smarandache [14] generalizes almost all the existing logics like, fuzzy logic, intutionistic
fuzzy logic etc. After this, many researchers used neutrosophic sets and logic in topological spaces,
such as Das et al. [15], Fatimah et al. [16], Riaz et al. [17], Porselvi et al. [18], Singh et al. [19]. In recent
times, Abdel-Basset et al. have studied a novel neutrosophic approach [20-23] in many areas, in other
words, information and communication technology. In the meantime, Salama et al. [24, 25]
investigated the notions of generalized neutrosophic set (VS) and Intuitionistic neutrosophic set
(JFS). Respectively, Hur et al [26, 27] brought to light classifications neutrosophic H-set (N'hS) and
(IVCS) as well as neutrosophic crisp as they scrutinized them in a universe topological position. Still,
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Salama and Alblowi [28] displayed neutrosophic topology in as much as they claimed a number of
its features. Wang et al [29], among many others, shaped the single-valued neutrosophic set concept.
Presently, Kim et al grappled with a neutrosophic partition single-value, neutrosophoic equivalence
relation single-value and neutrosophic relation single-value. The notion of single-valued
neutrosophic ideal, single-valued neutrosophic ideal open local function and single-valued
neutrosophic ideal open compatible are explored in (2020) by Saber et al [30, 31].

This paper is arranged as follows. Preliminaries of single-value neutrosophic sets and
single-valued neutrosophic topology are reviewed in Section 2. In Section 3 and 4, we obtained very
important relevant topics and results such as single-valued neutrosophic ideal closed sets in Sostak
sense and single-valued neutrosophic ideal continuous (SVNJ — continuous) mappings,
single-valued neutrosophic continuous (SVN — continuous) mappings and investigated several
characterizations of these crucial topics and ideas. These mappings are obviously considered to be
generalizations of fuzzy ideal continuous mappings, introduced by Saber et al [32] In Section 5, we
obtained very important relevant topics and results such as single-valued neutrosophic ideal closed
sets (r-SVNSO) in Sostak sense and SVN'J — continuous. We have arrived to notable definitions
theorems, and counter examples in detailed analysis to examine some of their substantial
characteristics and to explore the best results and imports. We can safely claim that diverse decisive
concepts in single-valued neutrosophic topology were established and generalized in this article.
Distinct aspects like continuous and ideal continuous which have a major effect on the overall
topology’s notions were also considered.

Original aspects and credits of this article juxtaposed to pertinent recent research on groups
related to it are very worthwhile. This study deals with continuous and ideal continuous of
single-valued neutrosophic topological spaces (SVV'TS) in Sostak sense. The great import of this
study is the introduction of the concept of r-single-valued neutrosophic open (r-SVNSO). The
researchers secure some of its basic properties. Moreover, as an application, we give a multicriteria
decision making for the combining effects of certain enzymes on chosen DNA.

2. Preliminaries

Here, in this section, we consider the fundamental concepts of single valued neutrosophic sets
(briefly, SVNV'S), single valued neutrosophic topological spaces (briefly, SVNTS) and single-valued
neutrosophic ideals (briefly, SVN7J). Although Section 2 is considered as a background for the

material included in this paper.

Definition 2.1 [33] Suppose that ¥ is a non empty set, then § = {(w, Vs fs fis): w € f}, is called a
neutrosophic set (briefly, V'S) in ¥, where, [is,fis,Vs and the degree of non-membership (namely
fis(w)), the degree of indeterminacy (namely fis(w)), and the degree of membership (namely
¥s(w)), forall w € T to the set S.

A neutrosophic set § = (w., Vs, fis, fis: @ € ), can be identified as (s, fis, fis) in |70,1*] in .

Definition 2.2 [35] Suppose that § and € are NV'S§’s of the form § = {{(w, Vs, fis, fis): € T} and € =
{{w, Vs, fis, fis): ® € T} Then, S < &, iff for every w € .

inffis (w) = inf 7 (w), inffis(w) = inffig () and inf¥¢ (w) < infy, (W),
sup 7s(w) = sup 7g (@), sup fs (w) = sup fs (w) and supys (w) < sup ¥ (w).
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Definition 2.3 [29] Suppose that S is a space of points (objects) with a generic element in ¥
denoted by w. Then, S is called a single-valued neutrosophic set (briefly, SVN'S) in &, if § has
the form § = (s, is, fis), where s, s, fis: T - [0.1].

In this case, 7s,7s,fis are called truth-membership mapping, indeterminacy-membership
mapping, falsity-membership mapping, respectively, and we will denote the set of all SVN'S’s in T
as I

Moreover, we will refer to the Null (empty) SVN'S (resp. the absolute (universe) SVN'S)in ¥ as
Oy (resp. 1y) and define by 0y = (0,1,1) (resp. 1y = (1,0,0)) for each w € T.

Definition 2.4 [29]. Let S = {(w, 75,75, s): @ € T} be an SVN'S on T. The complement of the set
S (in sort,S5¢) maybe defined as, for all w € ¥

Vse(w) = fs(@), fise(w) =1 —1fs(w) and fise(w) = ¥s().

Definition 2.5 [34]. Let S, € € SVN'S(Z). Then,
1. S§cé&, if forevery w € g,

fis(@) 2 fle(w), fAs(w) = fie(w) and 7s() < 7e(w),
2. wesay S=EifSc€and S§2¢€.

Definition 2.6 [35]. Let S, € € SVN'S(Z). Then,
1. §NnEisa SVNS in T defined as:
SNE=(FsNVe s Ulg, fis U flic).

Where, (fis U fle)(w) = fis(w) U fg(w) and (75 N 7e)(@) = 7s(w) N 7e(w), forall w € .

2. SUE isan SVNS on T defined as:
SUE=(FsU¥e fls Nijg, fis N ).

Definition 2.7 [28] Let S € SVN'S(Z). Then.
1. The intersection of {S;:j €A} (briefly, Njea S)) is SVN'S over T defined as: forall w € &,

s )@ ={()7@. |Jas@. | )

Jen jea jea jen

2. The union of {S;:j €A} (briefly, Ujen S;) is SVN'S over T defined as: for all {S;: j €A},
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Us)@={Jmw [V [)is@ )

jea jea jea jea

Definition 2.8 [30]. Suppose that ¢t,s,k € I, and s+t + k < 3. A single-valued neutrosophic point
(briefly, SUN'P) x., of T isthe SVNS in I* for every w € S, defined by
_((s,tk), if x=w,
X5 (@) = {(0,1,1), if x=w.
A SUNP xg. is said to belong to a SVNS § = {(w, Ps,fls, fls): w € T} € g, (notion: x,,, € S iff
s <7Js, t =fs and k = fIs), and the set off all SVNP in T denoted by SVNP(Z).

Definition 2.9 [36] Suppose that (£7,%7,%#) be the collection of SVN'Ss over ¥;then (#7,%7,%F) is
called SVNT on ¥ if (#7,%7,##) satisfies the following axioms:
L (=@ =1 and i7(0) =#"(1) = #(0) = (1) =0,
2. (S NE=(S)NEV(E), 1S NE) <TI(S)UTT(E) and (S N &) < t#(S) U T#(E), for
every §,€ € Ii,
3. T"(Ujen 8) =Njen T7(S)), TT1(Uien ) SUjen T1(S;) and T (Ujen S;) <Ujen T7(S)), for every
(s;, jeayel*.
The triplet (Z,%7,%7,##) is called SVN'TS, where 7,7, #%: ] TSI Occasionally, we will write 777

for (#7,%7,#") and it will cause no ambiguity.

Theorem 2.10 [30] Let (&, t¥"") be an SVNTS. Then, for all § € 1T and re Iy, we can define

operator C.yip: % x Iy » IT as follows:
Com(S.r)=NEEITS<E, FTA-=2r, F11-E<1-1 FFA-E<1-1)
Then, (&, C,77a) is an SVNCS.

Definition 2.11 [30] A map 77,77, 7%: 1% > [ is called SVNJT on  if it satisfies the following three
conditions:
1L 770)=7%(©) =0 and 77(0) =1,
2. If § <& then 77(&) = 77(8), TA(E) = TA(S) and F7(€) < T7(S), forall S,€ € I
3. JISuE)<TNE)UTIE), TFSUE) <THS)UTAE) and T¥(SUE) = T(S)NTY(E),
forall §, €€ Iz,

The triple (&, #YF,J7TH) is called a single-valued neutrosophic ideal topological space (briefly,
SVNITS).

Definition 212 [30] Let (F,777%) be a SVNTS for each S €I¥. Then the single-valued
neutrosophic ideal open local function §;(£V7%,JYTF) of S is the union of all single-valued
neutrosophic points xg,, such that if € € Qi (xs.p,7) and ¥ (D) =7, J1(D) <1-1, J#(D) <
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1 —r, then there is at least one w € ¥ for which F¢(w) + 75(w) — 1 > p(w), fe(w) +fs(w) —1 <
fip(w) and fig(w) + fs(w) = 1 < fip(w).
Occasionally, we will write S for 87 (#¥7F,7¥7") and it will be no ambiguity.

Remark 2.13 [30] Suppose that (%, TV"“,JV’”‘) isan SVNITS and S € I%. Then we obtain;

Clym(S,m) =S US,  intm(S,r) =S A[((H))]

Theorem 2.14 [30] Let (%, 7777, 771) be a SVNITS and 777F, 77" be a SVN'J on T.Then
1. If § <&, then §) < S;;
2. <3, 7237 and 77 = 77, then s; (@, ¢y > 53 (G, £,
3. & = Cn(Sr,m) < Cymu(S,7),
4. (SHE<Sy,
5. (S;VEN =SV,
6. I3 =r, 1) <1—r,and FA(E)<1—71 then (SVE) =S8 VE =S,
7. ItV (&) =>r, #1()<1—r,and () <1 —71,then (EAS)) < (EAS);,
8. (S;AED = (SAE)L

3. Single-Valued Neutrosophic Ideal Closed Sets in Sostak Sense

The aim of this section is to define the r-single-valued neutrosophic ideal open (briefly,
r-SVNIO), r-single valued neutrosophic semi-open (briefly, r-SVNSO), r-single-valued
neutrosophic f-open (briefly, r-SVNBO) and r-single-valued neutrosophic pre-open sets (briefly,
r-SVNPO) in the sense of Sostak.

Definition 3.1. A single-valued neutrosophic set § of an SVNITS (&, #77H, JV17) is called:
1. r-SVNIOif § < intymu(S), 1), for v € Iy,

2. r-SVNSOif § < Cmu(int,yu(S,7),7), for every r € I,

3. r-SVNBOif forevery r € Iy § < Cymu(int,yin (Ci_?’ﬁﬁ(s, r),r),r),

4. r-SVNPOif § < intymu(Coin(S,7),7), forevery r € .
The complement of r-SVNIO (resp. r-SVNSO, r-SVNBO, r-SVNPO) is called r-SVNIC (resp.
r-SVNSC, r-SVNBC, r-SVNPC).

Remark 3.2. r-SVNO and r-SVNIO are independent notions
Example 3.3. Let ¥ = {a, b}. Define &;,&,,&;,D;,D,,D; € 1T as follows:
=((0-5,0-5),(0:5,0:5),(0-5.0:5)), & =((0-4,0-3),(0-4,0-1),(0-1.0-2)),

=((0-1,0-3),(0-4,0-1),(0-50-4)), D, =((0-4,0-4),(0-4,0-3),(0-2,0-2)),
=((0-2,0-2),(0:2,0-2),(0-1,0-1)), D3 =((0-1,0-1),(0-1,0-1),(0-1,0-1)),

Define YT, j¥1 : 1T 5 I as follows:
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1, if § =(0,1,1),

1' lf‘s = (0’1’1); 1
(S) = 1 if § =(1,0,0), F(s)y=13 fS=Dy

2! lfS 81! kg‘ lf9<S<D1,

0; lfS = (0,1,1); ;), lfg = (0’1’1)1
T(S) = 2’ if § = (1,00), 71(s) =47 if $ =Dy,

2’ f5=8& 7’ if 0 <S8 <D,

0, if s =(0,1,1), (1’ if $ =(0,1,0),
TH(S) = (1)' if § = (1,0,0), FEES) ={7" if § =D,

p— — 1

2; lffs 53: Z’ lfQ<S<D2

Then, &, is -SVNIO but #7(;) =+, #7(&;,) =1 £ 5 and (&) = 1 £ 7 is not --SVNO.

Lemma 3.4. Let (&, V7%, J71%) be a SVNITS. Then,
1. any union of r-SVNIO sets is r--SVNIO,
2. any intersection of r-SVNIC sets is r-SVNIC.

Proof
1. Let {§;, j €A} is a family of r-SVNIOs. Then, we obtain, §; < int.yz((S;);,7), and hence

foreach w € §,

Y 75,@) SV, Fune (557D S ey (Y, (535 7(@) < Ty (Y, $)57)(@),
ng ﬁSj (O)) 2]¥A ﬁint%ﬁ (‘S‘rl T') ((1)) 2 ﬁi‘ntfﬁ (]gA (5])7" T') ((IJ) 2 fil‘ntij‘, (<]¥A Sj)‘r‘: T) (w)/

Y 75y (©) 2 Y, Fine 1 (55,7)(©) 2 int (Y, ()1 1)(@) 2 e, (Y, $)7,7)(@).

Therefore, Vjea S; < int,yiu(Vjea Sj,7) Hence, Vjea §; is --SVNIO.

2. Similarly to (1).

1. If S isr-SVNIO, t¥(&) =, #1(§) <1 —7r and ##(§) <1 —r1, then, S N € is r-SVNIO.
2. If $ist-SVNIC, #?7(1 - &) =1, 11— &) <1-r and tF (1 - ) <1 -1, then, SUE is
r-SVNIC.

If § is both r-SVNIO and r-SVNSC sets, then § = int.y7z (S, 7).

If $ isr-SVNIO and § < € < C,y5(S,7), then € isanr-SVNBO set.

S N intymu(S;, 1) is an r-SVNIO set.

If § isr-SVNIO, then § N Coyr(E,7) < (S N E)F, for every € is r-SVNSO.

If S isr-SVNIO, #VTH(RC) > r, #*TE(R) <1 —r and #*F1F(RS) < 1 —r, then

N o g ®
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intyan(S,7) = intyam(Sy, 7).

8. If § isr-SVNIC, then § = (intymu(S,7))7-
Proof.
1. Since S isr-SVNIO and #7 (&) =1, t1(§) <1-71, t#() <1 -7, foreach w € &,
Ters) < Venint gy (str) (w) < ]7inti_7((6/\s,f),r) (w) < Vint 5 (€rs)pr) (w).
flens (@) = flenine g (str) (w) = ﬁintﬁ((a\s;),r) (w) =2 Tline_(Ers)pr) (w).
fiens (@) Z fenint gy (str) (@) 2 Fine_g(ensh (@) Z Hine_j ersyzr (@)
Thus EAS < intya((E AS)y, 7). Hence, EAS isan r-SVNIO set.
2. ltis easily proved by the same manner.

3. Since S isboth r-SVNIO and r-SVNSC, then for each w € & and foreach w € &
(Theorem 2.14.(3)), we have

75(0‘)) < Vi‘ntff,(&;f,r) ((‘)) < yint~]~,(c~]~,(5,r),r)(w) < )75(00)/
fs(@) 2 flint 5 (57 (@) 2 ﬁintﬁ(aﬁ(s,r),r) () = 7ls(w),

fs(w) = flint g (s7r) (w) = ﬁint%ﬁ(ciﬁ(s,r),r) (w) = fs(w).

Thus, § = intymm(Sy, 7).
4. Similarly to (3).

5. Since, intyu(Sy,1) = 8¢ N intywu(Sy, 1), for each w € $ and as we obtained by

Theorem 2.14(7), such that for each w € T. Then we have,

Vint#(é‘r*,r) (w) = V(Srwint#(é‘,f,r));(w): ﬁintf;’(é‘.ﬁ.r) (w) = ﬁ(sninti_ﬁ(s,f,r));(w)/

Rint s (st.r) (w) = ﬁ(snint%ﬁ(sﬁ,r));(w)-
Thus,

Vsnint#,(sr*,r)(w) < ?Rnintﬂ((Snintﬁ(s,f,r));,r)((1)) < Vine g (snint 5 (S5 r)r) (w),

ﬁaznintﬁ(s;,r)(w) 2 Tlsnint g ((snint 5 (57 r)3r) (w) = fline g (snint g (s£r)Yer) (w),
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/:ZRninti_ﬁ(S;.,)(w) 2 [rnint g ((snint g (57.r)7r) (w) = Fint_g((snint 5 (57.r)3m) (w).

Hence, § N int y7u(S;, 1) < int,yau((S A inta(Sy,7))7,. Therefore, S N int 7 (S, 7) is r-SVNIO.

6. Let € ber-SVNSO. Then C 371 (E.7) = C g (int 5z (E.7).7) and by Theorem 2.14(3,7),

for each w € § we have,
Vsncyer) = Vint g (st.rinc s (int yEr)r)

= Ve y(staint g (£0),1)

= Ve gsnopn = Visrers

Nsnc_z(er) P Nint 5 (57 INC g (int 5 (E1)1)

= ﬁcﬁ, (SEAInt_5((€1)7)

2 ﬁci_ﬁ((S/\E);,r) = Ti(sneyss

Asnc_ger) 2 Rint_g(rnc glint g Er)r)

g ﬁcfﬁ (S;’/\intfﬁ (€M)

2 fe_psnerpm = Fsney-
7. Similarly to (6).
8. Let § ber-SVNIC. Then, §¢ < int.ymu((S)7, 7). Since, 8 < C.ymu (S, 1), by Theorem

2.14(3),
SC

IA

int,yan ((S7)°T)
intyin(Comn(SS,7),7)
= (C,n(intarsp(S,7),1))C.
Then, Cpna(intyrzn(S,1),7) < 8. Thus, int yu(S,7); < Comu(intpm(S,1),1) < 5.

IA

Theorem 3.6. Suppose that (X, #77F,J7TH) is a SVNITS, for each S, € IZ. Define the operator

ICynn: % x I, = I as follows:
ICHw(S,7) = N{E € IF|S < &, Eisr — SVNIC set}.

Then, for each r € I, the operator JC.ysu satisfies the following conditions:
1. 7Cm((0,1,1),7) = (0,1,1),
2. 8§ <ICamwm(S,1),
3. ICHwu(S,7)VICwu(S, 1) < IC7m(SVE,T),
4. ICHp(ICHwm(S,7),7) = ICHuu(S,T),
5. § isr-SVNIC, iff § = ICy7u(S,7),
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6. If Can(S,1) is r-SVNIC, then C.ymn(IC 77u(S,7),7) = ICmu (Coymn(S,7),1) = Coin(S, 7).
Proof. It is trivial.

Theorem 3.7. Let (F,#77E, 571h) be a SVNITS, for each S,€ €%, we define the operator

Jint yup: % x I, = I as follows:

Jintgau(Sr) = N{E € IF|S < &, EisT — SVNIO set}.
Then
1. Jintymu(S, 1) = (ICHmm(S,1))¢,

2. Jintymu(S,7) <8 < ICHm(S,7),

3. § isr-SVNIO iff Jint.ymu(S,7) =S,

4. Jintymu(S,7) =8 Nintyau(Sy, 1),

5. Jintywu(S,7) = (0,1,1) if and only if int.ymm (S, 7) = (0,1,1),
Proof.

(1), (2) and (3) are trivial form the definition of Jint y5 and JC yn.

(4) By Theorem 2.14(7), we have

Vine g (str) = Vsgnint y(sir) = Visnint g (570
fine g (st.r) = Nsgnine gstr) 2 Nsnint 55t
Hine g (spry = A Nintp(55) 2 [snine g (st
This implies that
?SAintiv(Sr*r) s )757Ainti_7((SAinti_?(S,f,r)),’i,r) s Vintiy((sl\intiy(Sr*,r))i.r)'
ﬁé‘/\intﬁ sty = ﬁSl\(S/\int%ﬁ((Sr*,r));,r) = ﬁint,[ﬁ((S/\intfﬁ(s}‘,r));,r)r

Asnint g(st.r) Z Bsasnine g ((strnir) 2 Bint g(Saint g (S5
Thus, § Aint gmu(Sy,7r) is r-SVNIO, then § A int y7u(S7, 1) < Jint sz (S, 7).
For each € is r-SVNIO set and € <§ then by Theorem 2.14(1), we have & <S;, and so,
intyau(Er, 1) < intymn(Sy, 1),
E < S Nintgmn(E5,7) < 8 A intyiu(Sy, 7).

Thus, Jintymu(S,1) <8 Aintgmu (S, 1).

(5) Let Jint ywu(S,7) = (0,1,1). Then, § A intymu(S;, 1) = (0,1,1), implies that C.ymu (S A
intz(S7,7),7) =(0,1,1) and C.y7u(S,7) A intymu(S), 1) = (0,1,1), by Theorem 2.14(3), C.y7a(S,7) A
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intyn(S7,7) = intya(Sy,7) = (0,1,1).

On the other hand, let inty7r(S7,7) = (0,1,1). Then § Aint.ysu(Sy,7) = (0,1,1). Hence, by (2),
Jintyme(S,7) = (0,1,1).

4. Single-Valued Neutrosophic Ideal Continuous Mappings

We introduce the notions of single-valued neutrosophic continuous (briefly, SVN'-continuous)
(resp. single-valued neutrosophic ideal continuous (briefly, SVNNJ -continuous), single-valued
neutrosophic ideal-open (briefly, SVNJ -open), single-valued neutrosophic 7 -closed (briefly,
SVNI-closed), single-valued neutrosophic pre continuous (briefly, SVNP-continuous)) mappings.
Also, we obtain new decompositions of SV -continuous in SVNITS in Sostak Sense.

Definition 4.1. Suppose that f: (&, #""F,J71%) > (3,67"F) is a mapping and r € I,. Then, f is
called: SVN'I-continuous iff f~1(S) is r-SVNIO in X for every £ € I3, 67(S) =1, 671(S) <1 -7,
) <1-r,

Definition 4.2. Suppose that f: (&, #77%) - (3, 7%, J71%) is a mapping and r € I,. Then, f is said
to be:
1. SVN7-open iff f(S) is r-SVNIO in § for every € €I, i7(S)=r, i1(S) <1-r and
tHES)<1-r,
2. SVNI-closed iff f(S) is r-SVNIC in § for every € € IF 7S >r, $1(89)<1-r and
tHESH<1-r.
Definition 4.3. Suppose that f: (&, #7T# > &, 6717 isa mapping and r € I,. Then, f is called:
1. SVN-continuous iff f~1(S) is -SVNO in ¥ for every £ € I3, FV(S)=>r, 61(S)<1—r
and 6*(8) <1-r,
2. SVNP-continuous iff f71(S) is -SVNPO in ¥ for every £ € IS, G7(S) =1, 671(S) <1—7r

and G*(S) <1-r.

Remark 4.4.
1. SVNJ-continuous = SVNP-continuous,

2. SVNL-continuous and SVJV-continuous are independent.
Example 4.5. Suppose that g = {a, b}. Define &;,&,,&5,C1,C,,C5 € 1T as follows:

& =((0-50-4),(0:50-5),(0:9,0:6)), & =((0-4,0-4),(0-1,0-1),(0-1,0-1)),
£, =((0-3,0-1),(0-1,0-1),(0-1.0-4)), €, =((0-4,0-5),(0-5,0-5),(0-6,0-9)),
€, =((0-2,0-2),(0-2,0-2),(0-1.0-1)), C3=(0-1,0-1),(0-1,0-1),(0-1.0-1)).

Define £YTE JYIE VIR . [T 5 | asfollows:
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Define f: (&, tVTE, JY1H) — (5, 577F) as follows f(a) =b and f(b) =a. If J7(C,) zg,

1 .
E, lf 5281,

1, if §=0,1,1),
f?(g) — {1, if §=1(1,1,0),
{O, if §=4(0,1,1),

#1(s) =40, if § =(1,1,0),
1,
E, lf S = 82,
0, if §=(0,1,1),
2 if S=6&,
2
1’ lf 5 = (011I1>l
1,
UOERET if $=0C6,
2 if 0<s<cy
:]77(5) =

1: lf ‘S = <0:1;1)5

5)7(5) —J1, if §=(1,1,0),

1 .,
E, lf 5=Cl,

0, if S=1(0,1,1),

5.?7'(5) =10, if §=(1,1,0),

1 .,
E, lf SZCZ,

0: lf S = <0)111);

& (S) = 0, if §=(1,1,0),

1 .
E, lf S = 63,
0, if s=(0,11),

1

i)y =47 if §=Cy
S if 0<8<Cy
if S = <011;1)1
if =0,
if 0<S<Cs.

Jney) =

1—-and J7(¢;) <1—3. Then f7(€;) =((0-5,0-4), (0-5,0-5), (0-9,0-6)) is -SVNO in Z.

Thus, f is SVN-continuous. However, it is not SVN'J-continuous.

Theorem 4.6. Let f: (&, #""TFYTF) - (3,677%) be a mapping and r € I,. Then the following are

equivalent.

1. f is SVNJI-continuous.
2. For any x.., ESVNP®), V() =r, §1(S)<1-r and F#(S)<1-r containing
f(x5¢x), there exists -SVNIO set € such that x., €&, f(E) <S.

Forany 67(S€) =1, 67(S°)<1—r and #(S¢) <1—71, f~1(S) is r-SVIC set.

Coma(F 1S5 1) < fH(Copna(S), 1), forany S € I3.
f(Camu(EF,1)) < Capnu(f(E),7) forany and € € I7.

Proof.

1) = ()

For any x,., €ESVNP®X), 6"S)=r. 671(8)<1-7r and F(S)<1-7.

SVNI-continuity of f we have £ = f~1(8) is an r-SVNIO set and for any w € ¥

s < T (@) =Fe(w), t2Tp15(0) =Te(w), k=15 (0) = fe(w).

By
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Hence, f(€) <.

(2)=(3): Suppose that F¥(S) =7, F1(S)<1—71, FH(S)<1-r and x,.4 € f 21— 8), by
(2). There exists r-SVNIO set € € IT and X5k € € such that f(£) <1— 8. Hence, forany w € ¥

§ <Ve(@) < Vine ygn(W) < ?int_ﬁ((f_l(sc));,r)(w)/
t = flg(w) = ﬁinti_.;](E,*-,r) (w) = ﬁintfﬁ((f'l(sc));,r) (),

ke 2 fig(@) 2 fine g (65,0 (@) 2 Bine_g(r-155m) (@)
Hence f71(8¢) < intyyma((f~*(8));, 7). Then f71(S) = (f71(5))¢ is r-SVNIO set in T. Thus,
f71(S) is r-SVNIC set in E.
(3)=>(4): For any § € IS and 7€ Iy, since ay((C (S, r))) =1, J”((C (5, 7)°) <1—-r and
a“((C 2(S,1)°) <1 —r,by (3), we have f~*(Co7u(S,1)) is r-SVNIC set. Hence,

FHComn(5,7)) = Comn((F (Coman (8,1 )5, 7) = Commn(FH(S, 73T,

(4)=(5): For any € € I and r € I,. Put f(€) = S. By (4), we have,
Comn(Er,7) < Comm((FH(F O 1) < f7H(Cormn(f(E),7)).
It implies f(Can(Er, 1)) < Cormnn(f(E), 7).

(5)=>(1): Let 67(§) =1, 671(€) <1 —r and 6#(€) < 1 —r. Then by (5) and Theorem 2.14(3), we
have,

fCamn((FTENHT) < Comm(F(fTH(ED), 1) < Coym(EC,T) =

Therefore, C.yan((f*(E9));,7) < f7'(€°) . This show that f~'(€) is r-SVNIO set. Thus,

SVNJ-continuous.

Theorem 4.7. Suppose that f: (T, #77%,JV1E) > (5,67
and 7 € Iy. Then the following are holds:

i) is SVNJ-continuous for all S € B.cel®
1. (intama(f~1(8), )y < f71(Sy), for every [r-single valued neutrosophic x-dense-in-itself
S < S

2. f(intzwn(E,1))r < (f(E));, for every [r-single valued neutrosophic *-prefect (€ = &)].

Proof.
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1. For every Sen by Theorem 2.14(3), we obtain Cyr(Sy.7) =38y, this implies that,
FT((SH) =1, T9((8)°) = and 7((57)) = r. Then by Theorem 4.6(3), we have f~1(87)
is r-SVNIC set in ¥ . Thus, by using Proposition 3.5(8), we have f~1(8}) =
(intzmn (f ~1(S7).7))r. Hence,

F7HS)) = (intyme(f (S5, )r = (intzaa(f~1(S),1)5
2. Forevery €€ Fand re Iy, Put § = f(&) from (2). Then
FHUENN = (ntgma(f (), 1))y = (intzan(E,1))5-

It implies f(intymz(E, 7)) < (f(E));-

Then,
1. f(intym (C;Wg* (8,7),1)) < Camn(f(S),r), for each r-SVNIO S € =
2. intgua(Clhmp(f7H(E),1).7) < fH(Covmn(E,7)), for each [r-r-single valued neutrosophic

*-dense-in-itself € € 15].

Proof.
1. LeT S€I% be a r-SVNPO. Then § < int.ywu(Sy,7). Hence, by Theorem 4.6(5), we

obtain
f (intﬁﬁﬁ(@?ﬁﬁ(& T),T)) < f (int,pma (Clma (intym (S5, 1),7),.7))

< f(intzan (Clomn(S7,7), 1))
< f(Coan(S7, 7)) < Commn(f(S), 1),

1. Let E€1S be r-r-single valued neutrosophic *-dense-in-itself. Then £ < £. By Theorem
4.6(4), we obtain,
int i (Clmn (f 71(E),7),7) < intyymm(Coma(f(E),7),7)
< intgyam(Copm (f 71 (E7,7),7),7)
< Comu(f 1 (EST),T) < fH(Comu(E, 1)),

Theorem 4.9. A mapping f: (T, i717) - (§, 677, 717 is SVNI-open iff for every S € IS and for
each # (&) >r, #1()<1—7r and T#(€) <1—7 such that f~1(S) <&, there exists D €IS is

r-SVNIC set containing § such that f~1(D) < €.

Proof. Obvious.
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Theorem 4.10. If f:(Z,77F) - (§,6Y7%,J71) is SVNI-open, then the following properties are
holds:
L [ (Comma(intlymu(S,7).7)) < Copmn(f~H(S), ) for allg?(S) =2 1. 67(S) <1—r and 67(5) <
1-—r.
2. fHClwma(E,1) < Cmn(f1(E),7) forall 67 (€) =7, 67(€)<1—r and G7(§) <1-7.

Proof.

1. Since,
T (Crm(f1(S), ) =7, F(Camn(f (S, N <1—7, F(Coma(f S, T)))<1—71
for each § € I3. By Theorem 4.9, there exists D € IS is r-SVNIC set containing § such that
f1(D) < Comm(f1(S). 7). Since D€ is r-SVNIO set, f~1(D) < f~ (intz77u (D)7, 1), we
obtain,

(T @D)° < fH(intgrm (D)7, 1) < fH((Intpmm (Clymu (D)7, 1)
< f_ (lnt~ynu(Cl ynu(caﬁﬁ(@cy 7), 7'); T))

<~ (C yan(int ; ( ~7111 @D,7), 7') )"

Since § < D, we obtain,
f~ (C~yr]y_(lnt~yny_(5 ), r)) < (., yw(lnt~yw(lnt wa(D,7),7),7))
< fHD) < Cmn(f7H(S), 7).
Hence, f™(Cpyan(int ymm(S,7),7)) < Comn(f (S), 7).

2. Foreach 67(§) =1, 671(§) <1—r and 6F(§) <1—r.By (1), we have

FHCLmn(E1)) < FH(Commm(E,7) < F7 (Copma(intpan(€,7),7))

< £ (Commn(intsn(€,1),7)) < Comn(F1(E),1).

Theorem 4.11 below, is similarly proved as Theorem 4.10.
Theorem 4.11. If f: (&8, #77F) > (§,677F, V) is SVNI-closed, then the following properties are
holds:

L f(intwam(Clymp(S,1).1) < Cymua(f~1(S),7) , for each GV(S)=>r, 61(S)<1—r and

Sy <1-r.
2. fH(intlmp(E, 1) < intgma(f1(E), 1), for each 67(E€) =7, 6T(EC) <1 -7 and 67(£°) <
1-r.
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Theorem 4.12. The following hold for the mappings f: (&, /"%, 37" - (3,7, 77™) and
g: QT > I,
1. gof is SVNJ-continuous if f is SVNJI-continuous and g is SVN'-continuous,
2. gof is SVNP-continuous if f is SVNP-continuous and g is SVNI-continuous,
3. gof is SVNJ-open if f and g is SVNT-open, f is surjective and g(S;) < (g(€))y for
each § < €&.

Proof. Straightforward.

Remark 4.13. The composition of two SVNJ -continuous mappings need not to be a

SVNI-continuous.
Example 4.14. Suppose that g = {a, b}. Define &,&,,&5,C4,C,,C3 € 1T as follows:

€3=((0-2,0-2),(0:2,0:2),(0:2.0-2)), €; =((0-2,0-2),(0-2,0-2),(0-2,0-2)),
C,=(0-1,0-1),(0-1,0-1),(0-1.0- 1)),

Define ;™)™ £¥™ 57, 37" IF > I as follows:

1, if §=(0,11), 1, if §=1(0,1,1),
() = 1,1 if §=(1,1,0), #(s) = 11 if §=(1,1,0),

2’ if‘s:gl: 3 if5=€2,

0, if §=1(0,1,1), 0, if §=¢0,1,1),
£(S) = {01 if §=(110) () = {0,1 if §=(1,1,0),

o if §=¢&, S if §= &

0, if §=(0,11), 0, if $=(0,1,1),
i(s) =10 U §={110) #(s) =10 if §=(110)

S if S=¢&, S if $=6&,,

2 2

1, if §=4(0,1,1), 1, if §=1(0,1,1),
£(8) = 1 if §=(110), #(s) = 11 if §=(110)

=, if § =&, =, if §=6,,

2 2

0, if §=¢0,1,1), 0, if §=1¢0,1,1),

E, lfS=(€3, E, ifS:, 62
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0, if $=(0,1,1), 0, if $=(0,1,1),
t($) = (1 if §=(11,0), HOE (1 if §=(11,0),
S if S=6, S if S=6,
1, if $=(0,1,1), 1, if $=(0,1,1),
= 1, o 1, _
HOERET if $=¢y, 7S =13 if §=2¢,
S if0<s<e, 2, 0<8<Cy,
0, if $=1(0,1,1), 0, if $=(0,1,1),
~ 1, o 1, _
7 ={3 i s=C Jis)y=1{3 if $=6,
Lif0<s<e S if 0<5<C,
0, if $=1(0,1,1), 0, if $=(0,1,1),
- 1, . 1, _
7#(5) ={7 if §=2¢Cs gél(é‘) ={7 if $=2¢C,
L ifo<s<e S if 0<S<C,

The identity mappings idy: (X, f{"“,j}/"”) - (Y, ‘Z'ZW) and idy: (Y, f;’"”,ﬂ/"“) - (Z, ‘EZW) are

SVNJ -continuous. But the identity mapping idy: (X L EVTE grTE ) - (7™ is  not

SVNT -continuous because, ‘EZ(&}) = %, ‘Ez(£3) <1 —i , ‘Ef(Eg) <1 —i and (E3)1 =(0,1,1) and
2

(€ % int g (€32
2 2

Propositions (4.13) and (4.14) are similarly proved from Theorems (4.6) and (4.8),

respectively.

equivalent.
1. f is SVNJ-continuous.
2. f71(S) isr-SVNIC for each 67(5¢) =71, 671(§¢)<1—7r and 6#(S¢) <1 -,
3. fICHmu(S,1)) < Cayn(f(S),7), foreach r € I, and S € &3
4. ICma(fH(ET)) < T (Cyrnn(E, 7)), foreach r € Iy and € € I3,
5. f7'(intgmu(E, 1)) < Jintgma(f~1(E.7)), foreach r €I, and € € Is.

Proof. Obvious.
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hold:

1. f iscalled SVNI-closed.

2. fACwwm(S,1)) < Cain(f(S),7), foreach r € Iy and S € &3

3. for any S€IS and (&) =7, A7(E) <1—7 and A7(E) <1—r such that f1(S) <€,
there exists a r-SVNIO set D € I3 with § <D such that f~1(D) < €.

Proof. Obvious.

6. Conclusions

In this paper, the author has made a study of the r-single-valued neutrosophic ideal open
(r-SVNIO), the idea of r-single-valued neutrosophic f-open (r-SVNO) and r-single-valued
neutrosophic pre-open sets (r-SVNPO) in the sense of Sostak, which are different from the study
taken so far and obtained some of their basic properties. Next, the concepts of a single-valued
neutrosophic continuous (resp. single-valued neutrosophic ideal continuous, single-valued
neutrosophic J -open, single-valued neutrosophic 7 -closed, single-valued neutrosophic pre
continuous) mappings were introduced and studied and too obtained new decompositions of
SV -continuous in SVNITS in Sostak Sense.

Discussion for Further Works:
The theory can be extended in the following natural ways. One may study the properties of

single-valued neutrosophic metric topological spaces using the concept of basis defined in this

paper;
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1. Introduction

In 1965, Zadeh [1] defined the concept of fuzzy set (F'S). With the help of FS, defined the
concept of membership function and explained the idea of uncertainty. In 1986, Atanassov [4]
generalised the concept of F'S and introduced the degree of non-membership as an independent
component and proposed the intuitionistics fuzzy set (IFS). After that many researchers de-
fined various new concepts on generalisation of FS. Smarandache [2, 3] introduced the degree
of indeterminacy as independent component and discovered the neutrosophic set (NS).

After the generalisation of FS many researchers have applied the generalisation of fuzzy set
theory in many branches of Science and Technology. Chang [6] introduced the fuzzy topology
space (FTS). Coker [7] defined the concept of Intuitionistic fuzzy topological space (IFTS). In
1963, Kelly [5] defined the study of bitopological spaces. Kandil et al [9] discussed on fuzzy
bitopological space (FBTS). Lee et al [8] discussion on some properties of Intuitionistic fuzzy
bitopological space (IFBTS).

In 2012, Salama and Alblowi [18] introduced the concept of neutrosophic set (NS) and neu-
trosophic topological space (NTS) and in 2018, Riad K. Al-Hamido, [28, 29] defined the concept
of Neutrosophic Crisp Bi-Topological Spaces and Crisp Tri-Topological Spaces. Narmada Devi
R. et al [27] discussed on separation axioms in an ordered neutrosophic bitopological space

(NBTS). Ozturk and Ozkan discussion on neutrosophic bitopological spaces.

B. Basumatary and N. Wary, A Study on Neutrosophic Bitopological Group



Neutrosophic Sets and Systems,Vol.38,2020 E

In 2015, Sumathi and Arockiarani [10], defined the fuzzy neutrosophic group (FNG). After
defining neutrosophic group (NG) Sumathi and Arockiarani [22] defined the concept of topo-
logical group structure of neutrosophic set. Currently, neutrosophic set has been applying by
researchers in various field of Science and Technology as a tool for getting more appropriate
result. Abdel-Basset et al. [12] has applied neutrosophic as a tool on group discussion making
framework. Abdel-Basset et al. [13] done on work in solving chain problem using base-worst
method based on novel plithogenic model. Smarandache [39] extended neutrosophic set to
neutrosophic Overset, Neutrosophic Underset and Neutrosophic Offset. Smarandache [39],
in 2016, introduced Neutrosophic Tripolar Set, Neutrosophic Multipolar Set, Neutrosophic
Tripolar Graph and Neutrosophic Multipolar Graph. Salama [40] studied some properties of
topological space of rough sets with tools for data mining. Broumi et al. [41] introduced
the concept of rough neutrosophic sets. Parimala et al. [42] studied on aw-closed sets and
its connectedness in neutrosophic topological spaces. Pamucar and Bozanic [30] (2019) used
single-valued neutrosophic sets to propose projection-based multi-attributive border approxi-
mation area comparison (MABAC) method. In 2018, Liu et al. [31] studied on new extension
of decision-making trial and evaluation laboratory method (DEMATEL). Guo et al. [32] (2017)
extended the rough set model to neutrosophic environment and used to multi-attribute deci-
sion making (MADM) problem. Nie et al. (2017) [33] studied the Weighted Aggregates Sum
Product Assessment (WASPAS) method in the context of interval neutrosophic sets (INS).
Ye (2016) [34] introduced interval neutrosophic hesitant fuzzy set (INHFS). Pamucar et al.
(2018, 2019) [35, 36] studied application of linguistic neutrosophic number. Karaaslan (2020)
[37] introduced type-2 single valued neutrosophic set along with some distance measures. Neu-
trosophic number is used by Maiti et al. (2019) [38] to solve multi-objective linear programming
problem. Abdel-Basset et al. [24] recently studied integrated plithogenic MCDM approach
for financial performance evaluation of manufacturing industries. Abdel-Basset et al. [26] ob-
served on a novel framework to evaluate innovation value proposition for smart product-service
systems.

NS is used to control uncertainty by using truth membership function, indeterminacy mem-
bership function and falsity membership function. Whereas FS is used to control uncertainty
by using membership function only. NS is used indeterminacy as an independent measure of
the membership and non-membership function. As a result, NS is considered as a generaliza-
tion of F'S and intuitionistic fuzzy set (IFS) and shows more better result. NS is more necessary
to manage the real-life information which are uncertain and inconsistent in nature. In various
problem FS and IFS can not completely assured due to in exact inconsistent characteristic.

Therefore, NS shows more rational to design the membership function. By observing this we
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are going to do our research and try to study neutrosophic bitopological group (NBTG) by
using NS and try to prove some of their properties.

2. Preliminaries

2.1. Definition:[18]

A NS A on a universe of discourse X is defined as A = {(z, Ta(z),Za(x), Fa(z)) : x € X },
where T,Z,F : X — [0, 1]. Note that 0 < Ta(x) + Za(x) + Fa(z) < 3.

2.2. Definition:[21, 18]

The complement of NS A is denoted by A° and is defined as A°(z) = {(z,Tac(z) =
Fa(x),Zac(x) =1—Ta(x), Fac(z)=Ta(z)):z € X}.

2.3. Definition:[21, 18]

Let X # ¢ and A = {(z,Ta(z),Za(z), Fa(z)) : € X}, B = {{z,Tp(z),Zp(z), Fp(x)) :

T € X}, are NSs. Then
(i) ANB = {(x,min(ﬂ(m),TB(x)),min(IA(x),IB(w)),max(fA(m)
(i) AVB= {(x,max(ﬁg(m),TB(x)),
(ili) A< Biffor each x € X, Ta(x) < Tp(z),Za(z) < Ip(z), Fa(z) >

,.FB(x)),>:x€X}
maz(Za(z),Ip(x)), min(Fa(z), Fp(x)),):z € X}
Fp(x).

2.4. Definition:[21]

Let X and Y be two non empty sets and let ¢ be a function from a set X to a set Y. Let
A= {(z,Ta(x),Za(x), Falz)) : 2 € X}, B={{y,Ta(v),Zp(y), Fu(y)) : y € Y} be NS in X
and Y. Then

(i) ¢~1(B), the preimage of B under ¢ is the NS in X defined by
¢~ H(B) = {(z, ¢~ (T)(2), ¢~ (Tp)(2), ¢~ (Fp)(2)) sz € X}

where for all z € X, ¢ (Tp)(z) = Tp(f(2)), o (Ip)(z) = Ip(f(x)), ¢ (Fp)(z) =
Fe(f(z)).

(ii) The image of A under ¢ denoted by ¢(A) is a NS in Y defined by
¢(A) = (QS(TA)a ¢(IA), qb(]:A))a where for each u € Y,
{ Vo Ta), if o7 (u) # 0}

€~ (u)
0, otherwise

O(Ta)(u) =

z€¢~ 1 (u)
0, otherwise

V' Za(z), if ¢~ (u) #0
P(Za)(u) =
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Vo Falz), if ¢ (u) #0
O(Fa)(u) =< z€d~1(u)
0, otherwise

2.5. Definition:[19]

Let o, 8,7 € [0,1] and o + 3+ v < 3. A neutrosophic point x(, ) of X is the NS in X
defined by
(e, B,7), ifr=wu
() (W) = .
(0,0,1), if @ #u
A neutrosophic point is said to belong to a NS A = {(z, Ta(z),Za(z), Fa(z)) : ¢ € X} in X
denoted by z(45,) € A if @ < Ta(z), 8 < Za(r) and v > Fa(z).

};for each u € X.

3. Neutrosophic Group
3.1. Definition:[10]

Let (X,0) be a group and let A be a neutrosophic group (NG) in X. Then A is said to be
a NG in X if it satisfies the following conditions:

(i) Ta(zy) = Ta(z) A Tay), Zalzy) = Za(x) AZa(y) and Fa(zy) < Falz) V Faly),
(i) Ta(z™h) > Ta(x), Za(z™') > Za(z), and Fa(z™) < Fa(z).
3.2. Definition:[22]
Let X be a group and let G be NG in X and e be the identity of X. We define the NS G, by
Ge = {z € X : Tg(z) = Tg(e), Ig(x) = Ig(e), Fg(x) = Fg(e)}.

We note for a NG G in a group X, for every # € X : Tg(z~!) = Tg(x), Ig(z~ ') = Ig(x) and
Fg(z71) = Fg(z). Also for the identity e of the group X : Tg(e) > Tg(x),Zg(e) > Zg(x), and
Fg(e) < Fg(x).

3.3. Proposition:

Let G be a NG in a group X. Then for all z,y € X,
(1) Tglay™) = Tg(e) = Tg(x) = Tg(y)

(2) Zg(zy™") = Zg(e) = Ig(z) = Ig(y)
(3) Fglay™") = Fgle) = Fg(x) = Fg(y)

3.4. Proposition:

Let X be a group. Then the following statements are equivalent;

(i) G is neutrosophic group in X.
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(ii) For all z,y € X, Tg(xy™"') > Tg(x) A Tg(y), Zg(xy™") > Ig(x) A Ig(y), Fglay™') <
Fg(x) V Fg(y).

3.5. Definition:[10]

Let ¢ : X — Y be a group homomorphism and let A be a NG in a group X. Then A is said
to be neutrosophic-invariant if for any =,y € X,Ta(x) = Ta(y), Za(x) = Za(y) and Fa(z) =
Fa(y). It is clear that if A is neutrosophic invariant then f(A) € NG (Y). For each A €
neutrosophic group (X), let X4 = {x € X : Ta(z) = Ta(e),Za(x) = Za(e), Fa(zx) = Fale)}.
Then it is clear that X 4 is a subgroup of X. For eacha € X, let r, : X — X and [, : X — X
be the right and left translations of X into itself, defined by r,(x) = za and l,(z) = ax,

respectively for each x € X.

3.6. Definition:[18]

Let X be a non empty set and A neutrosophic topology is a family ¥ of neutrosophic subsets
of X satisfying the following axioms:
(i) 04,14 €%
(ii) GiNGe € T for any G1,G2 € T
(i) UG; V{Gi:ie J} C %
In this case the pair (X,T) is called a neutrosophic topological space (NTS) and any neu-
trosophic set in ¥ is known as neuterosophic open set. The elements of ¥ are called open
neutrosophic sets, a neutrosophic set F is neutrosophic closed set if and only if it C(F) is

neutrosophic open set.

3.7. Definition:[19]

Let (X,%) be a NTS and A be a NS in X. Then the induced neutrosophic topology on A
is the collection of NSs in A which are the intersection of netrosophic open sets in X with A.
Then the pair (A,T4) is called a neutrosophic subspace of (X, ¥). The induced neutrosophic
topology is denoted by ¥ 4.

4. Neutrosophic Continuity

It is known by [4] that f: (X,Tx) — (Y, Ty) is neutrosophic continuous if the preimage of
each neutrosophic open set in Y is neutrosophic open set in X.
4.1. Theorem:

Let (X,%Tx) and (Y,%Ty) be two NTGs and f: (X,Tx) — (Y,Ty) be a mapping , then f is

neutrosophic continuous if and only if f is neutrosophic continuous at neutrosophic point
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T(a,8,), for each z € X.
5. Neutrosophic Bitopological Spaces
5.1. Definition:[23]
Let (X,%7) and (X, T2) be the two neutrosophic topologies on X. Then (X, %1, T5) is called
a neutrosophic bitopological space (In short NBTS).

5.2. Definition:[23]

Let (X,%1,%2) be a NBTS. A NS A = {(z,7a(z),Za(z),Fa(z)) : =z € X}
over X is said to a pairwise neutrosophic open set in (X,7;,72) if there exist
a NS A = {(2,Ta(2),Za,(z),Fa,(z)) : z € X} in 73 and a NS Ay =
{{x, Tay(x),Za,(x), Fao(x)) : x € X} in T such that A = A U Ay =

{<$7 min(TAl ($)7 TA2 (ZL')), min(Ix‘h ($)7IA2 (l‘))’ max(fAl (l‘), ]:Az (l‘))) HEAES X}
6. Neutrosophic Topological Groups
6.1. Definition:[22]

Let X be a group and G be a NG on X. Let 9 be a neutrosophic topology on G then (G, TY)
is said to be neutrosophic topological group ( In short NTG) if the following conditions are

satisfied:
(i) The mapping 1 : (G,%9) x (G,%9) — (G, TY) defined by ¥(z,y) = xy, for all z,y € X,

is relatively neutrosophic continuous.
(ii) The mapping p : (G,%9) — (G,TY) defined by p(z) = 71, for all z € X, is relatively

neutrosophic continuous.

6.2. Definition:[18]

Let X be a group and U, V be two NSs in X. We define the product UV of NS U, V and

the inverse V1 of V as follows:

UV (z) = {{z, Tov(z), Zuv (z), Fuv(z)) : x € X }

where

Tov (z) = sup{min{Ty (z1), Tv(z1)}}
Tyv (z) = sup{min{Zy(z1),Zv (1)} }
Fuv(z) = sup{min{Fy(x1), Fv(21)}}

where z = z1.22 and for V = {z(Ty(z),Zv (z), Fv(z)) : # € X }, we have
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V=&, Tv(@™), Zv (@), Fv(z7Y) 1z € X }.
7. Main Results:
7.1. Definition:

Let X be a group and G be a NG on X. Let ‘I%, fg be two neutrosophic topologies on G then
(Q,T%,‘Ig) is said to be neutrosophic bitopological group (In short NBTG) if the following
conditions hold good:

(i) The mapping ® : (Q,Tig) X (Q,Tig) — (Q,Tig) defined by ¢ (z,y) = zy, for all z,y € X,
is relatively neutrosophic i-continuous for each i=1, 2.
(i) The mapping p : (G, TY) — (G, %Y) defined by p(z) = z~, for all x € X, is relatively

neutrosophic ¢-continuous for each i=1, 2.

7.2. Definition:

Let G be a NG of a group X. Then for fixed a € X, the left translation [, : (Q,Tf) —
(g,zig) for each ¢ = 1,2; is defined by l,(z) = ax, for all z € X, where az =
{(a, T% (az),T¢ (ax), F{ (ax)) : 2 € X} for each i = 1,2.

Similarly, the right translation r, : (G, Tlg) — (G, ‘Ilg) for each ¢ = 1,2; is defined by rq(z) = za,
for all 2 € X, where ax = {{a, T, (za), I} (za), F{ (ra)) : « € X} for each i = 1,2.

7.3. Lemma:

Let X be a group with NBTG G in X with two neutrosophic topologies 1, ¥>. Then for each
a € G., the translation [, and r, are relatively neutrosophic homeomorphism of (g,z%,‘zg)
into itself.
Proof: From Proposition 3.11 [10], we have [4[G] = G and r4[G] = G, for all a € G, and let
h: (Q’,Tig) — (Q,Tig) X (Q,Tig), for each i = 1, 2; defined by h(z) = (a, z) for each x € X. Then
7o 2o h. Since a € G, T (a) = T (e), I (a) = ¢ (€), and FY (a) = F{ (e), for each i = 1,2.
Thus ﬁg(a) > 7;9(95), Iig(a) > Iig(:z:)7 and .7-"29(@) < ]:ig(a:)7 for each x € X. It follows from
proposition 3.34 [11] that ¢ : (G,%Y) — (G, %) x (G, XY ) is relatively neutrosophic i-continuous
for each ¢ = 1,2. By the hypothesis v is relatively neutrosophic i-continuous for each ¢ = 1, 2..

1:

So 7, is relatively neutrosophic ¢-continuous for each ¢ = 1,2. Moreover 7 ro—1. Similarly

we are shown the relatively neutrosophic i-continuous for each i = 1,2 of [;! =1,-1.

7.4. Theorem:

Let G be a NBTG on X with €1, %5 two neutrosophic topologies. Let U be a neutrosophic
open set of (G, ‘Ilg) for each i=1, 2 and = € G,, then U and Uz are neutrosophic open set.
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Proof: Since U is neutrosophic open set of G and = € Ge, A : (Q,Tig) — (Q,Tz-g) is
neutrosophic homeomorphism for each i=1, 2. This implies that I,(U) = U is neutrosophic

open set in G. Similarly Ux is neutrosophic open set in G.

7.5. Lemma:

Let X be a group and let G be NBTG in X. Then
(i) The inverse function ¢ : (G,3Y) — (G,%Y) defined by ¢(z) = 71, for all z € X is
relatively neutrosophic i-continuous homeomorphism for each i=1, 2.
(ii) The inner automorphism A : (G,%Y) — (Q,Tig) defined by A(g) = aga™! =
{{g, TF (aga™"),Z¢ (aga™"), F¥ (aga="))}, where g € X and a € G, is relatively neutro-
sophic homeomorphism for each :=1,2.

Proof: (i) Clearly ¢ is one-to-one. Since ¢(G) = {(z, ¢(T (x)), d(Z¢ (x)), p(F (x))) : = € G}

(2 (2

for each i=1, 2 where

z)) = vye¢’1(x)7;g(y)7 if p=1(z) #0
¢(7;g( )= { 0, otherwise }

_ {7%—1), if 6~1(z) # o}

0, otherwise

T(2), if 67 (2) #£0
N { 0, otherwise }

Also, $(T8(x)) = T9(x) and $(FE (x)) = Fé(x)
Thus ¢(G) = {<:c,7;g(x),IZg(3:),flg(x)> :x € G}, for each i= 1, 2. Also ¢ is neutrosophic
i-continuous for each i=1,2 by definition because (G, %¥,%Y) is NBTG. Since ¢~ (z) = 2~ is
relatively neutrosophic i-continuous for each i=1, 2. Hence for every = € X, ¢ is relatively
neutrosophic open. Thus ¢ is relatively neutrosophic homeomorphism.

(ii) Since 7, and [, are relatively neutrosophic homeomorphism and r;! = r,-1. The inner

automorphism A is a composition r,-1 and [. Hence X is a relative neutosophic homeomor-

phism.

7.6. Theorem:

Let G be a NBTG in a group X and e be the identity of X. If a € G, and N is a neighbourhood
of e such that 7,V (e) = 1, ZV(e) = 1, F¥(e) = 0 for each i=1, 2 then aN is a nbd of a such
that aN(a) = 1y.

Proof: Since N is a nbd of e such that 7;N =1, IZ»N =1, ]-"zN = 0 for each i=1, 2; there exists
a neutrosophic open set U such that U C N and T,V (e) = TV (e) = 1, IV (e) = IV (e) = 1,
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FY(e) = FN(e) =0, for each i=1, 2. Let I, : (G,%Y) — (G,%TY) be a left translation defined
by l,(g) = ag, for each g € X and i=1, 2. Then [, is neutrosophic homeomorphism. Then aU

is a neutrosophic open set. Now,

aU(a) = {(a, TV (a), TtV (a), F2V ()}, for each i = 1,2.
= {(a, 7" (aa™"), 7] (aa™"), F{/ (aa™"))}
= {(a. T (e), I} (), /' (e))}
— {{a,1,1,0)}

Also, aN(z) = {{z, TN (), TN (2), F#N (2)) : © € X}, for cach i = 1,2

= {(2, T (¢ '2), I (a7 2), ¥ (a7 'w)) 1w € X}
> (2, TV (e '2), IV (a7 'a), FV (¢ 'a)) s w € X}
= {(2, T (2), T (), F¥ ()}
— aU(x)

aN(z) > aU(); for each z € X.

and aN(a) = {{a, "N (a), Z?N (a), F*N (a))}, for each i = 1,2.
= {{a, ;" (aa™"),Z)¥ (aa™ ), F¥ (aa™"))}
= {{a, T (e), IV (e), F¥ (e))}
= {(a,1,1,0)}
= aN(a) = {{a,1,1,0)}

Thus, there exist a neutrosophic open set aU such that aU C aN and aU(a) = aN(a) =

{{a,1,1,0)}.

7.7. Proposition:

Let X be a group and G be a NBTG on X with ¥1,%5 two neutrosophic topologies. Let
A: X x X — X be the function defined by A\(g, h) = gh~! for any g,h € X. Then G is a NBTG
in X iff the function A : (G, %Y) x (G,%ZY) — (G,%Y) is relatively neutrosophic i-continuous for
each i=1, 2.

Proof: The function p : (G,%Y) x (G,%39) — (G,%Y) x (G,%Y) is neutrosophic relatively
i-continuous for each i=1, 2; by the corollary to Proposition 3.28 [11]. Also since G is a
NBTG in X by the Definition [7.1] ¥ : (G,%Y) x (G,3Y) — (G,%Y) is relatively neutrosophic
i-continuous for each i=1, 2. Then 8 : Y o pu : (Q,Tg) X (g,S?) — (Q,T?) is relatively

neutrosophic i-continuous for each =1, 2.
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Conversely, let (3 : (g,ff) X (Q,Tig) — (Q,‘Iig) is relatively neutrosophic i-continuous for
each i=1, 2. If e is the identity element of X, then T,%(e) > 7.9 (g), Z¢ () > Z7(g) and F{ (e) <
F¥(g) for all g € X. By the Proposition 3.34 [11], the function ¢ : (G, %) — (G,%Y) x (G, %)
defined by ¢(h) = (e, h) is relatively neutrosophic i-continuous for each i=1, 2. Thus the
function « = fo ¢ : (G, ‘Ilg) — (G, ‘Ilg) is relatively neutrosophic i-continuous for each i=1, 2.
The function p: (G,%9) x (G,39) — (G,%Y) x (G, %) is relatively neutrosophic i-continuous
for each i=1, 2 by the corollary to Proposition 3.28 [11]. Thus 1 = Sou : (G,%Y) x (G,3Y) —
(G,%Y) is relatively neutrosophic i-continuous for each i=1, 2. Therefore G is a NBTG in X.

7.8. Proposition:

Let ¢ : X — Y be a group homomorphism and %;,%> and U;,Us be the neutrosophic
topologies on X and Y respectively, where ¥; is the inverse image of I/; under ¢ and let G be
a NBTG in Y. Then the inverse image ¢>—1(g) of Gis a NBTG in X.

Proof: Consider the function a : X x X — X defined by a(gi,g2) = g1g, " for any
g1, 92 € X. We have to prove that the function « : (gbfl(g),ffl(g)) X (¢*1(g),‘1?71(g)) —

(w%g),zf’fl(g)) is relatively neutrosophic i-continuous for each i=1, 2. Since ¥; is the in-
verse image of U; under ¢, ¢ : (X,%;) — (X,U;) is the neutrosophic i-continuous for each
i=1, 2. Also, ¢(¢7(G)) C G. By Proposition 3.9 [11], ¢ : (¢—1(g),‘zj’1(g)> — (Q,Uig) is
)

relatively neutrosophic i-continuous for each i=1, 2. Let U = Ef_l(g .
V =Uf such that ¢~ (V) = U. Let (g1,92) € X x X. Then

Then there exist a

-1
72 D(gr,g2) =a (7ZU) (91,92) =T (a(gl,gz)> =T <91,951>,for cach i =1,2.
-1
=7 Vo101 = b v (01,92") = T <¢(91,951))
=T (0l90). 9(9:1)) = T (#(a1): (6(92)) ")
—1 _
Thus 77 (g1,02) = T (6(01), (6(92)) )
a1 — a1
Similarly we have Z; (U)(gl,gg) = Zl-V(¢(gl), (¢(g2)) 1) and F; (U)(glng) -
FV (1), (6(g2 1) for each i=1,2. By the hypothesis, the function 3 : (G,%Y) x (G,%Y) —
i g g y Yy i i
(g, izg) given by B(hi,h2) = hihy L for any hi, ho € Y is relatively neutrosophic i-continuous
for each i=1, 2. By corollary to the Proposition 3.28 [11] the product function ¢ x ¢ :

(gb_l(g),ff_l(g)) X (QS_l(g),‘If_l(g)) — (G,%Y) is the neutrosophic i-continuous for each
i=1, 2. Now, let (g1,92) € X x X. Then

TV (6(0). (6(92) ) = T (0l91), 6(92) = T (g1, ),
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V' (0(90): (9(92)) ") =7V (6(01), 6(g2)) = T (g1, o)
and Y (6(91), (6(92)) ") = F V) (0lg0), 6(92)) = FLO T (g1, n)
for each i = 1, 2.
Thus o~ (U) N (¢71(9) x 671(@)) = (0 x )1 (37 (V) 1 (¢7'(9) x 67(9))
= (8o (6 x o) (V)N (671(9) x 67(9)).

So i) N (6719) x 671G )) e 5@ %39 e, a i (670),509) x

—1
<¢—1(g) (z{b (g)> <¢ (
i=1,2. By Result 3.9 [10], ¢~ 1(G) is neutrosophic group in X. Hence by Proposition [7.7],

»~1(G) is NBTG in X.

), S (g)) is a relatively neutrosophic ¢-continuous for each

7.9. Proposition:

Let ¢ : X — Y be a group homomorphism. Let ¥1,%y and Ui,Us be the neutrosophic
topologies on X and Y respectively, where U; is the image under ¢ and of ¥; , for each i=1, 2;
and let G be a NBTG in X. If G is the neutrosophic invariant, then the image ¢(G) of G is a
NBTG in Y.

Proof: Consider the function 8 : Y — Y defined by S(hy, he) = h1h2_1 for any hi,he € Y.
We have to prove that the function 3 : <¢(g),uf(g)> X (gf)(g),Z/{f(g)) — (qﬁ(g),uf(g)) is a
relatively neutrosophic i-continuous for each i=1, 2. Suppose G is a neutrosophic invariant.
By the Definition 3.2, ¢(G) is a neutrosophic group in Y. Let U € ;. Also U C ¢~ (¢(U)).
Then there exist a family {Ux}xen C T such that ¢~ (¢(U)) = U Ua. So ¢~ (¢(U)) € %,
Since U; is the image of ¥; under ¢, ¢(U) € U;, for each i=1, 2. §§A¢ is neutrosophic i-open.
Now, let U € ‘Zig. Then there exist a U = U; N'G. Since G is neutrosophic invariant, by
Proposition 3.12 [10], ¢(U) = ¢(U1) N ¢(G). Since ¢ is neutrosophic i-open, ¢(U1) = %,
for each i=12. Then ¢(U) € U'P, for each i=1,2. Thus ¢ : (G,TY) — (¢(g),uf(g)) is
relatively neutrosophic i-open for each i=1,2. By Proposition 3.31 [11], the product function
(p x @) : (G, FI) x (G,%9) — <¢(Q),Uf(g)> is relative neutrosophic i-open for each i=1,2.

Let V € Z/{f(g) and let (g1,92) € X x X. Then

T W (g1, g0) = [B0 (6% )] (TY) (91,92, for each i = 1,2,

TV (80 (6% )] (91,92) = T (6l91), 6(92))

=T (6(91). ((92)™) ) = T (6(91), 6(g5 ") ) [Since ¢ is homomorphism]
=TV (60195 ")) = T 6 (algr.g2)) = T (60 algr 02))
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oY -1
:(qﬁoa)_l(ﬁv(gl,gz)) = 7.7 (g1, g),

where @ : X x X — X is the mapping given by a(gi1,g2) = g1g5 " for each (g1,92) €

X % X. Thus 7;[50(¢><¢)}71(V) _ 7;(¢°0¢)71(V)’ 7;(¢><¢)71[571(V)} _ 7‘0471( (V)) Slmllarly

I§¢X¢)_l[ﬁ_1(V)] :I;l_l(dfl(V)) and ]_—i(¢x¢)_l[ﬁ‘1(v)] = F2 T g, (6 x ¢)~1B~1(V)] =
a1 (¢~ (V). Since G is NBTG in X, a: (G,%Y) x (G,%Y) — (G, ‘Elg) is relatively neutrosophic
i-continuous for each i=1, 2. Since U; is the image of ¥; under ¢, ¢ : (G, EZQ) — (G, Tig), ‘Zf(g)
is relatively neutrosophic i-continuous for each i=1, 2. Then (¢ X ¢) : (g,f?) X (Q,Tig) —
(¢(g),uf(g)) X (gb(g),l/{f(g)) is relatively neutrosophic i-continuous for each i=1, 2. Thus
(¢ x ¢)oB: (G,TY) x (G,%F7) — (gzb(g),uf(g)) is relatively neutrosophic i-continuous for
cach i=1, 2. Since G is neutrosophic invariant, (¢ x ¢)~'[871(V) N (¢(G) x ¢(G))] =
(0 x )[BTV NG xG).

So (¢ x @) H[BHV) N (0(G) x ¢(9))] € 39 x %Y. Since (¢ x ¢) is relatively neutrosophic
i-open for each i=1, 2; (¢ x ¢)(¢ x ¢) L [B(V) N (8(G) x ¢(G))] € Uf)(g) X Z/{f(g) for each
i=1, 2. But (6 x 6)(6 x 6) " [B1V) N (9(G) x 6(G))] = B~LV) N (6(G) x #(G)). So
BHV)N (6(G) x ¢(G)) € U;ﬁ(g) X Z/lf)(g) for each =1, 2. Hence ¢(G) is a NBTG in Y.

7.10. Proposition:

Let X be a group and let G be a NBTG in X with T1,%s two neutrosophic topologies. N a
normal subgroup of X and let f be the canonical homomorphism of X onto the quetient group
X/N. If G is constant on N, then G is f invariant.

Proof: Suppose f(z1) = f(x2) for any 1,29 € N. Then 1N = x9N. Thus there exist
ki, ks € N such that z1k; = xoke. Since G is a constant on N, 79 (x) = T (), Y (x) = Z? (e)
and FY (x) = F¥ (e) for each i=1, 2 and z € X. Then

T (1) = T (wakoki ) = T (wa) AT (koky )
T (x2) AT (e)(kaki ! € N)

(

(

Tg :L‘Q)

2

ie. Tg(xl) T9 (22).

(2

Similarly, we get 7.9 (z2) > T (x1). Thus 7,9 (x1) = T (x2). Similarly we can show that
Z9 (1) = T9 (x9) and FY (x1) = FY (x2). Hence G is f invariant.
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8. Conclusion:

The main characteristic of NS is that NS can deal with imprecises as well as inconsistent
information which is very helpful to handle the various real-life application. By observing
this we have studied NBTG on the basis of NS, so that we can deal with various problem of
topological group with respect to NS. In this study we have introduced some new definition of
NBTG. We investigated some properties and proved some propositions on NBTG. We hope
our work will help in further study of generalised NBTG and also for study of neutrosophic

almost topological group and neutrosophic almost bitopological group.
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Abstract: The article processes the conceptualizations of neutrosophic crisp o-open and neutrosophic crisp
semi-o-open sets to define some new types of weakly “neutrosophic crisp continuity” essentially, neutrosophic
crisp o*-continuous, neutrosophic crisp a**-continuous, neutrosophic crisp semi-a-continuous, neutrosophic
crisp semi-o*-continuous and neutrosophic crisp semi-a**-continuous functions. Also, we shall explain the
relationships between these types of weakly neutrosophic crisp continuity and the concepts of neutrosophic
crisp continuity.
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semi-o-continuous, neutrosophic crisp semi-o*-continuous, and neutrosophic crisp semi-a**-continuous

functions.

1. Introduction

In 2014, Salama et al. [1] performed the abstraction of neutrosophic crisp topological space
(concisely, NCTS). Al-Hamido et al. [2] submitted the intellect of neutrosophic crisp semi-a-closed
sets in NCTSs. Abdel-Basset et al. [3-8] gave a novel neutrosophic approach. Maheswari et al. [9]
presented gb-closed sets and gb-continuity in aspects of the neutrosophic theory. Banupriya et al.
[10] investigated the notion of ags continuity and ogs irresolute maps in the sense of neutrosophic
view. In [11], Dhavaseelan et al. exhibited the theme of neutrosophic o™-continuity. Al-Hamido et
al. [15] introduced neutrosophic crisp topology via N-topology. Imran et al. [16] introduced and
studied the thought of neutrosophic generalized alpha generalized continuity. Hanif PAGE et al.
[17] presented neutrosophic generalized homeomorphism. This paper aspires to lay on new types of
weakly neutrosophic crisp continuity, for instance, neutrosophic crisp o*-continuous, neutrosophic
crisp a**-continuous, neutrosophic crisp semi-a-continuous, neutrosophic crisp semi-a*-continuous
and neutrosophic crisp semi-o**-continuous functions. Likewise, we shall explain the relationships
between these types of weakly neutrosophic crisp continuity and the concepts of neutrosophic crisp
continuity.

2. Preliminaries

For the whole of the disquisition, (X,I3),(Y,[3;), and (Z,I3) (merely XY, and Z) habitually
intend NCTSs. Let C be a neutrosophic crisp set (shortly, NCS) in NCTS (X,I7) and denote its
complement by C¢. Indicate the neutrosophic crisp open set as NC-OS, and the neutrosophic crisp
closed set (its complement) as NC-CS in NCTS (X,I7). Additionally, we refer to the neutrosophic
crisp closure and neutrosophic crisp interior of € via NCcl(C) and NCint(C), correspondingly.
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Definition 2.1 [1]: Assume that nonempty particular understudy space X has mutually disjoint
subsets C;,C, and C3. A NCS € with form C = (C;,C,, C3) is called an object.

Definition 2.2: For any NCS € in NCTS (X,I;), we have

(i) if € € NCint(NCcl(NCint(C))), then it is called a neutrosophic crisp a-open set and symbolize by
NCo-OS. Furthermore, its complement is named neutrosophic crisp a-closed set and signified by
NCa-CS. Likewise, we reveal the collection consisting of all NCa-OSs in X with NCaO(X). [12]

(ii) if € € NCcl(NCint(NCcl(NCint(C)))), then it is said to be a neutrosophic crisp semi-a-open set
and indicated via NCS a-OS. Moreover, its complement is known as a neutrosophic crisp
semi-o-closed set and referred with NCSo-CS. Besides, we mentioned the collection of all NCSa-OSs
in X through NCSo0(X). [2]

Proposition 2.3 [12]: For any NCS C in NCTS (X, 7), then € € NCaO(X) iff we have at least a NC-OS
D satisfying D € C € NCint(NCcl(D)).

Proposition 2.4 [14]: Every NC-OS is a NCa-OS, but the opposite is not valid in general.

Proposition 2.5 [2]: Ina NCTS (X, I7), the next assertions stand, but not vice versa:
(i) All NC-OSs are NCSa-OSs.
(ii) All NCa-OSs are NCSa-OSs.

Definition 2.6 [1]: Let 1: (X, ;) — (Y, ;) be a function, we called it a neutrosophic crisp continuous
and denoted by NC-continuous iff for all NC-OSs D from Y, then its inverse image n~1(D) is a
NC-OS from X.

Theorem 27 [1: A  function n:(XG)— (Y, ;) is NC -continuous  iff
n~Y(NCint(D)) € NCint(n~*(D)) forevery D C Y.

Definition 2.8 [1]: Let : (X,[;) — (Y, ;) be a function, we named it a neutrosophic crisp open and
indicated via NC-open iff for all NC-OSs C from X, then its image 1(C) is a NC-OS from Y.

Definition 2.9 [13]: Let n: (X,[;) — (Y,[;) be a function, we said it a neutrosophic crisp
a-continuous and referred through NCa-continuous iff for all NC-OSs D from Y, then its inverse
image n71(D) isa NCa-OS from X.

Proposition 2.10 [14]: Every NC-continuous function is a NCa-continuous, but the opposite is not

valid in general.

3. Weakly Neutrosophic Crisp Continuity Functions

Definition 3.1: Let n: (X,I;) — (Y, ;) be a function, we call it as
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(i) a neutrosophic crisp a*-continuous and denoted by NCo*-continuous iff for all NCa-OSs D from
Y, then its inverse image n~ (D) isa NCa-OS from X.
(if) a neutrosophic crisp a**-continuous and indicated via NCo**-continuous iff for all NCa-OS D

from Y, then its inverse image ™1 (D) is a NC-OS from X.

Definition 3.2: Let n: (X,[;) — (Y, ;) be a function, we named it as

(i) a neutrosophic crisp semi-a-continuous and referred through NCSa-continuous iff for all
NC-OSs D from Y, then its inverse image (D) is a NCSa-OS from X.

(ii) a neutrosophic crisp semi-o*-continuous and symbolize by NCS a*-continuous iff for all
NCS0-OSs D from Y, then its inverse image 7~ (D) isa NCSa-OS from X.

(iii) a neutrosophic crisp semi-a**-continuous and signified via NCSa**-continuous iff for all
NCSo-OSs D from Y, then its inverse image n~*(D) isa NC-OS from X.

Theorem 3.3: Let n: (X,I;) — (Y, ;) be a function, then the next declarations are same:

(i) n is a NCSa-continuous.

(ii) its inverse image of each NC-CS from Y is NCSo-CS from X.

(iii) n(NCint(NCcl(NCint(NCcl(C))))) € NCcl(n(C)), for each C € X.

(iv) NCint(NCcl(NCint(NCcl(n™1(D))))) € n~t(NCcl(D)), for each D €Y.

Proof:

[(i) = (ii)] Suppose D is a NC-CS from Y. This implies that D¢ stands a NC-OS. Hence n~1(D¢)
is a NCSa-OS from X. In other words, (n7*(D))¢ stands a NCSa-OS from X. Thus n~ (D) is a
NCSa-CSin X.

[(il) = (iii))] Let C €X, then NCcl(n(C)) stays a NC-CS from Y. Hence n~1(NCcl(n(C))) is
NCSa-CS in X. Thus we have n™(NCcl(n(C))) 2 NCint(NCcl(NCint(NCcl(n~*(NCcl(n(C))))))) 2
NCint(NCcl(NCint(NCcl(C)))).

Or NCcl(n(€))) 2 n(NCint(NCcl(NCint(NCcl(C))))).

[(iii)) = (iv)] Since D € Y,n (D) € X.So, we have by our hypothesis the corresponding notation
NCint(NCcl(NCint(NCcl(n~1(D))))) € NCcl(n(n~1(D))) € NCcl(D), and that leads us to this fact
NCint(NCcl(NCint(NCcl(n~1(D))))) € n 1 (NCcl(D)).

[(iv)= ()] Let D be a NC-OS of Y. Let C=D° and D=n"1(C) by (iii) we have
NCint(NCcl(NCint(NCcl(n~1(C))))) € NCcl(C) = C.

That is NCint(NCcl(NCint(NCcl(n™'(D®))))) € n (D). Or NCint(NCcl(NCint(NCcl(n~(D))))) 2
n~1(D). Hence n~1(D) isa NCSa-OSin X and thus 7n be there a NCSa-continuous. B

Proposition 3.4:

(i) all NC-continuous functions are NCSa-continuous, but the opposite is not valid in general.

(i) all NCa-continuous functions are NCSa-continuous, but the opposite is not exact in general.
Proof:

(i) Suppose n:(X,I;) — (Y,I;) is a NC-continuous function, and D be a NC-OS from Y. Next
n~1(D) remains a NC-OS from X. Since any NC-OS is a NCSa-OS, n~1(D) stays a NCSa-OS from

X. Thus 7 exists a NCSa-continuous function.
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(ii) Let n: (X,I;) — (Y, [;) be a NCa-continuous function and D be a NC-OS from Y. Subsequently
n~1(D) happens a NCa-OS from X. Since any NCa-OSis NCSa-OS, n~1(D) stays a NCSa-OS from

X. Thus 7 is a NCSa-continuous function. ®

Example 3.5: Suppose X={p,q,7,s} and Y= {u,v,w}. Then I} ={¢y, Xy}U{{{p}, ¢, ¢)} and
I, ={¢n, Yy} U {{{u}, ¢, $)} be neutrosophic crisp topologies (shortly, NCTs) on X and Y,
correspondingly. Define the function 7:(X,}) — (Y,[;) via n({{p}, ¢, ¢)) =n{q}. ¢, ¢)) =
{ub d,0), n({r}héd, o) = {v}, ¢, ) n{s}, b, ¢)) = ({w}, ¢, ¢) . Then n is a NC o-continuous
function but not NC -continuous since {({u},$,¢) is NC-OS but n~ (({u}, d, o)) = {{p.q}, P, P)
which is not NC-OS in X. Also, n is a NCSa-continuous function but not NC-continuous, since
({u}, p, P) is NC-OSinY but n7(({u}, p, ) = {{p, q}, @, ) isnot NC-OS from X.

Example 3.6: Suppose X = {p,q,7}. Then I = {¢y, Xy} U {{{p}, ¢, ¢).{{q}, §, $).{{p, a}. §, $)} be a
NCT on X.

Define the function n: (X,I") — (X,I") by n({{p}, ¢, d)) = {{p}, ¢, P).n({{q}. b, ®)) = n({{r}, ¢, ¢)) =
({q}, ¢, ¢). It is easily seen that n is a NCSa-continuous function but not NCa-continuous, since
({a}, ¢, ¢) is NC-OSin X but n7'({{q}, $, ) = ({q,7}, $, ¢) is not NCa-OSin X.

Remark 3.7: The concepts of NC-continuity and NCa*-continuity are independent, for examples.

Example 3.8: Suppose X = {p,q,r,s} and Y = {u,v,w}. Then

I ={¢n, Xy} U {{p}, &, ¢0).{Ha, 7} ¢, 0). ({p, a. 7} ¢, )} and I ={¢y, Yy} U {{{u}, §,¢)} be NCTs on
X and Y, correspondingly. Define the function n:(X,[;) — (Y, ) via n({{p}, ¢, ) = ({u}, ¢, p),
n({a} ¢, ¢ = ({w} ¢, ¢), n({r}, ¢, 9) = n{s}, ¢, 9)) = {{(w},$,¢). Then n is a NC-continuous
function but not NCa*-continuous, since {{u,v},$,¢) is NCa-OS in Y but n7*({{u,v}, ¢, $)) =
({p.q3, ¢, $) isnot NCo-OS in X.

Example 3.9: Assume X={p,q,r,s} and Y={u,v,w}. Then I} ={¢y,Xy}U {{{p}, ¢, ¢)} and
L, ={¢n, Yy} U {{{u}, d,¢)} be NCTson X and Y, correspondingly. Define the function n: (X,[;) —
(Y, 1) via n({p} ¢, o) =nll{al . d) ={u} b, 0),  n({r} ¢, 0N = {v} ¢, ) n({s} ¢, ) =
({(w}, ®,¢). Then n is a NCoa*-continuous function but not NC-continuous, since ({u}, ¢, ) is
NC-OSin Y, but n7(({u}, ¢, ) = ({p, q}, ¢, ¢) isnot NC-OS in X.

Theorem 3.10:

(i) If a function n:(X,[;) — (Y,[;) is NC-open, NC -continuous, and bijective, then 1 is a
NCa*-continuous.

(i) A function n:(X,[;) — (Y,;) is NCa*-continuous iff n: (X, NCaO(X)) — (Y,NCaO(Y)) is a
NC-continuous.

Proof:

(i) Let D € NCaO(Y), to prove that n71(D) € NCaO(X), i.e., n~1(D) & NCint(NCcl(NCint(n~1(D)))).
Let ren'(D)=n()€ED . Hence n(r) € NCint(NCcl(NCint(D))) (since D € NCaO(Y) ).
Therefore, at least NC-OS H from Y where n(r) € # S NCcl(NCint(D)). Then r e =1 (H) <

Qays Hatem Imran, Riad K. Al-Hamido and Ali Hussein Mahmood, On New Types of Weakly Neutrosophic Crisp
Continuity



Neutrosophic Sets and Systems, Vol. 38, 2020 183

n Y (NCcl(NCint(D))) , but n~'(NCcl(NCint(D))) € NCcl(n *(NCint(D))) (since 5! is a
NC -continuous, which is equivalent to 7 is a NC-open and bijective). Then r € n~*(¥) c
NCcl(n~'(NCint(D))). Hence r € n~1(H) € NCcl(n~*(NCint(D))) € NCcl(NCint(n~*(D))) (since n
is a NC-continuous). Hence r € n~1(H) € NCcl(NCint(n~1(D))), but n~1(¥) remains a NC-OS
from X (because 1 be present a NC-continuous). Therefore, r € NCint(NCcl(NCint(n~1(D)))).
Hence n71(D) € NCint(NCcl(NCint(n~1(D)))) = n~(D) € NCaO(X) = 1 is a NCo*-continuous.
(i) The proof of (ii) is easily. ®

Theorem 3.11: A function 7:(X,[;) — (Y,[3) is a NCS a*-continuous iff 7:(X,NCSa0O(X)) —
(Y, NCSOLO(Y)) is a NC-continuous.
Proof: Obvious. &

Remark 3.12: The concepts of NC-continuity and NCSa*-continuity are independent, for examples.

Example 3.13: Suppose X = {p,q,7,s} and Y = {u, v,w}.

Then I ={¢n, Xy} U{{{p}, ¢, ¢).{q, 7} ¢, 0).({p.q. 7}, ¢, ¢)} and I, ={¢y, Yy} U {{u}, ¢, ¢)} be
NCTs on X and Y, correspondingly. Define the function n: (X,[;) — (Y, ;) via n({{p}, ¢, ¢)) =
({u}, ¢, d)n({{q} ¢, ) = (v}, d, d),n({r}, b, ) = n(({s}, ¢, p)) = ({w}, , ). It is easily seen that 7
is a NC-continuous function but not NCSa*-continuous, since {{u, v}, ¢, ¢) is NCSa-OS in Y but
n ({w, v}, ¢, 8)) = ({p,q}, $, ¢) is not NCSa-OS in X.

Example 3.14: Assume X ={p,q,r,s} and Y ={u,v,w}. Then I} ={¢y, Xy} U {{{p}, ¢, ¢)} and
L, ={¢n, Yy U {{{u}, ¢, ¢)} be NCTs on X and Y, correspondingly.

Define  the function n:(X,[})— (Y,55) via n{{p} ¢ ) =n({a} ¢, PN = {u} $,¢),
n({{r}, ¢, 9)) = {v}, ¢, p),n{s}, ¢, p)) = ({w}, ¢, ). Then n is a NCSa*-continuous function but not
NC-continuous, since ({u}, ¢, ) is NC-OS in Y, but n71(({u}, ¢, p)) = ({p, ¢}, P, ) is not NC-OS in
X.

Proposition 3.15: Every NCo*-continuous function is a NCa-continuous and NCSo-continuous;
however, the reverse generally is not valid.

Proof: Assume 71: (X,[;) — (Y,[;) is a NCa*-continuous function and let D be any NC-OS from Y.
Then we have D as a NCo-OS from Y [from proposition 2.4]. Since 7 is a NCa*-continuous, then
n (D) considers a NC o-OS from X. Thus, n stands a NC a-continuous. Also, n is a

NCSa-continuous. B

Example 3.16: Let X = {p, q,7, s}.

Then I' ={¢y, Xy} U {{{p}, ¢, ). {{q}, &, $),({p, 4}, §. ¢).{{p, a. 7}, ,$)} be a NCT on X. Define the
function n: (X,I) — (X,I) by n({{p}, ¢, ) = {p}, ¢, ¢, n({{q}, b, o)) = n(({r}, ¢, ) = ({s}, &, $),
n({{s}, o, ) ={r}, ¢, ¢). It is easily seen that n is a NC a-continuous function but not
NCo*-continuous, since ({p,q,7},¢,¢) is NCa-OS in X, but 7 ({({p,q,7},$,d)) = ({p,s}, ¢, ) is
not NCa-OS in X.
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Example 3.17: Let X = {p, q,7}. Then I'={¢y, Xy} U {{{p}, $, $), {{q}, ¢, ). {{p. ¢}, &, $)} be a NCT on
X. Define a function n: (X,I) — (X,I") by n({({p}, ¢, #)) = {{p}, ¢, d).n({{a}, . 6) =n({r}, ¢, ¢)) =
({q}, ¢, ¢). It is easily seen that n is a NCSa-continuous function but not NCa*-continuous, since
({q}, ¢, ®) is NCa-OS inX , but n71({{q}, ¢, ) = {{q,7}, p, P} isnot NCa-OS in X.

Definition 3.18: A function n: (X,I;) — (Y,[}) is called M -function iff n~'(NCint(NCcl(D))) €
NCint(NCcl(n~1(D))), for every NCa-OS D from Y.

Theorem 3.19: If n: (X,[;) — (Y, ;) is a NCa-continuous function and M -function, then 7 is a
NCo*-continuous.

Proof: Let C be any NCa-OS of Y, then we have at least a NC-OS D from Y where D ESC &
NCint(NCcl(D)). Since n is M -function, we have n71(D) € n~1(C) € n ' (NCint(NCcl(D))) C
NCint(NCcl(n~'(D))) . By proposition 2.3, we have n~1(€) is a NC a-OS. Hence, n is a

NCo*-continuous. B

Remark 3.20: The concepts of NCoa*-continuity and NCSa*-continuity are independent as the

following examples show.

Example 3.21: Assume X = {p,q,7,s} and Y = {u,v,w}.

Then [i = {d)N! XN} U {({p}! ¢! d)): ({q}! d)! d)): ({p: q}, (l), ¢)v ({p' q' T'}, ¢' ¢)} and [‘2 = {¢)N' YN} U
{({u}, ¢, §),{v}, b, ), ({u, v}, , )} be NCTs on X and Y, correspondingly. Define the function
n:X,0) — Y, 13) via n({p} ¢ ¢) =n{s} ¢, ¢)) = ({v}, ¢, ) n({r}, &, ¢)) = ({w},$,¢) and
n({{q}, ¢, ) ={u}, p,¢). It is easily seen that n is a NCS a*-continuous function but not
NC a*-continuous, since {({v},¢,¢) is NCo-OS in Y but n *({({v}, ¢, d)) = {{p,s},d,¢) is not
NCo-OS in X.

Example 3.22: Suppose X = {p,q,7, s}.

Then I' ={¢y, Xy} U {{{p}, ¢, #),{{q}, &, $).{{p.q}, . ). ({p, 4,7}, $,$)} be a NCT on X. Define the
function n:(X,I) — X I) via n({p} ¢ ) =n({a} ¢, ¢) = {{q}, ¢, ¢), n{r}, ¢, 9N =
({s}, b, P)n({s}, ¢, ) = {r}, ¢, P). It is easily seen that 1 is a NCo*-continuous function but not
NCSo*-continuous, since ({p,7},¢,d) is NCSa-OS in X, but 7 {({p, 73}, ¢, ) = ({s}, p, ) is not
NCSa-0S in X.

Theorem 3.23: If a function n: (X, ;) — (Y,[;) is NCo*-continuous, NC-open and bijective, then it
is NCSo*-continuous.

Proof: Let n: (X,I;) — (Y,[;) be a NCa*-continuous, NC-open and bijective. Let D be a NCSa-OS
in Y. Then we have at least a NCa-OS say P where P €D < NCcl(P). Therefore n~1(P)
n (D) € n Y (NCcl(P)) € NCcl(n*(P)) (since n is a NC-open), but n~1(P) € NCaO(X) (since n
is a NC a*-continuous). Hence n~'(P) €n~1(D) € NCcl(n~'(P)). Thus, n~1(D) € NCSaO(X) .

Therefore, n is a NCSo*-continuous. B

Remark 3.24: Let n;: (X, ;) — (Y, [3) and 1,: (Y, ;) — (Z,I3) be two functions, then:
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(i) If n, and 7n, are NC o-continuous, then n,on;:(X,I;) — (Z,I3) need not to be a
NCo-continuous.
(ii)) If n; and 7, are NCS o-continuous, then n,on;:(X,[;) — (ZI3) need not to be a

NCSa-continuous.

Theorem 3.25: Let n,: (X, ;) — (Y, ;) and n,: (Y, ;) — (Z,I3;) be two functions, then:

(i) If n, is NC o-continuous and 7, is NC -continuous, then 71, °n;:(X,[;) = (Z, ;) is a
NCa-continuous.

(ii) If n, is NC o*-continuous and 7, is NC a-continuous, then n,on;:(X,[) — (ZI3;) is a
NCa-continuous.

(iii) If n; and 7, are NCa*-continuous, then 1, o n;: (X,I;) — (Z,I3) is a NCo*-continuous.

(iv) If n; and n, are NCSo*-continuous, then 1, o n;: (X, ;) — (Z,I3) is a NCSa*-continuous.

(v) If n; and n, are NCo**-continuous, then n, e n;: (X, ;) — (Z,I3) is a NCa**-continuous.

(vi) If n; and n, are NCSo**-continuous, then n, e n: (X, ;) — (Z,I3) is a NCSa**-continuous.
(vii) If n; is NCo**-continuous and 7, is NC a*-continuous, then 1, on;: (X, ;) — (Z,I3) is a
NCo**-continuous.

(viii) If n; is NC a**-continuous and 7, is NC a-continuous, then n,on;: (X,[) — (Z,I3) is a
NC-continuous.

(ix) If n; is NC oa-continuous and 7, is NC a**-continuous, then 1, on;: (X, ;) — (Z,I3) is a
NCo*-continuous.

(x) If n; is NC -continuous and 71, is NC o**-continuous, then 1,°n;:(X,[;) — (Z,I3) is a
NCo**-continuous.

Proof:

(i) Assume F considers a NC-OS from Z. Since 7, is a NC-continuous, 1, *(F) isa NCa-OSin Y.
Since 7, is a NC a-continuous, 7, (1, *(F)) = (n, o n) Y(F) is a NCa-OS in X. Thus, 71, °
n: (X, 1) — (Z,13) existsa NCa-continuous.

(ii) Let F be a NC-OS in Z. Subsequently 1, stands a NCa-continuous, and 1, !(F) stays a
NCa-OS from Y. Sincen, is a NCa*-continuous, n; "t (1, 1 (F)) = (1, o ny) 1 (F) is a NCa-OS in X.
Thus, n,on: (X, ;) — (Z,I3) isa NCa-continuous.

(iii) Let F be a NCa-OS in Z. Since 1, is a NCa*-continuous, 1, 1 (F) is a NCa-OS in Y. Since 1,
is a NCa*-continuous, 17, "2(, " (F)) = (n; o) "1(F) is a NCo-OS in X. Thus, n, ony: (X, [}) —
(Z,I3) is a NCo*-continuous.

(iv) Let F bea NCSa-OSin Z. Since 7, is a NCSo*-continuous, 7, "} (F) isa NCSa-OS in Y. Since 1,
is a NCSo*-continuous, 1,2 (n; "1 (F)) = (2 o) 1 (F) is a NCSa-OS in X. Thus, n, ony: (X, ;) —
(Z,I3) is a NCSa*-continuous.

(v) Let F be a NCo-OS in Z. Since 7, is a NCa**-continuous, 1, 1(F) is a NC-OS in Y. Since any
NC-OS is a NCa-OS, 7,7 1(F) is a NCa-OS in Y. Since 7, is a NCo*-continuous, ;1 (n, 1 (F)) =
(1, o n)"1(F) is a NC-OS in X. Thus, n; o n;: (X, [}) — (Z,I3) is a NCa**-continuous. The proof is

obvious for others. ®

Remark 3.26: The next figure describes the relationship between various classes of weakly

NC-continuous functions:
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4. Conclusion

We shall use the concepts of NCa-OS and NCSo-CS to define several new types of weakly
NC-continuity such as; NCao*-continuous, NCa**-continuous, NCSa-continuous, NCSo*-continuous
and NCS o**-continuous functions. The neutrosophic crisp a-open and neutrosophic crisp

semi-o-open sets can be used to derive some new types of weakly NC-open (NC-closed) functions.
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Abstract: Neutrosophic soft set is a parametric set of uncertainty, whereas the neutrosophic soft
point is an exceptional type of it which used highly to explore the separation axioms. In this study,
the impression of neutrosophic soft topological space is stretched to a new topology which contains
neutrosophic soft points as its elements and named as neutro-spot topological space. One more
topology is defined on the complement of neutrosophic soft points which satisfies the condition of
supra topological space and named as neutro-supra spot topological space. Also, defined the
notion of interior and closure, and are approached in a different way, along with the concept of
subspace topology of such topological spaces. Some related properties have been proved and
disproved with counterexamples. Moreover, the approach to separation axioms in such spaces has
been presented with descriptive examples. The current epidemic situation discussed as a real life
application in decision making problem to detect the major impact of COVID-19 and recover them
quickly. The affected people investigated by the doctors according to their symptoms and other
medical issues. The process of solving specified in the algorithm and the estimation formula stated
for calculation. The appropriate treatment is provided for affected people as per the estimated
value.

Keywords: Neutro-spot topological space; neutro-spot absolute interior; neutro-supra spot
topological space; neutro-supra spot absolute closure; neutro-spot subspace topological space;
neutro-supra spot subspace topological space; neutro-spot 7;_; , -spaces and neutro-supra spot

T;_o,1.2. -spaces; decision making problem on COVID-19.

1. Introduction

The values of three independent membership degrees such as truth, falsity, and indeterminacy,
consigned to each element of a set which characterized to neutrosophic set (NS) as originated by
(1998) Smarandache [16, 17], which is a simplification of a fuzzy set (FS) defined by (1965) Zadeh
[36], and intuitionistic fuzzy set (IFS) created by (1986) Atanassov [34]. It turns out to be a valuable
mathematical utensil to examine formless, faulty, unclear data. In recent years many researchers
have further expanded and developed the theory and application of NSs [1, 10, 12-15]. Also, (2017)
Smarandache [18] originated a new trend set called plithogenic set (PS) and others developed [4, 8,
11].
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A soft set (SS) is a study of parameterization of vagueness introduced by (1999) Molodtsov [32].
Later (2013) Maji [30] pooled two-hybrid sets NS and SS, and urbanized its construction as
neutrosophic soft sets (NSSs). This type of set is extended by different researchers [2, 7, 9] and its
application in decision making (DM) problems [3]. Topology plays a vital role among all these types
of sets such as fuzzy topology (FT), soft topology (ST), fuzzy soft topology (FST), neutrosophic
topology (NT) [31], etc. Likewise, (2017) Bera & Mahapatra [26, 6] created the conception of
neutrosophic soft topological spaces (NSTSs) and others [19, 20, 24]. Neutrosophic soft point (NSP) is
a special type of NSS, which gives rise to the concept of separation axioms on NSTS [23, 25], and
their application to DM was considered in [21, 22, 28]. Mashhour et al. [35] (1983) diminished the
conditions of general topology, termed as supra topological spaces (SpTSs). The real-life application
of SpTS is applied and defined on various sets such as FS [33], SS [29, 27], NS [5], and so on.

The major contribution of this work is to initiate a topology on NSPs, whose open sets defines
the concept of the interior on it. The complement of NSP is defined and named as neutrosophic soft
whole set. Such type of sets obeys the condition of supra topology, and so generated new types of
supra topology, whose open sets defines the concept of closure on it. Some essential definitions and
remarkable properties are studied with appropriate examples. On the other hand, the impact of
separation axioms is examined in both the topologies with suitable examples. The recent
wide-ranging problem extended as a major application to provide appropriate treatment for
COVID-19 patients. Those people are under investigation as stated by its symptoms and other
medical issues. Also, provided the solving procedure and formulae for calculation. The main aim of
this DM problem to recover them speedily via proper treatment.

This study is prearranged as follows. Some important definitions related to the study are
presented in part 2. Part 3 introduces the definition of neutro-spot topology, its interior, its subspace
topology with fundamental properties, and related examples. Part 4 introduces the definition of
neutro-supra spot topology, its closure, its subspace topology with fundamental properties, and
related examples. Part 5 extends this study to separation axioms on both the topologies with
explanatory examples. Part 6 solves the DM problem to detect the impact of COVID-19. The
algorithm and formulae are presented to find the final result and provided proper treatment for
them. At last, concluded with few ideas for upcoming work in part 7.

2. Preliminaries

In this part, some essential definitions connected to this work are pointed.

Definition 2.1 [26] Let V be an initial universe set, E be a set of parameters, and P, Q is any two NSSs

over (V, E). Then a NSS P over V is a set defined by a set-valued function f ((E)P) representing a

mapping f ((E)P): E— NS(V) where f ((E )P) is called the approximate function of the NSS P and
NS(V) is a family of NS over V.

P =f((E)P)= {e,< v, Tf((e)P)(v),If((e>P)(v),Ff(mp)(v)) >ve V): ee E}

Definition 2.2 [24] A NSS P over (V, E) is said to be null NSS if T ,-(m P)(v) =0, I. f.((e) P)(v) =0,
Ff‘(“’P)(v) =1, VeeE, VveV.ltisdenoted by, .

A NSS P over (V, E) is said to be absolute NSS if Tf((e)P)(v) =1, I_;‘(<€>P)(V) =1, Ff.(mp)(v) =0, VeeFE,
VveV.ltis denoted by, .

Clearly, (¢,)° =1, and(l,) =4,

Definition 2.3 [25] Let V be a universe and E be a set of parameters. Let K be a NSS over (V, E). Lete
be an element of E and let
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KE)=f ((E)K ke') = {Eg’f i)y )’iji'e:ee forall ¢ cE.

Then K(¢') iscalled NSP over (V, E) and K = [JK(¢') . Thatis, a NSS is the union of its NSPs.

e'eE

3. Neutro-Spot Topology

This part defines the neutro-spot topology, neutro-spot absolute interior, and its subspace
topology with some properties and examples.

Definition 3.1 Let V be a universe and E be a set of parameters. Let NSP(V, E) be the family of all
NSPs over V. Then 7, « NSP(V,E)is said to be neutro-spot topology (NSPT) over (V, E) if it satisfies
the following conditions

D) ¢.1, €7,

(ii)the finite intersection of NSPs in 7, belongs to 7, .
The trio (V, 7,, E) is said to be neutro-spot topological space (NSPTS) over (V, E). Elements in 7,
are called neutro-spot open sets (NSPOSs).

Example 3.2 A survey is taken based on the characteristics of houses owned by the people living in a
slum area. Let V' ={p,, p,, p;} be the set of sample people living in different areas in the slum and

E={e,e,,e;5,e,} be the set of parameters of houses, where ¢ = neat, e, = beautiful, e;= compact,
and e, =large. Let 7, ={4,1,,K,,K,,K;}. According to the survey, the results have proceeded in the
form of NSPs K|,K,,K; over V as follows:

AWK, )= < p(0.0.1)5,< p. (0,0.1).< p. (0,0.1) >}
K= < 10,0, 5,< p,(0,0,1),< pi,(0,0,1) )

f(“’ﬂlq): {< p1,(0,0,1)>,< p,,(.3,.4,.2),< p3,(0,0,1) >}
0K, )= 1< pro(0.0.)5.< py(0.0.1).< py(0,0.1) >}
f(("‘)Kz): < p1,(0,0,1) >,< p,,(0,0,1),< ps,(0,0,1) >}

K, - f(“z)Kz): < p1,(0,0,1) >,< p,,(0,0,1),< ps,(0,0,1) >} nd
f((%)Kz): < 1,(.5,.2,.6) >,< p5,(0,0,1),< p3,(0,0,1) >}
SR, )= 1< p(©0.0,1)5,< p,(0,0,1),< p3,(0,0,1) >}
f(("l)K3)= < 91,(0,0,1)>,< p5,(0,0,1),< p3,(0,0,1) >}

K, = f(“z)KS): < p1,(0,0,1) >,< p5,(0,0,1),< p3,(0,0,1) >}
f(‘@3>1<3)= {< p1,(0,0,1)>,< p,,(0,0,1),< ps,(.1,.2,.3) >}
SR, )= {< 21 0,0,1)5,< 2, (0,0,1),< p3, (0,0,1) >}

Here ¢,NK,=¢,, $NKr=¢, $NK3=¢, ,NK =K, ,NK,=K,, ,NK;=K;, KK, =4,
KiNK;=4¢,, K;NK;3=4,.

Then K,,K, and K; are NSPOSs.

Thus (V, z,, E)is a NSPTS over (V, E).

Proposition 3.3 Let (V, z,, E) and (V, 7,,, E) be two NSPTSs over (V, E). Then (V, 7, Nz,,, E) is also
a NSPTS over (V, E).
Proof. Let (V, 7,,, E)and (V, 7,5, E) be two NSPTSs over (V, E).
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(i)Obviously, ¢,,1, ez, Nz,,.

(ii)Let K, K, e7t,N7,.

Then X,,K, ez, and K,K, €7,,.

= K NK,er, and K,NK,€7,,.

= K NK,er, Nz,y.

Thus (V, r,,Nz,,, E)is a NSPTS over (V, E).

Remark 3.4 Let (V, z,, E) and (V, z,,, E) be two NSPTSs over (V, E). Then (V, 7, Uz,,, E) is not

NSPTS over (V, E).

Example 3.5 Let V ={g,,2,.25}, E={e,e,,e5.e4}. Let 7, ={ ,,1,,K} and 7,, :{ .1,

NSPs K and L over V are defined as

f(WK): {< £1,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}
f(@z)K) {< £1,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}
f(‘eﬂK) {< 1,(0,0,1) >,< g,,(.7,.6,.2),< g5,(0,0,1) >}
f(“UK) {< £1,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}

and

f(WL) {< 21,(0,0,1) >,< 2,,(0,0,1),< g3,(0,0,1) >}
f(“z)L) {< 21,(0,0,1) >,< 2,,(0,0,1),< g3,(0,0,1) >}
f(‘@z)L) {< 1,(0,0,1) >,< £,,(:3,.9,.5),< g5,(0,0,1) >}
f((“')L): {< 2,,(0,0,1) >,< 2,,(0,0,1),< g3,(0,0,1) >}

Then 7,Uz, ={4.1,,K,L} isnot an NSPTS over (V, E), since KNLgrz,Uz,,.

Thus (V, z,,Uz,,, E) isnot NSPTS over (V, E).

Proposition 3.6 Let K and L be any two NSPs on NSPTS (V, z,, E) over (V, E). Then

() (KULY =K°NI°.
() (KNLY =K°UL .
Proof. Straight forward.

Proposition 3.7 Let (V, 7,, E) be a NSPTS over (V, E) and
7, ={K,:K, e NSP(V ,E)} = {<e, f(<E>K): K e NSP(V,E)>}

where (k)= {<v, T o) (o)L F f((e)K)(v)> veV,ee E}
Define

=)

w2 =l o], J and

o N g

Then 7,,7,, and 7,; are FSTson (V, E).
Proof. Let (V, z,, E) be a NSPTS over (V, E).
(i) Since ¢,.1, €7,
=0,le7,,0,le7,,1,0e7,.

(ii)Let K,,K,ez,.Then K NK, €7, .
That is,

L} where the
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K08 = {1 017, o 0 0 0 0oy o 0 o 00 7
Thus

puin 7\ T )OO iem,

imm[] (V),I (V)L er,, and

{mml Fr(ok, )V F ok )(V)LE }e T

(iii)Let K, e7,, where iel .Then K, ez, .

That is, -

:‘LeJlKi = {<HBX [Tf((e)Kl. )(V)LEE’ max [If((e)Ki )(V)LEE’ min [Ff(u)]{i )(V)LEE >}Z_€l €7
Thus

imax|_T ">1< (V)LeE }iEI €7,

imaxl_] (©k,) (V)J } €z, and

sk o, | <o

Hence 7,,7, and 7,; are FSTson (V, E).

Remark 3.8 The following example illustrates that the converse of Proposition 3.7 is not true.

Example 3.9 Let V ={g,,2,.23}, E={e,es.¢;,¢s}. Let 7, ={4,1,,K,,K,} where the NSPs K, and
K, over V are defined as

A 9K))= < £1.00.0.1) 5.< £3.(0,0.1).< g,(0,0.1) >}
ek )= 1< 2020,0.1) >.< 25.(0,0.1),< g5.(0,0,1) >}
(63)K1): {< 21,(0,0,1) >,< g,,(.7,.6,.2),< g3,(0,0,1) >}

)= {< £1.0.0,1) >.< £.(0.0.1).< g5.(0.0.1) >}

and

) {< 21,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}

) {< 21,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}
(€3>K2) {< 21,(0,0,1) >,< 2,,(.3,.9,.5),< g5,(0,0,1) >}

) {< 21,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}

~
8]
Il
I~~~

Then
= {0 )OO Ty JOR T )OO T e )OO,
i = U)o )M o DML o P and
7ia = Vo )OO o0 JOFyo O F o )
are FSTs on (V, E), where
T, = {<e1 ,(0,0,0), (1,1,1),(0,0,0),(0,0,0)),{e,,(0,0,0), (1,1,1),(0,0,0),(0,0,0)),
(€5,(0,0,0),(1,1,1),(0,.7,0),(0,.3,0)),{e,,(0,0,0),(1,1,1),(0,0,0), (0,0, 0))}
Thus 7, = {¢t,1t,K1,K2} is not NSPT over (V, E), since K,NK, &7, .

and so on.

Proposition 3.10 Let (V, 7, , E) be a NSPTS over (V, E) and
7, =1K, :K, e NSP(V,E)} = {<e, 7(®x):k, < NSP(V,E))}
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where f((E)K): {<v, T/.((E)K)(v), I_/(MK)(V)’ FI.((E)K)(V)> wvelV,ee E}
Define

o=}

Ty = il[f(“”K)(V)LeE} and

5= ilFf((e)K)(V)LeE} as FSTs on (V, E).
Then z,Uz; and 7,,Ur,; arenot FSTs on (V, E).

Proposition 3.10 is illustrated by the following example.

Example 3.11 Let V ={g,.g,.2:}, E={e.es.e5.e,} . Let 7,={4,1,,K,,K,,K;} where the NSPs
K,,K,,K; over V are defined as

(<el>1< ) (< £1,(0,0,1) >,< £5,(0,0,1),< g5.(0,0,1) >}
~ £k, )= 1< 20.00,0.1) >,< £5,(0,0,1),< £5,(7,6,2) >}
(@K, )= {< 1.(0.0.1) >.< g5.(0.0.1).< g,.(0.0,1) >}

) {< 21,(0,0,1) >,< ,,(0,0,1),< g5,(0,0,1) >}

)= £1.00.0.0) >, £5.(0.0.1).< 2,.(0.0.1) >}
L (ez>K2) {< €1,(0,0,1) >,< g,.(0,0,1),< g5.(.8,.7,.5) >}
) {< 2,(0,0,1) >,< 2,,(0,0,1),< g5,(0,0,1) >}
) {< 21,(0,0,1) >,< g,.,(0,0,1),< g5.(0,0,1) >}

) {< £1,(0,0,1) >,< g,,(0,0,1),< g3,(0,0,1) >}
f (62)K3) {< £1,(0,0,1) >,< g,,(0,0,1),< g5.(.7,.6,.5) >}
) <gla(050’1) >7< g29(050:1)5<g35(05031) >}

Here ¢, K, =¢,, 4 NK,=¢,, ¢NK;=¢,, ,NK, =K, |,NK,=K,, ,NK;=K;, KK, =Kj,
KNK;=K;, K,NK;=Kj5.

Then K,,K, and K; are NSPOSs.

Thus (V, z,, E) is a NSPTS over (V, E).

Then

T, = {<e1 ,(0,0,0),(1,1,1),(0,0,0),(0,0,0),(0,0,0)),{e,, (0,0,0),(1,1,1),(0,0,.7),(0,0,.8),(0,0,.7)),
(€5,(0,0,0),(1,1,1),(0,0,0),(0,0,0),(0,0,0)),{e,, (0,0,0),(1,1,1),(0,0,0),(0,0,0), (0,0, 0))}

and so on, are FSTs on (V, E).
But, 7, Ur,; andr,, Uz,; arenot FSTson (V, E).

Proposition 3.12 Let (V, 7,, E) be a NSPTS over (V, E). Then
e, = {[T_ o)) K e, J}
°r,, = {llf((“)K)(V) :Ke T,J} and
Ty = {IF_'/‘((")K)(V) :Ke rtﬁ

for each eeE, define FTs on (V, E).
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Proof. Follows from Proposition 3.7.
Remark 3.13 The following example illustrates that the converse of Proposition 3.12 is not true.

Example 3.14 Consider Example 3.9.
Then

0 =T g )T i JOWT e LT (0 O
20 =V g )OO ey SO e O (e )0)] - and
73 = {F (@08, ) E e YO pfcarge ) E (e, )(V)}

are FTs on V, where
ez, ={(0,0,0),(1,1,1),(0,0,0),(0,0,0)} and so on.

Consequently, {‘32 T, 27,5, z-t3} and {63 T, 071, 1,3} are fuzzy tritopologies on V.
Thus 7, ={4,1,,K,,K,} isnot NSPT over (V, E), since K,NK, &7, .

Definition 3.15 Let (V,z,, E) be a NSPTS over (V, E) and Le NSP(V,E) be any NSP. Then the
neutro-spot absolute interior of L is denoted by L, and defined as

() L = {K:K e NSPOS&K < L} i.e., the union of all neutro-spot open subsets of L.

(i)

ZO = {(if(”)L ,Iof(mL) 1? ((@L } i(max T <5>K) ,Max I.f'(“)K,)’miniFf(“]K,-))eeE :K; e, &f(eKl,>g f(eL)}.

Example 3.16 Let V ={g,,2,}, E={e,es.¢;}. Let 7, =1{4.1,,K,,K,,K;} where the NSPs K,,K,,K;
over V are defined as
f((e‘)K, ): {< 2,(0,0,1) >,< g,,(0,0,1)}
K, = f(<€2>1<1)= (< 21,(9,.4,2)>,< g,,(0,0,1)} ;
@K, )= 1< £,00.0.) >, < g,,(0,0.1)}

f (el)Kz
K, =1 K,

()=
(“k,)=1

r,)=1
(2x)=1
(k)=
(

{< £1,(0,0,1) >,< g,,(0,0,1)}
{< 2,,(0,0,.1) >,< £,,(0,0,)} and

{< £1,(0,0,1) >,< 2,,(.6,.1,.8)}

f‘(el)K3 <g1,(001)><g2,(001)}
K; =4 9K, )= {< g,.(4,.3,.5) >,< £5,(0,0,1)}
Ak, )= < £,0,0,1) >,< £,(0,0,D)}

Here ¢,NK,=¢,, ¢ Ky =¢,, ¢NKs=¢, ,NK, =K,, ,NK,=K,, |,NK3=K;, K;NK,=¢,
KiNK;=K;, K,NK;=4¢,.

Then K,,K, and K; are NSPOSs.

Thus (V, z,, E) is a NSPTS over (V, E).

Let Le NSP(V,E) be any NSP defined as

ADL)= < £,00,0,1) 5,< £,,(0,0,1}
L= f((ez)L): {< €1,(.9,.5,.1) >,< g,.,(0,0,1)}

AL)= < £1.0.0.0 >.< £.0.0.0)
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Then ¢,,K,K;cL.
Thus L, =¢ UK, UK; =K, .

Also,
AR L AR, e ),
o LA AR A0 ana
Aomho)e o)

Then

(F s Lo pfenn) B (WL)) (< 1.(0,0,1) >,< £,,(0,0,)) >},
(f,f(@z)L) I, (1 ﬁ (q)L) {< 21,(.9,.4,.2) >,< ,,(0,0,1) >} and
(f,f(u;)L) T, f(ny)s ﬁ () ) {< 21,(0,0,1) >,< g,,(0,0,1) >} .

Thus {(TZ/(@}L), of((e>L)F ((e)L)) }

Theorem 3.17 Let (V, z,, E) be a NSPTS over (V, E) and L,S € NSP(V,E) be any two NSPs.

Then,
(i) L cLand L, is the largest NSPOS.

(i) LcS=I c8S,.
(iii) L, isaNSPOSie., I, e T,.
(iv) Lis a NSPOS iff L =L.
v (L) =L
vi) (3.) =4. and (i) =1..
(vii) (ZNS) =L.NS..
(x) LUS. <(ZUS).
Proof. Let (V, z,, E) be a NSPTS over (V, E) and L,S € NSP(V,E) be any two NSPs.
(i) Follows from Definition 3.15.
(i) Let LcS.Then L cLcS=L cSand S, cS.
Since S, is the largest NSPOS contained in S, hence LcS..

(iii) Follows from Definition 3.15.
(iv) Let L be a NSPOS. Then L, is the largest NSPOS which contained in L is equal to L.

Hence Z =L.

Conversely, assume that L, =L.

By (iii), L ev,.

Then L is a NSPOS.

(v) Let L, =K .Then Ker, iff K, =K.

Thus (Z ) = Z

(vi) Since ¢,,1, ez, and by (iv), hence (N,) =¢7,o and (I) =T,
(vil) LNS<L and LNScS.
= (Zﬂg)o c L, and (L ﬂS)o c
= (Zﬂ§)o cL.NS,.

Also, Z < Land ﬁ cP.

Then L. NS, cLNS.

Since (Z ns ) < LNS and it is the largest NSPOS, then LN §0 c (Z ns ) .

0"

o
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Hence (Zm&‘)ozzomi.

(vil) LcLUS and ScLUS.
:Zog(iu§)o and EOQ(ZUE)O.
= L US. <(Zus).

Definition 3.18 Let (V,z,, E) be a NSPTS over (V, E) where 7, is a NSPT over (V, E) and
LeNSP(V,E) be any NSP. Then the subspace topology on NSPTS is denoted by z* and defined
as 7} = {LﬂKi :K; e Tt} and ¢.1, et/ Thus (V, tF, E) is a neutro-spot subspace topological space

(NSPSTS) of (V, z,, E), where 7" is also a NSPT over (V, E).

Example 3.19 Let V ={g,,g,.25}, E={e,e,}.Let 7, ={4,1,,K,,K,,K;} where the NSPs K,,K,,K;
over V are defined as

K = f((el)Kl)z {< gl’(oaoal) >,< g29(0=0a1)5< g3’(09091) >}
1 f(“z’Kl): {< 21,(0,0,1) >,< g,,(.1,.4,.5),< g5,(0,0,1) >}

{f

f(< >1<3)= {< £1,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}
((‘2)K3) {< 21,(0,0,1) >,< g,,(.1,.4,.8),< g3,(0,0,1) >}

SH9K,)= < 210,00 < £.0.0D.< .00 5}

@K, )={< g,,(0,0,1) >,< g,,(4,.7,.8),< g3,(0,0,1) >}

Here ¢, K, =¢,, 4 NK,=¢,, ¢NK;=¢,, ,NK, =K, |,NK,=K,, ,NK;=K;, K;NK,=Kj,
KNK;=K;, K,NK;=K;5.

Then K,,K, and K; are NSPOSs.

Thus (V, z,, E) is a NSPTS over (V, E).

Define L, € NSP(V,E) as

~ f((el)Ll)z {< £1,(0,0,1) >,< g,,(0,0,1),< g5,(0,0,1) >}
' f(“z)Ll): (< £1.(0,0,1) >,< g5,(.7,.3,.6),< g5.(0,0,1) >}

Thus we denote LiNg, =¢,, LN, =L, LNK =L, LNK,=Ly,, LNK;=L,.
Then the NSPs L,,L;,L, over V are defined as

L A9n)= 000 52 £.0.00.< £,.0.0.0 5]
? f(“z)Lz): {< 21,(0,0,1) >,< g,,(.1,.3,.6),< g3,(0,0,1) >}

@)L )={< £1.0.0,1) >,< g,,(4,.3,.8),< £3,(0,0,]) >}

{ AL )= < £.00.0.) >< £,.0,0.1).< £.0.0.1) >}
(e,
[

0L, )= 1< 21,(0,0,1) >,< £,(0,0,1), < g5,(0,0,1) >}
A L,)= < £1,0.0.05.< g5, (1,3,8), < £3,(0,0,1) >}

Then 7/ = {qﬁt,lt,l,l L, L, L4} is a NSPST over (V, E).
Thus (V, 7%, E) is a NSPSTS of (V, z,, E).
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4. Neutro-Supra Spot Topology

This part defines the neutro-supra spot topology, neutro-supra spot absolute closure, and its

subspace topology with some properties and examples.

Definition 4.1 Let V be a universe and E be a set of parameters. Then the complement of NSP is said
to be neutrosophic soft whole set (NSWS) over (V, E).

Definition 4.2 Let V be a universe and E be a set of parameters. Let NSWS(V, E) be the family of all
neutrosophic soft whole sets (NSWSs) over V. Then (z,) « NSWS(V,E) is said to be neutro-supra
spot topology (NSSPT) on V if it satisfies the following conditions

(i) ¢.1 (7).

(ii)the arbitrary union of NSWSsin (z,)" belongsto (z,)".
Then (z,)" issaid to be a neutro-supra spot topology (NSSPT) over (V, E), and the trio (V, (z,)’, E) is
said to be a neutro-supra spot topological spaces (NSSPTSs) over (V, E). Elements in (z,)" are called
neutro-supra spot open sets (NSSPOSs).

Example 4.3 Consider Example 3.2. Here (z,)' = {q},,lt,(Kl)C,(Kz)C,(K3)C}.
Then NSWSs  (K)%,(K,)",(K3)" over V are defined as

f((e‘ ><K1)C)= {< P, (LL,0)>,< py,(1,1,0),< ps,(1,1,0) >}
£ &) )= 1< pa1.0)>.< pn(1L1,0).< py. (11,0) >}

K=" 1y /
A K )= 1< P10y >,< py,(2,.6,3),< ps, (1,1,0) >}
f((eu(Kl)c): {< p1,(1L1,0) >,< py,(1,1,0),< p3,(1,1,0) >}
f((el)(Kz)c): {< 1,1,1,0)>,< p,,(1,1,0),< p5,(1,1,0) >}

. f(("Q)(Kz)C): {< 1,1,1,0) >,< p,,(1,1,0),< p5,(1,1,0) >}

(K, = and
f((e3)(K2)c):{< 21,(:6,.8,.5) >,< p,,(1,1,0),< ps.(1,1,0) >}
f((eA)(KZ)C): {< 1,1,1,0) >,< p,,(1,1,0),< p5,(1,1,0) >}
f((el)(K:i)C): {< p],(l,l,O) >,< pZa(17170)3< p3’(1’1’0) >}

e — f((EZ)(K3)C): {< 1,1,1,0) >,< p,,(1,1,0),< p5,(1,1,0) >}

) =
f((“)(l(3)")={< P1-(1,1,0)>,< py,(1,1,0),< ps,(:3,.8,.1) >}
r <e4>(1<3)°’)={< P1-(1,1,0)>,< py,(1,1,0),< ps,(1,1,0) >}

Here ¢ UKD =(K), UK =(K,), UK =(Ky)*, LUK) =1, LUK =1,
LUK =1, (K) UK, =1, (KUK =1, (K) UK =],.

Then (K;)",(K,)° and (K;)‘ are NSSPOSs.

Thus (V, (z,)’, E) is a NSSPTS over (V, E).

Proposition 4.4 Let (V, (z,;)', E) and (V, (7,,)', E) be two NSSPTSs over (V, E). Then (V,
(z,)'N(z,,), E) is also a NSSPTS over (V, E).

Proof. Let (V, (z,;)’, E)and (V, (z,5)', E) be two NSSPTSs over (V, E).

(i)Obviously, ¢,.1, €(z,)' N(z,;,)" .
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(ii)Let {K, e NSWS(V,E):ielje(z,)N(z,) -
Then {K;}e(r,) and {K,}e(z,) .
= UK;e(zy) and UK, (7).

iel iel

= UK, () N(z,) .

iel

Thus (V, (z,)'N(z,)", E)is a NSSPTS over (V, E).

Remark 4.5 Let (V, (), E)and (V, (z,,)', E) be two NSSPTSs over (V, E). Then (V, (z,;)’'U(z,,)’, E)
is not NSSPTS over (V, E).

Example 4.6 Consider Example 3.5. Here (z,)' =,1,,K C} and 7, = t,l,,LC} where the NSWSs

K¢ and L¢ over V are defined as

and

f((e')LC): {< 21,(1,1,0) >,< g5,(1,1,0),< g3,(1,1,0) >}
Lo ) 2010 5 < 23,0100 25,010 >}
f( )= {< 21,(0,0,1) >,< g,,(.5,.1,.3),< g3,(0,0,1) >}
f((EA)LC): {< gla(lal,o) >9< g2’(1:190)7< g37(1,170) >}
Then (7)) U(z,) = ,,lt,KC,LC} is not an NSSPTS over (V, E), since K“UL® & (z,))'U(z,,) .
Thus (V, (z,)'U(z,,)", E) isnot NSSPTS over (V, E).

(ez)LC

Proposition 4.7 Let K and L be any two NSWSs on NSSPTS (V, (z,)’, E) over (V, E). Then
() (KULY =K°NI°.
() (KNLY =K°UL .

Proof. Straight forward.

Proposition 4.8 Let (V, (z,)’, E) be a NSSPTS over (V, E) and
(z,) =K, :K, e NSWS(V,E)} = {<e, 7(®k) k< NSWS(V,E))}

where f((E)K)z {<v, Tf((e)K)(v), If((")K)(V)’ Ff(((,)K)(v)> wel,ee E}
Define

@) = oL,

(z,0) = il_lf((f)K)(V)erE; and

@) = 0], }
Then (z,)',(z,,) and (zr,3) are FSTson (V, E).
Proof. Let (V, (z,)', E) be a NSSPTS over (V, E).
(i) Since ¢,.1, < (7,

=0,1e(z4),0,1€(z,,),L,0 € (z,5)".
(ii)Let {K, e NSWS(V,E):ielje(z,) .
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Then UK, e(z,) .
iel

That is,

UK,:{(sup[ (o, )<V>L sup[l,.(<e),<,_)(V>LE,mf[F,-(mK,.)(V>LE>} <)’

iel iel

Thus
BuplT ()] | @)

%upl_lf(mKl )(V)JeeE id e(z,) and

bunlT o O, | )

(iii) Let K,,K, €(z,)
Then K, NK, e(z,) .
That is,

KiNkK, = {<mm [T_ ok, )T (g, )(V)LE,min [I_,‘(@)Kl 82 If(<f>,<2)(V)LE,mx [Ff((e),(l JNL.E f(<e)K2)(V)LE>} (@)
Thus

bl s 1 . e
i |7 o )OO L (g )OO, J& (52) and

bin o o O fe e

Hence (z,)',(7,,) and (z3)" are FSTson (V, E).
Remark 4.9 The following example illustrates that the converse of Proposition 4.8 is not true.

Example 4.10 Consider Example 3.9. Here (z,)' = {(bt,lt,(Kl)c,(Kz)c} where the NSWSs (K,)“ and

(K,)¢ over V are defined as

AD &)= < 21(110) < g2, (LLO)< g5.(1L1,0) >}

Ky© = f((e2)(K1 ): {< 21,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}
f((63)(K )¢ )= < 21, (1,1,0) >,< g5,(.2,.4,.7),< g5,(1,1,0) >}

f(w(K) ={< 21,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}

AU )= e £1,0.1.0)2,< £5,0.1.0).< £.0110) >}
e LKD)l £0.000>,< 22,000, < 2101005}
2 E ; <gl,(110)><g2,(5 1, 3)<g3,(1,1,0)>}

ARCN
AK€ )= 1< 21,(1,1,0) >,< g5,(1,1,0),< g5,(1,1,0) >}

Then

@) =T 0 )T 0 )T 0y )OO0y )OO, S

@) =1 g O (i JORT (2 )M ffiriy )], | and]
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(@) = {F (00 )OO F 0\ F (i ) F (i, )V, | are FSTs on (V, E),
where

(t,) = {(e1 ,(0,0,0), (1,1,1), (1,1,1),(1,1,1),{e,,(0,0,0),(1,1,1), (1,1,1), (1,1,1)),

and so on.
(€5,(0,0,0),(1,1,1),(1,.2,1),(1,.5,1)),{e,,(0,0,0), (1, 1,1), (1, 1,1), (1, 1,1))}

Thus (z,) = .1,,(K)“,(K;)“ | is not NSSPT over (V, E), since (K,YN(K,) ¢ (z,) -

Proposition 4.11 Let (V, (z,)’, E) be a NSSPTS over (V, E) and
(z,) = {K, :K, € NSWS(V,E)} = {<e, #®k):k, < NSWS(V,E))}
Where
£®k)= {<v, T o011 0 )01 F o )0 v eV e £

Define

(@) = )], )
(@) = I ()] _, | and

(z,3) —{l ( )(V)J: } are FSTs on (V, E).
Then (z,))U(z;3) and (z,,)'U(z,3) arenot FSTson (V, E).

Proposition 4.11 is illustrated by the following example.

Example 4.12 Consider Example 3.11. Here (z,) = {¢t,1t,(K1)C,(K2)C,(K3)C} where the NSWSs
(K, (Ky) €, (K3)¢ over V are defined as

A )= 1< £1,0110) >,< £2,(1,1.0).< £5.0.10) >}
@@ ) l< 21, (L1,0) >,< g,.(1,1,0),< g3.(:2,4,.7) >}

(KI)C =
f((63)(K )¢ ) {< 21,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}
f(w(K )¢ ): {< 21,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}
f((e‘)(K )¢ ): {< 21,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}

Ks)° = f(<ez>(1< )¢ ): {< 21,(1,1,0) >,< g5,(1,1,0),< g5,(.5,.3,.8) >} nd
S @K )= 1< 21,1,1,0) >,< g5, (1,1,0),< g3,(1,1,0) >}
A& )= (< £1.(1.1,0) >.< g5.(11,0).< g4.(11,0) >}
A )= 20,1002, 2,010, < 23,(1,10) 5}

e f(«z)(K ) ) (< g1.(1LL0) >,< g5.,(1,1,0),< g5,(.5,4,.7) >}
f((e3)(K )¢ ) {< g1,(1,1,0) >,< g,.,(1,1,0),< g5,(1,1,0) >}
A &)=< £.0110) >,< 5. (LL0)< 25,(1,1.0) >}

Here ¢, U(K)‘=(K)¢, 4UK) =Ky, UK =(K5)°, L, UK) =1, 1,UK) =1,
LUK =1, (K) UK, =(K3), (K) UK =(K3), (K) UK =(K3)°.

Then (K;),(K,)" and (K;)“ are NSSPOSs.

Thus (V, (z,)’, E) is a NSSPTS over (V, E).

Then
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() = {<e1,(0, 0,0),(1,1,1),(1,1,1), (1, 1,1),(1,1,1),{e,,(0,0,0),(1,1,1),(1,1,.2),(11,.5), (1 1,.5)),
(€5,(0,0,0),(1,1,1), (1,1,1),(1,1,1), (1,1,1)),(e4,(0,0,0), (1,1,1),(1,1,1), (1, 1,1), (1,1,1))}

7

and so on, are FSTs on (V, E).
But, (r,)'U(r3) and (z,,)'U(z,3)" arenot FSTson (V, E).

Proposition 4.13 Let (V, (z,)’, E) be a NSSPTS over (V, E). Then
Cr) =T 00 K@,
(‘) = {I_lf(@K)(V) K e (r,)'J} and

(‘r5)' = {lFf(“’)K)(V) :Ke (Tz),J}
foreach eeE, define FTs on (V, E).
Proof. Follows from Proposition 4.8.

Remark 4.14 The following example illustrates that the converse of Proposition 4.13 is not true.

Example 4.15 Consider Example 4.10.
Then

) =1 g )T JOBT 5 )Ty )0
(7)) = {[f((en@ )(V)Jf(wl[ )(V)Jf((m(,(l)a)(V)slf-(<q>(K2)tr)(V)} and

(el Tt3) ‘= {va((f’l)@ )(V)>Ff((q)1[)(V)’Ff'((el)(](l)L'>(V)5F/'((?])(K2)ﬂ')(V)} are FTS on V!
where
7)) = {(0, 0,0),(1,1, 1),(1,1,1),(1,1,1)} and so on.

Consequently, {(62 7). (P 1,0) (% 13) C} and {(e3 7)) (8 7,) (P 143) c} are fuzzy tritopologies on V.
Thus (z,) = .1,,(K)“,(K;)“ | is not NSSPT over (V, E), since (K,YN(K,) ¢ (z,) -

Definition 4.16 Let (V, (z,)’, E) be a NSSPTS over (V, E) and L e NSWS(V,E) be any NSWS. Then

the neutro- supra spot absolute closure of L is denoted by L and defined as

(i) L ={K:K e NSSPOS&K c L} i.e., the intersection of all neutro-supra spot open subsets of L.

(i)

L = {(if((")L)’Tff((")L)’ﬁff((")L))EeE}: {(mln ; Tf((é.)Ki),min ; I.I.(MK‘_),maxi F/.(MK‘_))%E :K; e(z,) &f(eKi)Q f(‘fL)}-

Example 4.17 Consider Example 3.16. Here (z,) = {¢t,1t,(K1)c,(K2)c,(K3)c} where the NSWSs
(K)(Ky) ,(K5)¢ over V are defined as

A w))= < 21000 >, < g2.0.10)

K =1 /(&) )= e 226,95 <, 010)
Aw)¢)= < 21,0100 >, < 2,.0.10))
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A9 )= < 20,00 >.< 2,010}

K> ¢ =1 (@K, )= {< £1.(L1,0) < £5.(LLO)}  and
7Ky ¢)= < g1.(11,0) ».< £,.(8.9..6))
7@ 9)= < g1.(L.1.0) >.< g,.(L.LO)}

(K3 =41 (&) ¢)= < 21.(5.7.4) >, < 2, (1,1,0)}
A7) 210,10 >, < 230,10}

Here ¢ UKD =KD, 4UK) =K, 4UK)D =K, LUK) =1, LUK) =1,
LUK =1, (KD UK =1, (KD UK =(K;5)°, (K) UK =1,.

Then (K,),(K,)" and (K;)“are NSSPOSs.

Thus (V, (z,)', E) is a NSSPTS over (V, E).

Let Le NSWS(V,E) be any NSWS defined as

£02)= < g1.(11,0) >.< g,.(L1,0)}
L= f((ez)L)z {< 21,(1,.5,.9) >,< g,,(1,1,0)}
f((e3)L): {< 21,(1,1,0) >,< g,,(1,1,0)}
Then 1,,(K)),(K3) 2 L.
Thus L =1,U(K))“ U(K;)“ = (K)*.
Also,

Ay @y A E )2 (L)
A@w A& ) A )2 («'L) and

f((e;)(Kl)c)f((q)(K})C)Q.f((e3)L)‘
Then

(i.f’((t‘l)L),T_. '((L’I)L)aﬁ_f(Wl)L)): {< g] 7(19170) >:< g29(19190) >}/
(if((t’z)L)aT_f((t’z)L)arF\;_f((t’z)L)): {< g]n(‘2:'67'9) >9< g29(19190) >} and

(f—f(“’”L)’T—f(("”L)’ﬁ—.f’((‘f”L)): < g1,(11,0) >,< g,,(1,1,0) >} .
Thus {(if(mL), T,f(mL), ﬁ*f(mL))eeE }= (K)°.

Theorem 4.18 Let (V, (z,)', E) be aNSSPTS over (V, E) and L,S € NSWS(V,E) be any two NSWSs.
Then,

(i) LcL and L_ is the smallest NSSPOS.

(i) LcS=L =S .

(iii) L isaNSSPOSie., L e(r,)°.

(iv) Lis a NSSPOS iff I =L .

w () =L
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i) () =d_ and (i) =T,
(vii) (LUS) =L US..
0 [[NS) <IN
Proof. Let (V, (z,)’, E) be a NSSPTS over (V, E) and L,S € NSWS(V,E) be any two NSWSs.
(i) Follows from Definition 4.16.
(iiy)Let LcS.Then LcL and PcS = LcScS = LS .

Since L  is the smallest NSSPOS containing L, hence L < S .

(iii) Follows from Definition 4.16.
(iv) Let L be a NSSPOS. Then [._ is the smallest NSSPOS which containing L is equal to L.

Hence L =L.
Conversely, assume that [ =L .
By (iil), L_e(z,)°.
Then L is a NSSPOS.
(v)Let L =K .Then K e(z,)¢ iff K =K.
Thus (Z_)_ =L
(vi) Since ¢,1, €(z,)¢ and by (iv), hence (;th)f =$,7 and (th)f =T,7.
(vil) LcLUS and ScLUS.
= Z,g(ZUg)_ and S g(fug)_.
= L US_ g(ZUg)_.
Also, ngfand Sgi.
Then LUS<L US._.
Since LUSg(Z Ug)_ and it is the smallest NSSPOS, then (Z Ug)_ ngUi.
Hence (ZU§)_ =L US_.
(vil) LNS<L and LNSCcS.
= (Zm&‘)_gi, and (Zﬂg)_gi.
= (ZNnS). cZ.nS..

Definition 4.19 Let (V, (z,)’, E) be a NSSPTS over (V, E) where (z,) is a NSSPT over (V, E) and
L e NSWS(V,E) be any NSWS. Then the subspace topology on NSSPTS is denoted by (/") and
defined as (rf)':{LﬂKl- K, e(rt)’} and ¢.1, (z"). Thus (V, (¢}), E) is a neutro-supra spot
subspace topological space (NSSPSTS) of (V, (z,)’, E), where (z}) is also a NSSPT over (V, E).

Example 4.20 Consider Example 3.19. Here (7,)' = {@aln(Kﬂca(Kz) C,(K3)C} where the NSWSs
(K) (K€, (K;)¢ over V are defined as

(K )c _ {f((el)([(l)c)z {< gla(lnlao) >,< g29(19190)9< g39(19190) >}
)¢ =
f((ez)(Kl)”): {< 21,(1,1,0) >,< £,,(.5,.6,.1),< g5,(1,1,0) >}
(K )c _ {f((el)(KZ)c)z {< gl,(l,l,O) >,< gZ’(lvlaO)a< g39(17170) >} and
)¢ =
f(<ez>(1<2) C): {< 21,(1,1,0) >,< g,,(.8,.3,.4),< g3,(1,1,0) >}
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(Kﬂcz{d“kK»ﬁ=kgpahm>xgb@hmxgymhm>}

f((ez)(K3)C): {< 2,(1,1,0) >,< 2,,(.8,.6,.1), < g5,(1,1,0) >}

Here g UK) =(K), 4UK) =(K,) ", UK =(K)°, LUK) =1, LUK =1,
1, U(K3)C =1, (Kl)c U(Kz)c :(Kz.)cr (Kl)c U(K3)C :(K3)Cr (Kz)c U(K3)C :(K3)C~

Then (K;)",(K,)° and (K;)° are NSSPOSs.

Thus (V, (z,)', E) is a NSSPTS over (V, E).

Define L, e NSWS(V,E) as

L = f((el)Ll)= {< gl’(lalvo) >9< g29(1’150)9< g39(19150) >}
1= .
f(("z)Ll)= {< 21,(1,1,0) >,< £,,(.6,.7,.7),< g5,(1,1,0) >}

Thus we denote  L,(N¢, =¢,, LN, =1y, Lln(Kl)C:sz Llﬂ(Kz)C:LBI Llﬂ(KS)c:L4'
Then the NSWSs L,,L;,L, over Vis defined as

L f(WLz): (< 21,(1,1,0)>,< g,,(1,1,0),< g5,(1,1,0) >}
? f((ez >L2): (< 2,(1,1,0) >,< ,,(.5,.6,.7),< g3,(1,1,0) >}

(WLS) {< 21,(1,1,0)>,< g,,(1,1,0),< g5,(1,1,0) >}
f((ez)L3): < g1,(1,1,0) >,< ,,(.6,.3,.7),< g3, (1,1,0) >}

f((el)L4): < 2,(1,1,0) >,< g,,(1,1,0),< g5,(1,1,0) >}
AL, )= < 21,0,1,0) < 25,(6,6,7),< g5, (1,1,0) >}

Then (¢} ={#.1,,L;,Ls,L5,L,} is a NSSPST over (V, E).
Thus (V, (z1), E) isa NSSPSTS of (V, (z,), E).

5. Separation Axioms

This part is split into two parts as separation axioms on NSPTS and NSSPTS are defined

with examples.
5.1. Separation Axioms on NSPTS

Definition 5.1.1 Let (V, z,, E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that
peR and pNS=¢ or

geS and gNR=¢,
Then (V, z,, E) is said to be a neutro-spot 7 -space.

Definition 5.1.2 Let (V, z,, E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that

peR and pNS=¢ and

geS and gNR=¢,,
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Then (V, z,, E) is said to be a neutro-spot T -space.

Definition 5.1.3 Let (V, 7, , E) be a NSPTS over (V, E) where 7, isa NSPT over (V, E). Let p and g be
any distinct NSPs. If there exists NSPOSs R and S such that

peR, geS and RNS=¢,
Then (V, z,, E) is said to be a neutro-spot 7, -space.

Theorem 5.1.4 Let (V, 7,, E) be a NSPTS over (V, E). Every neutro-spot T, -space is also a neutro-spot
T -space and every neutro-spot 7, -space is also a neutro-spot T; -space.
Proof. Follows from Definitions 5.1.1, 5.1.2, and 5.1.3.

Example 515 Let V={v,v,} , E={e.,e,} . Let 7,={4,1,,R,R,,R;,R,} where the NSPs
R,R,,R;,R, over V are defined as

(<e1)Rl): {<1,(0,0,1) >,< v,,(0,0,1)}
f((Ez)Rl): <V13(7 4 2)> <V2,(O 0 1)}
f((el)Rz =<, (0,0,1) >,< ,.(0,0,1)}
f((ﬁz)Rz = <V1,(3 .5,..6) >,<v,,(0,0 1)} I

and
f((ez)R3 - <V1’(3 4,.6)>,<v,,(0,0 1)}

)=
)=
{ f((el)R3) {<1,(0,0,1) >, < v,,(0,0,1)}
)=
_ f((el)R4): {<1,(0,0,1) >,<,,(0,0,1)}

(@R, =< 1.0.0.1) 5. < v,.(8,4.5))

Here ¢,NR=¢, 4NR=¢, $NR=¢, $NR=¢, LNK{=R, ,NR =R, 1,NR =Ry,
1tﬂR4:R4/ R10R2=R3/ RlﬂR3:R3/ RlﬂR4=¢t/ RzﬂR3=R3r Rsz4:¢tr R3mR4:¢t'
Then R,R,,R; and R,are NSPOSs.

Thus (V, z,, E) is a NSPTS over (V, E).

Let p and g be any distinct NSPs which are defined as

_ {f((e‘)p)z {<1,(0,0,1) >, < ,,(0,0,1)} .

A p)= e (1,4,.7) 5, <,,(0,0,1))

.- f((e‘)q): {<11,(0,0,1) >,< v,,(0,0,1)}
f((ez)q>= {<11,(0,0,1) >,<v,,(.2,.1,.5)}
Hence (V, z,, E) is aneutro-spot 7, -space, also a neutro-spot 7, -space and a neutro-spot 7 -space.

5.2. Separation Axioms on NSSPTS

Definition 5.2.1 Let (V, (z,)’, E) be a NSSPTS over (V, E) where (z,)" is a NSSPT over (V, E). Letp
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR and pNz=¢ or
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geS and gNR=¢,

Then (V, (z,)', E) is said to be a neutro-supra spot 7, -space.

Definition 5.2.2 Let (V, (z,)’, E) be a NSSPTS over (V, E) where (z,)" is a NSSPT over (V, E). Letp
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR and pNS=¢ and

geS and gNR=¢,
Then (V, (z,)', E) is said to be a neutro-supra spot T, -space.

Definition 5.2.3 Let (V, (z,)’, E) be a NSSPTS over (V, E) where (z,)" is a NSSPT over (V, E). Letp
and g be any distinct NSPs. If there exists NSSPOSs R and S such that

peR, geS and RNS =g,
Then (V, (z,)’, E) is said to be a neutro-supra spot T, -space.

Theorem 5.2.4 Let (V, (z,)’, E) be a NSSPTS over (V, E). Every neutro-supra spot 7, -space is also a

neutro-supra spot 7} -space and every neutro-supra spot 7, -space is also a neutro-supra spot
Ty, -space.

Proof. Follows from Definitions 5.2.1, 5.2.2, and 5.2.3.

Example 5.2.5 Consider Example 5.1.5. Here (z,) = {@,1,,(R1) (R (R)(Ry) C} where the NSWSs
(R),(Ry)€,(Ry),(R,)¢ over Vis defined as

R)° - ((61)(R) ): {<v,(1,1,0) >,<v,,(1,1,0)}
1 ((ez)(R) ) <vl,(.2,.6,.7) >,<V25(13150)}

&) = f ("1)(R2 C ={<v,(1,1,0) >,<v,,(1,1,0)}
AR )= e v, (6.5.3) 5 < v, (1L1,0))
7l )(R3) ={<v,(1,1,0) >, < v,,(1,1,0)}

{ (

(

(R)C_ (
A Ry )= {e11.(6..6.3) 2. < 12 (11,0))

{ (

(

-t
7l (Ry)C ) {<vi,(1,1,0) >,<v,,(1,1,0)}
-

(R =
AR )={< v, (1,1,0) >, < v,,(.5,.6, 8)}

Here ¢ UR) =(R), 4UR) =(R)", ¢UR) =R, ¢UR) =(R)°, LUR) =1,,
LUR) =1, LURY =1, LURD =1, R)UR) =R, R UR) =(R)°
(R)URY =1, (R)UR) =R, (R UR) =1, R URY®=1,.

Then (R)‘,(R,) ,(Ry)° and (R,)“ are NSSPOSs.

Thus (V, (z,), E) is a NSSPTS over (V, E).

Let p and g be any distinct NSPs which are defined as

and

[ p)= < v, 0,0, 5, < v, (0,0,1)
7 p)={< vy, 001,.002,.987) >, < v,..(0,0.1)}
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~ _f(<€1)q)= {<1,(0,0,1) >,<v,,(0,0,1)}
f((eZ)q): {<1,(0,0,1) >,< v,,(.002,.001,.998)}

Hence (V, (z,)’, E) is a neutro-supra spot 7, -space, also a neutro-supra spot 7, -space and a

neutro-supra spot T, -space.

6. DM Problem to Detect the Impact on COVID-19

In this part, the DM problem explains the COVID-19 situation and detected its impact on
corona virus patients to undergoing exact treatment for them according to their medical report. The

process of evaluation is pointed out in the algorithm and formula defined for computing the result.
Definition 6.1 Let (V,z,,, E1) and (V, z,,, E2) be two NSPTSs over (V, E1) and (V, E2), respectively
where V is the set of risk factors and E1, E2 are two different parametric sets of medical issues. Let M

be a corona virus patient, were “'M ez, and “*M er,, are two NSPs.

Then for each veV, the Risk State Value (RSV) of M (v)is given as:

RSV[M(V)(ELEz)]: ‘(%ij(l —gj , (6.1.1)
where
A= 2Ty 0+ ]%[Tf((rj)M)(v) ’
B=>1 (. 1 ,
2 o0y )+ El o w) Q)
=>F (. F
C IE f((al) M)(V) + EI f((rj) M)(V)
and forall s; €El, r; € E2.
Then VveV, the Total Risk State Value (TRSV) of M is given as:
TRSY (M) = T (RSV M () P57 ), (612)

Algorithm

Step 1: List the set of risk factors veV .

Step 2: List two different parametric sets, say E1 and E2, where E1 represents the symptoms of
COVID-19 and E2 represents the pre-medical issues.

Step 3: Pick out the people affected by COVID-19, say M.

Step 4: Go through the medical status of each patients.

Step 5: Test their corona virus symptoms (E1) and categories its risk factors (V).

Step 6: Collect those data in the form of NSPs.

Step 7: Define a NSPT 7, and so (V,z,, E1) is a NSPTS over (V, E1).

Step 8: Check the pre-medical issues of each patient (E2) and categories its risk factors (V).

Step 9: Collect those data in the form of NSPs, which satisfies the condition of NSPT z,,.

Step 10: Define a NSPTS (V, 7,,, E2) over (V, E2).

Step 11: Use the formula 6.1.1 to calculate the RSV of M (v), for each veV , and tabulate it.

Step 12: Use the formula 6.1.2 to calculate the TRSV of M, for all ve V', and tabulate it.
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Step 13: (i) If TRSV(M) is greater than 2.5, then M undergoes ventilation treatment.
(if) If TRSV(M) lies between 1.5 and 2.5, then M needs to be hospitalized.
(iii) If TRSV(M) is less than 1.5, then M should be self-isolated at home.
Step 14: Step 13 is also concluded according to the risk factor V.
Step 15: If two or more patients have the same TRSV, then each patient required the same treatment.

Problem 6.2 The survey on COVID-19 patients tested in a particular area. Its low-level risk scenarios
are talking to someone face to face, walking, jogging, cycling, etc., The medium level risk scenarios
are grocery shopping. The high-level risk scenarios are restaurants, public bathrooms, indoor spaces,
and common areas. The very high-level risk scenarios are schools, colleges, parties, weddings,
cinemas, and workplaces. The people who are affected by COVID-19 are tested by the doctors
according to their symptoms and are under investigation. Also, considered other medical issues.
They are categorized with some risk factors. Our problem is to recover them quickly by giving
appropriate treatment for those affected people.

1. Let V ={v,,v,,v;,v4} be the set of risk factors, where v,— low risk, v,— medium risk, v;- high
risk and v, — very high risk.

2. Let El={s,s,,53,54} and E2={n,r,n,n} be two different parametric sets. The set El
represents the symptoms of COVID-19 such as s,— fever, s,— dry cough, s,— chest pain, and s, -
shortness of breath. The set E2 represents pre-medical issues such as r — diabetes, r, — blood
pressure, r;— cardiac diseases, and r, — respiratory diseases.

3. Let M, M,, My and M, be the people affected by COVID-19.

4. Go through the medical status of each patient.

5. First test their corona virus symptoms (E1) and categories its risk factors (V).
6. Those data are collected in the form of NSPs, are as follows:

f((“'l M, ): {<1,(0,0,1) >,<v,,(0,0,1), < v5,(0,0,1) >, < v,(0,0,1) >}
f((SZ)Ml) {<1,(0,0,1) >,<v,,(0,0,1), < v5,(0,0,1) >, < v,(0,0,1) >}

El
M= f((s3)M, ) {<1,(0,0,1) >, < v,,(0,0,1), < v3,(0,0,1) >, < v,,(0,0,1) >}
f((‘”)Ml ) {<11,(0,0,1) >,<v,,(0,0,1),,< 5, (0,0,1) >< v,,(.6,.5,.2) >}
/‘(“”Mz) {<1,(0,0,1) >,<v,,(.5,.2,.6),< v3,(0,0,1) >,< v,,(0,0,1) >}
By, f(“z)Mz) {<11,(0,0,1) >,<,,(0,0,1),< v3,(0,0,1) >,< v,,(0,0,1) >}
f((s3)M2)= {<1,(0,0,1) >,<,,(0,0,1), < v5,(0,0,1) >, < v,,(0,0,1) >}
f((“"‘)Mz ): {<1,(0,0,1) >,<v,,(0,0,1),,< v5,(0,0,1) >< v,,(0,0,1) >}

f (s1 )M3

f

<
o A
<
<

) {<11,(0,0,1) >,<v,,(0,0,1),< 3,(0,0,1) >, < v,,(0,0,1) >}
<S2’M3) {<v1,(:3,.2,.8) >,< 5, (0,0,1),< v3,(0,0,1) >, < v, (0,0,1) >}
(S3)M3): {<1,(0,0,1) >,<v,,(0,0,1),< v3,(0,0,1) >, < v,,(0,0,1) >}
(S4>M3) {<1,(0,0,1) >,<,,(0,0,1),,< v3,(0,0,1) >< v, (0,0,1) >}

~

~

f (Yl)M4

( ) <v1,(001)> <v,,(0,0,1),<4,(0,0,1) >, <v4,(001)>}
EIM4= E(sz)M4; <v1,(0,0,1)>,<v2,(0,0,1),<v3,(0,0,1)>,<v4,(0,0,1)>}

~

A9, )= {<,,(0,0,1) >,<v,,(0,0,1), < v3,(0,0,1) >, < v,,(.8,.6,.3) >}
FE9m ) {(<1,(0,0,1) >, < v,,(0,0,1),,< v3,(0,0,1) >< v, (0,0,1) >}
7. Then 7, = {EIMI, v, B, E]M4} is a NSPT.

Thus (V, 7,,, E1) is a NSPTS over (V, E1).
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8. Then, check the pre-medical issues of each patients (E2) and categories its risk factors (V).
9. Those data are collected in the form of NSPs, are as follows:

f(“l M, ): {<v1,(0,0,1) >, < v,,(0,0,1), < v3,(0,0,1) >, < v,,(0,0,1) >}
~ f(“2>M1) {(<1,(.6,.7,.4) >,<v,,(0,0,1),< v3,(0,0,1) >, < v,,(0,0,1) >}

E2
M, = ;
‘ f(('3)M1) {<1,(0,0,1) >, < v,,(0,0,1), < v3,(0,0,1) >, < v,,(0,0,1) >}
f(("‘)Ml) {(<1,(0,0,1) >, < v,,(0,0,1),,< v5,(0,0,1) >< v, (0,0,1) >}
f((" )Mz) {<v1,(0,0,1) >, < v,,(.4,.3,.4),< v3,(0,0,1) >, < v, (0,0,1) >}
Py f((’Z’MZ) {<1,(0,0,1) >, < v,,(0,0,1),< v3,(0,0,1) >, < v,,(0,0,1) >}
? f((’3 >M2) {<1,(0,0,1) >, < v,,(0,0,1), < v3,(0,0,1) >, < v,,(0,0,1) >}
f(<’4>M2) {(<1,(0,0,1) >, < v,,(0,0,1),,< v3,(0,0,1) >< v, (0,0,1) >}
f((" )M3) {<1,(0,0,1) >,<v,,(0,0,1), < v3,(0,0,1) >,< v,,(0,0,1) >}
By f((’Z)M3) {<1,(0,0,1) >, < v,,(0,0,1), < v, (0,0,1) >, < v,,(0,0,1) >} nd
T M) = {1 (4.4,2) 2, <02, (0,0,1), < v, (0,0,1) >, < v,.(0,0,1) >}
f(<’4>M3) {<v1,(0,0,1) >,<v,,(0,0,1),,< v3,(0,0,1) >< v, (0,0,1) >}
f((” >M4) {<1,(0,0,1) >, < v,,(0,0,1), < v3,(0,0,1) >, < v,,(0,0,1) >}
By f((’2 >M4) {<v1,(0,0,1) >, < v,,(0,0,1), < v5,(0,0,1) >, < v,(0,0,1) >}
(M, )= 9 (0.0.1) 5 < v5.(0,0,1),< ¥4, (0,0,1) >, < v, (0,0,1) >
f((’4)M4)= {<v1,(0,0,1) >,<v,,(0,0,1),,< v3,(.7,.5,.3) >< v,,(0,0,1) >}
10. Then 7, = {E2M1, B2y, B0, EZM4} is a NSPT.
Thus (V, z,,, E2) is a NSPTS over (V, E2).
11. By using the formula 6.1.1, the RSV of M (v) are calculated, for each veV .
These values are tabulated in the following table.
Table 6.2.1. RSV Table
Vi V2 V3 V4
M, 1.755 0 0 1.43
M, 0 1.75 0 0
M, 1.625 0 0 0
M, 0 0 1.59 1.855
12. By using the formula 6.1.2, the TRSV of M are calculated, for all velV .
These values are tabulated in the following table.
Table 6.2.2. TRSV Table
Vi V2 V3 V4 TRSV
M, 1.755 0 0 1.43 3.185
M, 0 1.75 0 0 1.75
M; 1.625 0 0 0 1.625
M, 0 0 1.59 1.855 3.445

13. Here TRSV(M, ) =3.185 and TRSV(M ) = 3.445, which are greater than 2.5.
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Thus they both are at a very high-risk stage.
So, they each should be treated in ventilation for quick recovery.
Next, TRSV(M,) =1.75 and TRSV( M5 ) =1.625, which are greater than 1.5.

Here M, isunder medium risk stage, and so need to be hospitalized.
Even though the TRSV of M, lies between 1.5 and 2.5, M is under the low-risk stage.
So, M, should be self-isolated at home itself.

7. Conclusions

In this paper, NSPTS and NSSPTS are introduced and defined a subspace topology on them.
Along with its absolute interior of NSPT and absolute closure of NSSPT are also defined. Few
properties are examined with illustrative examples. This study extended to introduce a concept of
separation axioms of NSPTS and NSSPTS are defined as neutro-spot 7_,,, -spaces and

neutro-supra spot T;_ , -spaces respectively with related examples. Additionally, the DM problem

explains the COVID-19 situation and detected its impact on corona virus patients to undergoing
exact treatment for them according to their medical report. The process of evaluation is pointed out
in the algorithm and formula defined for computing the result. The appropriate treatment is
provided for affected people as per the estimated value. Some more practical applications of such
types of topologies can be explored for future work. Many more sets like open sets, closed sets,
rough sets, crisp sets, etc., can be developed on NSPTS and NSSPTS. Later these concepts will step
ahead on multi-criteria DM problems by upcoming researchers.
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Abstract: COVID-19 has been declared as pandemic by WHO. This disease is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2). The spread of this virus from Wuhan,
China to the rest of the world has led to increasing concerns as it is considered a threat to mankind.
The present work in situation analysis using neutrosophy identifies factors which should be taken
care of so that the spread of this virus can be contained. Known factors as put forward by experts
together with indeterminate factors which are still not taken into consideration are used to model
the situation. This work using neutrosophic cognitive maps proves mathematically how these
indeterminate and unknown factors are responsible for the spread of COVID-19 in India. The
Neutrosophic Cognitive Map (NCM) is an enhanced version of Fuzzy Cognitive Map (FCM) since
it takes into account the concept of indeterminacy and uncertainty, which is not addressed by
FCMs. The obtained results not only show the importance of determinate factors (measures taken
by the government bodies) in containing the spread of this deadly virus but also show how
indeterminate and uncertain factors such as poverty, negligence, ineffectual healthcare, age,
immunity, unscientific practices on religious grounds and illiteracy play a vital role in this regard.
This model, in general, helps policymakers and government agencies to represent any complicated
situation mathematically thereby helping them in responding appropriately and forming new
policies for dealing with such pandemics. This work also signifies how neutrosophic theories can
be applied in the analysis of the situation for dealing with real life problems.

Keywords: SARS-CoV2, COVID-19, Neutrosophy, Neutrosophic Cognitive Maps, Situation
Analysis.

1. Introduction

A medical professional knows how the word, “SARS-CoV2”, has changed its meaning in the
past 7 months [21] from merely being a virus that used to cause “common cold” to the present time
where it has killed more than 9,70,238 people all over the world till September 22, 2020 [22]. The
novel Corona Virus is said to have its origin in Wuhan, China wherein the first ever case was
reported and soon it became a pandemic that has led the world to take it even more seriously. Later
on, World Health Organization (WHO) also declared it as a pandemic [7][10]. The non-availability of
a vaccine has caused its widespread all over the world. Since no standard treatment protocol is
available till date; the only preventive measures which are considered by the government in India
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are lockdown, social distancing, covering of body parts, home quarantine and making testing kits
available to contain the spread of this highly contagious virus. These are the safeguard measures
which are taken in most places irrespective of its demography, population density and economy.
India adopted similar measures, as is evident from the statement of the Prime Minister Mr.
Narendra Modi given on the night of 24th March 2020, announcing complete lockdown in the entire
country. Later the lockdown measures were revised many times as a result of which India has
entered in Lockdown 4.0 [23]. Undoubtedly, these measures are helpful to certain extent but the
question is, “Are these measures enough in the Indian context?” India comes in the category of
developing nations with the second largest population. Further, most of the people in India are poor,
illiterate and unaware of dealing with such pandemics. When asked about these factors, experts say
that poverty and unawareness may kill more people in India than the novel corona virus during
lockdown [8] [12] [13]. Moreover, when it comes to India there are other factors, which need to be
considered as explained by different experts. These factors may be immunity [6], age [1] [11],
ineffectual healthcare, which may include lack of trained staff, unavailability of PPE & testing
centers [14] [15], and unscientific practices on religious grounds as well [9] [10]. These factors are
termed as indeterminate and uncertain throughout this research work. The major policies which are
being implemented to contain the spread of SARS-CoV2 in India seems to be more appropriate to
the richer section of the society since they have most of the facilities which helps in abiding by the
rules. But there exists a large section of society that cannot afford such facilities and hence find it
challenging to abide by the rules. This is the reason they are adversely affected in such
circumstances.

Figure 1(a) USA (Source: New York Times) Figure 2(b) Italy ( Source: The Guardian)

Figure 3(c) Spain ( Source: Aljazeera) Figure 4(d) Germany ( Source: BBC)

Figure 5 Scenes from different countries where complete lockdown is imposed as a measure to curb the spread of

COVID-19
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Figure 1 shows the pictures from some prominent countries where this SARS-CoV2 has badly
affected the population and as a preventive measure they have announced complete lockdown.
These pictures demonstrate that the action is serving its purpose. Figure 2 depicts a picture of India
during lockdown that presents a contrasting view from rest of the world. This has not happened
only once, instead such scenarios have been a regular phenomenon in India during lockdown.

Figure 6(a) People waiting for transport Figure 7(b) People walking on foot to their homes
Figure 8 Scenes from India where complete lockdown is imposed as a measure to curb the spread of COVID-19
(Source:Aljazeera)

The above pictures from India show a totally different scenario. There was a large number of
people on roads due to this lockdown. The poor section of the society is more considerate about
losing their livelihood in this SARS-CoV2 than their lives, as they are afraid of the fact that starvation
may kill them before COVID-19 does. The statistics show that the total number of cases in India have
increased rapidly and it took the form of a pandemic, which is evident from the figures mentioned.
The number of reported cases were 15,000 on April 19, 2020. Just after 10 days, it reached 30,000
mark, whereas it crossed 40,000 within next four days. This trend continued and in September 5,
2020 it reached 40, 20,239 cases. After 10 days, it crossed 50, 18,034 mark; while on September 22,
2020 it was recorded to be 55, 74,096 [28]. The statistics and the pictures discussed above motivate
the analysis of situation prevailing in India due to COVID-19 so that more factors could be identified
on which the government should work so that a large section of the society could be saved from this
and such other deadly diseases. Some of the factors are said to be determinate since the Indian
Government is currently working on it. Other factors, which are not considered yet, are termed as
indeterminate and uncertain in this study. These factors must be addressed and situation needs to be
modelled mathematically so that it gives clear, concise and optimal results. If modelled correctly
using all the factors whether determinate or indeterminate, it is supposed to aid agencies to work at
root level so that no disease turns into a pandemic. Since there are many mathematical theories for
modelling determinate and certain events but indeterminate and uncertain events are still not
addressed effectively. Neutrosophy is the field of study, which provides a way to address these
factors [4]. Some researches on COVID-19 using neutrosophy have been reported [30] [31] [32] [34].
The recent works in neutrosophic theories are undertaken by well-known researchers in [35] [36].

This work aims to analyze all known, indeterminate and uncertain factors which may lead to
the spread of COVID-19 in India. In this research, it has been attempted to model the situation in
India using neutrosophic cognitive maps [3], which shows how these indeterminate and uncertain
factors pose a serious threat as compared to that of the known factors. Neutrosophy is applied
because it is extended version of fuzzy logic and covers all aspects of decision making [29] [33]. If
modelled correctly considering all the factors whether determinate, indeterminate or uncertain it
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would help government and organizations to take appropriate measures beforehand so that such a
situation does not arise in the future.

The rest of the paper is divided into three sections. Section 1, as discussed above, deals with the
background of this study followed by section 2, which models situation of COVID-19 in India using
neutrosophic cognitive maps. Section 3 presents the interpretation of results while section 4
concludes the paper.

2. Materials and Methods

Situation analysis is an important aspect of our daily lives [24]. In situation analysis an agent
analyzing the situation takes into account several factors to reach at a conclusion and take decisions
accordingly [2]. These aspects which agent considers are totally based on the data that he/she collects
from various sources including field experts. Since data is not always certain and known; some
collected data is uncertain, indeterminate and not known. There is no denial of the fact that this data
also captures some part of the information. Earlier there was no appropriate tool to deal with this
type of data, but with the emergence of neutrosophic theory by Florentin Smarandache [3] [4], such
data can be modeled and analyzed mathematically. This theory helps in analyzing the situation
more appropriately and most accurate conclusions may be drawn by the agent, thereby helping in
making optimal decisions. The present scenario around the world shows how this pandemic of
COVID-19 has put a threat to mankind and if this situation is not analyzed critically then it could
lead to a major disaster. There are various aspects, which are known to the agents who are analyzing
the data in order to control this pandemic. On the other hand the indeterminate, uncertain and
unknown aspects are not considered. If these factors are considered too, it would lead to better
results. For this reason situation is modeled using neutrosophic cognitive maps [3]. Some basic
concepts of neutrosophy, as given by Florentin Smarandache, is given below in order to carry out the
mathematical work.

Definition 1. Let N = {(T,LF): T,LLF € (0,1)} be a neutrosophic set. Let m: P — N is a mapping of a
group of propositional formulas into N, i.e., each sentence p € Pis associated to a value in N, as it is
given in the Equation 1, meaning that p is T% true, % indeterminate and F% false.

m(p) = (T, 1, F) €Y
Hence, the neutrosophic logic is a generalization of fuzzy logic, based on the concept of neutrosophy
according to [25].

Definition 2. A Neutrosophic matrix is a matrix M = [aii]ij where i=1,2,3,........,m and j =
1,2,3,.......,n such that each a; € K(I) where K(I) is a neutrosophic ring [3]. An example of
neutrosophic matrix is given below. Suppose each element of matrix is represented by a + bl where

aandb are real numbers and 1 is a factor of indeterminacy.

For Example:

(—1 I SI) (I) 911 8 =(—211 271 —6+251)
I 4 7 4 7 t —28+4+1 49+ 131 35+ 6l

Definition 3. A neutrosophic graph is a graph in which there exists an indeterminate node or an
indeterminate edge with determinate edges. Now taking reference from the Definition 2 above, we
can conclude that when a; = 0 it means there is no connection between nodes i and j, a; =1
means there is a connection between nodes i and j and a;; =1 means that connection is
indeterminate (unknown).
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Definition 4. Cognitive maps are cause-effect networks, with nodes representing concepts
articulated by individuals, and directional linkages capturing causal dependencies [26].

Definition 5. A Neutrosophic Cognitive Map is a directed graph with nodes as events or policies
and causalities or relationship as determinate and indeterminate edges.

3. Modeling COVID-19 Situation in India

For modeling the situation of COVID-19 in India, all factors must be taken into account. These
include those being put forward by the government along with the factors which are not taken into
consideration yet. The factors which seem to be less critical to the Indian Government are poverty,
illiteracy, age group distribution, and unscientific practices on religious grounds which are
prevalent in all over India, negligence by the most of the people including government & medical
staff, immunity of people and ineffectual healthcare in India. These factors need to be considered
otherwise the spread of COVID-19 cannot be controlled in India. Most of the countries, like Italy,
Germany, Spain, France and USA have announced lockdown so that there is no community
transmission of this deadly virus among people. These countries noticed desired effect of the
lockdown since these are well established on all the grounds which have been termed as
indeterminate factors in our research. According to UNESCO statistics, 25.63% of the total Indian
population is illiterate [27]. Literacy plays a vital role in adhering to Government instructions and
understanding of the danger which is recently posed by COVID-19 in India. Figure 3 below shows
the comparison of literacy rates of different countries, which have announced the complete
lockdown to protect its population from COVID-19.

120%

99% 98.80% 99% 98.30%
100%

80% 74.37%

60%

40%

20%

0%

USA (2018) INDIA (2011) ITALY (2011)  GERMANY (2018)  SPAIN (2016)

Figure 9 Countries with respective literacy rate

Figure 3 shows that the literacy rate in India is only 74.37% which is less than all other mentioned
nations. Next is the poverty and negligence as mentioned in [8]. Since complete lockdown means
that no one can go out except persons involved in essential services, then what about the daily wage
workers and poor people who go out every single day in search of food and alms? This section of
Indian society will die either of COVID-19 or due to lack of food; it would be shocking to know that
they prefer the first one. Hence, the poor section of the society seems to be an important factor [12]
[13] that is to be taken in consideration while taking measures to stop the spread of any deadly
disease. A lot of people who are poor cannot abstain themselves from going out despite the fact that
government is trying to support all such people. But, the help cannot be provided to all at the same
time. Figure 4 shows the section of society living below poverty line in the countries where complete
lockdown is ordered. 21.90% of the Indian population lives below poverty line; it means that this
section would surely be affected by the government measures to contain the spread of any pandemic
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of such nature. Though the population living below the poverty line in Italy is more than India i.e.
29.90% but compared to its total population this is a negligible amount that could easily be handled
and managed. This is undoubtedly an indeterminate and uncertain factor in the Indian context that
could lead to the failure of government actions taken to contain the spread of pandemic.

35.00%
29.90%
30.00%

0,
25.00% 21.90% 21.10%

20.00% 0
15.10% 16.60%

15.00%

10.00%

5.00%

0.00%

USA INDIA SPAIN GERMANY ITALY

Figure 10 Population living below poverty line in different countries from Source [16]

The age group has emerged as one of the critical factors to date. The mortality rate due to COVID-19
is mostly based on the age. Though a large section of the society may get infected by this virus, out of
these the people with weak immunity are most adversely affected. The report by India Spend [19]
says that out of 100000 people 122 die due to ineffectual health care in India. According to
Hindustan Times [15] dated April 04, 2020 an article titled as “Covid-19 is a wake-up call,
Governments need to invest in healthcare” throws some light on the ongoing health conditions in
India. As per the current scenario Italy has reported 35,813 numbers of deaths till date and most of
the people who died are aged persons with weak immunity. Data in Figure 5 shows the total number
of deaths in the mentioned countries according to their ages. Accordingly, Figure 6 presents the
elderly population in the countries. These figures show that elderly population aged above 80
comprise 14.8% of total deaths, caused due to pandemic. In similar fashion in the age group of 70-79
and 60-69, 8% and 3.6% of the people have died, respectively. These age groups having weak
immunity are considered more prone to deadly diseases. Figure 7 shows Italy (22.7%) has the largest
number of the elderly population, followed by the USA (16%) having most extensive deaths due to
COVID-19 on record. This shows how immunity and age factor may play a critical role in reducing
the spread of any deadly virus like COVID-19 in India. This factor though indeterminate, must be
taken care of since it includes elderly citizens having weak immunity and other chronic diseases. In
India, it may be a critical factor to be considered so that the number of deaths due to pandemic could
be reduced effectively.
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Figure 11 Death rate according to age in different countries Figure 12 Elderly population in different countries

From Source [17]

All the mentioned determinate, indeterminate and uncertain factors in the Indian context are shown
in Figure 7. Two categories of factors are mentioned. One which is being considered by the
government of India and are given top priorities whereas second one comprises less considered
factors which need further attention because the later may work on root level to fight the pandemic
like COVID-19 in India. For the convenience of effective modelling of the situation using cognitive
maps and later their representation in the adjacency matrix, all the factors discusses above are
represented using abbreviations. These abbreviations are as follows:

DFL1 = Detreminate Factor Lockdown

DFS2 = Determinate Factor Social Distancing

DFW3 = Determinate Factor Washing Hands & Wearing Mask

DFH4 = Determinate Factor Quarantine

DFAS5 = Determinate Factor Availability of Ventilarors & Testing Kits
NDFP1 = Non — Determinate Factor Poverty

NDFI2 = Non — Determinate Factor Illiteracy

NDFA3 = Non — Determinate Factor Age

NDFR4 = Non — Determinate Factor Unscientific Practices on Religious Ground
NDFNS5 = Non — Determinate Factor Negligence

NDFI6 = Non — Determinate Factor Immunity

NDFI7 = Non — Determinate Factor Inef fectual Healthcare
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Figure 13 Determinate & Indeterminate Factors in consideration to avoid COVID-19 in India

4. Modeling Using Neutrosophic Cognitive maps

Fuzzy Cognitive Maps (FCMs) used earlier for modeling the situation were not that much
effective as Neutrosophic Cognitive Maps (NCMs) since it does not have provision to represent
uncertainty related to real life situations [37] [5]. The study in [24] compares FCMs with NCMs and
shows the effectiveness of NCMs in modelling the situation. FCMs do not assign any weightage to
indeterminate and uncertain factors; it simply neglects these factors as a result of which the results
obtained by the agents for drawing the conclusion and making policies seem to be inappropriate.
However, modeling of the situation using NCMs (Definition 3, 4, 5) is effective because it considers
all the determinate or indeterminate factors [38]. For modeling situation using NCMs the
determinate edges are given a weightage of ‘1" which means the factor is certainly having an effect
on something under consideration, whereas ‘0" represents the absence of relationship among factors.
On the other hand indeterminate relations are represented by the edge with weightage of ‘I'. The
modelling of the situation of COVID-19 in India considering all the factors is shown in Figure 8. The
dotted edges represent indeterminate relations among factors. The figure clearly shows how factors
whether determinate or indeterminate are related to spreading of COVID-19. It also shows how
certain and determinate factors are affected by the uncertain and indeterminate factors.
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Figure 14 Neutrosophic Cognitive Map reptresenting situation of COVID-19 in India

Now based on neutrosophic cognitive map shown in Figure 8, the obtained neutrosophic
adjacency matrix (Definition 2) is shown in Figure 9.

Variables | COV  DFL1 DFS2 DFW3 DFH4 DFA5 NDFP1 NDFI2 NDFA3 NDFR4 NDFN5 NDFI6 NDFI7
(6(0)Y 0 1 1 1 1 1 0 0 0 0 0 0 0
DFL1 1 0 1 0 1 0 I 0 0 I 1 0 0
DFS2 1 1 0 0 1 0 0 0 0 I 0 0 0
DFW3 1 0 0 0 0 0 I I 0 0 I 0 0
DFH4 1 1 1 0 0 0 0 0 0 0 0 0 0
DFAS 1 0 0 0 0 0 0 0 1 0 0 0 I
NDFP1 0 I I I 0 0 0 0 0 0 0 0 I
NDFI2 0 0 I 0 I 0 0 0 0 0 0 0 0
NDFA3 0 0 0 I 0 0 0 0 0 0 0 I 0
NDFR4 0 0 I 0 I 0 0 0 0 0 0 0 0
NDFN5 0 0 0 0 I 0 0 0 0 0 0 0 I
NDFI6 0 0 I I 0 0 0 0 1 0 0 0 0
NDEFI7 0 0 0 0 0 I 0 0 0 0 0 0 0

Figure 15 Neutrosophic Adjacency Matrix obtained from cognitive mappings

The neutrosophic adjacency matrix is now evaluated using mathematical matrix calculations to
know the effect of factors on spread of COVID-19 in India. The situation of COVID-19 in India is
taken as ON state. Let this ON state vector be represented as X; = (1000000000 00 0). This
state vector is given as input to determine the effect of X;on the combined system i.e. X; N(E). The
symbol — denotes that the resultant vector is updated and threshold. The following calculation is
carried out till a constant state vector is obtained. It is also referred as limit cycle.
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X;N(E)=(0111110000000)>(1111110000000)= X,
XNE)=(53313 12[1112121001)>(111111II1IT1TT101)= X,

XN(E)=(5 17+3 31*+3 21°+1 31*+3 1 21 I I 21 21 I* 212+ D>

1111111 TITII1TID=X,

XNE)=(G 12+3 41243 312+1 31243 I°+1 21 1 I+1 21 21 12 21+ D>
(1111111111111 =X,

The above iteration is carried forward till a constant vector or limit cycle is acquired. This constant
vector forms the basis for the interpretation of results. Notice that X, = X5; a limit cycle is achieved
so further iterations are not required. Xs =(1 1 1 1 11 I T I I I I I) isa constant vector or
fixed point or limit cycle. The significance of this limit cycle is utmost, since it shows a hidden
pattern which is used in drawing inferences. These inferences show the joint effect of interacting
knowledge. The current results obtainedis (1 1 1 1 11 I I I I I I I). Here ‘1’ shows that
the factors such as lockdown, social distancing, wash hands & wear mask, quarantine and
availability of ventilators & testing kits are certain to stop the spread of this pandemic therefore
regarded as determinate or certain factors. On the other hand ‘I” in above vector shows that though
the factors such as poverty, illiteracy, age group distribution, unscientific practices on religious
grounds, negligence, immunity and ineffectual healthcare do not have direct influence on the spread
of this virus but somehow they are of much importance as they affect determinate factors. If any of
the mentioned factors either determinate or indeterminate are absent in current scenario the result
will give ‘0" in its position. The results show that all factors somewhere or the other have influence
on the spread of this pandemic since none has got entry ‘0" in its position in a limit cycle. This proves
that the measures which are taken by government agencies may not serve its purpose if the factors
termed as uncertain throughout this study are not taken care of. These uncertain factors one way or
the other influence the known or certain factors. This may lead to the unsuccessful implementation
of the measures taken by the government. Though the current method is one of the best to represent
real life situations mathematically, it needs further enhancements for quantization of linguistic terms
so that it includes the notion of indeterminacy together with truth and falsity of the statements.

5. Conclusions

The global spread of the pandemic COVID-19 has emerged as a threat to mankind. Since there
is no vaccine or standard treatment protocol available for this disease till date, social distancing,
lockdown, hotspots identification and isolation, etc. are being used as the most effective measures all
over the world. This has resulted in flattening the peak by impeding its spread. At this juncture, it
becomes all the more critical to identify, consider and study closely the factors contributing its wide
spread. Some of the factors are well known and government is taking necessary steps to address
these factors so that the spread of this virus can be stopped. Despite all these, there are certain factors
which have not yet been taken into consideration and these may vary based on the demographic
changes. These factors may be poverty, negligence, ineffectual healthcare and many more, which at
this stage may be considered as indeterminate, uncertain and unknown factors. There is no denial of
the fact that such factors may have their impacts to the overall spread of COVID-19. As the situation
is emerging and more and more information is coming up from various sources all over the globe, it
is enriching the understanding of various responsible factors. In this study known factors which are
thought to curb the spread of the disease along with other factors which are indeterminate, uncertain
and unknown are taken into account. These factors are based on the opinions of experts and other
agencies. The influence of these factors on COVID-19 is represented and modeled mathematically
using neutrosophic theory. This modeling is described graphically, and later conclusions are drawn
using mathematical calculations. The results will highlight factors which are of utmost importance in
curbing the spread of this pandemic. The resulting model would help policymakers in analyzing the
situation more critically and formulating and prioritizing the policies to aid the government
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agencies in handling the spread of this deadly disease. This would also help the government bodies
working at the ground level in reducing the loss of precious lives of the citizens. Future work in this
regard may include implementing and designing machine learning algorithms for carrying out the
simulation using neutrosophic theories. Earlier proposed algorithms in machine learning for
situation analysis might be combined with neutrosophic theories so that the output obtained could
be validated with more optimized results.
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Abstract: In this paper, first we define the notion direct product of neutrosophic sets in INK-algebras,
neutrosophic set, neutrosophic INK-ideals, neutrosophic closed INK-ideals and direct product of
neutrosophic INK-ideals in INK-algebras. We prove some theorems which show that there is some
relation between these notions. Finally, we define the INK-subalgebra of INK-algebra and then we
give related theorem about the relationship between their Images and direct product of neutrosophic
INK-ideals.

Keywords: INK-algebra; neutrosophic set; direct product of neutrosophic INK-subalgebra; direct
product of neutrosophic INK-ideal.

1. Introduction

In 1986, Atanassov Introduced the Intuitionistic fuzzy set and later intuitionistic fuzzy set
was applied in BCI/BCK-algebra, Introduced by Imai and Iseki in the 1980s. Following this, various
researchers published articles using the intuitionistic fuzzy set concept. In 2005, Smarandache
invented the new notion of the neutrosophic set in 1998 and it is a common code from the
intuitionistic fuzzy set [1-8] and [15-20]. This has been followed by a lot of researchers publishing
various articles over the last few years. In [9], [10], [11], [13], [14] and [12] Kaviyarasu et. al published
an article using the fuzzy concept set in INK-algebra and later in solve they neutrosophic set in INK-
algebra. In this paper we have introduced a new code using two different neutrosophic sets called
direct product of neutrosophic sets in INK-algebra. We are also examining the relationship between

neutrosophic INK- subalgebra and neutrosophic INK-ideal and its conditions.

2. Preliminaries

Before we begin our study, we will give the definition and useful properties of INK-algebras.

Definition 2.1: An algebra (X, *, 0) is called a INK-algebra if it satisfies the following conditions for
any 3, € X.

) (@) (@x0) *(zxw)=0

i) (@x0)x(b*0))*(axw)=0

iii) a*0=aq

iv) a*b=0andb*a=0implya="n.
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A2 3]

where
Definition 2.2: A non-empty subset S of a INK-algebra (X, *, 0) is said to be a INK-subalgebra of X,
ifa* b €S, whenever a, b € X.

Definition 2.3: Let (X, *, 0) be a INK-algebra. A nonempty subset | of X is called an ideal of X if it

is a binary operation and the “0” is a constant of X.

satisfies
iy 0€]
ii) a*b €land® €limplya€]forallab € X.

Definition 2.4: Let I be a non-empty subset of a INK- algebra X. Then [ is called a INK-ideal of X, if

iy 0€]

ii) ((c xa) * (c *13)) €land b € [imply a € [ forall a,,c € X.
Definition 2.5: A neutrosophic set A in a nonempty set X is a structure of the form
A={(X, ¥ ! ¥ (a))| 3. € X}, where <™:X - [0,1]is a truth membership function <:X - [0,1] is a
indeterminate membership function and <*:X — [0, 1] is a false membership function.
Definition 2.6: A neutrosophic set A in X is called a neutrosophic INK-subalgebra of X if it satisfies
the following conditions, for all 3, € X.

i) «T(a*p) Z2min{<(a), <F(b)}

ii) «<'(a*1b) <max{<' @), < (p)}

iii) <F (a* ) = min{«" (a), <* (b)}
Definition 2.7: A neutrosophic set A in X is called a neutrosophicideal of X if it satisfies the following
conditions, for all 3, € X.

i) <%(0) =«* (@), < (0) < «'(a)and <F (0) =<7 (a)

ii) «%(a) = min{<* (a *1), < (B)}

iii) <! (@) < max{«!' (a*n),<! (B)}

iv) <7 (a) = min{«<" (a*B), < (b)}.
Definition 2.8: A neutrosophic set A in X is called a neutrosophic INK-ideal of X if it satisfies the
following conditions, for all a,s, z € X.

i) <7(0) =<7 (a), <1 (0) < «!(a) and <7 (0) =«" (a)

il) <7 () =min{<" ((c*a) * (c*B)), <7 (b)}

iii) «! () < max{«! ((c*a)*(c*m1)), < ()}

iv) <F(a) = min{xF ((c *a) * (C * 'b)), AF ('b)}.

3. Direct product of Neutrosophic INK-subalgebra and INK-ideal

Definition 3.1: Let Y and A are two neutrosophic sets in INK-algebras X; and X,. The direct
product of neutrosophic sets Y and A is defined by ¥ x A= (<™ b *,, ,y) and defined by

i) <"vxn (@ B) =min {7 (@), <7, ()}

i) Ly (@ B) =max {<l, @), <!, (B)}

i) "y x») (@& B) = min {«7y (@), <74 ()}

Forallg,b» € X.

Definition 3.2: A neutrosophic sets Y X A= (<7} fooxn ) of X; and X, is called direct product of
neutrosophic INK-subalgebra of X; X X, if

1) <My xn((@,B1) * (@z,B2)) 2 min {AT(VXA) (@1,1), T vxn) @2 '132)}

ii) ’<I(v><A) ((a1,®1) * (a2,B2)) < max {KI(VXA) (a1,®1), ’<I(Y><A) (@ "bz)}
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iii) KF(va)((a\l'"bi) * (az,bz)) = min {KF(VXA) (a1, ®1), ‘F(vx/\) (az :’bz)}
foralla,» € X.

Definition 3.3: A neutrosophic sets Y X A = (<7 I forxa) ) of X; and X; is called direct product of
neutrosophic INK-ideal of X; X X,, if

i) ’<T(v></\) (0,0) = ’<T(v></\) (a®)

ii) '<[(va) (0,0) < /d(va) (a,®)

iii) ’<F(v>< A) (0,0) = ’<F(v X A) (am®)

V) <%y x x) @1, 1) = min (< x4y (((@3,B3) * @1, 51)) * ((A3,B3) * (32,B2)))s v xn) (@2, 52)}
V) Alyxn @rp1) < max (&« (@3, 3) * (A1, B1)) * (@3, P3) * @2, 2))), <y xa) (A2,B2))
Vi) (v xn @1, B1) Zmin (<7 (((@3,3) * (@, B1)) * ((@3,3) * (a2,52))), (v xx) (a2, 52)}
foralla, » € X.

Definition 3.4: A neutrosophic sets Y X A = (<7 I fowxa) ) of X; and X; is called direct product of
neutrosophic closed INK-ideal of X; x X, if it satisfies (Def 3.3 iv, v, vi) the following condition

i) ’<T(v></\) (0,0)*(a,B) = ‘T(va) (a,B)
ii) ’<1(va) (0,0) * (a,B) < ’<[(va) (@)
iii) £F iy x ) (0,0) % (a,B) = <F(y 0 (@ D), forallx, y €X

Theorem 3.5: Let Y and A be two neutrosophic INK-subalgebras of X; and X,. Then ¥ X A =
(<7 b F » ) is aneutrosophic INK-subalgebra of X; X X,.

Proof. For any (a; , 1), (a2, b,) € X; X X;. Then

A vxn (@) * (@2,B2)) = v x (@1 *32), (b1 * B2))
= min{ <7 ((a * az), <"x (b1 * B2))}
= min {min {<%y (a1), <y (az)}, min {7 (B1), <74 (b2)}
=min {min {<%y (a1), %5 (b1)}, min {<%y (a2), <74 (B2) }

KT(VXA)((al"bl) * (az,bp)) = min {AT(VXA) (a1, ®1), ‘T(VXA) (az :'bz)}/

Axn(@rb1) * (@2, 2)) = <y sy (@ *a2), (b1 * B2))
= max { <l (& * 8), <14 (b1 * 1))
< max {maa{<!y (a1), <%y (@)} max {<!\ (B1), <\ (b2)}
= max {maa{«, (a;), <'x (b1)} max {<\ (a2), <x (b2)}
Ay xn(@r,p1) * (@2, 2)) < max (<l wn @1,B1), Ky xn (@2,P2)}
And
Avxn((@,p1) * (A2,B2)) = A vxn((@ *a2), (b1 * B2))
=min{ <7y ((@1 * a2), <"\ (b1 * B2))}
= min{min{<" (a;), <"y (@)} min {7, (B1), "4 (B2)}
=min{min{«<" (a;), <71 (b1)}, min {<7y (az), <74 (b2) }
‘F(va)((a\l:’bl) * (az, b)) = min {AF(VXA) (az,B1), ’<F(va) (az :'132)}-
Hence, Y X A= (<™ (v x ) } is a neutrosophic INK-subalgebra of X; X X,.

Theorem 3.6: Let Y and A be two neutrosophic INK-ideals of X; and X,. Then ¥ X A =
(<™ b F(vx)\) )
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is a neutrosophic INK-ideal of X; x X,.
Proof. For any (a;,ay,3a3) and (b;,b,, Bb3) € X; X X;.
Then <%y x »y (0, 0) = min {<7, (0), <, (0)}
= min {<%y (a), <\ ()}
= K"y xn @ B),
Ay xn (0, 0) = max {1, (0), <!, (0)}
<max {<\ (@), <\ ()}
=«lyxn @ B),
And
Ky (0, 0) = min {<", (0), <, (0)}
= min {<7y (), <"y ()}
=K vxn @& B).
Now (a1,a2,a3) and (b1, by, b3) € X7 X X,.
ATy xn(@r, 1) = min { <% (a;), <% (1)}
= min {min {<%y ((@z*a;) * ((az *a2)), Ty (@2)} min {7, ((b3 * By ) * ((B3 * B2)), £Tx (b2)}}
= min {min {<%y (@3 *a) * (@3 *az)), "4 ((b3 *B1) * ((b3 * b)) }, min {7 (az), Ty (b2)}}
=min {<Tyxn (@ 53) * (@ 1)) ((@353) * ((32,52)), <Fvxn) (@2, P2)},
Al xn((@r, ) = max { <1 (1), < (1)}
< max {max {<!y ((az *a1) * (@3 *2)), <!y (a2)} max {<!\ (b3 * By ) * (b3 * B2)), <1 (B2)}}
= max { max {<!y ((@z*a1) * (@3 *a2)), <1 (b3 * 1) * ((b3 *B2)) }, max { <}y (@), <1 (B2) 1}
=max {<lyxn (@ 53) * (@ P1)) (@ B3) * ((32,52)), <y xn) (@2, B2)},
And
A vxn(@1,1) = mIn{ <7 (a3), <74 (B1)}
= min {min {<"y ((az * a1 ) * ((@3 *a2)), <"y (@)}, min {<7; ((b3 * 1) * ((b3 * B2)), <1 (b2)}}
=min {min {<"y ((@z* a1 ) * ((az *32)), "% (b3 *B1) * (b3 *B2)) }, min { 7, (@z2), "% (B2) }}
=min {<*(vxx ((@3%3) * (A1, 1)), ((A3,3) * (A2 52)) £ (vxn) @2, B2)]-
Hence, Y X A= (<™ b v x ») ) 18 a neutrosophic INK-ideal of X; X X;.

Theorem 3.7: Let Y and A be two neutrosoph]c closed INK-ideals of X; and X,. Then Y X A =
(<7 b (v x ») ) is a neutrosophic closed INK-ideal of X; X X,.

Proof. By using the theorem 3.6. Y X A = (<™ b (v x &) ) 18 a neutrosophic INK-ideal of X; X X;.
Now for any a3, € X; X X,, then

ATyxn) (0,0) % (@,B) = KTy x 0 ((0xa), (0% D))

min { <7, ((0*a), <% (0* 1))}

min { <%y (a), <"y (p))},

Aixn (0,0) (@) = <lyxp ((0*a),(0* B))

max { < ((0+a), <!, (0 B))}

max { < (@), <\, (»))}

v

IA

And
K vxn (0,0) % (@, B) = ATy x4 ((0*a),(0* b))
=min { <7 ((0*a), <74 (0* b))}

= min { <%y (@), <5, (B))},
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Hence, Y X A= (<7 b forxay? iS a neutrosophic closed INK-ideal of X; X X,.

Theorem 3.8: Let Y and A be two neutrosophic INK-ideals of X; and X,. Then

VX A= (Db Fy oy, XL Fo ) is aneutrosophic INK-ideal of X; X X,.
Proof. Since by theorem 3.7, ¥ X A = (<™ I (v x x) ) is a neutrosophic INK-ideal of X; X X,. Then,
fFvxn (0,0) = KTy p (@ B)
1=KTyxn (0,0) =1 = <Fyxp (8,D)
X Tvxn (0,0) <X Ty (@ D),
Alaxn 0,0) < <y (@m)
1=4lyun (0,0) <1 - <l (@D)
Zlvxn (0,0) 2%y ) (@,B)
And
AFvxn (0,0) = <F(yxp (a,B)
1 -4 vxn (0,0) 21— <"y xp (&B)
KTovxn (0,0) £ X Fryxn (@ 1)
Now (a;,32,a3), (b1,B2, b3) € X3 X X,.
A vxn @1,p1) = min T (@303) * (A1) * (@3,3) * (@2 B2)), <Tvxn) (@2, P2)}
1=Ky xn @1rp1) = 1=min {<Ty o ((@353) * ((@B1) * (@3 P3) * (A2 P2)), <Tvxn) (@2)P2)}
X Tvxny @B) < max {1 =<Tyxn) ((@353) * (A, 1)) * ((A3,3) * (@2, 52)) 1 =<T (v wn) (32,52)}
ZTvxny @B) < max { X Ty ((@3,03) * (@ B1) * ((@3,P3) * ((A2B2)), X Tov ) (@2, P2)}

Ao xny @robr) < max {<ly ) ((33,3) * (A1, 1)) * (A3, B3) * (A2 B2))s <vx ) (A2,52)}

1=y n (ar, 1) < 1=max {&ly ) (@3 b3) * (A0 B1)) * ((33,3) * ((32:52)), <Ly x ) (32, B2)}
Zlxny @) 2 min{l =<'y« (@3 13) * (a1, 1) * (@3, B3) * (@2, B2)), 1 =<y x ) (32,52)}
Zloxny @) 2 min { X 1y« ((33,53) * (@, p1)) * ((@s,53) * (@2, B2))s < v xon (@2, B2)}

A vx ) (@1,P1) = min {AF(VXA) ((az »3) * ((a1, 1)) * ((@3,b3) * ((@2,B2))s A (vxa) (%:52)}
1= v @1, 1) 2 1=min {£xn ((@353) * (@1 P1) * ((@3,P3) * (A2 B2)), < (vx ) (@2, P2)}
X Fvxny @B) S max {1 =<7y x) ((@353) * (A1, p1)) * ((@3,3) * ((32,52)), 1=K (v ) (A2, B2)}
ZFvxn @) S max { X7 (@353) * (A, 51)) * ((@3,B3) * (B2, 2)) X F(vxn) (@2, B2) -
Hence, Y X A= (<" I ¥y, X © b ¥ 4y) 1S aneutrosophic INK-ideal of X; X X,.

Theorem 3.9: Let Y x A = (<™ b ¥, ) is a neutrosophic INK-ideal of X; X X,. Then

(v x )™ = (T b F o ym ) is aneutrosophic INK-ideal of X; X X,.
Proof. For any (a, ) € X; X X,.
Then  &T(yx ) (0, 0) = KTy xp (@ B)
(im0 O > (<7, (3 W)
Avxn (0, 0™ = KTy py (@ BT

ATy x ym 0, 0) = Ay x ym (a »)

{’d(vxt\) (0’ 0)}m = {KI(VXA) (6\, 'b)}m
’<1(va) 0, )™ < ’<I(va) (@ »™
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Alxaym (0, 0) < £lyy ym (3, B)
And
{Kxn 0, 03" = {<7, @ B}
K vxn (0, 0)™ = KTy x ) (8, D)™
Ay xym (0, 0) = <7y x ym (8, B).
Now (a1 ,az,a3), (b1, b2, b3) € X1 X Xy
{Kaxn (@)™ Zmin {<Fqxp (@3 53) * (@1 1)), (@3B3) * (A2, 2)) AFevxny @20B2))
A @1rp)™ Zmin {£xn ((@3,P3) * @1,1) * (@3,B3) * @2, P2)))™ v xn) @2, B2)™)
Ky seym @z, 1) = min {<F e gm (((@3,53) * @1,B1)) * ((A3,53) * (@z,52))), <Fivxym (32, 2)}

{Alyxn (@)™ < max (Kl xn ((a353) * (@0 B1) (@3, B3) * (@2, 2)) Ay sy (@212}
Avseny @rp)™ < max { &y oy (((A3,B3) * (@, 1)) * ((A3,B3) * (@2, 52))™, < vxn) (@2, B2)™}
Avsenym @1, 1) < max (£l cgm (((@z,53) * @1, 51)) * ((33,53) * (@2,52))), <y xnm (B2, B2)}

And

(Ko (@ BOY™ 2 min {7 (@b3) * (@ B1), (@3 b3) * (@2 2)), A vy (@2 B2}
Ay @ B)™ Zmin (£ ((@s,53) * (@ b1) * (@30 B5) * (@2 52))™, v xay @2, 52)™)
A5 xam (g B1) 2 min {&7 o om (@ b3) * (1, B) * (@3 B5) * (@20 82))), <™y xm (3 B2) )

Hence, (¥ X A)™ = (<% v x ym ) is a neutrosophic INK-ideal of X; X X,.

Theorem 3.10: Let v x A= (<" b F, y) and Y x I' = (™ b *,, 1)) is a neutrosophic INK-
ideal of X; and X,. Then (¥ X A) N (¥ X ') = (T b F o 5n (v xr) ) is a neutrosophic INK-ideal of
X, X X,.
Proof. For any (a,B) € X; X X,.
KT(VXA) 0, 0) 2’<T(\/></\) (a, B) and AT(va) 0, 0) 2’<T(Y><1") (@ )
ATyx ) (0, 0), K x 0 (0, 0) =K%y x5y @, B), T rxr) (@ B)
min{’a(vx A) (0,0, /<T(v X A) 0,0} = min{’(T(VxA) (a ']3):’<T(Y xTI) (@)}

Aoxnnrxr) (0,0) L%y x yn(rxr) @B),

Ay xn (0, 0) < 4y py @ B) and <y« (0, 0) <<y (a, B)
Alsn 0, 0), £y w0, 0) <<y py @ 1), k) (@ B)
maaf <!y x ») (0,0), <l xx (0,00} <maaf«yxr @B), <'yxr) (@»)}
‘I(vx;\)n(yxr) (0,0) S'<[(v></\)n(1f><1") (a,®),

A vxn (0,0) 247 0y (@B) and Ty x4 (0,0) 2<%« 1y (a,B)
AFaxn (0, 0), 550y (0, 0) 2KT (v 5y @ B), ATrxpr (@ B)
min{’(F(va) (0,0), ‘F(va) (0,00} = min{’é(vxlx) (@), ‘F(Yxr) (a,1)}

’<F(v><A)n(Y><r) (0,0) 2/<F(\(></\)n(1f><1") (a ).

NOW (5\1 »a2, 5\3)' ('bl » b2, '133) € Xl X X2'
KT(VXA) (5\1"51) = min {KT(YXA) ((%'53) * ((5\1:131)), ((5\3'133) * ((5\2,'52))' KT(YXA) (alz:'bz)}/
Ay xry @) = min {Fyury (@3P3) * (@ 1)), (@3 3) * (@2 P2)), < xr)y @z, B2))-
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{KT(va) (@1, P1), ATrxr) (@, P1)}

- {min{’(T(va) (a3, 3) * ((@1, 1)), ((@3,3) * ((A2,B2)), AT (vx ) (A2, B2) }
— min{<% xry (@3, b3) * ((az, 1)), ((@3,b3) * (@2, b2)), <Frxr) (@z,b2)

{min{ﬂ(v x ) (@3, 23) * (a1, 1)), (@3, 3) * (A2, B2)), ATrxry (@) 1:3)}

> min ,
* (ag,b1)), ((@3,B3) * (A2, B2)), min{ ¥y x oy (A2, D2), LT ¥ xr) (A2, B2)

‘T(va)n(Yxr) (a1, B1)

2 {"T(YXA)n(Yxr) ((@3,3) * (a1, b1)), (@3, B3) * (A2, D2)) A (v x A) n (Y x 1) (%2'732)}'

Ay @) = max (< (@383) * (A1), ((@3,B3) * (A2, B2))s Alivxn (@2, B2)),
Ay xry (@1, by) = max {Kl(rxr) (@3, p3) * ((a1, 1)), ((@3,B3) * (A2, 2)), ALy (3\2:732)}-
{‘I(VXA) ((a1,®1), ’<I(Y><F) (a1, 1)}
< {max{’(I(va) (@3, p3) * (3, 1)), (@3, 3) * ((42,B2)), <y x 0y (A2, B2) }
- max{’(I(Yxl") ((az,®3) * ((a1, 1)), ((@3, B3) * ((az, B2)), ’<I(Y><I") (az,®2)

< max

{max{‘[(vw\) ((a3, B3) * (a1, 1)), (a3, 3) * (a2, b2)), ,<1(er) ((3\3'53)}
* (a1, 1)), (83, 3) * (32, b2)), max{ £y x ) (@2, 2), Alrxr)y (@2, b2)
'<[(v><A)n(y><r) (a1, »1)

< {‘I(va) n(rxr) ((@s Bb3) * (a1, 1)), ((83,B3) * (a2, B2)) A v x ) N(Yxr) (Qz:%z)}

And
A vxny @,B1) =min (£ x ) (@353) * (@ B1)) ((@3,B3) * ((@2B2))s v x ) (@2,DB2)},
A rxry (@, Bb) = min {’<F(Y><F) ((@3,p3) * (a1, 1)), ((@3,3) * ((A2,B2)), £ (rx1) (%2:32)}-
{KF(VXA) ((5\1 '131)' KF(Y' xT) (a\.l l'bl)}

- {min{f(vxm (@3, 3) * (a1, 1)), (@3, 3) * (@2, B2)), < (v x ) (&2"52)}
— min{<"y xry ((@3,3) * (A1, 1)), ((33,B3) * (2, B2)), £ (r 1) (A2,P2)

> mi {min{KF(vxx\) ((as, b3) * (a1, b1)), ((@3,B3) * (A2, B2)), K (rxr) ((as,%s)}

- * (311,1)1))» ((3\3'1’3) * (az;'bz)),min{ KF(V X A) (?%2 1132)' ’<f(Y>< r) (3\2 ’ 1’2)
AF(VXA)O(YXF) (3\1"131)

= {‘P(v xn)n (rxr) ((@s p3) * (a1, 51)), (@3, b3) * (@2, B2)), A (vxnn(rxr) (A sz)}-
Hence, (v X ) N (Y X I') = (£ b yn (rxr) ) is a neutrosophic INK-ideal of X; X X,.

4. Conclusion

In this paper we applied the notion of direct product of neutrosophic set to INK-ideal of INK-
algebra. We hhave Introduced the direct product the concept of neutrosophic INK-algebra and a
direct product of closed neutrosophic INK-ideal, and have Investigated several properties. We have
provided conditions for a direct product of neutrosophic set to be a direct product of neutrosophic
INK-ideal in INK-algebra.
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Abstract: In this paper, we introduce the notion of Neutrosophic Simply Soft Open (N%5-O) set,
Neutrosophic Simply Soft (N%) compact set in Neutrosophic Soft Topological Spaces (NS-TS) and
investigate several properties of it. Also, we furnish the proofs of some theorems associated with
NSS-compact spaces. Then, the notion of neutrosophic simply soft continuous (N%-continuous)

mapping, N%5-O mapping on an N5-TS and its properties are developed here.

Keywords: neutrosophic simply soft open, neutrosophic simply soft closed, neutrosophic simply

soft compact, neutrosophic simply soft continuous.

1. Introduction

Maji (2012; 2013) grounded the idea of Neutrosophic Soft Set (N5-S) by combining Neutrosophic
Set (NS) (Smarandache, 1998) and Soft Set (Molodtsov, 1999). The impact of NS and NS-S has been
reflected in their applicability in decision making (Smarandache & Pramanik, 2016; 2018; Mondal,
Pramanik, & Giri, 2018a; 2018b; 2018c; Biswas, Pramanik, & Giri, 2014a; 2014b; 2019; Pramanik,
Mallick, & Dasgupta, 2018; Dalapati et al., 2017; Pramanik, Dalapati, Alam, Smarandache, Roy, 2018;
Das et al., 2019; Dey, Pramanik, & Giri, 2015; 2016a; 2016b; Karaaslan, 2015; Pramanik & Dalapati,
2016; Pramanik, Dey, & Giri, 2016; Jha et al., 2019). Broumi (2013) further studied N5-S and proposed
generalized N5-S by combining generalized neutrosophic set (Salama and Alblowi, 2012a) and soft
set (Molodtsov, 1999). Smarandache (2018) generalized the soft set to the hypersoft set and
plithogenic hypersoft set.

Bera and Mahapatra (2017) defined the Neutrosophic Soft Topological Space (NS-TS) and
introduced separation axioms on NS-TS by extending the Neutrosophic Topological Space (NTS)
introduced by Salama and Alblowi (2012b). Aras, Ozturk, and Bayramov (2019) also studied the
separation axioms on N5-TS. Bera and Mahapatra (2018) presented connectedness and compactness
on NS-TS. Mukherjee, Datta, and Smarandache (2014) presented Interval Valued NS-TS (IVNS-TS).
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Das and Pramanik (2020) recently presented neutrosophic b-open sets in NTS. Mehmood et al. (2020)
presented neutrosophic soft a—open set in NS-TS.

El Sayed, & Noaman (2013) presented the simply fuzzy generalized open and closed sets,
simply fuzzy continuous mappings, simply fuzzy compactness, simply connectedness. In a

neutrosophic soft set environment, these concepts have not been introduced.

Research gap: Investigations on Neutrosophic Simply Soft Open (N%5-O) set in NS-TS,
NSs-continuous mapping, N%5-O mapping, N-compactness on an N5-TS have not been reported in
the literature.

Motivation: Since NS generalizes fuzzy set (Zadeh, 1965) and NS is more suitable to deal with
uncertainty including inconsistency and indeterminacy, we get the motivation to extend the simply
fuzzy set in a neutrosophic environment. To address the research gap, we introduce the N%-O set,
NSS-compactness on an N5-TS.

The rest of the paper is designed as follows:

Section 2 recalls of some definitions, properties of N3-S, NS-T, and NS-TS. Section 3 introduces N%5-O
set, NSS-compactness, and proofs of some theorems, propositions on NS-TS. Also, in this section, we
develop the concept of N%-continuous mapping, N5-O mapping. Finally, Section 4 presents

concluding remarks.

2. Preliminaries and some properties

Definition 2.1. Assume that W is a non-empty fixed set and P is a collection of parameters. Assume
that NS(W) denotes the set of all NSs over W. Then, for any ScP, a pair (N, S) is said to be an N5-S
(Maji, 2012) over W, where N: S—>NS(W) is a mapping.

An NS-S (N, S) is represented as follows:

(N, S) = {(fA( u, Tnp(u), Ino(r), Enp(u)): ueW)k:feP}, where Tnp(u), Inp(u), Fnp(u) are the truth,

indeterminacy, and falsity membership values of each u w.r.t. the parameter feP.

Example 2.1. Assume that W= {m1, mz, ms} is a set consisting of three mobiles and P = {fi(display),
f(RAM), f3(cost)} be a set of parameters with respect to which the nature of mobile is described.

Let,

N(f1) = {(mz, 0.6, 0.5, 0.5), (m2, 0.3, 0.8, 0.5), (m3, 0.5, 0.3, 0.4)},

N(f2) = {(m1, 0.7, 0.4, 0.6), (m2, 0.6, 0.5, 0.4), (ms, 0.7, 0.3, 0.3)},

N(fs) = {(m1, 0.8, 0.5, 0.4), (m2, 0.7, 0.8, 0.5), (m3, 0.5, 0.3, 0.6)}.

Then (N, P) = {(f1, N(f1)), (f2, N(f2)), (f3, N(e3))} is an N5-S over W w.r.t the set P.

{
{
Definition 2.2. The complement of an N5-S (N, P) (Maji, 2012) is denoted by (N¢, P) and is defined by

(Ne, P) = {(f, {(u, 1-Tnep(us), 1-Inp(ut), 1-Fnip(us)): ue Wy}: feP}.

Definition 2.3. Assume that (51, P) and (S, P) are any two N5-Ss over W. Then (53, P) is said to be a
neutrosophic soft subset (Maji, 2012) of (S, P) if VfeP and VueW, Ts r(u) <Ts, (W), Is, ()
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2ls, 1 (1), and Fs, (s (u) 2Fs, ) (1). We write (S1, P) < (Sz, P). Then (Sz, P) is called the neutrosophic
soft superset of (S, P).

Definition 2.4. Assume that (S1, P) and (Sz, P) be any two N5-Ss over W. Then their union (Maji, 2012)
is denoted by (H, P), where H = 51US: and is defined as:

(H, P) ={(f{( u, Tup(u), Inp(u), Fap(u)): ue W)k: feP}, where Tup(u) = max {Ts, (1), Ts,py(u)}, Tp(u)
=min {Is, (1) and Ig, sy (u)}, and Fup(u) = min {Fg, (1), Fs,p)(u)}.

Definition 2.5. Assume that (S1, P) and (S, P) are any two N5-Ss over W. Then their intersection
(Maji, 2012) is denoted by (H, P), where H = S1n\S2 and is defined as:
(H, P) = {(fA(u, Trup(u), Tnp(u), Frp(u)): ue W)}: fe P}, where Tuwp(u) = min {Ty, 5y (1), Tn,ry(w)},  Tnp(u)
= max {ly, r(u) and Iy, (1)}, and Frp(u) = max {Fy, (), Fy, W)}

Definition 2.6. An N5-S (S, P) over a non-empty set W is said to be a null N5-S (Bera, & Mahapatra,
2017) if Tsp(u) = 0, Ispp(u) = 1, Fsp(u) =1 Yue W w.r.t. the parameter feP. It is denoted by O, p).
Definition 2.7. An N5-5 (S, P) over a non-empty set Wis called an absolute NS-S (Bera, & Mahapatra,
2017) if Tsp(u) =1, Isp(u) = 0, Fspp(u) = 0 Vue W w.r.t. the parameter feP. It is denoted byIs, p.

Clearly, 1¢(s,ry= O, py and 0¢s, p) =1, p.

Definition 2.8 Assume that N3-S (W, P) be the collection of all NS-Ss over W via parameters in P and
1< N5-S (W, P). Then t is said to be an NS-T (Bera, & Mahapatra, 2017) on (W, P) if the following
axioms are satisfied.

(1) Ow, p), 1N, PYET;

(i) (R, P), (Q, P) et=(RNQ, P) et

(iii) {(Q;, P): ieAlct= (vieaQi, P)et.

The triplet (W, P, 1) is said to be an NS-TS. Every element of 7 is called an NS-O set. An N5-5 (S, P) is
called a neutrosophic soft closed (N5-C) set iff its complement (S¢, P) is an N5-O set.

Definition 2.9. Assume that (W, P, 1) be an N5-TS over (W, P) and (M, P) be an arbitrary element of
NS-S (W, P). Then the neutrosophic soft interior (N%u) (Bera, & Mahapatra, 2017) and neutrosophic
soft closure (N®a) of (M, P) is defined as follows:

Nsint (M, P) = U{(Q, P): (Q, P) is an N5-O set in W and (Q, P) < (M, P)}.

Nsa (M, P) =n{(Q, P): (Q, P) is an N5-C set in W and (M, P) < (Q, P)}.

Proposition 2.1. Assume that (W, P, 1) be an NS-TS over (W, P) and M, NeN5-S (W, P). Then the
following results holds:

(i) McN=Nsa(M) = Na(N) &N5int(M) < NSint(M);

(ii) NS (M) < Mc N3a(M);

(iii) NSint(Ov, p)) = O, Py & NSa(Ow, p) = O, p);

(iv)NSint(1nv, ») = 1N, ) & Na(1y, p) = 1N, py;

(V) NSutNSim(M) = M & N5aNsa(M) = M;

(vi) NSit(MNN) = NSint(M)NNSint(M);

(vii) NSiu(MUN) o NSint(M)UNSin(M);
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(viii) NSa(MUN) = NSa(M)UNSa(N);

(ix) NSa(MnN) < NSa(M)NN5Sa(N).

Proof. For proof see (Bera & Mahapatra, 2017).

Proposition 2.2. Assume that (X, E, ) be an NS-TS over (X, E) and MeNSS (X, E). Then the following
results hold:

(i) (NSin(M))°= Noa(M);

(i) (NSa(M))*= N3in(M°).

Proof. For proof see (Bera & Mahapatra, 2017)

Definition 2.10. Assume that (W, P, 1) be an NS-TS over (W, P). Then a family {(Q«, P): acA} of N5-O
sets in (W, P, 1), is called an N5-O cover (Bera & Mahapatra, 2018) of an N5-S (Q, P) if (Q, P)cUqea
(Qa, P).

Definition 2.11. An (W, P, t) over (W, P) is said to be an NS-compact set (Bera, & Mahapatra, 2018) if
every N5-O cover of W has a finite subcover.

3. Neutrosophic Simply Soft Open Set

Definition 3.1. Assume that (W, P, 1) be an N5-TS over (W, P). Then (Q, P), a neutrosophic soft subset
of (W, P, 1) is said to be a neutrosophic simply soft open (N55-O) set if N%iuN5 (Q, P) € NSaNSut (Q, P).

Definition 3.2. Assume that (W, P, 1) be an N5-TS over (W, P). Then (Q, P), a neutrosophic soft subset
of (W, P, 7) is said to be a neutrosophic simply soft closed (N%-C) set if its complement is an N%5-O set
in (W, P, 7).

Theorem 3.3. In an N5-TS (W, P, 1), every N5-O set is an N%5-O set.

Proof. Assume that (Q, P) be an N3-O set in an N5-TS (W, P, t). Therefore Nsu(Q, P) = (Q, P).
Now, (Q, P)cNsa(Q, P). This implies (Q, P) < NSaNSint (Q, P).
Now (Q, P)cN5aNsu(Q, P)
= N5a(Q, P)cN5aNSaNsm(Q, P)
= NSaNSiu(Q, P) [since N5aNSiu(Q, P) is an NS-C set in (W, P, 1)]
= N5%a(Q, P)c NSaNSu(Q, P) (1)

Again, N%uN5a(Q, P)cN3sa(Q, P) 2)
From (1) and (2), we obtain,
Nsinthcl(Q, P)g Nscleint(Q, P)

Hence (Q, P) is an N%5-O set in (W, P, 7).

Definition 3.3. Assume that (W, P, 1) be an N5-TS. Then the Neutrosophic Simply Soft interior (NSiu)
and Neutrosophic Simply Soft closure (N55i) of a neutrosophic soft subset (Q, P) of (W, P, 1) is
defined by

Nssim(M, P) = U{(Q, P): (Q, P) is an N55-O set in W and (Q, P) c (M, P)}.

Nssa(M, P) = ~{(K, P): (K, P)is an N55-C set in W and (M, P) < (K, P)}.

Definition 3.4. Assume that (W, P, 1) be an N5-TS over (W, P). Then a collection {(Qa, P): ae€A} of
Nss-O sets in (W, P, 1), is said to be an N55-O cover of an N3-S (Q, P) if (Q, P) CUqca(Qx, P).
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Definition 3.5. An N5-TS (W, P, 1) over (W, P) is said to be an N%5-compact space if every N5-O cover

of W has a finite subcover.

Definition 3.6. A neutrosophic soft subset (K, P) of (W, P, 1) is said to be an N$-Compact set relative

to Wif every N%-O cover of (K, P) has a finite subcover.

Definition 3.6. A function y:(W, P, 1) — (G, P, 1) is called an NS5-continuous function if for each
Ns-O set (Z, P) in G, y'(Z, P) is an N%5-O set in W.

Definition 3.7. A function y:(W, P, 1) — (G, P, 12) is said to be an N%5-O function if y(K, P) is an
Nss-O set in G whenever (K, P) is an N35-O set in W.

Theorem 3.2. Every N%5-C subset of an N5-compact space (W, P, 1) is an N%-compact set relative to

W.
Proof. Assume that (W, P, 1) be an NSs-compact space and (K, P) be an N%-C set in (W, P, 7).

Therefore (K¢, P) is an N55-O set in (W, P, 1). Let U= {(U;, P): ieA and (Ui, P)eNs5-O(W)} be an N5-O
cover of (K, P). Then H'={(K¢, P)}uU is an N%5-O cover of W. Since W is an N%5-compact space then it
has a finite subcover say {(Hi, P), (Hz, P), (Hs, P), ..., (Hs, P), (K¢, P)}. Then {(Hy, P), (Hz, P), (Hs, P), ...,
(Hn, P)} is a neutrosophic finite simply soft open cover of (K, P). Hence (K, P) is an N%5-compact set

relative to W.
Theorem 3.3. Every N%-compact space is a neutrosophic soft compact space.

Proof. Assume that (W, P, 1) is an N%5-compact space. Suppose that (W, P, 1) is not an NS-compact
space. Therefore, there exists an N5-O cover R (say) of W, which has no finite subcover. Since every
NS-O set is an N%5-O set, so we have an NS5-O cover R of W, which has no finite subcover. This

contradicts our assumption. Hence (W, P, t) must be an NS-compact space.

Theorem 3.4. If y:(W, P, 11) — (G, P, 12) is an N55-O function and (G, P, 12) is an N%-compact space

then (W, P, 11) is also an NS-compact space.

Proof. Assume that y:(W, P, 1) — (G, P, 12) be an N%5-O function and (G, P, 12) is an N5-compact
space. Let H'= {(Ki P): ieA and (Ki P)eNs-O(W)} be an NS-O cover of W. This implies that
y(H) = {y(Ki, P):ieA and y(K;, P)e N5-O(G)} is an N55-O cover of G. Since (G, P, 12) is an NS-compact
space, so there exists a finite subcover say {y (K, P), y(Kz, P), ..., w(Kx, P)} such that M SU{y(K;, P): i
=1, 2, ..., n}. This implies that {(K1, p), (K2, p), ..., (Ks, P)} is a finite subcover for W. Therefore (W, P, 11)

is an NS-compact space.

Theorem 3.5. If y:(W, P, 11) — (G, P, 12) is an NS-continuous function then for each NS-compact set (Q,
P) relative to W, y(Q, P) is an NSS-compact set in (G, P, 12).

Proof. Assume that y: (W, P, ) — (G, P, ©2) is an NS-continuous function and (Q, P) is an
Nss-compact set relative to W. Let 3= {(H;, P): ieA and (H;, P) be an N5-O set in G} be an N5-O cover
of y(Q, P). Therefore, by hypothesis y'(H)={ y1(H;, P): icA and y'(H;, P) is an N5-O set in W} is an
N5-O cover of y(y(Q, P)) = (Q, P). Since every N5-O set is an N55-O set, so y(H)={ y(H;, P): icA and
yl(H;, P) is an N5-O set in W} is an N%5-O cover of (Q, P). Since (Q, P) is an N-compact set relative to
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W, so there exists a finite subcover of (Q, P) say {y'(Hz, P), y(Hz, P), ..., y'(Hx, P)} such that (Q, P)&
U{wl(H1, P):i=1,2,...., n}.

Now (Q, P)cu,{y1(Hy, P):i=1,2, ..., n}.

=y(Q, P)cu{y(y(Hi, P)):i=1,2,...,n}= U{(H1, P):i=1, 2, .., n}.

Therefore there exist a finite subcover {(H1, P), (Hz, P), ..., (Hs, P)} of w(Q, P) such that w(Q,
P)cu{(Hy, P):i =1, 2,..., n}. Hence y(Q, P) is an NS-compact set relative to G.

Theorem 3.6. Every neutrosophic soft continuous function from an NS-TS (W, P, 11) to another NS-TS

(G, P, 12) is an NS5-continuous function.

Proof. Assume that y: (W, P, 11) — (G, P, 12) be a neutrosophic soft continuous function. Let (Q, P) be
an N3-O set in (G, P, 12). Since y is a neutrosophic soft continuous function, so y(Q, P) is an N5-O set
in (W, P, m). Since every NS-O set is an N%5-O set, so y(Q, P) is an N55-O set in (G, P, 12). Therefore
y1(Q, P) is an N55-O set in (G, P, 12), whenever (Q, P) is an N5-O set in (W, P, t1). Hence y:(W, P, 11) —

(G, P, ©2) is an NSs-continuous function.

Theorem 3.8. If y:(W, P, 11)—(G, P, ©2) is an N%-continuous mapping and y:(G, P, ©2)—( H, P, 13) is a
neutrosophic soft continuous mapping, then the composition mapping yoy:(W, P, 11)—( H, P, 13) is an
NSS-continuous mapping.

Proof. Assume that (Q, P) is an NS-O set in (H, P,13). Since y:(G, P, 12) — (H, P, 13) is a neutrosophic
soft continuous mapping, so y(Q, P) is an N5-O set in (G, P,12). Again since y: (W, P, 11)—(G, P, 2) is
an NsS-continuous mapping, so y'(y1(Q, P))= (yo&)(Q, P) is an N%5-O set in (W, P, t1). Hence (y°£)(Q,
P) is an N55-O set in (W, P, 11), whenever (Q, P) is an N5-O set in (H, P,t3). Therefore yo&: (W, P, 11) —

(H, P,t3) is an N%5-continuous mapping.

4. Conclusions

In this article, we have introduced the N%5-O cover, NSS-compact set, in an NS-TS. By defining
N$5-O cover, NS5-compact set, we have proved some propositions, theorems on NS-TS. In the future,
we hope that based on these notions of neutrosophic simply soft compactness, many new
investigations can be carried out. The proposed concepts can be explored in various neutrosophic
hybrid sets such as rough neutrosophic set (Broumi, Smarandache, & Dhar, 2014), bipolar
neutrosophic set (Deli, Ali, & Smarandache, 2015), etc.
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