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1. Introduction

The fuzzy set was introduced by Zadeh [19] in 1965. In 1968, Chang [4] defined the concept of
fuzzy topological space and generalized some basic notions of topology. Intuitionistic fuzzy set was
introduced by Atanassov [2,3] in 1983.The concept of Neutrosophic set was introduced by F.
Smarandache which is a mathematical tool for handling problems involving imprecise,
indeterminancy and inconsistent data.

In 2018 Smarandache [16] generalized the gvlSoft Set to the Hyper Soft Set by transforming the
classical uni-argument function F into a multi-argument function:

In 2016, F. Smarandache [13] introduced for the first time the degree of dependence between the
components of fuzzy set and neutrosophic sets. The main idea of Neutrosophic sets is to characterize
each value statement in a 3D — Neutrosophic space, where each dimension of the space represents
respectively the truth membership, falsity membership and the indeterminacy, when two
components T and F are dependent and I is independent then T+I+F< 2.

Pabitra kumar Maji had combined the Neutrosophic set with soft sets and introduced a new
mathematical model = Neutrosophic soft set. I. Arockiarani [2] introduced the new concept of fuzzy
neutrosophic soft set. Yager introduced pythagorean fuzzy sets. R. Jhansi [6] introduced the
concept of Pythagorean Neutrosophic set with T and F as dependent components.

In this we have to introduce the concept of neutrosophic pythagorean soft set with truth membership
and false membership as dependent components and the indeterminacy as independent component

and establish some of its properties.
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2.Preliminaries

Definition:2.1[13]

Let U be a universe. A Neutrosophic set A on U can be defined as follows:

A= {=x,T(x), I4(x), Fy(x) =:x €U}
Where T, I, F;:U - [0,1]and 0 < T,(x)+ L, (x) + F (x) <3

Here, T, (x) is the degree of membership, I,(x) is the degree of indeterminancy and F,(x) is the

degree of non-membership.

Definition:2.2[6]
Let U be a universe. A Pythagorean neutrosophic set with T and F are dependent neutrosophic

components A on U is an object of the form

A= {<x,T(x), I4(x),Fy(x) =:x EU}
Where T, ,I,,E:U — [0,1] and 0 < (T (x))? + (L (x))? + (Fy(x))?* <2

Here, T,(x) is the degree of membership, I,(x) is the degree of inderminancy and F,(x) is the

degree of non-membership.

Here, T,(x) and F,(x)are dependent components and I,(x} is an independent component.

Definition:2.3[2]
Let U be the initial universe set and E be set of parameters. Consider a non-empty set A on E, Let

P(U) denote the set of all neutrosophic sets of U. The collection (F, A) is termed to be neutrosophic

soft set over U, where F is a mapping given by F: A — P(U).

3.Neutrosophic Pythagorean Soft Set (NPSS or NPS Set)

Definition:3.1
Let U be the initial universe set and E be set of parameters. Consider a non-empty set A on E, Let

P(U) denote the set of all neutrosophic pythagorean sets of U. The collection (F, A) is termed to be

neutrosophic pythagorean soft set over U, where F is a mapping given by F: A — P(U).

Definition:3.2

A neutrosophic pythagorean soft set A is contained in another neutrosophic pythagorean soft set B

(ie) AC B if T,(x) < Tg(x), Li(x) < Ig(x) and F,(x) = Fg(x)
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Definition:3.3

The complement of a neutrosophic pythagorean soft set (F, A) Denoted by (F, A)° and is defined

as

FEX)= {=<x,Fy(x),1 — Ly(x), Ty (x) >:x €U}
Definition:3.4
Let U be a non-empty set, A = < x, T, (x), I, (x),Fs (x) > and
B= < x, Tg(x),Ig(x), F g(x) = are neutrosophic pythagorean soft (NPS) sets. Then
A UB= < x, max(Ty(x), Tg(x)), max(ly(x), Ig(x)), min(Fy(x), F g(x)) =

A NB= < x min(T,(x), Tg(x)), min{l,(x),Ig(x)), max(F4(x),F g(x)) =

Definition:3.5

A neutrosophic pythagorean soft set (F, A) over the universe U is said to be empty neutrosophic

pythagorean soft set with respect to the parameter A if Tr(,y = 0,1z = 0, Fpo=lL,Vx €U Ve € A. It

is denoted by 0,

Definition:3.6

A neutrosophic pythagorean soft set (F, A) over the universe U is said to be universe neutrosophic

pythagorean soft set with respect to the parameter A if Tr(,)y = 1,1z = 1 Fr=0Vx €U, Ve € A. It
is denoted by 1,

Remark: 0§ = 1, and 1§ = Oy

Definition:3.7

Let A and B be two neutrosophic pythagorean soft sets then A\B may be defined as
A\B = < x, min(T,(x), Fg(x)), min(l,(x),1 — Iz(x)), max(Fy(x),T g(x)) =
Definition:3.8

Fe is called neutrosophic pythagorean soft set over U if F(e) = 1, for any e € E. We denote it by Ug
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Fy is called relative null neutrosophic pythagorean soft set over U if F(e) = 0, for any e € E. We

denote it by @

Obviously @y= UE and U = 0F

Definition:3.9

The complement of a neutrosophic pythagorean soft set (F, A) can also be defined as

(F,A)° = Ug\F(e) forall e € A.

Note: We denote U by U in the proofs of proposition.

Definition:3.10
If (F, A) and (G, B) be two neutrosophic pythagorean soft set then “(F, A) AND (G, B)” is a denoted

by (F, A) A(G, B) and is defined by (F, A)A (G, B)=(H, A xB)

where H (a, b) =F(a) N G(b) ¥a € A and ¥b € B, where n is the operation intersection of NPS set.

Definition:3.11
If (F, A) and (G, B) be two neutrosophic pythagorean soft set then “(F, A) OR (G, B)” is a denoted by

(F, A) V(G, B) and is defined by (F, A)v (G, B)=(K, A xB)

where K (a, b)=F(a) UG(b) Ya € 4 and Vb € B, where U is the operation union of NPS set.

Theorem :3.12

Let (F, A) and (G, B) be NPS setin NPSS(U), .Then the following are true.

(i) (F, A)C (G, A) iff (F, A) n (G, A) = (F, A)

(i)  (F, A)C (G, A)iff (F, A)U (G, A)=(F, A)

Proof:

(i)Suppose that (F, A)C (G, A), then F(e) CG(e) forall e € A. Let (F, A) n (G, A) = (H, A).

Since H(e) =F(e) N G(e) =F(e) for all e € A, by definition (H, A) = (F, A).
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Consider (F, A) n (G, A)=(F, A). Let (F, A) n (G, A)=(H, A). Since H(e) = F(e) n G(e) =F(e) for all

e € A, we know that F(e) € G(e) for alle € A. Hence (F, A)c (G, A).

(ii)The proof is similar to (i).

Theorem :3.13

Let (F, A), (G, A), (H, A), and (5, A) be NPS setin NPSS(U), .Then the following are true.

(i) If (F, A)n (G, A) =0, , then (F, A)c (G, A)*

i)  If (F, A)C (G, A) and (G, A)C (H, A) then (F, A)C (H, A)

(ili)  If (F, A)C (G, A) and (H, A)C (S, A) then (F, A)n (H, A) € (G, A)n (S, A)

(iv)  (F,A) C (G, A)iff (G, A)® C(F, A)*

Proof:

(i)Suppose that (F, A) n (G, A) =0,.Then F(e)n G(e) = @. So, F(e) € U\G(e)= G°(e) for all e € A.

therefore we have (F, A)C (G, A)°

Proof of (ii) and (iii) are obvious.

(iv) (F, A)C (G, A)e= F(e) € G(e) foralle € A.

= (G(e))* < (F(e) ) foralle€ A.

&(G, A)° C(F, A)*

Definition:3.14

Let I be an arbitrary index {(Fi, A)},;; be a subfamily of NPSS(U)a.

(i)The union of these NPSS is the NPSS (H, A) where H(e) = U, F; (e) for eache € A.

Wewrite U;o(F;, A)= (H, A)

(ii)The intersection of these NPSS is the NPSS (M, A) where M(e) = N;; F;(e) for each e € A.

Wewrite N;g (F,4) =M, A)
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Theorem:3.15

Let I be an arbitrary index set and {(Fi, A)} ;;be a subfamily of NPSS(U)a. Then
(@) (Uiei(F . AN = Ny (FLA)E
(ii) (Nier (F A = Uger(FL A)°

Proof:

(i) (Uses(F:, A)E = (H, A) €, By definition He(e) =Ur\H(e) = Ue\Uye; F; (8)=Nig; (Ug\Fi(e))
for all e € A. On the other hand, (N (F, 4))¢(K, A).

By definition, K(e)= Nig; E(€)=N;c; (U — F;(e)) foralle € A.

(ii) It is obvious.

Note: We denote @ by @ and Uy by U.
Theorem:3.16

(i) @A) =(U, A)

i (U A =@4)

Proof:

Let (0, A)=(F, A)
Then Vvee A,
F(e) = {< %, Tr(ay (%), I oy (%), Fr (g (X) >:x € U}
= {(%,0,0,1): x € U}
Now, (8,A)° = (F,A)"
Then We€ A,
(F(€) )* = {= %, Tre) (%) Ip(e) (%), Frey (¥) =:x EUY”

= {< % Fpe) (3.1 — g (%), Tp(ey (%) =1 x € U}
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={(x1,1,0:x e U} =U

Thus (8,A)¢ = (U, A)
(1) Proof is similar to (i)
Theorem:3.17

@ (F, Au (0, A)=(F, A)

(ii) (F, A)u (U, A)=(U, A)
Proof:

(i) (F, A)={e, (x,Trpey (), Ippe (%), Fr(ey (X)): x €U} Ve € A
® A)=1{e, (x,0,01): x € U} Yee A
(F, A)U (B, A) = fe, (x,max (T, (x),0), max (Igg, (x),0), min(F(y, (x),1)): x € U} Ve € A

=1{e, (%, Tp(e)(X). Ip(ey (%), Fp(g) (X)): X EU} Ve € A

=(F A)

(ii) Proof is similar to (i).

Theorem:3.18

(i) (E, A)n (0, A) = (0, A)

(ii) (F, A)n (U, A)=(F, A)
Proof:

(i) (F, A) ={e, (2, T (%), Irgey (%), Fr(ey (¥)): x € U} Ve € A
@, A)={e, (x0,0,1): x € U} ve€ A
(E, A)n (0, A) = e, (x,min(Tx(,(x),0), min(Iz()(x),0), max (Fze)(x),1)):x € U} Ve € A
={e, ,(x,00,1):x EU} VeE A

=(@, A)

(ii) Proof is similar to (i).

Theorem:3.19
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(i) (F, A)u (@, B) = (F, A) iff BCA

(i) (F, A)u (U, B) = (U, A) iff AC B

Proof:
(i) We have for (F, A)

F(e) = {(x, T ey (%), Iy (%), Fpey (x)): x EUY Ve € A

Also let (@, B) = (G, B) then

G(e)={(x,0,0,1): x € U} ve€e B

Let (F, A)u (@, B)=(F, A)u (¢,B)=(H, C) where C= AuBand forall e €C

H(e) may be defined as

{0 Tre) (X), Ip(g) (), Fpey (x)):x EU}if e € A— B
{(x, Tgey (), 15y (X), Fgey (x)):x €U} if e € B— A
{(x, max(Tegey (%), Ty o) (X)), max (I (X), I gy (X)), min(Fp gy (x), Fg ) (X)):x EUYif eEANB

{06 Trge) (X). Ip ey (), Fprey (x)):x EU} if e € A — B
{(x,001):x € Ulife EB — A
{(x, max(Tg (g (x),0), max (g, (x),0), min(Fg, (x),1):x €U} if e€ ANB

{0 Trey (%), Ippe) (%), Fpey (x)):x EUYif e € A— B
{(x,001):x € Ulife € B — A
{06 Trgey (%) Ipey (%), Fpey (x)):x EUYif e € AN B

Let BCA
Then H (e) = {

=F(e) YeE A
Conversely Let (F,A)U (@,B) = (F,4)

ThenA=A UB=EC 4

(ii) Proof is similar to (i)

Theorem:3.20

(i) (F, A)n (0, B) = (0, ANB)

{0 T (o) (), gy (%), Fr(ey (%) ):x EUY if e € A — B
{(%, T (o) (%), 15 (g) (%), Frey (X)):x €U} if e € AN B
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(i) (F, A)n (U, B) = (F, ANB)

Proof:
(i) We have for (F, A)

F(e) = {(x, Tr ey (). Ty (X), Fey (X)): X E U} Ve € A
Also let (@, B) = (G, B) then
G(e) = {(x,0,0,1): x € U} vee B
Let (F, A) n (@,B)=(F, A) n(G, B) = (H, C) where C=A nBand vee C

H(e) = {(x:min(TFc'gj [x)!TG('gj (x)),min(fpt-g:, (x)rIG('gj [x)):mﬁx[FFc'gj [x)!FG('g) (x)):x € U}

{ (x,min [Tpi-g) (x),0), min UF:'@) (x),0), max [Fpi-g) (x),1)):x € U}

{(x,0,0,1):x € U}

=(G, B)=(9,B)

Thus (F, A)n (@, B) = (@, B) = (@, ANB)
(ii) Proof is similar to (i).

Theorem:3.21

@) ((F, A)u (6, B))c = (F, A)Cu (G, Bj)©
(ii) (F, A) <n (G, B) € ((F, A)n (&, B)) ©

Proof:

Let (F, A)U(G, B) = (H, C) Where C = AUB and¥ e C

H(e) may be defined as
{0 Trey (), Ipgey (), Fppey (x)): x EUYif e € A — B
{0 Ty () g (o) (%), Fg oy (X)):x €U} if e € B— A
{(x, max (T e, (%), Tg o) (X)) max (Iggy (X). 1 g(ey (X)), MUIN(Fp (g (X), Fgpe)(x)):x EUYif e €ANB

Thus (F,A)U(G,B))C = (H,C)C Where C = AUB andV e€ C

(F(e))° ife € A — B
H(e) <= { (G(e)) ife€ B — A
(F(e) UG(e))Cif e €ANB
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{(x, Fgey(x).1 — Iy (%), Tgey(x)):x €U} ife € B— A

{ {(% Fre) (X).1 — Ipy (%), Tp(ey(x)):x EUYife € A— B
{(x, min(Fp o) (x), Fg 6y (X)), 1 — max (Igg (x), 15y (X)) max (Teeey (x), Tg(ey (x)):x EUY ife € ANB

Again (F, A)CU (G, B)¢=(,])sayJ=AuB and ¥ e€ ]

(G(e))‘ife€ B — A

(F(e))t ife € A — B
I(e) = {
(F(e) UG(e))Cife€e ANB

{(% Fre) (X).1 — Ipy (%), Tp(ey(x)):x EUYife € A— B
{(x, Fgey(x).1 — Iy (%), Tgey(x)):x €U} ife € B— A
{(x, min(Fp o) (x), Fg 6y (X)), 1 — max (Igg (x), 15y (X)) max (Teeey (x), Tg(ey (x)):x EUY ife € ANB

So,Cc J ¥ e€ ], (H(e))¢ cl(e)
Thus (F, A)U(G, B)) ¢ € (F, A)Cu (G, B)C
(ii) Let (F, A)N(G, B) = (H, C) Where C = AnB and¥ e€ C
H(e) = F(e)nG(e)
={ (e min(Tp(e) (%), T () (1)), Min (I ) (%), Lg ey (X)), MAX (Fp (g (%), F (X))}
Thus ((F, A)N(G, B)) € = (H, CC Where C = ANB and¥ e€ C
(H(e)) ©= {(x, min(Te ey (), Tg ey (1)), min(Ig ey (), Ige) () max (Fe ey (), Fg ey (X))
={(x, max (Fr(q) (%), Fg ey ()1 — min(lgey (X), Ig ey (1)), Min(Tr(e) (%), Tg ey (1))}
Again (F, A) €n (G, B) ©= (I, ]) say where J=An Band V e€ ]
I(e) = (F(e)) °n (G(e)) ©
={(x, min(Feg) (x). Fg (¢) (X)), min(l — Ig(g) (x),1 — Igge) (x)), max (Te(ey (%), Tg o) (X))}
We see that C=J and V¥ e€ J, I(e) =(H(e))

Thus (F, A) €n (G, B) ¢ <((F, A)n (G, B))€
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Theorem :3.22
Let (F, A) and (G, A) are two neutrosophic pythagorean soft sets over the same universe U. We have

the following

(@) ((F, A)u (G, A)) ©=(F, A)°n (G, A) €

(i) ((F, A)n (G, A))c=(F, A)cu (G, A) ¢
Proof:

(i) Let (F, A) U (G, A)=(H, A) ¥ e€ A
H(e) = F(e)UG(e)
(. max (T g (), Te) (1)) X (Tg gy (), Ly (), N (Fr ) (), Figy (1))
Thus (F, A) U (G, A))C=(H, A)C V e€ A
(H(e)) © = (F(e)uG(e)) ©
={(x, max (Tg(e) (), Tg ey (X)) max (I () (X), L) (), min(F g (x), Fg e (x))1€
={(x, min(Fr ey (), Fg (o) ()1 — max(Ig g (x), g (X)), min(Te gy (), T ey (X))
Again (F, A) °n (G, A) €= (I, A) whereV e € A
I(e) = (F(e)) “n (G(e)) ©
={(x, min(Fe g (%), Fg () (), min(1 — Igey (x), 1 = gy (X)), max (Tree (%), Ty ()
={(x, min(Fp gy (%), Fg (¢) (X)), 1 — max(Ig g (X), Ig(e) (X)), Max(T (e (%), Tg ey (X))
Thus ((F, A)U (G, A))C =(F,A)cn (G, A)C
(ii) Let(F,A) n (G, A)=(H,A) ¥ e€ A
H(e) = F(e)nG(e)
={ (6 min(T (o) (%), Tg (o) (), min(Ip g (X). 5 (X)), max (Fp g (%), Fg oy (X))} V €€ A
Thus (F, A) n (G, A)) = (H, A)

(H(e)) = (E(e)nG(e))
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= { (o min (T o (1), Tg o/ (00, min(Ip gy (3, Loy (60 Max (Fr oy (0, Fo oy (0) 1€ =
{05 max (B o) (), Fy oy ()1 — min(Tp o (), L o) (6)), min(Tr o) (3), Tooy (NIV € € A
Again (F, A) U (G, A) €= (I, A) wherev e € 4
I(e) = (F(e)) ‘U (G(e)) ©
={ (2, max (Fr o) (4), Fe) (09) Max (1 — I (1), 1 = Lgiey () min (T (1), Ty (D))
={(x, max (Fp e) (), Fy (o) (09).1 — min(Ig o) (). Ig o) (1)), min (T (), Ty o) ()
Thus ((F, A)n (G, A)) €= (F, A)CU (G, A)C
Theorem:3.23

Let (F, A) and (G, A) are two neutrosophic pythagorean soft sets over the same universe U. We have

the following
(@) ((F, M)A (G, A) = (F, AV (G A€
(ii) ((F, A)V (G, A))c=(F, A) N (G, A)

Proof:

Let (F, A)A (G, B) = (H, A xB) where H (a, b) =F(a) NnG(b) va€ A and ¥ b € B where nis the

operation intersection of NPSS.

Thus H (a, b) = F(a) NG(b)
= {(x, min [:TF('aj (x), Tap } (x)),min(1 F(a) (x),1 G(b) (x)),max (FF('aj (x), Fawj el
(F,A)N (G, B)Cc=(H, A xB)¢ ¥(ab)€E AxB

Thus (H (a, b)) <={(x, min [Tpc'aj (x), Tap ) (x)),min(I F(a) (x),1 G(b) (x)), max(F, F(a) (x), Fg () (x))}°

{(x, max [:FFt'aj (x), Fap } (x)),1 — min UF:'aj. (x), fc;c'.a;. (x)),min (TF('aj (x), Tawj ()N}
Let (F, A)CV (G, A)€=(R, A xB) where R (a, b) =(F(a)) € U(G(b))C Ya€ A and ¥V b € B where

U is the operation union of NPSS.
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R (a, b) = {[x,max[FFi-a:, (x), FG(‘.{:) (x)),max(1— fF:'a;. (x)1— IF('EJ) (x)),min [Tpc'aj (x), TG('IJ) (N}
={(x, max [ch'aj (x), Faeo y (x)),1 — min UF('a) (x), ch'.r:j. (x)),min [TF('aj (x), TG:'::;. €9}

Hence ((F, A)A (G, A)) €= (F, AV (G, A)¢

Similarly, we can prove (ii)

Funding: “This research received no external funding”

Conclusion

In this paper, I have defined the concept of neutrosophic pythagorean soft sets with dependent
components by combining the concept of neutrosophic pythagorean set and neutrosophic set. Then
we have discussed the properties of union, intersection and complement of neutrosophic
pythagorean soft set. This may helpful in future study of generalized neutrosophic pythagorean
soft set in neutrosophic pythagorean soft topological spaces. This may lead to the new properties of

separation axioms in neutrosophic pythagorean soft topological space.
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