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Abstract. I' Neutrosophic Set is introduced in this article , which is the extension of neutrosophic set. It is
required, to study the real world problems in neutrosophic environment with two parameters. In this article
the following are defined, I" Neutrosophic Set, operations on I' Neutrosophic Set, Relations and properties of T’

Neutrosophic Set. Also illustrated some example.

1. Introduction

Fuzzy set was introduced by L.A. Zadeh [1] in the year 1965 to deal with uncertainty. It
represents the degrees of truth function. To introduce the concept, truth and falsity function,
K. Atanassov [2] introduced Intuitionistic fuzzy set in 1986, Which is the extension of fuzzy
set theory. Florentin Smarandache [4] added the indeterminacy concept with truth and falsity
and named it as Neutrosophic set in 1998, which is a Generalization of the Intuitionistic Fuzzy
Set. Haibin Wang et al. [9] defined the set theoretic operators on an instance of neutrosophic
set called single Neutrosophic set in 2010. Juan-juan Peng and Jian-qiang Wang [8] proposed
Multivalued neutrosophic set in 2015. To over come the problem of extending the multi val-
ued in Single valued Nuetrosophic set, they defined Multi-valued Neutrosophic set. Soft set
theory was introduced by Molodtsov [6] in 1999. T.Srinivasa Rao, B.Srinivasa Kumar and S.

Hanumanth Rao [5] introduced I' neutrosophic soft set in 2018.

Since Fuzzy set represents the degrees of truth, Intuitionistic fuzzy set represents de-
grees of truth and falsity, Neutrosophic set represents degrees of truth, false and indeter-
minacy (unclear). Many real time situations will occur with 2 parameters in Neutrosophic
environment, instead of single parameter. To solve these problems I' Neutrosophic Set is pro-

posed in this article
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2. Basic Definitions
2.1. Fuzzy Set [1]

Any set A in X is defined by a characteristic function p4(z) in which every point belongs to
X is related with a real number in the interval [0,1] is called fuzzy set and grade of membership

of x € Ais pa(x) at x.

2.2.  Intuitionistic Fuzzy Set [2]

An Intuitionistic Fuzzy Set A in X is defined by A = {< x, pa(z),va(x) >: © € X} where
{< z,pa(x) >} - truth membership function and {< z,v4(z) >} - falsity membership function.

2.3.  Neutrosophic Set [4|]

Let X be a universal set and Let P be a set in X, A neutrosophic set P is characterized by
x(T,I,F) where triplets t,i, f are defined as t% true in the set, i% indeterminate in the set,

and f% false, where ¢ varies in T, i varies in I, f varies in F’

2.4. Single valued Neutrosophic Set [9]

Let X be a space of points, with generic element in X denoted by x. A single val-
ued neutrosophic set (SVNS) A in X is characterized by truth-membership function Ty,
indeterminancy-membership function 14 and falsity-membership function F4. For each point
xin X, Ta(z), Is(z), Fa(x) € [0,1]

When X is continuous, a SVNS A can be written as A= [, < T(z),I(z),F(z) > /z,z € X.
When X is discrete, a SVNS A can be written as A= >"" | < T'(z;), I(z;), F(x;) > Jxi, i € X.

2.5.  Multi- Valued Neutrosophic Set [§]

Let X be a space of points, with a generic element in X denoted by . A MVNS A in X is
characterized by three functions T4(z), I4(z) and F4(x) in the form of subset of [0, 1], which
can be denoted as follows:

A = {< z,Ta(x),1a(z), Fa(x) > |x € X} where Ta(z),[4(z) and Fa(z) are three sets
of discrete value number in [0,1], denoting the truth-membership, indeterminacy-membership
and falsity-membership respectively, with the conditions: 0 < t,4, f < 1,0 < tT 44T+ f+ < 3,
where t € Ty(z),i € Ia(x), f € Fa(z) and tT = sup Ta(z),i" = sup Ia(x), and f+ = Sup
Fa(z).
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3. Definition: I' Neutrosophic Set

Let X be a universal set and Let P, I' be sets in X, A I' neutrosophic set N(P X I' ) is
characterized by @(Tpx~, Ipx~, Fpx~) Where tpyxy,ipxy, fpx~y are defined as tpx~% true ipxy%
indeterminate , and f,x,% false in the set , where t,. varies in Tpy~, ipx varies in Iy,

fpx~ varies in Fyy., and is defined as

T < tpxys bpxys fpxy> =< mam(tp, t’y)a (ip + ir)/2,mz'n(fp, fv) >

Example 3.1:

In a mobile company to increase the sales, the management conducted a survey with the
salesmen to get the input that affordability of the customer for the present price(P) and quality
satisfaction (I").

x < 0.2,0.8,0.5 > belongs to P, z < 0.7,0.4,0.8 > belongs to I' then x < 0.7,0.6,0.5 >
belongs to N(P X I)

4. Operations on I' Neutrosophic Set
4.1. Complement of a T' Neutrosophic Set N(P X T")

Let N(P X I') be a I' Neutrosophic Set over the universal set X, Then the Complement of
N(P X I')(tpxy: ipxy, fpx~) is denoted by N7 (P X I')(tpx~, ipx~, foxy) and defined as

N_‘( P X P)(thW’ipX77pr7): < pr'y;ipX’yyth’y >
=5 < 1 - tpry, 1 - ,L.pX’y) 1 - pr’\/ >
=< fp><’ya 1- ivaatva >

=<1- th’y’ipX’yv 1- pr’y >

Example 4.1.1:
N(PXT)=<0.7,0.4,0.5 > then
N7 (P X T)(tpxrys tpxrys fpxy ) =< fpxvys tpxrys tpxy >= < 0.5,0.4,0.7 >
=<1 —tpxy; 1 —ipxy, 1 = fpxy >= <0.3,0.6,0.5 >
=< fpxys L = lpxys tpxy >= < 0.5,0.6,0.7 >
=<1 —tpxryipxys 1 — fpxy >= <0.3,0.4,0.5 >

4.2. Union of two I' Neutrosophic Sets

Let N(P X T) & N(Q X T') be two I' Neutrosophic sets over the universal set X, Then

union between them is defined as
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N(P XT) UN(@Q X T)=< tpxy Vtgxy, ipxy Vigxy, fpxny V faxy >
= <tpxy Vitgxry tpxy Nigxys fpxy V faxy >
=<lpxy V lgxvy: tpxy N lgxy, fpxy N faxy >
=<tpxy Vigxy, m’ fva A quv >
=< by V gy, 1 = 22l p A >

=< lpxy Vilgxrs [ipxy = lguy| s fpxy N Jaxy >

Example 4.2.1:
N(PXT)=<0.6,080.1>& N(QXT)=<0.3,04,0.2 > then

N(PXT) UN(Q X T)=< tyxy V tgxys ipxy Vigun, foxny V faxy >= < 0.6,0.8,0.2 >
=< tpxy V lgxrys tpxy Nigxrys fpxy N faxy >= < 0.6,0.4,0.1 >

=<ty V gy ipxy A gy foxiy V faxy > = < 0.6,0.4,0.2 >

=< ey V gy, XX £ A f >= < 0.6,0.6,0.1 >

=< tp><'y V thfy, 1-— w, fpry N qu’Y >=< 06, 04, 0.1 >
:< tpry \/ tq)('y, ipX’Y —_— iqxry‘ ,prf‘}/ /\ qu'Y >:< 0-6, 0.4, 0.1 >

4.3. Intersection of two I' Neutrosophic Sets

Let N(P X T) & N(Q X I') be two I' Neutrosophic Sets over the universal set X, Then

intersection between them is defined as

NP XT) NN(Q X I))=<tpxy Atgxry, ipxy N lgxrys foxy N faxy >
=<tpxy Ngxy, Tpxy V iy, foxy N foxy >
=<tpxy Nlgxy, Ipxy Vigxy, foxy V foxy >
=<tpxy Nlgxr, Wa Joxy V fax~y >
=<TIpxy Nlgxy, 1 — W? Joxy V faxy >

=<tpxy Nlgxr, ’iva - iqxv’ s Spxy V faxy >

Example 4.3.1:
N(PXT)=<0.6,080.1>& N(Q XT)=<0.3,0.4,0.2 > then

N(P XT) (\N(Q X T))=< tyxy Atgurys iy Alguns Foxy A faxy >=< 0.3,0.4,0.1 >
=< tpry VAN thfy, ipX’y V iqx»}/, pr’Y VAN fq><'y >=< 03, 087 0]. >
=< th’y VAN th’Y7 Z.p><7 V in’}/? pr’Y V f(]X’Y >=< 037 087 02 >
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=< th’y VAN th’}/? W, pr’y V qu'Y >=< 03, 06, 02 >
=< by Alguyy 1 — T forn >=<0.3,0.4,0.2 >
=< th’Y A thfy7 ”LPX’Y - ZqX'y) 7fp><’y vV qufy >=< 03, 047 02 >

4.4. Difference of two I' Neutrosophic Set

Let N(P X T) & N(Q X I') be two I' Neutrosophic Sets over the universal set X, Then

Difference between them is defined as

NPXT)-NQQXT)=N(PXT)-(QXTI))
=PAN-Q=PAN(QXT) =
=< tpxry, bpxy, fpxy > A <1 —tgury, 1 —igxry, L — fgxy >
=<lpxy A (1 = tgxy)sipsy A (L= igxy), fpxy A (1= foxy) >
=<tpxy A (L = Tgxy)s ipxy V (1 = igxy), fpxy A (1= foxy) >

P /\ N“(QXF) =< th’ya ip><77 fp)('\/ > /\ < prV?ipX’Y7th’Y >
=<tpxy N faxvs tpxy Nligxys fpxy N tgxy >
=<tpxy A faxytpxy Vigxys fpxy N tgxy >

Similarly we can find all combination of intersection and negation

Example 4.4.1:
N(P XT)=<0.6,08,01>& N(QXT) =<0.3,0.4,0.2 > then
NP XT)-NQXTI)=
<ty AL = tg)sipsery A (1= igsen)s foscy A (1= fysn) > = < 0.6,0.6,0.1 >
<ty AL = tgxn) ipxy V (1 = dgx~), foxy A (1 = fyxy) > = < 0.6,0.8,0.1 >
<ty A (L= tgxry)sipxy V (1= igsin)s foxy V (1 = fyxn) > = < 0.6,0.8,0.8 >
< lpxy A Faxys Tpxy N igxrys fpxy Ngxy > = < 0.2,0.4,0.1 >
<ty A Faxys sy Vigsiys foxy Atgxy > = < 0.2,0.8,0.1 >

4.5. Cartesian Product of two I' Neutrosophic Sets

Let N(P X T) & N(Q X I') be two I' Neutrosophic Sets over the universal set X, Then

cartesian Product between them is defined as

I 2(Tipx0) Lpxy)ys Flpxy)) € N(P X T) & y(Tgxy)s Ligx)» Flgxy)) € N(Q X T) then
J"(TI(pX'y)a Il(pX7)7 Fl(pX'y)))y(TQ(pX'y)712(p><'y)u F2(p><7)) € N(P X F) X N(Q XTI

~—
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Example 4.5.1:
To increase the sales of a particular brand laptop, a survey was conducted by the quality team
to the salesmen of 2 shops A & B,
Shop A salesmen gave the inputs (T(px~), I(px+), Fipxy)) € N(P X T) &
ax) L@xy)s Flgxy)) € N(Q@ X T) where
x1 =< 0.5,0.8,0.2 >, 29 =< 0.1,0.25,0.3 >, 23 =< 0.41,0.21,0.15 >
y1 =< 0.23,0.17,0.9 >, y2 =< 0.3,0.5,0.23 >, y3 =< 0.57,0.14,0.34 >

Shop B salesmen gave the inputs y(T(

2(Typxy)s Tpxy)s Frpxn) ) Y(Ta(pxy)s Lapxr)s Fapuy)) = (21 =< 0.5,0.8,02 >,y =<
0.23,0.17,0.9 >),(z1 =< 0.5,0.8,0.2 >,y2 =< 0.3,0.5,0.23 >),(z; =< 0.5,0.8,0.2 >
g3 =< 0.57,0.14,0.34 >),(z2 =< 0.1,0.25,0.3 >,y =< 0.23,0.17,0.9 >),(z2 =<
0.1,0.25,0.3 >, 40 =< 0.3,0.5,0.23 >), (x2 =< 0.1,0.25,0.3 >,y3 =< 0.57,0.14,0.34 >
) (x5 =< 0.41,0.21,0.15 >,y =< 0.23,0.17,0.9 >), (x5 =< 0.41,0.21,0.15 >,y» =<
0.3,0.5,0.23 >), (3 =< 0.41,0.21,0.15 >, y3 =< 0.57,0.14,0.34 >)

4.6. T neutrosophic subset

NP XT) & N(Q XT) are two I' neutrosophic set then N(P X I') is a subset of N(Q X
r) if

x(T(pX’y)')I(pX’y)’F(pX’y)) S N(P X F) &, y(T(qX'y)7 I(qx»y), F(qx'y)) S N(Q X F) then

where inf () < inf T{yxy) 5 SUp Tpx) < sup 1{ inf Fipy) > inf F{

PXY qaxv)» DPXY qax7y) >

sup F,xy) = sup F(

pxy axv)-
4.7.  Equality of two I' neutrosophic sets

If N(PXT) & N(Q XT) are two I neutrosophic set then they are said to be equal if
N(P XT)isaSubset of N(Q XT') and N(Q X I') is subset of N(P X I).

5. Relations on I' Neutrosophic Set
5.1. Relation from N(P XT')to N(Q XT)

Let N(P XT) & N(Q X T') are two I' neutrosophic set. A relation R from N(P X T') to
N(Q X T) is a subset of N(P X ') X N(Q X T). ie. R C N(P X T) X N(Q X T

If ($(T(p><,y), I(p><’y)7 F(pxw))7y(T(p><7)7 I(p><7)7 F(pX'y)) € R, Then x is related to y by R.
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5.2. Reflexive

If 2(Tpxy)s Lpxy)s Flpxy)) € N(P X T') , R be the relation, then R is reflexive, if
(@(Tpxr) Lipx)s Floxn ) T(L(pxr) s Lipxa) Flpxy))) € B

5.3. Symmetric

If x(T(pX'y)7I(p><’y))F(pX’y))7y(T(p><’y)7I(pX’y)aF(pX’y)) € N(P X I') and R be the rela-
tion, then R is symmetric, if (2(T(pxr), Lipxry)s Fipxy))s ¥ Lpxy)s Lipxy)s Fipxy))) € R then
W (Tpxr)s Lpxy)s Foxn)s (Tpxy)s Lpxy)s Elpx))) € R

5.4. Transitive
IE2(Tpxy)s Lipxr)s Fipxn)s Y(Tipxr)s Loy Fpx))s 2Ly Lipxy)s Eipxyy) € N(P X T) and
R be the relation, then R is transitive, if (2(T(px~)s L(px)s Fpx1))> YT pxy)s Lipxy) Fpxy))) € R

and W Tpxy)s Lipxy)s Fipx))s 2(Lpxy)s Lpx)s Flpxey))) € R then
(@(Tpxy) Lpxr)s Flpxn))s 2(Tpxy)s Lpxyy Flpxy))) € B

5.5. Antisymmetric

If $(T(p><fy)7l(p><fy)7F(p><7))7y(T(va)’I(pX7)>F(p><'y))’E N(P X T') and R be the rela-
tion, then R is an antisymmetric, if (2(T(pxq)s Lpxy)s Foxy))s YT pxy)s Lipxy)s Fpxy))) € R
and (Y(Tipx)s Lpxy)s Floxn))s T(Lipxy)s Lpxy)s Floxy))) € R then (2(Tipxqy, Lipxy)s Fipxy)) =
Y(Tpxr)s Lipxy)s Flpxy)

6. Properties of I' neutrosophic set
6.1. Commutative Property

The union and intersection of I' neutrosophic sets satisfies the commutative property
e NPXT)NNQXT)=NQXT)NNPXT)
e NPXT)UN(QXT)=NQXT)UN(PXT)

6.2. Associative Property

The union and intersection of I' neutrosophic sets satisfies the associative property
e (N PXT)NNQXT)NNRXTD)=NPXDI)N(NQ@XT)NNRXT))
¢ (N(PXT)UNM@@Q@XT)UNRXT)=NPXT)UN@Q@XT)UNRXT))
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6.3. Distributive Property

The union and intersection of I' neutrosophic sets satisfies the distributive property
e NPXT)UN@RXT)NNRXD)=(N(PXTH)UN@QXTD)N (NP XT)) U
(N(RXT))
e NPXT)N(NQXT)UNRXD)=(NPXT)NNEXTD)UNPXT)) N
(N(RXT))

6.4. Identity Property

The union and intersection of I' neutrosophic sets satisfies the identity property
e N(PXT)NX=NPXT)
e N(PXT)UD=N(PXT)

6.5. Idempotent Property

The union and intersection of I' neutrosophic sets satisfies the idempotent property
e N(PXT)NNPXT)=N(PXT)
e N(PXT)UNPXT)=N(PXTI)

7. Conclusion

In this paper the I' neutrosophic set was introduced and basic definitions and properties
were discussed. Some examples were given. Furture one can discuss the application of T’

neutrosophic set in MCDM Problems.
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