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Abstract

The mathematical operations of convergence, association, supplement, arithmetical total, logarithmic item,
scalar increase, and exponentiation are the main topics of this article. We show certain important logarithmic
features of idempotency, commutativity, associativity, retention, distributivity, and De Morgan’s laws over the
addition of Neutrosophic fuzzy sets. We also outline new fixations and NFS widening and show some con-
cepts in action. Last but not least, we define a further operation (@)on Neutrosophic fuzzy sets and investigate
distributive laws for the case where the responsibilities of 6, ®, U, and N are combined.

Keywords: Neutrosophic fuzzy set; Algebraic sum; Algebraic product; Scalar multiplication and Exponenti-
ation operations; Intuitionistic fuzzy set.

1 introduction

The fuzzy set (FS) hypothesis was first put forth by Zadeh!® in 1965. In this idea, Zadeh only considered
the capacity’s positive engagement degree. Several current reality disciplines, including grouping research,
dynamic problems, clinical discovery, and design recognition, have used the FS hypothesis. Unfortunately, the
lack of essential information regarding the capacity’s negative enrollment level has led to the failure of the FS
hypothesis. By incorporating the negative enrollment level of the capacity, Atanassov filled up the holes in the
FS theory. Atanassov citel first put forth the intuitionistic fuzzy set (IFS) theory in 1986. The FS hypothesis is
intended to be strengthened by the IFS hypothesis. He examined both the capacity’s negative enrollment level
and its positive participation level in order to evaluate this theory. As a result, the negative participation work
and positive enrollment capacity are < 1. In his? work, Atanassov characterised certain essential AIFS activ-
ities and relationships, such as crossing point, association, supplement, logarithmic aggregate, mathematical
item, and so forth, and showed how closely IFSs are related. Numerous experts worked hard to create the IFS
hypothesis after it was first presented 2213116

F.Smarandache cite8 introduced the neutrosophic set in 1999. Each component had three related characterising
capacities, particularly the participation work (T), non-enrollment (F) work, and indeterminacy (I) work, which
are all characterised on the universe of talk X and are wholly autonomous from one another. Sometimes it will
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be impossible to make a decision while comparing the characteristic issues. One may surely make decisions
when the Neutrosophic set hypothesis has been improved, and the situation’s nondeterministic component is
the set’s capacity for indeterminacy. One may cite®” for examples of how the hypothesis has been used in
various fields to manage ambiguous and contradictory data. The origins, nature, and breadth of neutralities, as
well as how they interact with idealisation spectra, were all topics of interest to the neutrosophic set, a subset of
neutrosophy. The neutrosophic set contains all of the concepts of the old-style fuzzy set, span esteemed fuzzy
set, intuitionistic fuzzy set, and so forth S10IZ1H1L7 for examples of recent work that successfully applied the
concept of neutrosophic set.

Because of this, the aim of this study is to create some fundamental algebraic procedures for NFSs and inves-
tigate their appealing characteristics.

The document’s portion is shown below. In the Preliminaries section, we give some basic definitions of IFS
and PFS. We demonstrated various algebraic characteristics of NFSs in the section Some Results on NFSs.
In the section titled New operation(@) on NFSs, we defined the term New operation(@) and looked into its
algebraic properties. We write the paper’s conclusion in the last section.

2 Preliminaries

Some basic concepts linked to the intuitionistic fuzzy set (IFS) and the Neutrosophic fuzzy set (PFS) have
been presented here.

Definition 2.1. ' “A intuitionistic fuzzy set U on a universe X is an object of the form

= {(%CU(Z)) «QU(Z)) ‘L € X}a

where (y(Z) € [0,1] is called the degree of membership of ¢ in U, oy (Z) € [0,1] is called the degree of
non-membership of ¢ in U, and where (7 (?) and oy (7) satisfy the following condition:

0<(u(i)+ov(i) < 1forall. € X.

Let 7y (1) = 1 — (u(Z) — ou (i), then it is usually called the intuitionistic fuzzy index of ¢« € U, representing
the degree of inderminancy or hesitation of ¢ to U. It is obvious that 0 < 7 (¢) < 1 forevery ¢ € X.”

Definition 2.2. ® “A Neutrosophic fuzzy set U on a universe ¢ is an object of the form

= {(t,Cu(2),Yu(0), 0v (D)) | € X},

where (y(7) € [0, 1] is called the degree of positive membership of ¢ in U, ¢ (Z) € [0, 1] is called the degree
of neutral membership of ¢ in U and gy (Z) € [0, 1] is called the degree of negative membership of ¢ in U, and
where (y (), ¥y (T) and oy (Z) satisfy the following condition:

0<C{u) +vu(@)+ov(i) <3forall.ec X.”

Let NFS(¢) denotes the set of all the Neutrosophic fuzzy set on a universe .

Definition 2.3. © “Let « be a nonempty set and I be the unit interval [0,1]. A Neutrosophic fuzzy set U and V
of the form, U = {(¢, Cy (¥), Yu (D), ou(?)) |e € X} and V = {(¢, Cv (?), ¥y (¥), ov (£)) |t € X }. Then
U CViftV. e X,

Cu(?) < Cv (@), wU( 0) <Yy (2) or Yy (2) > Py (0), 0u (i) = ov (i)
U = {(1, 00(2), Yu (D), Cu (i

v(@)) e e X}
oU UV = {(1,max (Cy (i), Cv (L

(t () s min (o (2), ¥y (1), min (eu (i), ov (i) |¢ € X}

200 = {lmin (o(@), (v (), max (pu 0, vy (0) max a0 (0 ov ) e & X}

UV ={(1 (D) + G (D) = Cu@)v (i) o (v (2), ou (@ev (D) e € X}

UV = (1, oDy (0), Yo D) + v (2) = bu )by (),

ou(8) + ov (i) — ou(D)ov ()] € X |
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Definition 2.4. © “The scalar multiplication operation over NFSs U of the universe ¢ is denoted by nU and is
defined by

nU = {(t,1 = [1=Cw@]" [Yo@]", [ev(@)]") | € X}.”

Definition 2.5. © “The exponentiation operation over NFSs U of the universe ¢ is denoted by nU and is defined
by

U ={(, [Cw@®I", 1 =1 = 4o @], 1 = [1 —ev(9)]") | € X}
Lemma 2.6. % “Let x, vy, 2 be real numbers. Then the following equalities hold:
(i)t — min(y, z) = max(t — y,t — 2)
(7). — max(y, z) = min(¢t — y,t — 2)
(#41) min(e,y) — z = min(e — 2,y — 2)
(iv) max(t,y) — z = max(t — z,y — 2).”
Lemma 2.7. ¥ “(i) If U, V, ¢ are real numbers with U > 0 then the following holds:

a.max(V,e) = max(aV,ac),
a.min(V,¢) = min(aV,ac).

(1) For real numbers U, V, ¢ with U > 0 then addition distributes over the maximum operation and also over
the minimum operation:

a+max(V,¢) = max(a+V,a+c),
a+min(V,e) = min(a+ V,a+c).

(#i1) For real numbers, the maximum operation is distributive over the minimum operation and vice versa:

max(a,min(V,¢)) = min(max(a,V), max(a,c)),

min(a, max(V,¢)) = max(min(a, V), min(a,c)).”

3 Some results on Neutrosophic fuzzy sets

In this part, we prove idempotency, commutativity, associativity, absorption, distributivity, and De Morgan’s
laws over complement as basic algebraic properties of Neutrosophic fuzzy sets.

The theorem below describes the relationship between algebraic sum and algebraic product.

Theorem 3.1. ForeveryU,V € NFS(.),thenU @ V CU @ V.

Proof. LetU &V = {Cu (i) + Cv (2) — Cu(8)¢v (), Yu (D) v (D), ou (D) ov (D)}

UV ={C@)v(D),vu(D) + v () — Yu @)y (D), ou(Z) + ov (i) — ou(@)ov (D)}
Assume that,
Cu(0)v (&) < (i) +
(i.0)Co (DG () — Cor(0)
(i.€)Cu (2)(1 = Qv () +
which is true as 0 < (y (¢
And

Yo (DYv (D) < ¢U( 0) + v (D) — Yo (DYv (D),
(i-e)vu D)y (D) z/JU(Z) (
(i.e)Yu () (1 = Py (7)) + v
which is true as 0 < ¢y (7) <
And

ou()ov (2) < ou(?) + ov (i) — ou(D)ov (i),
(i-e)ou(i)ov (i) — ou (i) + ov (i) — ou(i)ov (i) > 0,

(i-e)ou (£)(1 — QV( 0)) + ov (0)
which is true as 0 < gy (7) < 1 .
Hence UV CU®V. O
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Theorem 3.2. For every U € NFS(1),then
(WUeUDU,
(i) U U CU.

Proof. () U @ U = { (1, 2¢u (i) — (Gu(D)?, (v (1), (eu(D)?) o € X} .

200 (i) = (Gu (2))? = Cu (@) + Cu (D) (1 = Cu (@) = Cu Q) forall L € X,

and (v (1))? < Yy(2) forall L € X,

and (oy(2))? < oy (i) forall L € X.

Hence U U D U.

Similarly, we get (i) U @ U C U. O

Theorem 3.3. For each U,V and C' € NFS(i),then

UaeV=Val,

WUV =VeYV,

)(UeV)eC=Us (Vel),

() UV)eC=U V().

Proof. ()U &V = {Cu(i) + Cv(2) — Cu(D)Cv (2), Yu (0)¢v (2), ou (D) ov (2)}

= {¢v(8) + Cu (i) = v (i)Cu (D), Yv (D)Yu (D), ov () ov (2)}

=VaU.
(i) UV

= {Cu(O)Cv (2), Yu (2) + v (2) — Yu (D)Yv (D), eu (2) + ov (i) — eu (D) ev (D)}
= {Cv ()Cu (2), Yv (L) + Y (2) — v (D)Yu (D), ov (i) + ou (i) — ov (2)ou (2)}

=VoU.
(iii) Let U V) & C

= [, (@) + (D) = WO @) + o) = (G @) + (D)
= oD (D) @), v Dby (D D), ou (Dov (Dec (D] € X |
= (2,60 () + ¢ (@) + 6 0) = D)V (Do (?) = oD E) = v (D)o (D)
+ D) (e (D) bo 0y (e D), ov (Dov (Doc (@)l € X]

= [z Cu(2) + Cv (@) + Ce(b) = Cu(i)¢v (8) = Cu(i)¢e (i) — Cv (D)¢e (i) +
G ()6 (6o @), Yo (v (Yo D), ov(Dov (@)oo (D)l € X |

Us(Vel)
= [ + (G () + €)= v (@)eei) = D Ev () + e ()
— (DG (D), Yo @)y (Do (D), o0 ()ov (Dec (D)l € X

= [l‘,CU(Z) + v (@) + Ce(8) — Cu(i)Cv (8) — Cu(D)¢e (i) — Cv (D)¢e (i) +

€ (06w ()¢ @), o Dy ()be(@), v (Dev (ec (D)l € X].
Hence U V) C=Ua (V& ().
Similarly, we get (V)(U @ V)@ C =U® (V@ C). O
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Theorem 3.4. For each U,V € NFS(v),then
@UeUeV)2U,
(U UaV)CU.

Proof. () LetU @ (U V)

= 2. 0D + @O 0 = O Lw O O Yo @) bu () + ¥y (D)
—vu (v ()], 00 @)oo (D) + ov (i) — v Dev (D]]e € X|
= [2.0® + @) + WO O = W] Yo () = [ = vu ()

1=y (D)) ev(®) (1 =1 —ev@I —ov(@)]) e € X}

>U.

Hence U (U®V) D U.

Similarly, we have (1)U @ (U ® V) C A.
Theorem 3.5. For each U,V € NFS(v),then
HUUV =Vur,

@UNV =VNU,

Theorem 3.6. For each U,V,C € NFS(.),then
WU (Vul)=UaV)u(Ua0),
(U (VUul)=UaV)UU®oCO0),
(EUe(VnC)=UasV)N{UasC),
(U (VNC)=UeV)N({U®C().

Proof. Now we prove (4), and (i) — (iv) can be proved similarly.
(i) LetU® (VUC)

= [m Cu(£) +max (Cv (2), (e (2) = Cu(8) max (Cv (2), Co(2))
Yu (7). max (v (1), Yo(7)) , ev (0)- max (ev (i), ec (1)) [ € X}
= [x,maX(CU £) + (v (0): Cu (@) + Co(8) — max (Cu (2)¢v (2), Cu (D)¢e (7))

min (v (v (1), o (e (D)), min (v (o (7), eu (i)ec (i) It € X |,
by Lemma 2.2.

= [ max (Co 0) + v () = GulO)Cv (0), Gu (D) + o 0) = o (@6e @),

min (u (1)iby (7), Yo (Do (7)), min (eu (Dev (0), ou (oo (D)) It € X |
= (UaV)u(UaOQ).

Theorem 3.7. For each U,V € NFS(v),then
HUNV)eUUV)=UaV,

E@HUNMUuV)=UQRYV,

(i) (U V)NUeV)=UaYV,

(U VI)UURV)=U®aV.

Proof. Now we prove (i), and (#i) — (iv) can be proved similarly.
) Let(UNV)a (UUV)
= [w min (G (2), Cv (2)) + max (Cu (£), Cv (£)) — min (Cu (2), Cv (7)) -
max (Cu (2), Qv (2)) , max (v (2), Py (1)) - min (o (2), v () ,
max (eu (?), ov (1)) - min (oo (0), ov (7)) |+ € X]

= {(t, Cw () + Cv (&) = Cu(O)¢v (2), Yu (DYv (D), ou(B)ev (D)) [v € X}
=U®& V
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In the following, the operator complement obey the De Morgan’s laws for the operation &, ®, U, N.

Theorem 3.8. For each U,V € NFS(¢), then
HUaV)Y =02V,

(@)U V)¢ =Ua VvV,

(i) (U V)C CUa Ve,

(U V)° 20U VC.

are clear.

Proof. We prove (#i1), (iv), and i1)
L ) + v (1) — Yo (D)Pv (D), Cu (@) + Cv (i) — Cu(@)Cv (D)}

(i15) (U @ V) = {ou(D)ov (i),

(
(D), 0 (i
U e VY ={(t,ou() +ov(i

(4),
Yy (

) —ou(D)ov (i), Yo (D)Pv (D), Cu(i)Cv (D)) v € X}

Since oy (2)ov (Z ) ou (2) + ov (2) — ou (D) ov (D),
Yu (D) + v (2) — Yo (DY v()ZilfU() v (D),
Cu (@) + v (2) — Cu(D)Cv (E) > Cu(8)Cv (E)-
Hence (U @ V)¢ CU e Ve.
(i0)(U ® V)C
={(t, 00 (8) + ov(2) — ov () ov (i), Yu (D) (1), Cu(D)¢v (P) v € X}
Uceve
= {ov () ov (D), v (f) + v (7)) — Yu(D)v (2), Cu (i) + Cv (i) — Cu(E)Cv (i)}
Slnce ou (2) + ov (2) — ou(i)ov (i) > ou(i)ov ( ),

Yu (D) Py (2) < Yo (D) + v (8) — Yu (D)v (D),

Cu )¢y (i) < Cié(i) +Cv(Z) — Cu(E)¢v (D).

Hence (U @ V)

Theorem 3.9. For each U,V,C € NFS(i),then
(U =U,

@)U UV)Y =0°nNVe,

(i) (UNV)C =UCUuVe,

Proof. We prove (i) only, (7) is clear.
TOV = {(, max (Cu(0), Cv (D)), min (Y (2), Y (D)) , min (eu (), ev (i) |« € X}
(Uuv)©

= {(e, min (v (2), ov (9)) , min (Y (2), Py (1)) , max (Cu (2), Cv (1)) |+ € X}
0),Cu (D)) v € X}
VE = {(1, 00 (0), v (1), Cv (D) |1 € X}

= { (¢, min (ou (2), ov (2)) , min (Y (7), Yv (1)) , max (Cu (), v (2))) [e € X}
Hence (UU V)Y =0 NVC
Similarly, we have (4ii)(U N V)C =Ucuve.

O

Based on the Definition 4 & 5., next we prove the algebraic properties of Neutrosophic fuzzy sets under the

operations of scalar multiplication and exponentiation.

Theorem 3.10. For each U,V € NFS(i),then for any positive number n,
(i)yn(U + V) =nU @& nV,n > 0,

(11)n1U @ noU = (ny + n2)U,nq,n9 > 0,

() UV)"=U" V" n >0,

(i) UP @ Uy = UMm+nm2) g ny > 0,

Proof. For the three NFSs U and V, and n,n1,ne > 0, according to definition , we get
(nUaV)

=n{Cu (i) + v (i) — Cu(D)Cv (D), vu (D)Yv (D), ou(£)ov (2)}
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={1-[1=Cw®"1 - @], Wv@)Pv @] [ov(i)ov (D))"}

={1-[1=Cu@)+<¢v(i)—Cw@)v@]™ [ @)y ()], lov(i)ov (D)]™}
nU & nV

={0 = =@ [Yo@]" [ev@®]") & (1 = [L = v @] [Yv (O], [ov (D)}
= [(1 =@ +1-[1=C@]") -1 -[1—=C@)]")

A==, Wu @)y @], [ov(@)ev (@)™

={1-[1- CU(L)]n[l = v (@)™, Wu (Dv (D))", [ov (D) ov ()]}
={1-[1 =)+ Cv(i) = Cw@Cv O] v D)y (D], [ev(@)ev ()]}
=nUaV).

(")nlUEBngV
= 1= = @™ + 1= (1= @)™ = (1= 1= @) (= [1 = w@]™),
[ (O] o (]2, [ou (2)]" [ou (2)]]

={1—[1=Cu@)]™*", [y D))", [ov ()]™ T2}
(n1 +ng)U.
(i4d)(U @ V)"

[<<U< DGV (D)1= 1= (D) + vy (7) = o ()b ()],
1= v (i) + ov (i) — ou@)ev (0)]"]
[(@( DGO 1= [1 = Yo" = v (O],
1= (1 - ou@]"L — ev(D)"]
ureve
(@@ 1= 1= u@]" + 1= 1=y = (1= [L= Yo @]") 1= 1= by @],
1= = oo @]" +1=[1 = ov(@D" = (1= 1= ou(®]") (1 = [1 = ov ()]") |
— (@G @) 1= 1= @[ = ey (1= [ = eu (O]"[1 - ov (0)]"}
=UeV)"
(i) U™ @ U™
=[G @)™ 1= [ = pu @)™ +1 = [1 = Yo (D))" ~ (= =)
(- =pu@"?) 1=l -ov@™ +1-[1-0ov@)]"?~(1~[1-ou(@)™)
(1= (1= ov(@d)™)]
= { @@ 1= L= g 1= 1 - ou (i)}

—

= ynatn2)
O
Theorem 3.11. For each U,V € NFS(1),then for any positive number n,
(i)nU C nV,
(i) U™ C V™.
Proof. (i) LetU CV
= (u(2) < ¢y (P) and ¥y (2) > Yy (7) and oy (2) > oy (Z) forall « € X.
=1-[-O"<1-1-¢@)",
(Yo (D]" = [y (7)]" and
o (D)]™ > [ov (2)]™. forall L € X.
(i) Also, [Cu (D] > [Gv (D],
1= [1=¢y()]" <1—[1 =9y (@)]"
1-[1—ov(@®)]"<1—[1-poy(i)]", forall. e X. O
Theorem 3.12. For each U,V € NFS(1),then for any positive number n,
@OnUNV)=nUnNnV,
(1) n(UUV)=nUUnV.
https://doi.org/10.54216/IJNS. 190203 36
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Proof. (i) Letn(UNYV)

= |2, 1= [1 = min (Gu (2), G (D))", max ([ (O, v ()]"),
x ([ew (D))" lov (0)]") |+ € X |

= |z, 1 —[max (1 — (y(2),1 — ¢v(i)]", max ([ (D)]", [v (D)),

ma (lou (0)]" [ov ()]") |+ € X by Lemma 1.

= [2.1 = (max([1 = G (@), [1 = G @) max (Yo (D)7, [y (],
< (lov I, [ov()]") | € X]|

= [, max (1= [1 = @) 1= [1 = Gr@)") , max ([ww (O, v (D))

max ([ou (2)]", [ov ()]") | € X |
=nU NnV.Hence n(UNV) =nUNnV.
Similarly, we prove that (ii)n(U U V) = nU UnV. O

93 T

(
)

m

]

Theorem 3.13. For each U,V € NFS(1),then for any positive number n,
OHUNV)r=0"nvn,
(EUuv)yr=Uumruvn,

Proof. (i) Let

(U NV)" = [ min (G O] (G (O] 1 = fmax (1 = (2), 1 = v (0)]",

1= [max (1= ou(2),1 - ov (D))" € X]|

= [ min (G O], 6w (01") 1 = (in (1 = Yo ()], [ = v (D))
— (min ([1 = ou(@)]", [1 = ov ()]") e € X]

=[z,mm<[ o @) [ D) max (1= [1 = wu O], 1= [1 = by (D)),

1= @™ 1= 1= ov(@)") | € X].

Ut v = [z, (G @)1 = [ = Yo @)1= [ = eI

(v @11 = [1 = oy ()", 1 = [1 = ov (D" |o € X]

= [ min (1o @), 16w (@))")  max (1 = [1 = (D], 1 = [1 =y (D)),

max (1 - [1 = oD, 1= [1 - v ()]") s € X]|.

[
]

[Cv (@)™
"1 =

max (1 —[1 —

[
]

={UnvV)™
Hence (UNV)" =U"NV",
Similarly, we get (i7)(UU V)" = U™ U V™, O

Theorem 3.14. For each U,V € NFS(i),then for any positive number n,
UeV)"£Urp V™

Proof. Let U@ V)"

= [2. [ + (D) = WO @I 1= [L = b @y (@),
1= [ = ov@ov ()"l € X).

U = {0 (@) 1~ [ = PO 1~ [L - e (@)]") |o € X}

V" = {0 @)1= [ =gy (@)1= [1 - ov ()]") e € X}

Un @ v = [, o @) + G O = o @G O, [1 = [ = o @]

1= [ =g O™ 1= (L= o @™ 1= [1 = (D))o € X].

Hence (U @ V)" £ U™ @ V™, O
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Based on the Definition 4 & 5, scalar multiplication and exponentiation operations of NFSs, we can define
new concentration and dilation of the PFS as follows.

Definition 3.15. The concentration of a PFS U in the universe ¢ is noted by CON (U) and is determined by

CON(U) = {(v,¢conw) (@) Yeonw) (D), oconwy (D) | € X},
where,

Ccony(B) = [Cu(D)]?,

Yeonw)(D) =1—[1=¢u(i )]Qa

QCON(U)( 0)=1-[1-ou(@)*

In other way, concentration of a PFS is defined by CON (U) = U?.

Definition 3.16. The dilation of a PFS U in the universe ¢ is noted by DI L(U) and is determined by
DIL(U) = {(t,¢prow)(®)s ¥prow) (0 eprow) (@) v € X},

where, )

Cprow) (@) = [Cu(D)]2, '
Uprow)(l) =1=[1—¢u(l )]12
eprrw) () =1—[1 - ou(i)]2

In other words, dilation of a PFS is determined by DIL(U) = U 2.

The following theorem are clear.

Theorem 3.17. For each U € NFS(v), then
(i) CON(U) C U C DIL(U),

(it) If my (1) = 0, then Tconw) (L) = 0,

(iii) If y () = O, then Tprry () = 0.

4 New operation on Neutrosophic fuzzy sets

In this section, we define and verify the algebraic characteristics of a new operation (@) on Neutrosophic
fuzzy sets. We also go through the Distributivity rules in the scenario when the &, ®, U, and N operations are
coupled.

Definition 4.1. Let ¢ be a nonempty set and I be the unit interval [0,1]. A Neutrosophic fuzzy set U and V of
the form, U = {(z, v (), ¥ (), ov (1)) [ € X} and V' = {(1, Cv (2), v (7), ov (2)) ¢ € X}. Then
Uav — {( Coli );Cv( 2 1/JU( )erlffv( 2 QU(L)-QFQV(L)> e X}

Remark 4.2. Clearly, for all two NFSs U and V, then U@V is a PFS.
Simple illustration given: For U@V,
< ) +¢v(@) Z/JU(Z) + v (1) | ou(i) + ov(i)
2 2 + 2
C ()+¢U()+QU() Cv ()+¢v()+9v() 1
+ —_
2 2 2
Theorem 4.3. For every U € NFS(1), then UQU = U.

<

Proof. LetUQU

_ {(L, Cu (@) + Cu (@) Yu(?) +4u(?) ou() +QU(Z)) e X}

2 ’ 2 ’ 2

~{( Kl 2000 20000, )
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= {(L7<U(Z)7¢U(Z)7 QU(Z)) ‘L € X}
=U. O

Theorem 4.4. For every U, V,C € NFS(1), then
(HUua(vVucC) = (Uav)u[uac),
(U(VuC)=Uav)u uac).

Proof. (i) Let (UQV) U (UQC)
= lmax <<U(Z) +¢v(D) i)+ CC(Z))

2 ’ 2
in <w<z) + v (D) Yull) + wc@)) win (ew) +ov(i) ou(i) + @c<2>) ]
2 ’ 2 ’ 2 ’ 2 '
Ua(vuc)
_ |, (@) +max(Cv(@), Cc(i) Yu(r) +min (Vv (D), e (?))
) 2 ) 2 )
ov(?) +miné9v(2)7gc(i)) Lex
_ lmax (cU(Z) +Gv() Gul) + <c(5>>
2 ’ 2 ’
- (zzmm v (D) Yul@)+ wc<Z>> in (gum +ov(i) ou(i) + gc@)) ]
2 ’ 2 ’ 2 ’ 2 ’
by Lemma 2.
Hence, UQ(V UC) = (UQV) U (UQC).
(i) Similarly, UQ(V U C) = (UQV) U (UQC). O

b a+b
Remark 4.5. For U,V € [0, 1],then Ub < “; , “; <a+b—ab.

Theorem 4.6. For every U,V € NFS(v), then
HUeV)uUav)=UaV,
@HURIV)NUQV)=UQYV,
(W) (U e V)n(Uav)=ruav,
(w)(UeV)u(Uav)=rvav.

Proof. We prove only (i),and (ii),(iii) and (iv) can be proved similarly.
(i) Let (U@ V)U (UQV)

- lmax (600 + 60 - oo, L7,
i (o000 (0, XD i 00, 2402240 ) ]

= {(t, Cu (D) + Cv (D) = Cu D)y (), Yo (v (D), ou (i) oy (i) | € X}

=UaV. -

Remark 4.7. Under the Neutrosophic fuzzy set operation of algebraic sum and algebraic product, the Neutro-
sophic fuzzy set forms a semilattice, associativity, commutativity, and idempotency. When &, ® and A, V, @
are combined, the distributive law also holds.

5 Applications

The results are applicable to the development of Neutrosophic fuzzy semilattice structure, Neutrosophic fuzzy
set, and algebraic structure on this set.
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6 Conclusion

Idempotency, commutativity, associativity, absorption, distributivity, and De Morgan’s laws over complement
are some algebraic features of Neutrosophic fuzzy sets that we have established in this study. We also estab-
lished several theorems and defined new concentration and dilation of NFSs. Finally, we established a new
operation (@) on Neutrosophic fuzzy sets and analysed distributive laws in the situation of combining the
operations &, ®, U, and N. This solution can be used in many Neutrosophic fuzzy set theory applications.
The results of this research will be useful in the creation of Neutrosophic fuzzy semi-lattice and its algebraic
property. The applicability of the suggested aggregating operators of NFSs in decision making, risk analysis,
and many other uncertain and fuzzy environments will need to be studied in the future.

Conflict of interest

The authors declare that there is no conflict of interest regarding the publication of this article.

author contributions

Conceptualization, I. Silambarasan and R.Udhayakumar; methodology, I. Silambarasan; validation, Florentin
Smarandache and Said Broumi; formal analysis, I. Silambarasan; investigation, Florentin Smarandache, Said
Broumi and R.Udhayakumar; writing original draft preparation, I. Silambarasan and R.Udhayakumar; writing
review and editing, I. Silambarasan and R.Udhayakumar; Florentin Smarandache; supervision,
R.Udhayakumar; All authors have read and agreed to the published version of the manuscript.

References

[1] K. T. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Syst, vol. 20, no. 1, pp. 87-96, 1986.

[2] K. T. Atanassov, New operations defined over the intuitionistic fuzzy sets, Fuzzy set and Systems, vol.
61, pp. 137-142, 1994.

[3] K. T. Atanassov, An equality between intuitionistic fuzzy sets, Fuzzy Sets Syst, vol. 79, pp. 257-258,
1996.

[4] S.K.De, R. Biswas and A. R. Roy, An application of intuitionistic fuzzy sets in medical diagnosis, Fuzzy
Sets Syst, vol. 117, no. 2, pp. 209-213, 2001.

[5] V. Cetkin, B. Pazar Varol and H. Aygun, An algebraic perspective on neutrosophic sets: fields and linear
spaces, Journal of Linear and Topological Algebra, vol. 10, no. 3, pp. 187-198, 2021.

[6] S. Das, B. K. Roy, and M. B. Kar. et al., Neutrosophic fuzzy set and its application in decision making, J
Ambient Intell Human Comput, vol. 11, pp. 5017-5029, 2020.

[7] H. Nancy Garg, Single-valued neutrosophic Entropy of order alpha, Neutrosophic Sets Syst, vol. 14, pp.
21-28, 2016a.

[8] U. Rivieccio, Neutrosophic logics: prospects and problems, Fuzzy Sets Syst, vol. 159, pp. 18601868,
2008.

[9] F. A. Smarandache, Unifying Field in Logics. Neutrosophy :Neutrosophic Probability, Set and Logic,
Rehoboth: American Research Press, 1999.

[10] F. Smarandache, Neutrosophy. / Neutrosophic Probability, Set, and Logic, ProQuest Information &
Learning, Ann Arbor, Michigan, USA, vol. 105, 1998.

https://doi.org/10.54216/IJNS. 190203 40
Received: March 08, 2022 Accepted: September 03, 2022



International Journal of Neutrosophic Science (IJNS) Vol. 19, No. 02, PP. 30-41, 2022

[11] F. Smarandache, Neutrosophic set—a generalization of the intuitionistic fuzzy set, Int J Pure Appl Math,
vol. 24, no. 3, pp. 287-297, 2005.

[12] D. Stanujkic, E. K. Zavadskas, F. Smarandache, Brauers, WKM and D. A. Karabasevic, Neutrosophic
extension of the MULTIMOORA method, Informatica, vol. 28, no. 1, pp. 181-192, 2017.

[13] R. K. Verma and B. D. Sharma, Intuitionistic fuzzy sets: Some new results, Notes on Intuitionistic fuzzy
sets, vol. 17, no. 3, pp. 1-10, 2011.

[14] H. Wang, F. Smarandache, Y. Q. Zhang and R. Sunderraman, Single valued neutrosophic sets, Multispace
Multistruct, 4 (2010), 410—413.

[15] Z. Xu, J. Chen and J. Wu, Clustering algorithm for intuitionistic fuzzy sets, Inf. Sci, vol. 178, no. 19, pp.
3775-3790, 2008.

[16] Z. Xu and X. Cai, Recent advances in intuitionistic fuzzy information aggregation, Fuzzy Optim. Decis.
Mak, vol. 9, no. 4, pp. 359-381, 2010.

[17] J. Ye, Multicriteria decision-making method using the correlation coefficient under single-valued neutro-
sophic environment, Int J Gen Syst, vol. 42, no. 4, pp. 386-394, 2013.

[18] L. A. Zadeh, Fuzzy sets, Inf Control, vol. 8, pp. 338-353, 1965.

[19] L. A. Zadeh, Probability Measures of Fuzzy Events, Journal of Mathematical Analysis and Applications,
vol. 23, pp. 421-427, 1968.

https://doi.org/10.54216/IJNS. 190203 41
Received: March 08, 2022 Accepted: September 03, 2022



	1 introduction
	2 Preliminaries
	3 Some results on Neutrosophic fuzzy sets
	4 New operation on Neutrosophic fuzzy sets
	5 Applications
	6 Conclusion

