CHAPTER 1

Preliminaries

This chapter has got an overture to our study which includes the requirements

of versatile sets which are of great use in the sub sequel of the thesis.

1.1 Basic Concepts
Definition 1.1.1. [96]

Let X be a non empty set. A fuzzy set (FS) 4 in X is denoted by

A= {(p,ua@)Ip € X}

where p5: X - [0,1] is the membership function of the FS A.
Definition 1.1.2 [8]

Let X be a non empty set. An intuitionistic fuzzy set (IFS) 4 in X is denoted by

A={P 1a®),va®)Ip € X}
where pz: X - [0,1] and v;: X — [0,1] such that 0 < uz(p) + vz(p) < 1 for

any p € X. where, uz(p) and vz(P) are the degree of membership and non-membership

functions.
Definition 1.1.3. [74]
Let X be a non empty set. A neutrosophic set (NS), A in X is denoted by
A={{p.(T:®), (1z@®). (Fa@®)):p € X}

where (Tz(D)), (I:(®), (F4(®)) €]70,1%[ such that
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0~ < (T2®) + (1z®) + (Fa®)) < 3%

forany p € X. Where, T, I; and F; are truth, indeterminacy and a falsity membership

functions.

Definition 1.1.4. [75]
IfA = {(p,Tz(@), Li(D), Fx(P) P € X} and B = {(p, Ts(P), [5(F), Fs(D) P € X}
are any two NSs of X then
L. (4) € (B) iff T5(7) < T5(®); i) < Is(B); Fa(®) 2 F5(P), VP € X
2. (A) = (B)iftT4(P) = Ta(@); 1z) = I3(B); F4(@) = Fs(@).Vp € X
3. ANB = {{p,Tinsg(®) Lins D), Fans @)D € X} where,
L. Tins (@) = min{Tz(P), T5(P)}
ii. 1zn0(@) = min{lz(p), (P}
iil. Fing(P) = max{Fz(P), F(p)}
4. AU B ={(p, Tavs®), Livs @), Faus (D))|P € X} where,
L. Taup(®) = max{T;(P), T (D)}
ii. Liug (@) = max{lz(P),15(P)}
iii. Fzyp(@) = min{Fz(p), Fz(P)}
5. The complement of the set A, (C (A)) may be defined  as
C(A) = (v Fa(@),1 = 1i(P), Ta@)IP € X}

Definition 1.1.5. [89]
A single-valued neutrosophic set (SVNS) 4 in X is a NS which is denoted by
A={{p,(T:) + (z() + (Fa(®)), P € X}
and characterized by the degree of membership (TA (ﬁ)), indeterminacy (I g(ﬁ)) and
non-membership (F P (ﬁ)) functions, where T z(9), [;(p), F5(p) € [0,1] such that
0< (Tg(ﬁ)) + (Ig(ﬁ)) + (Fg(ﬁ)) < 3, for all p € X, respectively.
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Definition 1.1.6. [78]
Let U be a non empty set and the NS A < U. Let T5(P), I3(D), F;(P) represent
the functions that describe the degrees of membership, indeterminate-membership, and

non-membership respectively, of a generic element p € U, with respect to the NS A

T4(P), 14(P), Fa(P): U — P[0, 0]

where 0 < 1 < 2, and 2 is called over limit. T;(P), Iz(P), Fz(P) € [0, ], and P[0, 2] is
the set of all subsets of [0, 2].

Definition 1.1.7. [19]
Let X be a non empty set. An intuitionistic gradation of openness of fuzzy
subsets of X is an ordered pair (7, t*) of functions from I to I such that
Lt +1"A) <1,Vre X
i.7(0) =t =1 7(0) =" =0
iii. T4, NA) =1t(A)AT(A,), T°(4 NA) <t*(4) VT*(4y),
AL EeNXi=12

iv. T(Uiea i) 2 NieaT(A), T°(Uiea A < Viea T (4, 4; € 1%, € A,
Then the pair (7, 7*) is an intuitionistic gradation of openness on X. The triplet (X, 7, T*)
is called an intuitionistic fuzzy topological spaces. T and 7° may be interpreted as

gradation of openness and gradation of non-openness, respectively.

Definition 1.1.8. [19]
Let X be a non empty set and F, F*: IX — [ be two mappings satisfying
i. FO+F Q) <1viel®
i. F(0)=FW)=1F(0)=F@)=0
iii. F(l1 UA) =2FA)AF(Ay), Fr(l4UAy) < F (A1) VF*(4y),
LENXi=12
iv. F(Nieatd) = NeaF (), F*(Nicadi) < VieaF*(A), 4, €1%,i € A,

Then the pair (F, F*) is an intuitionistic gradation of closedness on X.
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Definition 1.1.9. [31]

Consider X be a non empty set. A is a Pythagorean neutrosophic set on X is

denoted by
A={®,Tz(P), 1z(P), Fa(D)IP € X3,
where T3(P), I7(P), F2(P) € [0,1],
0 < (Ta®)* + Uz@)* + (Fa(®)? < 2,

for every p € X where, T7(P), I;(P) and F5(P) are degree of membership,
indeterminacy, and non- membership funtions. Here T4(p) and F5(P) are dependent

components and I3 (P) is an independent.
Definition 1.1.10. [99]

Let X be a non empty set. An interval-valued neutrosophic set 4 in X is denoted

by

A =P Taewy Taw | acoy T ) Facoy Fa /9 € X
where Ty (9), [a(D), Fa(®) € [0,1], 0 < [Ty (P)] + [ )] + [F4 (P)] < 3
T (@), 14 (®), FA @) € [0,1], 0 < [TF ()] + [Lf ()] + [Ff (P)] < 3
Definition 1.1.11. [32]

Let X be a non empty set. C cubic set in X is denoted by
C = {p,A@), AP /P € X}

where 4 is an interval-valued fuzzy setin X and 2 isa FSin X.
Definition 1.1.12. [80]

Let X be a non empty set. A neutrosophic cubic set € in X is a pair € = (4,1)
where 4 = {{(p,A; (D), A,(¥), Ax(P))/P € X} is an interval neutrosophic set in X and
A ={p,2:(P), 4, (D), Ar(D))/D € X} is a neutrosophic set in X.
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Definition 1.1.13. [55]

Let X ={P,0s ..., 00} be a universal set. Let
A= {Puus®@), 053, va@):p; € X} and B = {p;, us(B,), 05(B:), vs(@:): b; € X}
be two SVNSs on X. Then define a mapping d: SVNS(X) x SVNS(X) - [0,1].

The Hamming distance between two SVNSs 4 and B is denoted by
o lwa@) — us (@)1 +
dy(4.B) =5 ) | loaGi) — oGl + (1.1.1)
=t \ lva®@) —vs@)l
The Euclidean distance between two SVNSs A and B is denoted by

1
< Y 2
n [ (ua@®) —uz@))” \)°

-~ 1 . N2

dr(4,B) =43 \+(ag(pi) RPND)
— 3 e
U\ (@) - ve @)/ )

The Normalized Hamming distance between two SVNSs 4 and B is denoted by

(1.1.2)

3

. lua (@) — us (@] +
dn-n(4,B) = E™ loa(@) — o@Dl + (1.1.3)
n - ~
;=\ lva(®@) —vs(@)
The Normalized Euclidean distance between two SVNSs A and B is denoted by

(ua @) — s @) \ )2
o 1 2
d-s(4,8) = {3 | +(0a5) - 75G)
U T\ (@) - ve @)/ )

(1.1.4)

Definition 1.1.17.[17]

Let X={pLD2....0n} be a universal set. Let
A={p;na(p)) 0a(®;) va(®;):0; € X} B = {p),up(8)), 05(5)). va(p;): B € X}
be two SVNSs on X. Then define a mapping d: SVNS(X) x SVNS(X) — [0,1]. Then

the distance measures between two SVNSs A and B are denoted by
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I / wa(@;)” ug(ﬁj)2|2
D, (4, B) =3—Z| o) = 05(5;)’] (1.1.5)
= \ + 1y () Vg(ﬁj)2|)
and
R CARITICHS)
D,(4,B) = Siz (ca(3)” - 05(3)") (1.1.6)
= (ra) - ve()°)
Definition 1.1.18. [14]
A mapping S: NS(X) x NS(X) - [0,1] is said to be a similarity measure
between two NSs if it meets the axioms:
i. S(U,V)=0forall U,V e NS(X).
ii. S(U,V)=0iff U ="V forall U,V e NS(X).
iii. S(U,V)=S(V,0)forall U,V e NS(X).

N
<\

iv. If U
(U:

CW for all UV,W e NS(X), then S(U,W)=5(0,V) and
)= S(V, W)

Definition 1.1.19. [7]

U
)
%z

Let X={pLD2....Pn} be a universal set. Let
A= {Pura®), 023, va(@): pi € X} and B = {p;, us(0), 053, v5@:): D; € X}
be two SVNSs on X. Then define a mapping d: SVNS(X) x SVNS(X) — [0,1]. Then
the Sine Metric Single Valued Neutrosophic (SMSVN) distance measure is denoted as

dSMSVN(A E)

5 i sin {Z IMA(pl) us @I} + sin{Z102(5;) — 05 (1)1} + sin {Z lva(;) - va (7)1}

3Gt sin (i) — us @I} + sin {1oa(5;) — o5 ()|} + sin{g va(;) - va ()}
(1.1.7)
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