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Abstract. The complex fuzzy soft set and its generalized hybrids are such effective structures which not only
minimize the impediments of all complex fuzzy-like structures for dealing uncertainties but also fulfill all the
parametric requirements of soft sets. This feature makes it a completely new mathematical tool for solving
problems dealing with uncertainties. Smarandache conceptualized hypersoft set as a generalization of soft set
as it transforms the single attribute function into a multi-attribute function. This generalization demands an
extension of complex fuzzy soft-like structures to hypersoft structure for more precise results. In this study,
hybrids of hypersoft set with complex fuzzy set and its generalized structures i.e. complex intuitionistic fuzzy
set and complex neutrosophic set, are developed along with illustrative examples to address the demand of
literature. Moreover, some of their fundamentals i.e. subset, equal sets, null set, absolute set etc. and theoretic

operations i.e. compliment, union, intersection etc. are discussed.

Keywords: Complex fuzzy sets (CF-Sets), soft set, hypersoft set and complex fuzzy hypersoft set.

1. Introduction

Zadeh’s theory of fuzzy sets [1] is one of those theories which are considered as mathemat-
ical means to tackle many complicated problems involving various uncertainties in different
fields of mathematical sciences. But these theories are unable to solve these problems suc-
cessfully due to the inadequacy of the parametrization tool. This shortcoming is addressed
by Molodtsov’s soft set theory [2] which is free from all such Impediments and appeared as
a new parameterized family of subsets of the universe of discourse. Classical complex anal-
ysis is useful in algebraic geometry, number theory, analytic combinatorics and many other

branches of mathematical sciences. Ramot et al. [3,/4] introduced the concept of complex
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fuzzy set (CF-set) to tackle the problems of complex analysis under fuzzy environment. This
novel concept used complex-valued state for the membership of its elements. Maji et al. [5]
developed and conceptualized fuzzy soft set, a new hybrid of fuzzy set with soft set. They
also discussed some of its fundamentals terminologies and operations like equality of two soft
sets, subset and super set of a soft set, complement of a soft set, null soft set, absolute soft
set, AND, OR etc. in their work. Cagman et al. |6] extended this concept and discussed some
other properties and operations. Nadia [7] developed a new hybrid of complex fuzzy set and
soft set. Thirunavukarasu et al. [8] established aggregation properties of complex fuzzy soft
set and discussed their applications. Atanassov [9] conceptualized intuitionistic fuzzy sets as
generalization of fuzzy set. Alkouri et al. |10] extended this concept and developed complex
intuitionistic fuzzy soft set and discussed some of its properties. Kumar et al. [11] further
discussed its more properties and calculated its distance measures and entropies. Mumtaz
et al. [12] extended neutrosophic set |[13] to complex neutrosophic set and discussed its fun-
damentals, theoretic operations and applications. Broumi et al. |14] conceptualized complex
neutrosophic soft set and discussed some of its fundamentals.

In 2018, Smarandache [15] introduced the concept of hypersoft set as a generalization of soft
set. In 2020, Saeed et al. [16] extended the concept and discussed the fundamentals of hypersoft
set such as hypersoft subset, complement, not hypersoft set, aggregation operators along with
hypersoft set relation, sub relation,complement relation, function, matrices and operations on
hypersoft matrices.

Having motivation from the work in [6], [8]- [16] and [21], novel hybrids of hypersoft set i.e.
complex fuzzy hypersoft set, complex intuitionistic fuzzy hypersoft set and complex neutro-
sophic hypersoft set, are conceptualized along with their some fundamentals and theoretic
operations. This is novel and more generalized work as compared to existing related literature
for getting more precise results. Moreover, a comparative discussion is presented on particular
cases of such hybrids.

The pattern of rest of the paper is: section 2 reviews the notions of soft sets, complex fuzzy set
and relevant definitions used in the proposed work. Section 3, presents complex fuzzy hypersoft
set and some of its fundamentals. Section 4, presents complex intuitionistic fuzzy hypersoft
set and some of its fundamentals. Section 5, presents complex neutrosophic hypersoft set and

some of its fundamentals and then concludes the paper.

2. Preliminaries

Here some existing fundamental concepts regarding fuzzy set, fuzzy soft set and fuzzy hy-

persoft set are presented along with their structures with complex fuzzy set from literature.
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Throughout the paper, U, P(U), F(U), C(U), Crn(U), Cneu(U), [ and [] will present uni-
verse of discourse, power set of U, collection of fuzzy sets, collection of complex fuzzy sets,
collection of complex intuitionistic fuzzy sets, collection of complex neutrosophic sets, union

and intersection respectively.

Definition 2.1. [1]
Suppose a universal set U and a fuzzy set X C U. The set X will be written as X =
{(z,ax(x))|x € U} such that
ax :U— [0, 1]

where ax (x) describes the membership percentage of z € X.
Definition 2.2. [3]
A complex fuzzy set Cy is of the form

Cs={(e,uc,(e)) e U} = {(e,r@f(e)emcf(e)) (€€ U} .
where fic,(€) is a membership function of Cy with rc,(e) € [0,1] and wc,(e) € (0,27] as

amplitude and phase terms respectively and i = /—1.

Zhang et al. [22] and Buckley [23]- [26] presented fuzzy complex number in different way.

However, according to [3], [4], both amplitude and phase terms are captured by fuzzy sets.

Definition 2.3. [2]
A soft set © over U, is defined as

S ={(e fs(€)) s € € En}
where fg : E1 — P(U). and E; C E (set of parameters).
Definition 2.4. [6]
A fuzzy soft set (FS-set) I'g, on U, is defined as
I'e = {(e&7m(€) 1 € € By, ym (6) € F(U)}

where vg, : B4 — F(U) such that yg, (¢) = () if € ¢ Fy, and for all € € Fy,

Y1 (€) = { By (0 ()0 1 0 € Uyt (9 (v) € [0,1]

is a fuzzy set over U. Also vp, is the approximate function of I'g, and the value v4(x) is a

fuzzy set called e-element of FS-set. Note that if yg, (€) = 0, then (¢,vg, (¢)) ¢ T'g,.

Definition 2.5. [7]
A complex fuzzy soft set (CFS-set) xg, over U, is defined as

XE, = {(vaEl (6)) re € B¢ (6) € C(U)} :
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where g, : E1 — C(U) such that ¢g, () =0 if € ¢ E; and it is complex fuzzy approximate
function of CFS-set xg, and its value ¥, (¢) is called e-member of CFS-set x g, for all € € Ej.
Operations of CFS-sets and CF-sets were defined in [7] and [22] respectively.

Definition 2.6. [27] Let A = {(z;pa(x)) 2z € U} and B = {(x;pp(x)): x € U} be two
complex fuzzy subsets of U, with membership functions pa(z) = r4(z)e®4®) and pp(z) =
rp(z)eB®)  respectively. Then
e A complex fuzzy subset A is said to be a homogeneous complex fuzzy set if for all
x,y €U, ra(z) <ra(y) if and only if wa(z) < wa(y)
e A complex fuzzy subset A is said to be homogeneous with B, if for all z,y € U,
ra(x) < rp(y) if and only if wa(z) < wp(y)

Definition 2.7. [10] Let E be a set of attributes with A C E and ¥(a) be a CIF-set over U.
Then, complex intuitionistic fuzzy soft set (CIFS-set) {4 = (U, A) over U is defined as

Ea={(a,¥(a)):a€ A,V (a) € Cr(U)}

where

U A— Crye(0), U(a)=0if a¢ A.
is a CIF approximate function of £4 and ¥(a) = (U7 (a), ¥¥'(a)).
\I/T(a) =pref7 and OF (a) = pré Or are complex-valued membership function, and complex-
valued non-membership function of £4 respectively and their sum all are lying within the unit
circle in the complex plane such that pp, pr € [0,1] with 0 < pr+pp < 1(or 0 < |pr+pr| < 1)
and 0r,0F € (0,27]. The value ¥(a) is called a-member of CIFS-set Va € A.

Definition 2.8. [14]
Let E be a set of attributes with A C E and ¥(a) be a CN-set over U. Then, complex
neutrosophic soft set (CNS-set) £4 = (¥, A) over U is defined as

Ea={(a,¥(a)):a € A, ¥ (a) € Cneu(U)}
where
U A— Chey(U), U(a)=0if a¢ A.
is a CN approximate function of £4 and ¥(a) = (V7 (a), ¥!(a), ¥F'(a)).
UT(a) = pretfr, Ul(a) = pre’? and UF(a) = ppe’% are complex-valued truth member-
ship function, complex-valued indeterminacy membership function, and complex-valued falsity
membership function of £4 respectively and their sum all are lying within the unit circle in the

complex plane such that pr, pr,pr € [0,1] with =0 < pr+pr+pr < 3% (or 0 < |pr+pr+pr| <
3) and O7,0;,0F € (0,27n]. The value ¥(a) is called a-member of CNS-set Va € A.

For more study about neutrosophic sets see ( [28]- [42]).
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Definition 2.9. [15]

The pair (H,G) is called a hypersoft set over U, where G is the cartesian product of n dis-
joint sets Hq, Ho, Hs, ....., H, having attribute values of n distinct attributes hi, ho, hs, ....., hy
respectively and H : G — P(U).

Definition 2.10. [15]

A hypersoft set over a fuzzy universe of discourse is called fuzzy hypersoft set.
For more definitions and operations of hypersoft set, see ( [15]- [20]).

3. Complex Hypersoft set(CH-Set) and Complex Fuzzy Hypersoft Set(CFH-Set)

In this section, first we define complex hypersoft set then complex fuzzy hypersoft set is

conceptualized with its some fundamentals.

Definition 3.1. Let C be the set of complex numbers and P(C) be the collection of all
non-empty bounded subsets of the set of complex numbers. Let Ai, Ao, As, ....., A, are dis-
joint sets having attribute values of n distinct attributes ai,ao,as, .....,a, respectively for
n>1,A=A; x Ay x Az X ..... x Ay then a mapping ¢ : A — P(C) is called a complex
hypersoft set. It is denoted by (¢, A).

Example 3.2. Let C = {2+ 3i,1+ 2i,3 4 5i,4+ 20,3 + i} be the set of complex numbers
and E = {A1, Ag, A3} with Ay = {a11,a12}, As = {a21,a2} and Az = {as1,a32} are disjoint

set having attribute values then

A:{ (a11, @21, a31), (a11, az1, asz), (a1, aze, as1), (a1, aze, asz), }
(a1, a21,as1), (a1, a21, asz), (a21, azz, asi), (a1, azz, ass)
A = {x1,x9, 23,24, x5, ¢, 7,28}, then (¢, A) can be considered as a complex hypersoft set
where
(x1,{2 4 3i,1 + 2i}), (z2,{2 + 3i, 1 + 2i,3 + 5i}), (w3, {4 + 20,1 + 27,3 + 5i}),
(v, A) = ¢ (24,{2+ 36,4+ 20,3+ 1}), (x5, {3+ 0,1 + 23}), (w6, {3 + 4,2 + 34,3 + 5i}),
(x7,{2 4 3i,3+1i}), (zs, {4 + 2,3 + 5i}),

Definition 3.3. Let Ay, A, As, ....., A, are disjoint sets having attribute values of n distinct
attributes a1, as, as, ....., a, respectively forn > 1,G = A1 X Agx Az X.....x A, and ¥ () be a CF-
set over U for all € = (dy,ds,ds, .....,dy) € G such that dy € Ay,ds € Ag,d3 € As, .....,d,, € Ay,
Then, complex fuzzy hypersoft set (CFH-set) xg over U is defined as

xe ={(6v(e) : e € G,9¥(e) € C(U)}

where
v : G — C(U), ve)=0if e¢ G.
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is a CF-approximate function of yg and its value 1 (¢) is called e-member of CFH-set Ve € G.

Example 3.4. Suppose a Department Promotion Committee (DPC) wants to ob-
serve(evaluate) the characteristics of some teachers by some defined indicators for depart-
mental promotion. For this purpose, consider a set of teachers as a universe of dis-
course U = {t1,t9,t3,t4}. The attributes of the teachers under consideration are the set
E ={A, Ag, A3}, where

A; = Total experience in years = {3, < 10} = {e11, €12}

Ag = Total no. of publications= {10, 10 <} = {e21, €22}

As = Performance Evaluation Report (PER) remarks = {eligible, not eligible} = {es1, es2}

and
(e11,€21,€31), (€11, €21, €32), (€11, €22, €31),
G=A; x Ay x Az = (e11,e22,€32), (€12, €21, €31), (€12, €21, €32), ¢ = {e1,€2,€3,....,e8}
(€12, €22, €31), (€12, €22, €32)
Complex fuzzy set ¥g(e1), va(e2), ..., e (es) are defined as,
0. 4610 57 0. 8610 6 0. 8610 81 1 0610 75T
e =
Ye(er) { » 5 0 }
0.6e 30.77 0. 9610 9 0. 7610 9 O 7567'0 957
{ tv | ta i3 }
0. 5610 .67 0. 8610 9 0. 6610 9 O 65620 957
{ th oty 3 }
0. 3610 T 0. 7610 97 0. 5610 97 O 75620 657
¢G(€4) = { L 5 5 }
1 to t3

) )

0.2¢05™ 0.3¢087 (.8¢10-77 045el065ﬂ
ti1 7t t3

0.5e09™ 0.3¢09™ .7¢1087 0856Z0957r
tt Tt 3

0.6e/09m 0.9¢/067 . 5¢"0-67 085e20 o
T - T

and

0.8€i0'97r 0.8€i0'87r 0.6€i0'87r 0'65€i0.857r
tv 7ty Ttz t4}

Ya(es) = {
then CFH-set x¢ is written by,

( 0 410.5™ 0 867‘.0‘67‘- 0 867,'().87r 1. 0610 757 ) ( 0. 6610 T 0. 9610 97 0. 7620 9T 0. 75610 957 )
€1, — - . )

t1 ’ to ) t3 25 ’ t2 ’ t3 ? tyq
0. 5610 .6 0. 8610 9m 0. 6610 9 0 6587'0 951 0 3610 7T 0. 7610 9m 0. 5610 9 0 75610 657
€3, ’ 15 ’ i3 ’ ) 15 ) i3 )7
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0.2

i3
0. 6620 97r 0. 967’0 67 0. 5eL0 67r 0. 8567’0 75T
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)
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) €8, ) ta ) i3 )
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(
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Definition 3.5. Let x¢, = (¥1,G1) and xg, = (2, G2) be two CFH-sets over the same U.
The set xg, = (¥1,G1) is said to be the subset of xg, = (Y2, Ga2), if

i. G1 € Go
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i Vz e Grii(z) Calz) ie re(z) < ra,(z) and we, (z) < wa,(z), where rg, (z)
and wg, (z) are amplitude and phase terms of ¢ (z), whereas rg,(z) and wg,(z) are

amplitude and phase terms of 1s(z).

Definition 3.6. Two CFH-sets xa, = (¢1,G1) and x@, = (12, G2) over the same U, are said
to be equal if

1. (¢1,G1) (¢27G2)
ii. (¢2,Ga) C (¢1,G1).

Definition 3.7. Let (¢, G) be a CFH-set over U.Then

i. (¢,G) is called a null CFH-set, denoted by (¢, G)g¢ if rg(z) = 0 and wg(z) = O for
all z € G.

ii. (¢, Q) is called a absolute CFH-set, denoted by (¢, G)a if rq¢(z) = 1 and wg(z) = 27
forall z € G.

N 1N

Definition 3.8. Let (¢1,G1) and (12, G2) are two CFH-sets over the same universe U.Then

i. A CFH-set (¢1,G1) is called a homogeneous CFH-set, denoted by (¢1,G1)Hom if and
only if 11 (z) is a homogeneous CF-set for all z € G.

ii. A CFH-set (¢Y1,G1) is called a completely homogeneous CFH-set, denoted by
(¢1, G1)cHom if and only if ¢ (z) is a homogeneous with ¢y (y) for all z,y € G1.

iii. A CFH-set (¢1,G1) is said to be a completely homogeneous CFH-set with (¢, Go) if
and only if ¥ (z) is a homogeneous with () for all z € G [] Ga.

3.1. Set Theoretic Operations and Laws on CFH-Sets

Here some basic set theoretic operations (i.e.complement, union and intersection) and laws

(commutative laws, associative laws etc.) are discussed on CFH-sets.
Definition 3.9. The complement of CFH-set (¢, G), denoted by (¢, G) is defined as

(1, G)° = {(z,¢%(z)) : z € G,¢"(z) € C(U)}

such that the amplitude and phase terms of the membership function °(x) are given by

ré(z) =1 —rg(z) and wi(z) = 2 — wg(x) respectively.
Proposition 3.10. Let (¢, G) be a CFH-set over U.Then ((v,G)¢)¢ = (¢, G).

Proof. Since 1(z) € C(U), therefore (1, G) can be written in terms of its amplitude and phase
terms as

.0)={ (z.re(@)e @) :z e 0} 1)
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Now
vo(0) = { (2. r6@)e @) sz e 6}
@) = { (2. (1 —re@)e® @) p e G}
(1,6 = { (2 (1 = rala)) e =) . s e G}
(0, G)) = { (2. (1 = (1 = 16 (@)@ Erc@D)) 1 g € G}

(¥, G))° = {(E, TG(&)ein@)) rx € G}
from equations (1)) and (2)), we have ((v, G))° = (¥,G). g

Proposition 3.11. Let (¢, G) be a CFH-set over U.Then

i ((¥,G)e)" = (¥,G)a
i. (0,G)a) =¥,

Definition 3.12. The intersection of two CFH-sets (¢1,G1) and (¢2,G2) over the same
universe U, denoted by (¢1,G1)[[(¢2,G2), is the CFH-set (¢3,G3), where Gs = G1[[ Ga,

and ¥s3(z) = ¥1(x) [[e2(z) for all z € Gs.

Definition 3.13. The difference between two CFH-sets (11, G1) and (¢, G2) is defined as

(¥1,G1) \ (2, Ga) = (b1, G1) [ (w2, Go)*

Definition 3.14. The union of two CFH-sets (¢1,G1) and (12, G2) over the same universe
U, denoted by (¢1,G1) [[(2, G2), is the CFH-set (13, G3), where G3 = G1 ][ G2, and for all

£€G37

P () vifr e Gi\Ga
Y3(z) = o(z) if z € Go\Gy
Y1(z) [[2(z) ,ifzeGi]][Ge

Proposition 3.15. Let (¢, G) be a CFH-set over U.Then the following results hold true:

L. (1/}7 )H(wa )CP = (¢7G)

i. (¥, G) %, G)a =(¥,G)a
iii. (¢, G)[1(¥, G)a = (¥, G)a
iv. (¥, O I, G)a = (,G)
V. (4, G)a [1(¥,G)a = (¥, G)a
vi. (¥, Qe [T, G)a = (¥, G)a

Proposition 3.16. Let (¢1,G1), (Y2,G2) and (13,G3) are three CFH-sets over the same

universe U. Then the following commutative and associative laws hold true:
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L (¢1,G1) [1(¥2, G2) = (¥2, G2) [1(¢1, G1)

ii. (¢¥1,G1) L2, G2) = (2, G2) [1(¢1, G1)
il (¥1,G1) [T (%2, G2) [1(¥3, G3)) = ((¥1, G1) [1(¥2, G2)) [1(¥3, Gs)
(v1,G1) L (%2, G2) [ (¥3, G3)) = ((¢1, G1) [1(¥2, G2)) [1(¢3, G3)

Proposition 3.17. Let (¢1,G1) and (Y2, G2) are two CFH-sets over the same universe U.
Then the following De Morganss laws hold true:

L (41, G1) [1(¥2, G2))* = (41, G1)° L (¢, G2)°
i ((v1,G1) (W2, G2))" = (¥1, G1)° [1(¥2, Ga)°

4. Complex Intuitionistic Fuzzy Hypersoft Set( CIFH-Set)

In this section, fundamental theory of CIFH-set is developed.

Definition 4.1. Let By, B, Bs, ....., B,, are disjoint sets having attribute values of n distinct
attributes by, by, bs, ....., by, respectively for n > 1, B = By x Bayx BgX.....x By, and {(v) be a CIF-
set over U for all v = (s1, 82, 83, ....., $p) € B such that s; € By, s9 € Bo, s3 € Bs,....., S, € By,.
Then, complex intuitionistic fuzzy hypersoft set (CIFH-set) I'p = (£, B) over U is defined as

Ip ={(v,&(v)) v e B,¢v) € Cru(U)}

where

¢: B — Cr(U), Ew)=0if v¢ B.
is a CIF approximate function of I'g and &(v) = (€7 (v), £F' (v)).
¢T(v) = ar P and £F(v) = ap 'PF are complex-valued grade of membership and nonmem-
bership of I'p respectively and their sum all are lying within the unit circle in the complex
plane such that ap,ap € [0,1] with 0 < ar + ar <1 and Br, B € (0,27]. The value £(v) is
called v-member of CIFH-set Vv € B.

Exarnple 4.2. Considering example with B = {ej,es,€3,....,e8}, CIF-sets

{p(er), .., ég(eg) are defined as,

0 6,0. 2 1(0.5,0.3)7 <08, 0‘1>€i<0.5,0.3>7r <06, 0‘4>€i<0.7,0.2>7r <03, O‘1>€i<0.6570.35)7r }

) tz ) t3 ) t4

) to ) t3 ) t

9

{ (0.5,0.2)e i(0.6,0.3)m <O_8’0'01>ei<0.8,0.02)]7r <0.6’0'2>]ei(0.8,0.03)7r <0'65’0'25>ei(0‘85,0.05)ﬂ'}
{ ’ to ’ t3 ta

O 4,0. 3 4(0.5,0.1)7 <O7, 0'02>ei<0.8,0,03>]7r <057 0'1>€i<0.9,0.01>ﬂ <055’ 025) €i<0.85,0.05>7r }

)

(0.3,0.1)e"0-60-D7 (0.6,0.01)e" 080097 (0.5,0.05)e' (020007 (0 45, 0.25)!(0-55.0-15)7
53(64) ) ) ’
t1 to t3 t4
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¢ ( ) <037 0.2>6i<0'4’0'3>ﬂ <077 0.1>e’i<0.7,0.08>ﬂ <O7, 0_01>6i<0.6,0.1)7r <055’ 0.05>6i(0.45,0.05>7r
€ = ) 9 )
B\*s t : ty t3 ta

E(es) = (0.4,0.01)e*020-D7 (0.4, 0.1)e' 08007 (0.6,0.070)e' 7000 (0.65,0.05)t(0-85.0-15)
B\€6) — t ) t9 ) t3 ) ty )

) )

¢ ( ) {<0.570.09>ei<0.8,0.09>7r <0.4,O.09>€i<0'5’0'06>ﬂ- <0‘470_05>€7L<0.5,0.06>7T <0.75,0.15>€i<0'65’0'25>ﬂ}
B\€7) = )

t1 ’ to t3 t4
and
£ (es) = (0.7,0.08)e' 010097 (0.5,0.08)e' (070027 (0.5,0.06)e!O-8003m (0.4,0.05)e(0-75:0- 190
B\€8) — t ) t9 ) t3 ) ty

then CIFH-set I'p is written by,

( <0.6,0.2>6i<0‘5’0'3>7r <0.8,0.1>6i<0‘5’0‘3>w <0.6’0.4>ei(0A7,0A2>7r <0.3’0.1>ei(0.65,035)7r
€1, i ) s ) i3 p 4 ’

<0'570'2>ei<046,0.3>ﬂ' (0.8,0.01>6i<0'8’0'02>]ﬂ <0.6,0.2>]6i<0'8’0'03>ﬂ— <0.65,0.25>€i<0‘85’0'05>7r
€9, i y to 3 t3 ) ta )

<0.470.3>6i<0.5,0.1)7r <0‘770.02>8i<08,0403)]w <0.5’0.1>ei(0A9,OA01)7T <0.55’0.25>ei<0A85,0.05)7r
€3, 2 ) 2 ) 3 ) ta ’

<0'370'1>ei<046,0.1>ﬂ' (0.6,0.01>6i<0'8’0'09>7r <0.5,0.05>6i<0‘2‘0'01>ﬂ— <0'457o_25>ei(0.55,0.15>7r
€4, t1 ) 1o ) 13 ) ta )

t1 ’ to ’ t3 ’ ta

<0.470.01>€i<0'570‘1>ﬂ- <0.4,0.1>6i<0'8’0'1>ﬂ <0.6,0.070>6i<0'7’0'01>w <0.6570.05>€i<0'85’0'15>ﬂ—
€6, t 9 to ) i3 ) ta )

(e <0.370.2>ei<0.4,0.3)7r <0‘770.1>ei<07,0408)7r <0.770.01>ei(0.6,01>7r <0.5570.05>ei(0.45,005)7‘1‘)
5 9

<0.570.09>ei<08,0.09)ﬂ' <0.4’0.09>ei(0.5,0A06>ﬂ' <0A4’0.05>6i(05,0.06)7‘r <0.75,0.15>6i<0‘65’0‘25>ﬂ
t1 ’ t2 ’ t3 ) ta ?

<0.770.08>6i<0.1,0409>ﬂ' (0.5,0.08>6i<0'7’0'02>ﬂ- <0.5,0.06>6i<0'8’0'03>ﬂ <0.470.05)67L<0.75,0415>T(
L €g, t1 ’ s ’ i3 ) ta

Definition 4.3. Let I'p, = (£, B1) and I'p, = (&2, B2) be two CIFH-sets over the same U.
The set I'p, = (&1, B1) is said to be the subset of I'p, = (&2, B2), if
i. B1 C By
ii. V p € Br,&(p) € &2(p) implies &7 (p) € £75(p). €71 (p) S €75(p) Le.
arp, (p) < arp,(p), arp, (p) < arp,(p): b, (p) < Brp,(p) and Brp, (p) < Brp,(p),

where

Qo
B
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=
w
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=
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Definition 4.4. Two CIFH-set I'g, = (&1, B1) and I'p, = (&2, Ba) over the same U, are said
to be equal if

i. (&,B1) C (&2, B2)
ii. (&,B2) C (&1, B1).

Definition 4.5. Let (¢, B) be a CIFH-set over U.Then

i. (& B) is called a null CIFH-set, denoted by (§,B)e if arp(p) = arp(p) = 0 and

Brp(p) = Brp(p) = 0 for all p € B.
ii. (&, B) is called a absolute CIFH-set, denoted by (£, B)a if arg(p) = arpg(p) = 1 and

Brp(p) = Brp(p) = 2w for all p € B. - -

Definition 4.6. Let (£1, B1) and (&2, By) are two CIFH-sets over the same universe U.Then

i. A CIFH-set ({1, By) is called a homogeneous CIFH-set, denoted by (&1, B1) gom if and
only if & (p) is a homogeneous CIF-set for all p € B;.

ii. A CIFH-set (&;,B;) is called a completely homogeneous CIFH-set, denoted by
(&1, B1)cHom if and only if & (p) is a homogeneous with £1(q) for all p,q € By.

iii. A CIFH-set (&3, B) is said to be a completely homogeneous CIFH-set with (§2, B2) if
and only if & (p) is a homogeneous with &»(p) for all p € By [ Bo.

4.1. Set Theoretic Operations and Laws on CIFH-set

Here some basic set theoretic operations (i.e.complement, union and intersection) and laws

(commutative laws, associative laws etc.) are discussed on CFH-set.

Definition 4.7. The complement of CIFH-set (§, B), denoted by (&£, B) is defined as

(& B) = {(p, (&€(p)°) : p € B, (£(p)° € Crne(U)}

such that the amplitude and phase terms of the membership function ({(p))¢ are given by
(arp(p)®=1-arp(p)

(arp(p))®=1-arp(p)

and

(Brp(p))¢ =27 — Bre(p),
(Brp(p))¢ =2 — Brp(p) respectively.

Proposition 4.8. Let (£, B) be a CIFH-set over U.Then ((§, B)°)¢ = (&, B).
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Proof. Since £(p) € Crni(U), therefore (£, B) can be written in terms of its amplitude and

phase terms as

€.8) = { (1. (075”5 app(p)e?r2®)) :p B) @)

Now

)
(& B (0) = { (2. (1 - arp @)@ #ro@), (1 - app(p))e@era®)) . pe B}

((6 B)°)° = {(B’ <<1 . aTB(B))cei(%—ﬁTB(B))C’ (1- aFB(p))cei(%r—ﬁTB(B))c)) pe B}

—{ (& ((ars@)ePms®", (app(p)er=@)) ) sp e B

(€, B))° = {(B’ <(1 . aTB(B)))e’i(271'—(27T—/8TB(B))), (1—(1- OéFB(p)))ei(Zw—(27r—5FB(B)))>> pE B}

(6B = { (& (ors @D, arp(p)e?rs0)) : p e B 4)

from equations and (), we have ((¢, B)°)° = (§,B). g

Proposition 4.9. Let (¢, B) be a CIFH-set over U.Then

i (& B)e)" = (& B)a
ii. ((¢,B)a)°=({,B)o

Definition 4.10. The intersection of two CIFH-set (&1, B1) and (&2, B2) over the same uni-
verse U, denoted by (&1, B1) [[(&2, B2), is the CIFH-set (&3, Bs), where Bs = B; [ [ Be, and for
all p € Bs,

arp, (p)e’ B ® ,if p € B1\Ba
T3(p) = § arp,(p)e’re® ,if p € B\ By
min(arg, (p),ars, (Q))eimm(ﬁml(g)ﬁmg () Jifpe B[] B
and
app, (p)e’’r e ® ,if p € Bi1\Ba
¢"3(p) =3 app,(p)ern® ,if p € Ba\By

L min(arp, (p), ap g, (p))e ™" Erm @Pre®) ¢y e B[] B,

Definition 4.11. The difference between two CFH-set (£1, B1) and (&2, Ba) is defined as
(&1, B1)\ (&2, B2) = (&1, B1) [ [ (62, B2)°

Definition 4.12. The union of two CFH-set (&1, B1) and (&2, B2) over the same universe
U, denoted by (&1, B1) [[(&2, B2), is the CFH-set (&3, Bs), where Bs = B; [ [ B2, and for all
pE Bs,

arp, (p)e’re®) Jif p € B1\Bs

§M3(p) = ¢ arp,(p)e’re® ifp € B\ By

maz(arp, (p), arp,(p))e ™ Pre e @) ir ) e B[] By
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and '
app, (p)e’rm® ,if p € Bi\Bs>
¢"3(p) =3 arp, (B)elﬂFBQ(E) ifp € Ba\By
maz(arg, (), aF g, (B))elmaw(BFBl( ):BF B, (P)) Jifpe B[] B
Proposition 4.13. Let (£, B) be a CIFH-set over U.Then the following results hold true:

L (& B)II(& B)e = (£, B)

ii. (& B)LI(¢ B)a = (¢, B)
iii. (& B)[I(&, B)e = (&, B)e
iv. (& B)[I(§ B)a = (£ B)
v. (&, B)a [1(§, B)a = (§, B)a
vi. (§, B)e [1(&, B)a = (&, B)e

Proposition 4.14. Let (&1,B1), (§2,B2) and (&3, Bs) are three CIFH-sets over the same

universe U. Then the following commutative and associative laws hold true:

i. (&1, B1) [[(&2, B2) = (&2, B2) [ (&1, B)

(&1, B1) [1(&2, B2) = (&2, B2) [1(&1, B1)
iil. (&1, B1) [1((&2, B2) [1(83, Bs)) = ((€1, B1) [1(&2, B2)) [1(&3, Bs)
iv. (&1, B1) [1((§2, B2) [1(&3, Bs)) = ((&1, B1) [1(82, B2)) [1(&3, Bs)

Proposition 4.15. Let (£1,B1) and (£, B2) are two CIFH-sets over the same universe U.
Then the following De Morganss laws hold true:

L. ((€17 Bl) H(£27 BQ))C = (&17 B1>C H(§27 BZ)C

ii. ((&1,B1) [1(&2, B2))" = (&1, B1)° T1(&2, B2)°

5. Complex Neutrosophic Hypersoft Set(CNH-Set)

In this section, CNH-set and its some fundamentals are developed.

Definition 5.1. Let Ny, No, N3, ....., N, are disjoint sets having attribute values of n distinct
attributes ni,n9,n3, ....., ny, respectively for n > 1, N = Ny X Ny X N3 X ..... X N, and (())
be a CN-set over U for all A = (a1,a9,as,.....,a,) € N such that a; € Ni,as € Ny,a3 €
N3, .....;an € Ny. Then, complex neutrosophic hypersoft set (CNH-set) On = ({, N) over U is
defined as
On ={(A,¢(A) 1 A € N, () € Crneu(U)}

where

(: N = Cneu(U), CA)=0if A¢ N.
is a CN approximate function of @ and ¢()) = (¢T()), ¢f(A), ¢F ().
CT(A\) = et ¢I(A) = 6re'™ and ¢F()) = dp e’ are complex-valued truth member-

ship function, complex-valued indeterminacy membership function, and complex-valued falsity
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Py

membership function of ©  respectively and their sum all are lying within the unit circle in the
complex plane such that o7, 7,0 € [0, 1] with 0 < 0p+67+0p < 3+(OT‘ 0 <|dp+07+drp| < 3)
and np,nr,nr € (0,27]. The value ((A) is called A-member of CNH-set VA € N.

Example 5.2. Considering example wit N = {ep,eze3,....,es}, CNF-sets
(nv(er),Cn(e),....,Cn(es) are defined as,

C (e ) _ (0.670.1’0.2>ei(0A5,0A2,D.3)7T (0.8’0.3’0.1>ei(0A5,OA4,D.3)7T <0.6’0.5’0.4>ei(0A7,OA6,O.2)7T <0.3’0.7’0.1>ei(0A65,O455,0A35>7r
Ni€l t1 ) to ) ts ) ta ’
C (e ) _ (0‘570‘2’0'1>ei<0A6,0A3,0,2)7'r (0‘870‘01’0.2>ei(0.8,0A02,OA3)7\' <0'6’0.2’0.2>ei(0A8,OA03,0,4)7'r (0‘65’0.2570‘5>6i<0A85,OA05,OA5>7r
Ni€2 t1 ) to ? t3 ) ta

< (e ) _ <0.4’0.3’0.3>ei<05,0‘1,0.8)71‘ (0.7’0.02’0.3>ei(048,0A03,O47)]71' <0.5,0.1,0.9>€i<0‘9’0'01’0‘7)ﬂ <0.55’0.25’0.1>ei<0A85,0405,0A4>7r
NA€3 t1 ) to ) t3 ’ ta

C (6 ) _ <0.3,0.1,0.9>8i<0'6’0‘1’0'5>ﬂ- (0.6,0.01,O.4>6i<0‘8’0'0970‘5>ﬂ- <O.5,0.05,0.3)6“0‘2’0'01’0‘4>7r <O.45,0.25,0.01>6i<0‘55’0'15’0'3>7T
NAC4 t1 ) to ’ t3 ) tg

C (e ) . (0.3,0.2,0.1>6i<0'470‘3’0'4>ﬂ— (0.770.170.5>ei<0.7,0408,0.4)7r <0'770‘0170.4>6'L<0.6,0.1,O45>7r <0.5570'0570.4>ei<0.45,0.05,0.3>7r
NE5) = t1 ) to ) t3 ’ ta

C (e ) _ (0.470_0170'3>ei(045,0.1,0.4>7r <0.4,0.170'3>ei(048,0.1,0.3>7r <0.6,0.070,0.5>67L<0'7’0'01‘0'1>ﬂ— (0.65,0.0570.3>6i<0'85‘0'1570‘4>7r
N1c6 0 ) Ta ) i3 ) 1

C (6 ) = (0.570.0970_3>ei(0.8,0.09,045)7r (0_470.0970_4>ei(0.5,0.06,0.4)7r <0.470.0570.1>ei<0.5,0.06,0.5>7r <0.7570.15’0.4)&(0.65,0.25,0.2)rr
NAe7 T ) T2 ) 13 ) o

and

(0.770_0870_3>ei(0.1,0.09,0.01)71' (0.5,0.08,0.3)6“0'7'0'02’0'6>7r (0.570.06,0.5>6i<0'8’0'03’0'3>7r <0'470.0570_35>ei<0.75,0.15,0.6)7\'

9

3

L

)

b

L

) Y )

Cvles) = {

then CNH-set Oy is written by,

.
(617

t1 to t3 ty

<0.6,0.1,0.2>6i<0‘5’0'270‘3>7r <0.8,0.3,0.1>6i<0‘5’0'4’0‘3>7r <0A6,0.5,0.4>6i<0‘7’0'6’0‘2>7r <0A3,0.770.1>6i<0‘65’0‘55’0‘35>ﬂ'
t1 ) to ) t3 ) tg

).

0.5.0.2.0.1 ei(046,0.3,0.2>7r 0.8.0.01.0.2 ei<0.8,0402,0.3>7r 0.6.0.2.0.2 ei<0.8,0403,0.4>7r 0.65.0.25.0.5 ei(0.85,0.05,0.5)7r
(0.5,0.2,0.1) (0.8,0.01,0.2) (0.6,0.2,0.2)] (0.65,0.25,0.5)

€2 t ’ i , i , t

)

4.0. . ei(045,0.170.8>7r . .02.0.3 ei<0A8,0403,0A7>]7T 0.5.0.1.0.9 ei<0A9,0401,0A7>7r 0.55.0.25.0.1 ei(0485,OA05,0.4)7T
0.7,0.0
<0 ,0.3,0 3> < s 5 > < ) s > < s ) >
t1 ) to ) t3 ) ta

€3,

<0.370.170_9>ei(046,0.1,0.5>7r <0.670.01,O.4>€i<0'8’0‘09’0'5>ﬂ' <0_570_05,0.3>672(0.2,0.01,0.4)77 <0_457o_2570_01>€i<0.55,0.15,0.3>

}

).
).

™

€4,

On =

<0.3’0.2’0‘1>67L(O44,0.3,O.4>7r <0.7’0.1’0.5>6i(047,0.08,044)7r <0.770.0170.4>6i(0.6,0.1,05>7r <0‘55’0.05’0.4>ei(0445,0A05,0.3)ﬂ'
t1 ) to ) t3 ’ tg

t1 ) to ’ t3 ) ta
€5, )

0.4.0.01.0.3 €i<0'5’0‘1‘0'4>ﬂ 0.4.0.1.0.3 6z'<0.8,041,0.3)7'r 0.6.0.070.0.5 ei(0.7,0.01,0.1>7r 0.65.0.05.0.3 67L<0.85,0.15,0.4>7r
(0.4,0.01,0.3) (0.4,0.1,0.3) (0.6, 10.5) (0.65,0.05,0.3)

).

bl

€6, 0 ) o ) t3 ’ 4

e <0.5’0.0970.3>ei<0A8,O409,0A5>7r <0.470.09’0.4>ei<0.5,0406,0.4)7r <0_470.05,0.1)67.'(0.5,0.06,0.5)71' <0.75,0.15,0.4>6i<0‘65’0'25’0‘2
7

).

Yy

i

(
(
(
(
(
(

t1 ’ to ’ t3 ’ ta

<0.7,0.08,0.3>6i<0'1’0‘09’0'01>7r <0.5,O.08,0.3>6i<0'7’0‘02’0'6>ﬂ <0.570_06,0.5>€i<0.8,0.03,0.3>7r <0.470.0570.35>6i<0‘75’0'15’0'

).

6)m

(68)
\

Definition 5.3. Let Oy, = (¢1,N1) and On, = ({2, N2) be two CNH-sets over the same U.
The set ©n, = ({1, V1) is said to be the subset of Oy, = (C2, N2), if
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i. Ni C Ny

ii. Vue Ny, ¢(u) C ¢ou) implies ¢ () € ¢F (w), ¢ () C ¢ (w), ¢ (w) S ¢35 (u) ie.
orn, (u) < 1, (u),
Srnv, (u) < 61, (w),

6FN1 (g) < 5FN2(Q)a
(w) )

nen, () < ne, (u),

where
67N, (v) and 7y, (u) are amplitude and phase terms of ¢{ (u),

81, (w) and 17, (u) are amplitude and phase terms of ¢{ (u),

~—

57, (w) and npy, (u) are amplitude and phase terms of ¢{ (u),

~—

61N, (w) and 7y, (u) are amplitude and phase terms of (7 (u),

81, (u) and 77y, (u) are amplitude and phase terms of ¢4 (u), and

5N, (w) and npy, (u) are amplitude and phase terms of ¢4"(u).

Definition 5.4. Two CNH-set Oy, = ({1, N1) and Oy, = ({2, N2) over the same U, are said
to be equal if

i (C1,N1) C (G2, No)
ii. (2, N2) C (G, Vo).

Definition 5.5. Let (¢, N) be a CNH-set over U.Then

i. (¢,N) is called a null CNH-set, denoted by (¢, N)g if orn(w) = 07n(u) = dpy(u) =0
and nry(u) = nry(w) = npy(w) = Or for all u € B.

ii. (¢,N) is called a absolute CNH-set, denoted by ((,N)a if ory(u) = ory(u) =
orn(u) = 1 and nry(w) = 1y (w) = nry(u) = 27 for all u € B.

Definition 5.6. Let (¢1,N1) and (2, N2) are two CNH-sets over the same universe U.Then

i. A CNH-set (1, N1) is called a homogeneous CNH-set, denoted by ((1, N1)gom if and
only if (;(u) is a homogeneous CN-set for all u € V;.

ii. A CNH-set ((1,N1) is called a completely homogeneous CNH-set, denoted by
(1, N1)com if and only if (3(u) is a homogeneous with ¢;(v) for all u,v € Ny.

iii. A CNH-set (1, N7) is said to be a completely homogeneous CNH-set with ({2, Na) if
and only if (1 (u) is a homogeneous with (2(u) for all u € Ny [ Na.
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5.1. Set Theoretic Operations and Laws on CNH-set

Here some basic set theoretic operations (i.e.complement, union and intersection) and laws

(commutative laws, associative laws etc.) are discussed on CNH-set.
Definition 5.7. The complement of CNH-set (¢, V), denoted by (¢, V)¢ is defined as

(€ N) = {(w, (((w)) : w e B, (((u) € Cneu(U)}
such that the amplitude and phase terms of the membership function ({(u))¢ are given by
(Orn(w)® = 0rN(w),
(6rn(w)®=1—drn(u),
(Orn(w)® = 07N (),

and

(nrn(w)¢ = 21 — nr v (w),
(nrn(w)® =27 —nry(w),
(

nry(u))¢ = 21 — np 5 (u) respectively.
Proposition 5.8. Let (¢, N) be a CNH-set over U.Then ((¢, N)°)¢ = (¢, N).

Proof. Since ((u) € Cney(U), therefore (¢, N) can be written in terms of its amplitude and

phase terms as

(6 N) = { (1w (brn @0 opy (w)e ™ 6y ()™ ¥ W) ) sue N) - (5)

Now

(¢, N)¢(u) = {(Q <(5T (W) @ (5, ()t @) (5 N(u))cei(ﬂm\r(ﬂ))c>> ‘ue N}
(¢, N)%(u) = {(g’ <(5FN(Q))67:(2W_77TN(H))’ (1— 51N(@))ei(27r_’7m(@)), (5TN(E))ei(27T_5FN(E))>> = N}

(¢, N))e = {(E’ <(5FN(Q))C€7:(2”_77TN(E))C’ (1 — 6y (w))ce’Grnn@)® (5TN(H))667:(27"_77TN(2))C>) tu € N}

51y (w)ei@r—Cr—nr (W)
(N =19 | < (1= (1= 6rn(w)))elCrCrmnw), > tu€N

OF N (Q) el 2m—(2m—np N (w)))

(¢, N)o)e = {(g <5TN(Q)€inTN@,&N(H)emm@,5FN(E))€mFN(a>>> ‘u € N} (6)
from equations and (6]), we have (({,N)9)°= ({,N). g

Proposition 5.9. Let ((,N) be a CNH-set over U.Then
L. ((Ca N)@)C = (Cv N)A
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ii. (¢, N)a)’= (¢, N)o

Definition 5.10. The intersection of two CNH-set ({1, N1) and (2, N2) over the same universe

U, denoted by ({1, N1) [[({2, N2), is the CNH-set ({3, N3), where N3 = Nj [[ No, and for all
ue N37

or N, (w)e e ( ifu € N1\ No
Ta(w) = G, (w)e Mt ,if u € Na\ Ny
67, (1) ® 67 n, (u)] . € (17 3, (W) @07, (w)] ifue N[N

01, (w)e! ™ Ni () Jifu€ Ni\N,

Ts(u) = 3 drw, (w)e e Jifu € No\Ny
61, (1) ® 87, (w)] . € (1 5y (W) @01 vy ()] ifue N[N

and

5FN1(E)67:77F‘N1(2) Jifue Nl\NQ
¢Falw) = Sr, (w)e 2 Jifu€ N2\ Ny

Brn, (w) ® dpn, ()] e i [nF vy (W) ®0p v, ()] ifue N[N
where ® denotes minimum operator.

Definition 5.11. The difference between two CNH-set ({1, N1) and (2, N2) is defined as
(G, N\ (G2, N2) = (Ci, N1) [ [ (G2r Vo)

Definition 5.12. The union of two CNH-set ((1,N1) and ({2, N2) over the same universe

U, denoted by (¢1,N1) [[(C2, N2), is the CNH-set ({3, N3), where N3 = Np ][] N2, and for all
ue N37

o, (w)e iz, @) yif u € Ni\ N
¢Ty(w) = 0T N, (E)ezn”@(g) Jifu € No\INq
07, (u) & 5TN2 ()] . ¢ [17 ny (W) © 17 v, ()] ifue N[N

81, (w)et M yifu € Ni\No
¢a(w) = { Or (w)e’ M2 Jifu € No\ Ny
07N, (w) & 1, (u)] . e [mwl( ) & N1y (w)] Jifu€ N[N
and
5FN1(E)€“7FN1(H) ,ifg c Nl\NQ
¢Fy(w) = § O, (we! =) Jif € No\Ny

[5FN1( ) & 5FN2( ). e i [nF ey (W) ® ne v, (w)] ifue Ny [N
where @ denotes maximum operator.

Proposition 5.13. Let (¢,N) be a CNH-set over U.Then the following results hold true:

1. (CvN) H(gaN)A = (C7N)A
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iii. (¢, N)II(¢, N)e = (¢, N)a
iv. (¢, N)TIG N)a = (G, N)
v. (¢ N)e LI(C, N)a = (¢, N)a
vi. (¢, N)a [1(¢, N)a = (¢, N)a

Proposition 5.14. Let (1, N1), ((2, N2) and ({3, N3) are three CNH-sets over the same uni-

verse U. Then the following commutative and associative laws hold true:

i (G, N1) [T(C2, N2) = (G5 No) T1(C1, V1)

i (G, V1) (G5 N2) = (G2, N2) TT(G1, N1)
iii. (¢, V) [T (G5 N2) T1(Cs, N3)) = ((Cr, N1) [1(G2, N2)) T1(Cs, N3)
iv. (G, V1) [T (G2, N2) T1(C35 N3)) = ((C1, N1) [1(C2, N2)) T1(C3, V3)

Proposition 5.15. Let ({1, N1) and ((2, N2) are two CNH-sets over the same universe U.
Then the following De Morganss laws hold true:

i ((C1, N1) [1(C2s N2))© = (C1, N1)° T1(C2, N2)©
ii. ((C1, N1) [1(C2, N2))° = (¢, N1)TT(¢2, N2)©

Discussion on particular cases of CFH-sets, CIFH-sets and CNH-sets

o If ¢(A) = (¢T(N),¢'(N),¢F(N)), 0 < 6p + 61 + 6p < 3 (or 0 < |07 + 61 + 65| < 3)
is replaced by ¢(A) = (¢T'(A),¢F(N),0 < 07 +6p < 1(or 0 < |67 + 6p| < 1) with
omission of indeterminacy, then complex neutrosophic hypersoft set reduces to com-

plex intuitionistic fuzzy hypersoft set.

o If C(A) = (¢T(N), T (A),¢F (X)) is replaced by ¢(A) = (¢T'(A)) with omission of indeter-
minacy and falsity, then complex neutrosophic hypersoft set reduces to complex fuzzy

hypersoft set.

This concludes that complex fuzzy hypersoft set and complex intuitionistic fuzzy hypersoft set
are the particular cases of complex neutrosophic hypersoft set. Since Complex fuzzy hypersoft
sets and complex intuitionistic fuzzy hypersoft sets cannot handle imprecise, indeterminate,
inconsistent, and incomplete information of periodic nature so to overcome this hurdle, complex

neutrosophic hypersoft set is conceptualized.

Conclusion

In this work, new hybrids of hypersoft set i.e. complex fuzzy hypersoft set, complex intu-
itionistic fuzzy hypersoft set and complex neutrosophic hypersoft set, are conceptualized with

their some fundamentals and theoretic operations. Future study may include other hybrids
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of hypersoft set with interval-valued complex fuzzy set etc., similarity and distance measures,

aggregations operators and applications in multi-criteria decision making problems.
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