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Hypersoft set is an emerging field of study that is meant to address the insufficiency and the limitation of existing soft-set-like
models regarding the consideration and the entitlement of multi-argument approximate function. This type of function maps the
multi-subparametric tuples to the power set of the universe. It focuses on the partitioning of each attribute into its attribute-valued
set that is missing in existing soft-set-like structures. This study aims to introduce novel concepts of complex intuitionistic fuzzy
set and complex neutrosophic set under the hypersoft set environment with interval-valued settings. Two novel structures, that is,
interval-valued complex intuitionistic hypersoft set (IV-CIFHS-set) and interval-valued complex neutrosophic hypersoft set (IV-
CNHS-set), are developed via employing theoretic, axiomatic, graphical, and algorithmic approaches. After conceptual char-
acterization of essential elementary notions of these structures, decision-support systems are presented with the proposal of
algorithms to assist the decision-making process. The proposed algorithms are validated with the help of real-world applications.
A comprehensive inter-cum-intra comparison of proposed structures is discussed with the existing relevant models, and their

generalization is elaborated under certain evaluating features.

1. Introduction

The traditional logic (i.e., Boolean logic) is not always
pertinent in real-world scenarios, where the available data is
vague or imprecise. To deal with such kinds of situations, a
particular class of sets known as fuzzy sets (F.Sets) that were
proposed by Zadeh [1] is considered appropriate. In these
sets, every member of the universe is specified by a mem-
bership grade in a unit closed interval. However, to tackle
scenarios having more complexity and uncertainty, it was
observed that the concept of F.Sets is not sufficient, and
therefore, these concepts were expanded with few exten-
sions. Intuitionistic fuzzy sets (IF.Sets) by Atanassov [2] was
one of such major developments. Due to the consideration of
nonmembership grade, IF.Sets are more effective in tackling
with the vagueness of data. Moreover, IF.Sets are proficient

to emulate the available information more precisely and
rationally. As far as the consideration of the degree of in-
determinacy was concerned, both F.Sets and IF.Set were
inadequate for such kind of grade, so neutrosophic sets
(N.Sets) were initiated by Smarandache [3] to cope with such
shortcoming. N.Sets are more capable to maintain impre-
ciseness in the contents of information and may facilitate
approximate reasoning behavior diligently. Although the
descriptive capability of N.Sets is higher than that of the
traditional F.Sets and IF.Sets due to their additional presence
of nonmembership and indeterminant graded functions;
however, they have fairly higher computational complexity
over F.Sets and IF.Sets.

The models such as F.Sets, IF.Sets, and N.Sets depicted
some sort of limitation regarding the validation for some
parameterization tools. To address this scarcity, Molodtsov
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[4] characterized soft sets (S.Sets) as a new mathematical
parameterized model. In S.Sets, every parameter in a set of
parameters maps to power set of the universe of discourse
while defining single-argument approximate function. The
researchers [5-11] studied the basic properties, elementary
set theoretic operations, relations, and functions of S.Sets
with illustrative numerical examples. To hybridize the
characteristics of F.Sets, IF.Sets, and N.Sets with S.Sets, fuzzy
soft sets (FS.Sets) [12, 13], intuitionistic fuzzy soft sets
(IFS.Sets) [14, 15], and neutrosophic soft sets (NS.Sets) [16]
were conceptualized. Although there are many researchers
who contributed a lot towards the expansion and extension
of these hybridized structures with the interval-valued set-
ting, the contributions of researchers [17-21] are more
prominent relevant to these models. They not only discussed
the fundamentals of interval-valued fuzzy soft-set-like
models but also employed certain techniques for their ap-
plications in different situations.

In certain real-world scenarios, the classification of at-
tributes into subattributive values in the form of sets is
necessary. The existing concept of S.Sets is not sufficient and
incompatible with such scenarios so Smarandache [22]
introduced the concept of hypersoft sets (HS.Sets) to address
the insufficiency of S.Sets and to cope with the situations
with multi-argument approximate function. The rudiments
and elementary axioms of HS.Sets have been discussed in
[23] and elaborated with numerical examples. Rahman et al.
[24-30] investigated the hybridized properties of HS.Sets
under the environments of complex set, convexity and
concavity, parameterization, and bijection. They employed
decision-making algorithmic approaches to solve real-world
problems. Saeed et al. [31-33] developed the theories of
neutrosophic hypersoft mappings and complex multi-fuzzy
hypersoft sets with applications in decision-making and
clinical diagnosis.

L.1. Research Gap and Motivation. The following points
depict the need and motivation behind the proposed study:

(1) Many researchers discussed the hybridized struc-
tures of a complex set with fuzzy set, intuitionistic
fuzzy set, and neutrosophic set under soft set en-
vironments. The literature review of the most rele-
vant models [34-42] is presented in Table 1.

(2) It is vivid that these structures consider only one set
of parameters and use the single-argument ap-
proximate function. They depict some kind of in-
sufficiency to tackle the scenarios (recruitment
process, product selection, medical diagnosis, etc.)
where further classification of parameters into their
subparametric values in the form of disjoint sets is
necessary for deep learning and observation in de-
cision-support systems.

(3) Along these lines, another construction requests its
place in writing for tending to such obstacle, so the
hypersoft set is conceptualized to handle such sit-
uations (Figure 1 depicts the vivid comparison of soft
set model and hypersoft set model. It presents the
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optimal selection of a mobile with the help of suitable
parameters in the case of soft set and suitable sub-
parametric values in the case of hypersoft set). It has
made the decision-making process more flexible and
reliable. Also, it not only fulfills the requirements of
existing soft set-like literature for multi-argument
approximate functions but also supports the deci-
sion-makers to make decisions with the deep
inspection.

(4) Although the models IV-CNSS [36] and IV-CESS
[37, 41] have been developed to tackle the scenarios
with periodic and interval type data under soft set-
environment, these are inadequate to deal sub-
attribute values in the form of disjoint sets as a
collective domain of multi-argument approximate
function.

(5) Inspiring from the above literature in general and
from [36, 37, 41] in specific, this study aims to
characterize novel structures of IV-CIFHS-set and
IV-CNHS-set that not only generalize the existing
relevant models but also address their limitations.

1.2. Main Contributions. The following are the possible
objectives of this study:

(1) The existing relevant models, that is, [34-42], are
made adequate with the entitlement of multi-argu-
ment approximate function through development of
IV-CIFHS-set and IV-CNHS-set

(2) The scenarios where parameters are further parti-
tioned into subparametric values in the form of sets
are tackled by using IV-CIFHS-set and IV-CNHS-set

(3) Some essential rudiments, that is, properties, ele-
mentary laws, and set theoretic operations of IV-
CIFHS-set and IV-CNHS-set, are characterized

(4) Two algorithms based on IV-CIFHS-set and IV-
CNHS-set are proposed to deal with daily-life de-
cision-making problems having periodic and inter-
val type data/information

(5) The proposed study is compared with some existing
relevant models by considering some important
evaluating indicators so that the advantageous aspect
of the proposed study may be depicted

(6) The generalization and particular cases of proposed
models are discussed with the pictorial depiction

(7) The advantages and future directions of the proposed
study are presented

1.3. Paper Organization. The organization of the remaining
paper is given in Figure 2.

1.4. Notations and Abbreviations. Some abbreviations and
notations are used throughout the paper. Their full names
are given in Table 2 to facilitate the readers for proper
understanding of the concept.
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TaBLE 1: Literature review on complex fuzzy-set-like models under soft set.

Authors Structure

Domain of approximate

. Ran: in
function ange setting

Ali et al. [34]
Al-Quran et al. [35]

Al-Sharqi et al. [36]

Fan et al. [37]

Khan et al. [38]

Kumar et al. [39]
Smarandache et al. [40]
Selvachandran et al. [41]
Thirunavukarasu et al.
[42]

Complex intuitionistic fuzzy soft set
Complex neutrosophic soft expert set
Interval-valued complex neutrosophic

soft set
Interval-valued complex fuzzy soft set
Complex intuitionistic fuzzy soft set
Complex intuitionistic fuzzy soft set
Complex neutrosophic soft set
Interval-valued complex fuzzy soft set

Complex fuzzy soft set

Set of parameters
Soft expert set

Complex intuitionistic fuzzy set
Complex neutrosophic set
Interval-valued complex
neutrosophic set
Interval-valued complex fuzzy set
Complex intuitionistic fuzzy set
Complex intuitionistic fuzzy set
Complex neutrosophic set
Interval-valued complex fuzzy set

Set of parameters

Set of parameters
Set of parameters
Set of parameters
Set of parameters
Set of parameters

Set of parameters Complex fuzzy set

Soft Set Model

T

Approximate function
Five kind of Mobiles

F:A--->P(U)

T

«RAM (GB)

« ROM (GB)
Appropriate Selection

« Battery Power (mAh|
i ) of Mobile

« Camera (pixel)

« Screen Size (inch)

/

T

/

Hypersoft Set Model

{32, 64}

{3400, 4000}

1
1

1

1

(Cartesian pmducti

Battery Power i
1

|

Camera Pixel 18, 16}

Screen Size

Five kinds

____________

of Mobiles

Multi-argument
Most appropriate

Approximate Function
Selection of Mobile

F1GURE 1: Comparison of soft set and hypersoft set.

2. Preliminaries

In this section, some fundamental definitions from literature
are presented for the vivid understanding of the proposed
study.

Definition 1 (see [1]). Let % be a fuzzy set over Z that can be
written as % = { (v, ag, (»))|v € Z} such that

ag: Z — [0, 1], (1)

where ag, (v) is the membership degree of v € %.

Definition 2 (see [43]). A complex fuzzy set F, can be
written as follows:

Fo ={(8,16,(0): 8 € Z} = {(8,kr (D P): 5 € 7},
(2)

where M-function of F. is r][FC((?) with k[Fc (6) € [0,1] as
A-term and /X[FC (8) € (0,27] as P-term and 7 = v—1.

Buckley [44-46] and Zhang et al. [47] presented fuzzy
complex sets and numbers in a different way. Amplitude
terms and P-terms in the form of fuzzy sets are discussed in
(43, 48].

Definition 3 (see [4]). Let € be set of parameters; then soft
set S, over Z is given by

Sy ={(6,{5,(9): 6 € G},

where {5 : €, — P(Z) and €, is subset of €.

(3)

Definition 4 (see [13]). The fuzzy soft set Qg, on Z is given
by
Qg, ={(8, wg, (8)): 6 € 6,06, (8) € F(2)},  (4)

where wg : €, — [F(Z), where wg, (0) = ford ¢ €, and

W, (8) = {;7%1 oWviveZ, Mo, o) € I]» (5)
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Some fundamental definitions are presented from existing literature
in Section 2
Theory of Inteval-Valued Complex Intuitionistic Fuzzy Hypersoft set is
developed and decision-support system is constructed with the help
of its aggregation in Section 3
Theory of Inteval-Valued Complex Neutrosophic Hypersoft set is
developed and decision-support system is constructed with the help
of its aggregation in Section 4
A comparison of proposed structures is presented with some existing
relevant models in Section 5
The advantages and generalization of the proposed structures are
discussed in Section 6
The paper is summarized with future directions in Conclusion Section.
FI1GURE 2: Organization of paper.
TaBLE 2: Notations and abbreviations.
Notation Used for Notation Used for
A Universe of discourse P(Z) Power set of Z
F(Z) Collection of fuzzy sets IF(Z) Collection of intuitionistic fuzzy sets
N(Z) Collection of neutrosophic sets C(2) Collection of complex fuzzy sets
Ci (Z) Collection of complex intuitionistic fuzzy sets Cren (U) Collection of complex neutrosophic sets
A-term Amplitude term M-function Membership function
NM-function Nonmembership function ID-function Indeterminacy function
P-term Phase term Cw (2Z) Collection of interval-valued complex fuzzy sets

is a fuzzy set over Z. Here, wg, is the approximate function
of Q¢ , where wg (9) is a fuzzy set known as §-element of
Qg,- If wg, (0) = @ then (6, W, 9)) ¢ Qg

Definition 5 (see [42]). A complex fuzzy soft set {s over Z is
given by

Ee, = (016, (0): 0 € G 16, (0 €C(D)},  (6)

wherex(g ¢, — C(2), where)(G (8) =D ford ¢ €, isthe
complex fuzzy approximate function of §s,» where x¢ (0) is
called §-member of {g for all § € G;. Set operatlons of
complex fuzzy set and complex fuzzy soft set have been
described in [42, 47], respectively.

Definition 6 (see [39]). Let E be a set of attributes with ACE.
Then complex intuitionistic fuzzy soft set £, = (¥, A) over
Z is defined as follows:

¢a={(a,¥(a):acAVY(a)eC (D)}, (7)

where

V: A — Cp, (2),

_ (8)
Y(a)=0ifa ¢ A,
is a complex intuitionistic fuzzy approximate function of £,
and ¥ (a) = (¥ (a), ¥F (a)).

YT (a) = pre®r and ¥F (a) = pre®r are complex-valued
M-function and complex-valued NM-function of &,, re-
spectively, and all are lying within unit circle in the complex
plane such that pr Pr € [0,1] with
0<pr+pp<l(or0<|pr+ ppl<1) and 0p, 05 € (0,27].
The value ¥ (a) is called a-member of &, = (¥, A)Va € A.

Definition 7 (see [40]). Let E be a set of attributes with ACE.
Then complex neutrosophic soft set £, = (¥, A) over Z is
defined as follows:

¢a={(a,¥(a)): a € A, ¥ (a) € Cye, (U)}, 9)

where
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¥: A — Cyou (2),

(10)
Y(a)=Jifa ¢ A,
is a complex neutrosophic approximate function of &, and
¥ (a) = (¥ (a), ¥ (a), ¥F (a)).
¥ (g) = pTeiHT, ¥l (a) = p,eief, and ¥F (a) = pFeieF are
complex-valued truth M-function, complex-valued inde-
terminacy M-function, and complex-valued falsity
M-function of £, respectively, and all are lying within unit
circle in the complex plane such that pr, p;, pr € [0, 1] with
0" <pr+pr+pp<3t(or0<|pr+  pr+ prl<3) and
05,05, 05 € (0,271]. The value ¥ (a) is called a-member of
¢i= (Y, A)Va e A

Definition 8 (see [22]). (H, D) is known as a hypersoft set
over Z, if H: @ — P(Z) where @ is the Cartesian

product of finite number of disjoint  sets
H,H,,H,...,H, ~ with n distinct attributes
hsl, hsz, h53, R hsn, respectively.

Definition 9 (see [22]). Fuzzy hypersoft set, intuitionistic
fuzzy hypersoft set, and neutrosophic hypersoft set are
hypersoft sets defined over fuzzy universe, intuitionistic
fuzzy universe, and neutrosophic universe, respectively.

The fundamental properties and set theoretic operations
of hypersoft set are discussed in [23].

Definition 10 (see [24]). The complex fuzzy hypersoft set
CFHS- set &, over Z is given by

§o ={(0x(9): 8 € 2,x(9) e C(2)}, (1)

where &, %,, %5, ..., %, are disjoint sets having n distinct
attributes  [1,,1,,05,...,1, for n>1, D=L xZ,x
Fyx---xZ,, and y(x) be a CF- set over Z for all
d=(dy,dyd;s,....d,) eD.

X9 — C(2),

x(0)=92if § ¢ 2, (12

is a complex fuzzy approximate function of &5 and y (9) is
d— member of CFHS— set V§ € 9.

Definition 11 (see [30]). Let W, W,,W,,..., W, are dis-
joint sets having attribute values of n distinct attributes
Wy, Wy, Wi, . . ., W, respectively, for n>1,W =W ;x W, x
Wy x---xW, and ¥ (w) be an interval-valued complex
fuzzy set over Z for all w = (by,b,,bs,...,b,) € W. Then
interval-valued complex fuzzy hypersoft set (IV-CFHS-set)
Q= (Y, W) over Z is defined as follows:

Qy ={(@¥(0): @ eW,¥(w) e Cy(2)}  (13)

where

¥: W — Cpy (2),

(14)

Y (w)=Bif w ¢ W,
is an interval-valued complex fuzzy approximate function of
Qyand ¥(w) = (¥ (@), ¥ (). ¥ () = re’’ and ¥ (0) =
7e 9 arelower and upper bounds of the M-function of Oy,
respectively, and its value ¥ (w) is called w-member of IV-

CFHS Vw € W.

3. Interval-Valued Complex Intuitionistic Fuzzy
Hypersoft Set (IV-CIFHS-Set)

Consider the daily-life scenario of the clinical study to diagnose
heart diseases in patients, doctors (decision-makers) usually
prefer chest pain type, resting blood pressure, serum choles-
terol, and so on as diagnostic parameters. After keen analysis, it
is vivid that these parameters are required to be further par-
titioning into their subparametric values, that is, chest pain type
(typical angina, atypical angina, etc.), resting blood pressure
(110 mmHg, 150 mmHg, 180 mmHg, etc.), and serum cho-
lesterol (210 mg/dl, 320 mg/dl, 430 mg/dl, etc.). Patients are
advised to visit medical laboratories for test reports regarding
indicated parameters. As the efficiency of medical instruments
in laboratories varies that leads to different observations (data)
for each patient. This may be categorized in the form of the set
having a range of data from the minimum value (lower
bounds) to the maximum (upper bounds) that is treated as
interval data. Sometimes test reports have repeated values
corresponding to these prescribed parameters. This can be of
either lab-to-lab basis or day-to-day basis. Such type of data is
treated as periodic data. The existing fuzzy set-like literature has
no suitable model to deal with (i) subattribute values in the
form of disjoint sets, (ii) interval-type data, and (iii) periodic
nature of data collectively. In order to meet the demand of
literature, the models IV-CIFHS-set and IV-CNHS-set are
being characterized. Case (i) is addressed by considering multi-
argument approximate function that considers the Cartesian
product of attribute-valued disjoint sets as its domain and then
maps it to power set of the initial universe (collection of
intuitionistic fuzzy sets or neutrosophic sets). Case (ii) is
tackled by considering lower and upper limits of reported
intervals, and case (iii) is dealt with the introduction of am-
plitude and phase terms in the Argand plane.

Now we develop the theory of complex intuitionistic
fuzzy hypersoft set with interval settings in the remaining
part of this section.

Definition 12. Let M, My, M5, ..., M, are disjoint sets
having n distinct attributes m,, m,, m;, .. .,m,, respectively,
for n>1, M = M, x Myx My %---x M, and A()) be an
IV-CIES over Z for all A = (b;,b,,b;,...,b,) € 4. Then
interval-valued complex intuitionistic fuzzy hypersoft set
(IV-CIFHS-set), denoted by Q , = (A, #), over Z is de-
fined as follows:

Q4 ={(AAQ)): A €4, A(d) € Cpy (2)}, (15)

where



A M — Cpy (2),

(16)
AL)=oif A ¢ M,

is a IV-CIF_approximate function of €, and
AD) = <[A (D, Ay (D] [A, (D), Ay (D] with the
following:

@HAQ = ye’e and 1_X)1 L) = 76’ % are lower and
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respectively, and its value A (1) is called A-member of
IV-CIFHS-set for all values of A € ./

Note: The collection of all IV-CIFHS-sets is denoted by

I
IVCIFHS

Example 1. Consider / = {e,,e,,e;,...,es} with interval-

valued complex intuitionistic fuzzy sets
upper bo{t_mcls of the_l\)/[—function o_f)Q/%, respectively A , (e;), A, (e,), ..., A, (eg) given by
(i) Ay(A) = ye'® and A, (1) = ye'? are lower and
upper bounds of the NM-function of Q,,
(10.4,0.51, [0.3, 0‘4])61'([0.3,0.5],[0.3,0.4])71 ([0.1,0.7], [0.2, 0.2])61'([0.3,0.5],[0.1,0.3])71
31 ' 33
Ay ler) =1 K
(10.3,0.3], [0.3, 0.5])61'([oAl,o.s],[oAl,o.l])n ([0.3,0.4], [0.2, 0.5])61'([0.2,0.6],[0.2,0.3])1r
5 ' Ly
(10.3,0.6], [0.2, 0.3])61'([0.1,0.7],[0.1,0.2])71 ([0.3,0.4], [0.1, 0_2])61'([0.2,0.6],[0.1,0.3])n
tl ’ tZ
Ag(e;) =1 K
(10.2,0.51, [0.3, 0‘4])61'([0.1,0.5],[0.3,0.4])71 (10.4,0.5], [0.1, 0.4])ei<[0'2’0'5]’[0'2’0'3])”
43 ' Ly
(10.4,0.51, [0.2, 0.3])ei([0.2,0.6],[0.1,0.2])71 (10.1,0.8], [0.1, 0_1])ei<[0.2,0.3],[0.2,0.5])71
tl ' tZ
Ay (es) =1 K
(10.1,0.4], [0.1, O.2])ei([0‘2‘0'5]’[0‘3’0'4])” (10.2,0.6], [0.1, 0_3])ei<[0.1,0.5],[0.3,0.4])n
[ ’ ty
(10.2,0.3], [0.3, 0.6])ei([0.1,0.7],[0.2,0.2])71 ([0.2,0.4], [0.2, 0'3])61'([0.1,0.5],[0.2,0.4])7r
tl ’ tZ
Ay (es) =1 K
(10.4,0.51, [0.3, 0.4])61'([0.1,0.4],[0.4,0.5])71 ([0.4,0.5], [0.2, 0_4])61'([0.2,0.5],[0.1,0.3]):1
ts ty (17)

([01 02] [04 0.5])6“[0'4’0'5]’[0'1’0'3])71 ([02 02] [02 0.7])ei([0.11).4],[0.3,0.5])7[

tl
Ay (es) =

(10.2,0.6], [0.1 0‘3])61'([0.1,0.2],[0.2,0.3])71 ([0.3,0.5], [0.2 0.3])ei<[0'3’0'4]’[0'2’0'3])”

t

t3

([0.4,0.5], [0.1, 0.4] )¢ 020310:30Dm - (1 1 0 3] [0.4,0.4])¢’ (102051 [0-20.3Dm

ty

t
Ay (es) = 1

>

5}

£

(10.2,0.7], [0.1 0.2])61'([0.1,0.8],[0.1,0.1])11 ([0.2,0.5], [0.2 0_5])61‘([0.1,0.6],[0.2,0.3])n

([02 04] [01 0‘2])ei([0,2,0,3],[0,1,0,6])11 ([01 03] [03 0'5])61'([0,2,0.3],[0,2,0.6])7!

ty

t
Ay (er) =

>

L

t3

([0.1,0.5], [0.3, 0.4])61'([0.1,0.6],[0.2,0.3])71 ([0.4,0.5], [0.3, 0.4])ei<[0'2’0'5]’[0'1’0'2])”

([0.3,0.3], [0.1, 0.4] ) O40510304Dm (1 5 631 10.2,0.6])e’ 1*30-61[0-1.0:3Dm

Ly

t
Ay (eg) = 1

([0.1,0.2], [0.4, 0‘5])ei([0.3,0.5],[0.3,0.4])11 (10.2,0.5], [0.1, 0'4])81'([0.4,0.5],[0.3,0.4])7r

>

b

t3

>

ty
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and then IV-CIFHS-set Q , is written by

Qu

€5,

€35

ey,

€55

€65

€75 3

€g5 3

(10.4,0.5], [0.3 0'4])‘21'([0.3,0,5],[0,3,0.4])7r (10.1,0.7], [0.2 0'2])‘21’([0.3,0,5],[0,1,0.3])7r
t ’ t,

>

([03 03] [03 0'5])61‘([0.1,0,8],[0,1,0,1])71 ([03 04] [02 0'5])61‘([0.2,0,6],[0,2,0,3])71
t; ’ t,

(10.3,0.6], [0.2 0.3])ei([0‘1’0‘7]’[0‘1’0'2”” (10.3,0.4], [0.1 0.2])81'([0,2,0,6],[041,0.3])71
t, ’ t,

([0.2,0.5], [0.3 0.4])61'([0.1,0,5],[0,3,0.4])7r ([0.4,0.5], [0.1 0.4])61'([0.2,0,5],[0,2,0.3])7r

>

5 ty

([0.4,0.5], [0.2 0.3])61'([o,z,oAs],[oAl,o.z])n ([0.1,0.8], [0.1 0.1])ei([0,2,03],[0‘2,0.5])71

>

t t

([0.1,0.4], [0.1 O.2])ei([0‘2’0‘5]’[0‘3’0'4])” ([0.2,0.6], [0.1 O.3])ei([0‘1’0‘5]’[0‘3’0'4])”

>

t ty

(10.2,0.3], [0.3 0.6])ei([0‘1’0‘7]‘[0‘2’0'2])” ([0.2,0.4], [0.2 0.3])ei([0‘1’0‘5]‘[0‘2’0'4])”

> >

t 5}

(10.4,0.5], ([0.3, O.4]))ei([0‘1’0‘4]’[0‘4’0‘5])” ([0.4,0.5], [0.2, 0.4])61'([o,z,oAs],[m,os])n

>

£ ty

([0.1,0.2], [0.4, 0.5])¢’ [C4+0SLIOL03DT (1 5 0 2] 0.2, 0.7])e ( [-L04D:[03.05D)7

> >

t 5}

([0.2,0.6], [0.1 0.3])ei([0‘1’0‘2]‘[0‘2’0'3])” ([0.3,0.5], [0.2 0.3])ei([0‘3’0‘4]‘[0‘2’0'3])”

f3 fy

( [0.4) 05], ¢ [0~1; 04] )ei([0.2,0.3],[0.3,0,6)n ( [0~1; 03]) t [0.4’ 0‘4])61‘([0,2,0.5]; [0.2,0.3])

> >

31 23

([0.2,0.7], £[0.1, 0.2])¢' (¢ LOSLIOLOIT (16 5 0 51 £[0.2, 0.5])¢’ ([010-0141020.3D7

>

t3 ty

([0.2,0.4], [0.1 0'2])‘31’([0.2,0,3],[0,1,0.6])7r ([0.1,0.3], [0.3 0'5])‘31’([0.2,0,3],[0,2,0.6])7r

t 5}

([01 05] [03 0'4])61'([0.1,0,6],[0,2,0,3])71 ([04 05] [03 0'4])61'([0.2,0,5],[0,1,0,2])71
t; ’ ty

(10.3,0.3], [0.1 0.4])ei([0'4’0‘5]’[0‘3’0'4])” ([0.2,0.3], [0.2 0.6])81'([0.3,0,6],[041,0.3])71

t t

([0.1,0.2], [0.4, 0.5])e"1030310304D7 (105 51 [0.1,0.4])e/ 0405k 10304
f3 ' ty

(18)



Definition 13. Let Q , = (A, M) and Q 4 = (Ay, M) be
two IV-CIFHS-sets over the same universe. The set 0, =
(Ay, M) is a subset of Q= (A, M), if
(i) M\ <,
(ii) Vx € ﬂl,A (x)CA2 (%)
(x) A (x)CA (x), that is,
;)z,” (x)<y (X), Y i, () <V 4, (%), 9/4 (%)<
9/% (%), and 9/% (%)< 0/% (%),
where amplitude and P-terms of each A;,i = 1,2 are
given below:

(y/% (x), Q/% (x)) for A1 (%)
(yﬂ (), Qﬂ (x)) for A, (x)
(y/% (x), Q/%’ (x)) for A, (x)
(y,% (x), 9/% (x)) for A, (x)

implies 7\1 (QVC)QKZ

Definition 14. Two IV-CIFHS-sets Q, = (A, #;) and
Q 4, = (A, M) over the same universe are equal if

1) (A, M) (D, M)
(i) (A, M) (A, M)

Definition 15. Let (A, #) be an IV-CIFHS-set over Z. Then

(i) It is a null IV-CIFHS-set, symbolized by (A, #)g if
for all values of x xe M, theA term of the M-function
is given by y,(X) =7 4% = =0, whereas the
P-terms of is given by 6 , (x) = ] (X)) =07

(ii) It is an absolute IV-CIFHS-set, symbolized by
(A, M) s if for all values of x x € M, the A-terms of
the M-function is given by y ,(X) =7 , (%) = 1,
whereas __ the P-terms is given by
0,(x)=10,(x) =2m

(A, M) = {( (m(x)e‘eﬂ

Now
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Definition 16. For two IV-CIFHS-sets (A,,.#,) and
(A,, M ,) over the same universe Z, the following definitions
hold:

(i) An IV-CIFHS-set (A;, #,) is a homogeneous IV-
CIFHS-set, symbolized by (A, #,)yem if A (X) is
homogeneous CIF-set Vx € ./,

(ii) An IV-CIFHS-set (A;,.#,) is a completely ho-
mogeneous  IV-CIFHS-set,  symbolized by
(A, M) o if Aj(x) is homogeneous with
A (VX y € M,

(iii) An IV-CIFHS-set (A, #,) is a completely ho-
mogeneous IV-CIFHS-set with (A,, /,) if A (x) is
a homogeneous with A, (X)V(x) € 4, [] 4,

3.1. Set Operations and Laws on IV-CIFHS-Set. In this sec-
tion, some basic set theoretic operations and laws are dis-
cussed on IV-CIFHS-set.

Definition 17. The complement of IV-CIFHS-set (A, .Z),
denoted by (A, #), is given by
(A, ) ={(%, (A(R))): x€ M, (A(R)) € Cry (D)},
(19)

where the M-function (A(x))" has the A-term given by

()’/ﬂ(x)) =1 J/ﬁ(x)(y/%(xj)c—l— Yy (X) and P-term
given , by (0,(x)=21-0,(x) and (0 ,(x) =
27— G/K(x)

Proposition 1. Let (A, #) be an IV-CIFHS-set over Z. Then
((A, )Y = (N, ).

Proof. As A(x) € Cpy (Z), so in terms of its A- and P-terms,
(A, M) can be expressed as follows:

y/%(?c)eie“(;))): X e /%} (20)
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“”””:‘ (%ﬂ@ (o). (37, oyl
mmm:{ (

((X’S’Z)C)le ( 1- /”(x)>c 21- 0.4 (
((A,/mcz{ (

-~V ((FC)))Cei<

9(;‘)>C>>; xe /4

(
<1 Y/%(x)>c a0 (1= ?ﬂ(i))cei<2n_?g(})>c>>: xe /%}
(
(

2n—5)c(<7c>>> )) (E)e/%} (21)

1<bwﬂ@»<<“%®ﬂ04vvwawﬁ*“3””))kﬂ}

(A, ) = {(z <§/%(x)e’9ﬂ<"> u(X)é 96“")): Xe ./%}

From  equations (20) and (21), we  have
(A A)) = (N, M). O
Proposition 2. Let (A, /) be an IV-CIFHS-set over Z. Then

(D) (A, M))" = (A, M)y
(i) ((A, M) p) = (A, M)

;/% (;C)e’%jzl (;C)’
1

A3 () = Y., (),
—
i0 4

7/%1 (x)e

- 0 -
A3 (B) =1 T g, (D)7

Definition 19. For two IV-CIFHS-set (A,,.#,) and
(A, A,), the difference is defined as follows:

(Aps M) (Dg, M) = (A5 M) H (Mg ). (23)

| min[?w1 (%), 7/”2 (E)]el mm[

Definition 18. For two IV-CIFHS-set (A,,.#,) and
(A,, M,), the intersection (A, .#,)[](A,, #,) over the
same universe Z is the IV-CIFHS-set (A;,.#5), where
My = M| M,, and for all x € M,

if xe M, M,

if ke MM\,

min ‘)—}/%1 (;C), ‘)_}%2 ()Vc)]e’ min[@,ﬂ1 (%),0 4, (X)] . if ke ‘%1 H M,

(22)
if xe M, M,

if xe M, M,

6,00 ]
PR PNE)
‘ “ if xe ./%11_[.%2.

Definition 20. The union (A, #)]](A,, #,) of two IV-
CIFHS-set (A, #,) and (A,, #,) over the same universe Z
is the IV-CIFHS-set (A, #;), where M, = M| | #,, and
for all x € 4,,
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Y (;)eieﬁl (;C)’
1
A3 (3) =9 g, (@),

max| y 4, (X), ¥4, (%)
—
i0 ., &

7/%1 (X)e

-
— . -
A5 (X) =4 7/%2(x)e’9ﬂz("’,

Proposition 3. Let (A, /) be an IV-CIFHS-set over Z. Then
the following results hold true:

(i) (A MO (A, M)y, = (A, M)

(i) (A, /%)H (A M)y = (A, M)

(iii) (A MO (N M) = (A, M) g

(iv) (A AT (N M) = (A, M)

(v) (A, ﬂ)cp]_l (A, M)y = (N, M)y

(vi) (A M) [T (A M)y = (D, Mg

Proposition 4. Let (A, M), (A,, M,), and (A5, M) are
three IV-CIFHS-sets over the same universe Z. Then the
following commutative and associative laws hold true:

(i) (A1;ﬂ1)H(A2>%2) = (Azaﬂz)H(Ap%J
(ii) (Ap-%l)H(Az’-%z) = (A2>‘%2)U(A1>%1)
(iii) (A1>-%1)H((Azwﬂz)n(/\y%ﬂ) =
((Ays ) TT(Ags M) T (A5, A 5)

(iv) (Ap -%1)]_1((1\2: %z)U(Ay -%3)) =
((Ags A DT (N NN (A5, A 5)

Proposition 5. Let (A, #,) and (A,, M,) are two IV-
CIFHS-sets over the same universe Z. Then the following De
Morgans’s laws hold true:

(i) ((Ap %1) H(Az) ﬂz))c = (Al)‘%l)cu (Az"%z)c
(ii) ((Ap ﬂl)ﬂ (Az’ %2))6 = (Ap ﬂ])c H (Az’ ﬂz)c

3.2. Aggregation of Interval-Valued Complex Intuitionistic
Fuzzy Hypersoft Set. In this section, we define an aggrega-
tion operator on IV-CIFHS-set that produces an aggregate
fuzzy set from an IV-CIFHS-set and its cardinal set. The
approximate functions of an IV-CIFHS-set are fuzzy. Here,
D, €&, and v will be in accordance with Definition 12.

Definition ~ 21. Let &, € Wycpns.  Assume  that
Z={v,7v5...,7,} and € ={Z,%,,..., Z,} with &, =
leinen - enh Ly ={enen . euh. . 2y = e,

> rCytand D=L x Ly x---x L, = {xl,xz,...,xn,

. X,n =x,}, each x; is n-tuple element of & and
|D| = r = n"; the representation of £, can be seen in Table 3.

_ ]eimax[g/ﬁl (2,04,

| max [ 4, ()7 4, (?c)]el max[
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if (X) € M\ My,
if (%) € M\ My,

if (x) € 4, [ ] 4,
(24)
if xe M, M,

if xe M, M,

6,00 ]
@, 6 4, _
TRl i xe [ ] .

In Table 3, ’7)( (x and 7 are M-function and NM-
function of yg), respectlvef(y, with interval-valued intui-
tionistic fuzzy values. If o = (’7)(9 (;'cj)(vl) 11)(@ (}j)(vl)) for

i=N7" and j=Nj, then IV-CIFHS-set &, is uniquely
characterized by the following matrix:
o G o gy
U1 Gy " &
[o;] = t (25)
A1 Xy 7 Ky

which is called an m x r IV-CIFHS-set matrix.

Definition 22. If {5 € W
defined as follows: IVCIFHS

(e, ) e, ) :
- .

, then cardinal set of & is

leal - <ol (9

where 11‘ oL 9 — [0,1] is an M-function of [[&g,| with
17”5 I (x) = I)(@ )|Z] and '7I€9 2 —> [0,1] is an NM-
function of €5l with 11”& I (x) | (X)I/1Z]. Both have
interval-valued intuitionistic fuzzy values. Note that
[Civeithss (21 is the collection of all cardinal sets of IV-
CIFHS-sets and [|C;,cimes (DISIVIF (D).
Definition 23. Let &g € Ciyumss (Z) and €5l € IC; cihss
(Z)|. Consider € as in Definition 12, the representation of
€51l can be seen in Table 4,

If aj = (11"52” (x ), 11”5 I (x ), for j =N, then the car-
dinal set [|§g| is represented by the following matrix:

[“ij]rxrz[“ll ap oy, (27)

which is called the cardinal matrix of [|&,]|.

Definition 24. Let &g € Ciyumes (Z) and [I€5 ]l € 1C; s
(2)|l. Then IV-CIFHS-aggregation operator is defined as
follows:

E; = Aivcimss(ufgz ”, fsz)s (28)

where
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TaBLE 3: Tabular representation of &,.

& X X X,

v (! p G (v)s7 5 ), ) (;719(}2)(1;1), J(v (n) (;7 (Vl))ﬂ (v o)

V) (1 & ( 2)s 11)( (x)(vz)) (ﬂm(iz)( )1 (Vz)) (77 ( ) (Vz))

vy (11)1( , ) '1)( &) ('m)) (77 (x)( ) 11)( &) 'm) (17 (x)( m),nfm(;cr)(vm))
TaBLE 4: Tabular representation of [[£].

@ X, %, X,

M, | (e, 50): e,y 50)) (e, (%2). e, (%2)) (e, () e,y ()

Aivcifhss: "Civcifhss (Z)” X Civcifhss (Z) - [F(Z))

(29)

where E; is called the aggregate fuzzy set of IV-CIFHS-

set &.

Its M-function is given as follows:

1129?: 7 — [0,1], (30)
with
1 -
’7?;(”) = @ VZ@ nCard(fw) (x)nCard (xo) (). (31)

Definition 25. Let &, € Cyyimss (Z) and 29? be its aggregate

fuzzy set. Assume that Z = {v,,,,...

presented as follows:

—fg

3

’7”;(7/141) |

»Vm}> then &g can be

(32)

If o = n——(v;) fori = NY’, then Z; is represented by the

. 2.
following matrix:

(33)

which is called the aggregate matrix of g over Z.

3.3. Applications of Interval-Valued Complex Intuitionistic
Fuzzy Hypersoft Set. In this section, an algorithm is pre-
sented to solve the problems in decision-making by having
under consideration the concept of aggregations defined in
the previous section. An example is demonstrated to explain
the proposed algorithm. It is necessary to determine an
aggregate fuzzy set of IV-CIFHS-set for choosing the best
option (parameter) from the given set (set of choices/al-
ternatives). The following algorithm is proposed based on
the definitions given in Subsection 3.2 that may help make
optimal decision.

Now, Algorithm 1 is explained with the help of the
following example.

Example 2. Suppose a businessman wants to buy a share
from the share market. There are four same kinds of share
that form the set, Z = {s,s,,s3,s4}. The expert committee
considers a set of attributes, € = {e,, e,,e;}. Fori=1,2, 3, the
attributes e; stand for “current trend of company perfor-
mance,” “particular company’s stock price for last one year,”
and “Home country inflation rate,” respectively. Corre-
sponding to each attribute, the sets of attribute values are
&, ={eenh &, = {ey}, and Z5 = {ey;, es,}. Then the set
D=L xZL,x L3 =1{8,,0,,05,0,}, where each §; is a
three-tuple. IV-CIFHS-sets xg, (8,), Xg (8,), Xo (83), o (84)
are defined as follows:
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> Start

> Input Stage:

———-1. Consider Z as the universe of discourse

———-2. Consider € as a set of n parameters

———-3. Classify n parameters into disjoint parametric-valued sets &, %,, Z5,..., <&
> Construction Stage:

———4. D=L XLy xL3x---xZL,

———-5. Construct IV-CIFHS-set &, over Z in accordance with Definition 12

> Computation Stage:

———-6. Compute [[&,|| for A-term and P-term separately by using Definition 22

n

———-7. Compute ?gj for A-term and P-term separately with the help of Definition 24
———-8. Compute 7——(7) by using Definition 24
> Output Stage: 2

———-9. Find the best option by the max modulus of 112«(1/) with the help of Definition 25
> End 2

ALGORITHM 1: Decision-support algorithm based on aggregations of an IV-CIFHS-set

[ ([0.4,0.5], [0.3, 0.4])¢ - LO4LO305DT (1 5 10 3] [0.2, 0.6])¢’ ([0-20-31103:0.5D)7

>

Sy S
X (5 ) = (>
([0.1,0.4], [0.4, 0.5] )¢’ ([0-30-4110-1.0.3Dm ([0 4,0.5], [0.2, 0.4])¢’ (10 104L10-L02Dm
S3 Sy

[ ([0.1,0.2], [0.2,0.7])¢' (02041 (0.3.0.5Dm ([01 0.6], [0.2, 0.3])¢' (104021 [0.20.3Dm

Sy 5
Xo (85) = [
( [0 2 0. 3] [0 1 0. 6]) 1([0.2,0.2],[0.1,0.5]) ( [0 2 0. 4] [0‘3, 0.4])61([0.1,0.3],[0.3,0.6])7‘[
S3 Sy
(34)
( [O 2 0. 3] [0 2 0. 5]) i([0.1,0.4],[0.4,0.5])7 ( [0 2 0. 4] [01 0.3])61'([0.3,0.6],[0.2,0.3])7‘[
s, ’ S, ’
Xo (85) = g
( [0.2) 0.4] [0 1 0 3]) [0 2 0. 5] [0 1 0. 2] ( [0 3 0 3] [0 2 0 6]) 1([0.2,0.5],[0.2,0.4])7‘[
S3 S4
( [O 3 0. 5] [0 3,0. 4])e ([0.4,0.5],{0.3,0.4])7 ( [0 1,0. 3] [03) O.S])ei([0.4,0.4],[0.3,0.5])7‘[
s, ’ S,
X (84) = J
( [O 1 0. 4] [0 3 0. 5])61([0 3,0.5],{0.1,0.2])7 ( [0 4 0. 5] [0'2) 0‘4] )el([0.3,0.5],[0.2,0.3])7‘[
S3 Sy

Step 1. IV-CIFHS-set &, is written as follows:
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[ ([0.4,0.5], [0.3,0.4])¢' (01041 0305) ([0.2,0.3], [0.2, 0.6])é’ i(0.2,0.31,[0.3,05)7 )
S1 Sy
& 1 -
([0.1,0.4], [0.4, 0.5])¢! (03041010307 (10 4 (5] [0.2, 0.4])e! (01041 0102)
S3 S4

( ([0.1 0.2] [0.2 0'7])ei([042,0.4],[0410.5])7{ ([0.1 06] [0.2 0.3])ei([0.4,0.5],[0,2,0.3])7‘[

S1 ’ o)
05, -
([0.2,0.3], [0.1,0.6])e i([0.2,0.21,[0.1,0.5))7 ([0.2,0.4], [0.3’0.4])ei([0.1,0.3],[0‘3,0.6])71
S3 ’ Sy
Egz =9
(10.2,0.3], [0.2,0.5])e i((0.1,0.4],[0.4,0.5))7 ([0.2,0.4], [0.1’0.3])61'([0.3,0.6],[0.2,0.3])71
S1 ’ S
05, 1 -
([0.2,0.4], [0.1,0.3])e i([0.2,0.51,[0.1,0.2])7 (10.3,0.3], [0.2, 0.6])ei([0'2’0'5]’[0'2’0'4])”
53 Sy

([0 3 0 5] [0 3 04]) l( 0405] [0304])TI ([01 0 3] [0‘3 0.5])ei([0.4,0.4},[0.3,0.5])71

>

-~ N

S Sy
. g
([0.1,0.4], [0.3,0.5])¢ 103031010207 (16 4 5], (0.2, 0.4])e' (03054 1020.3D7
S3 Sy

Step 2. The cardinal is computed as follows:

8 > 5,

|€5 || (Amplitude Term) = 4

(10.225,0.350], [0.150, 0.425]) ([0.225,0.425], [0.275,0.450])
5 > 5,

8, ’ 3,
nf@ “ (Phase Term) = 4

(0.200, 0.500], [0.225,0.350]) ([0.350,0.475], [0.225,0.350])
d, ’ Oy

Step 3. The set '{;; can be determined as follows:

([0.275,0.425], [0.275,0.475]) ([0.150,0.375], [0.200,0.500])

([0.175,0.375], [0.200, 0.375]) ([0.225,0.350], [0.225,0.475])

13

(35)

(36)
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rmy, my, myy my, [ [0.275,0.425], [0.275,0.475]

- L | Moy myy myy my, || 10.150,0.3751, [0.200,0.500]
¢, (Apmlitude Term) = — , (37)
4\ gy myy, myy ma, || 10.225,0.350], [0.150,0.425]

Lmy, my, my my, 1110.225,0.425], [0.275,0.450] ]

where
m,, =[0.4,0.5], [0.3,0.4], my, =[0.1,0.2], [0.2,0.7],m,; = [0.2,0.3], [0.2,0.5],m,, = [0.3,0.5], [0.3,0.4],
m,, =1[0.2,0.3], [0.2,0.6],m,, = [0.1,0.6], [0.2,0.3],m,; = [0.2,0.4], [0.1,0.3],m,, = [0.1,0.3], [0.3,0.5],
ms; =[0.1,0.4], [0.4,0.5], m5, =[0.2,0.3], [0.1,0.6], ms; = [0.2,0.4], [0.1,0.3], ms5, = [0.1,0.4], [0.3,0.5],
my, = [0.4,0.5], [0.2,0.4],m,, = [0.2,0.4], [0.3,0.4],m,; =[0.3,0.3], [0.2,0.6],m,, = [0.4,0.5], [0.2,0.4]
ro.2 0.0 0.1 0.2770.1507 10.020000 T B9
1 0.1 0.4 0.3 0.0]0.175 0.036250
:Z 0.0 0.2 0.3 0.1 ] 0.200 ) 0.027500 '
L0.3 0.1 0.1 0.31L0.1501 1L0.031875
g(PhaseTerm) =

r[0.1,0.4], [0.3,0.5] [0.2,0.4], [0.3,0.5] [0.1,0.4], [0.4,0.5] [0.4,0.5],[0.3,0.4] 77 [0.175,0.375], [0.200, 0.375] ]
[0.2,0.3], [0.3,0.5] [0.4,0.5],[0.2,0.3] [0.3,0.6],[0.2,0.3] [0.4,0.4], [0.3,0.5] || [0.225,0.350], [0.225,0.475]

4 [0.3,0.4], [0.1,0.3] [0.2,0.2],[0.1,0.5] [0.2,0.5],[0.1,0.2] [0.3,0.5],[0.1,0.2] || [0.200, 0.500], [0.225,0.350]

[ [0.1,0.4], [0.1,0.2] [0.1,0.3], [0.3,0.6] [0.2,0.5],[0.2,0.4] [0.3,0.5],[0.2,0.3] JL [0.350,0.475], [0.225,0.350] .
r0.1 0.1 0.0 0.2770.1757 [0.020000 ]

0.0 0.3 0.4 0.1|f0.125 0.043125

]

0.3 0.1 0.4 0.4 ||0.275 0.068750

L0.3 0.0 0.3 0.310L0.2501 10.052500

b9

> > >

w— _ [0.020000¢™ 7" 0.036250¢™**1*" 0.027500¢™ """ 0,031875¢" %2
- 1 52 S3 Sy '

(39)

Consider  th dul lue of )=
onsider  the - modulus - value of - max(g=)="" ' 11740009154/s,}= 0.02124999361/s,. This means that

2]
max{0.02124999361/s;,  0.01624997922/s,,0.0131496449/ s, may be recommended for suitable investment.
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4. Interval-Valued Complex Neutrosophic
Hypersoft Set (IV-CNHS-Set)

The basic theory of the IV-CNHS-set is developed in this
section.

Definition 27. Let M, M, M5, . .., M, are disjoint sets of n
distinct attributes m,,m,,m;,...,m,, respectively, for
n21,M =M, x My*x My ...xXM,and A(1) be an IV-
CNES over Z for all A = (b,b,,b;,...,b,) € M. Then, in-
terval-valued complex neutrosophic hypersoft set (IV-
CNHS-set), denoted by Q , = (A, #), over Z is given as
follows:

15

whichisalV — CN_approximate function of Q2 , and A(}) =
A D), Ky D], A, ), K, ] [As D), As D] with
lower and upper bounds of membership, nonmembership,
and indeterminacy function are given below, respectively:

— - 5 > >
@) (A Q) = ye’e, A= 76‘ %) for the M-function
of Q
(i) (A, (D) =
tion of Q/%
(iii) (A3 L) = ye , A D=7 Vel 7 ) for the ID-function
of Q , and its value A(A) is called A-member of IV-
CNHS-set VA €

Note: The collection of all IV-CNHS-sets is denoted

S R = e
,Ay(A) =7ye ) for the NM-func-

Q4 ={LAQ)): A e M,A()) €Cy (D)}, (40) 5 s
where
) Example 3. Consider J = {e,,e,e5,...,e5} with IV-
Al — Cry (2), (41)  CNHS-sets A 4 (e)), A 4 (€y), - .., A 4 (eg) that are defined as
AQ)=@if A ¢ M, follows:
[ ([0.1,0.2], [0.1,0.4], [0.2, 0.3] )¢’ ([O-10-2L0-304L103.03Dm 1y 4 ' 3] [0.2,0.4], [0.2, 0.2])¢’ {[¢-1-0-210-3.04L10-L03Dm ]
t ’ 5}
Ay (61) =1 (>
([0.1,0.2], [0.3,0.3], [0.3, 0.4] ' (10-1:0-1]:[0-40.51.103.0.3]) ([01 0.2], [0.3,0.4], [0.2, 0.3])¢’ ([0-2:02:(0.20.41.[0:2.03)m
l3 £y
([0.2,0.3], [0.3,0.3], [0.1, 0.3] )¢’ (1O LO-2LIO-LOSLIOLO2Dm 1y 37 4] 0.3, 0.4], [0.1, 0.1])¢’ ¢ [-1:0-2][0.2.0.41.[0.20.5)7
t ’ 53
Ay (ey) =4 -
([0.2,0.3], [0.2, 0.4], [0.2, 0.3] )¢’ ([O-L0-2L10-L04LI0303Dm 1 1 70 1], 0.4, 0.4], [0.3, 0.4])¢’ ([-1:0-3](0.20.2).[0.20.5])7
ts ’ fy
([0.1,0.3], [0.2, 0.4], [0.2, 0.2])¢’ 10-L0-2110203L103.04Dm 1 1 "0 3] 0.1, 0.2], [0.3, 0.4])¢’ ([-1:0-2][0:20.3]. [0.2.0.4])7
t ’ 53
Ay (es3) =1 K
([0.1,0.1], [0.1,0.4], [0.1, 0.2])¢* (10-L0-2110204L103.03Dm 1 1 79 3] 0.2, 0.3], [0.1, 0.3])¢’ ([¢-20-3][0.1.0.2). [0.3.0.4D)7
[ ’ ty
[ (10.1,0.2], [0.2,0.3], [0.1, 0.4])¢’ (110-2110.1,03),[0:2.02])m ([01 0.3], [0.2, 0.4], [0.1,0.2])e! (0102 [0.10.3],020.4)
ty t
Ay (64) = C>
([0.4,0.4], [0.1,0.2], [0.1,0.1])¢' (101021 0-1.041102.0.3)m ([01 0.1], [0.2,0.3], [0.2, 0.4])¢' (10-1:0:31102:021,[0.1.0.3 )7
ts fy
[ ([0.1,0.2], [0.4,0.5], [0.2, 0.2])¢’ ([0 10-3110203LI0.103D7 (16 1 (2] 0.2, 0.2], [0.2, 0.5])¢’ ([0 L011 (01041 [0.3.04)7
ty ’ t
A/% (65) =3 >
([0.1,0.2], [0.2,0.6], [0.1,0.1])¢’ 1O LO-LLI0-L02L10203Dm 1 4 7 3] 0.3, 0.4], [0.1, 0.2])¢’ ([-1:0-2]:[0:3.0.41[0.1.0.5)7
ts ’ fy
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TaBLE 5: Tabular representation of &,.

£, X X, X,
! (v)) ! (v)) ! (v))
Mo Gy V1) My ) V1 Mo iy (1)
2 2 2
"1 My Gy (V1) RV " My, () (1)
3 3 3
’1)(,@ (7‘1) (VI) ’1)(9 (’v‘z) (‘Vl) ’1)(,@ (Zr) (vl)
ey (1) Ly (1) L (1)
My ) \2)> My i) V20 My i \72)>
2 2 2
V) ’7)(9 (;‘1) (V2)> ,1)(@ (;2) (vz)) e '7)(9 (}') (V2)>
P () P () P ()
Mo () \ 72 Mo ) \ 72 Mo ) 72
! (V) ! V) ! V)
Mo ) Vm)s Mo (5) V> My ) Vs
2 2 2
Vm My, G V) My (i V) s My, &) Vm)s
o ) P ) S )
’1)(9»(;‘1) Vm rl?(;w(;‘z) m ’1)(9(7%) m

( ([02 02] [03 04] [01 0.2])61'([0.1,0.2],[0.2,0.3],[0.3,0.4])71 ([01 01] [01 03] [04 0‘4])61'([0.1,0.1],[0.2,0.5],[0.2,043])71

>

tl t2
Ay (eg) =4 , ~
([0.1,0.2], [0.2,0.4], [0.1, 0.3])¢’ ([0 LO2LIO-LOCLILOID 1y 1 70 1] 0.2, 0.5], [0.2, 0.3])¢’ ¢ [0-1:0-2]: [0-1.0.6} [0.1.0.1])7
| ts ’ fy
(([0.1,0.2], [0.2,0.4], [0.1,0.3])' 1O LOLLO0203LI0.L0SD7 16 1 "0 21 0.1, 0.3], [0.3, 0.4] )¢’ ([O-10-2h[0-20.21[0-20.5Dm
t, ’ t,
Ay (‘37) = ) ) (>
([0.1,0.2], [0.1,0.3], [0.3, 0.4])¢' (101021 10-L03LI0204Dm 1y 1 70 2] 0.4, 0.5], [0.1, 0.2])¢’ ([-10-1]:[0.20.5). [0.1.0.2])
k t; ’ ty

(42)

4 ([0.1 0.2] [0.3 0.3] [0.1 0.4])ei([0.1.0.2],[044)0.5],[041,0.2])7T ([0.1 0.2] [0.2 0'3] [0.2 0.4])ei([0.1,0.2],[0.1,0,2],[0.1,0,3])7‘[ A

>

3] t

Ay (es)

1
A
Y

([0.1,0.1][0.1,0.2], [0.4, 0.5])¢’ {[¢-10-2L0.103L10.3.04D7 1 4 21 [0.2,0.3], [0.1, 0.4])e' (101031 10-4:05L10.1.0- 1w
k ts ’ t, J
(43)

Then IV-CNHS-set Q) , is written by
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e e

€15 9

€ 3

€3 9

€45

35, 3

€65 3

67, 3

€g5 3

([0.1,0.2], [0.1,0.4], [0.2, 0.3])¢' ([010-2h103.04L103.03D7 1y 1 " 3] 10,2, 0.4], [0.2, 0.2])e’ {[0-10-21[0-3:041,[0.1.0.3Dm

t

>

t

([0.1,0.2], [0.3,0.3], [0.3, 0. 4])61( 0.1,0.1],[0.4,0.5],[0.3,0.3])) ([0.1,0.2], [0.3,0.4], [0'2’0.3])81'([0.2,0.2],[0.2,0,4],[0.2,0.3])7r

t3

>

ty

([0.2,0.3], [0.3,0.3], [0.1, 0. 3])e’( 0.1,0.2],[0.1,0.51,[0.1,0.2])7 ([0.3,0.4], [0.3,0.4], [0.1,0_1])81'([o,1,0.2],[0.2,0,4],[0,2,0.3])n

ty

>

t

([0.2,0.3], [0.2,0.4], [0.2,0.3])¢' ([010-2LOL04LI0303D7 1y 1 "0 1] [0.4, 0.4], [0.3, 0.4])e’ ([O-1:031(0:20.210.2.0.3Dm

t3

>

ty

([0.1,0.3], [0.2,0.4], [0.2,0.2])¢' ([010-2h0203LI03.04D7 1 1 "0 3] [0.1,0.2], [0.3, 0.4])e’ ([O-1:02:(0:20.3110.2.0.4)m

31

>

53

([0.1,0.1], [0.1, 0.4], [0.1, 0.2] )¢’ [0 L02110204L10.30.3D7 - 1 1 0 3], (0.2, 0.3], [0.1, 0.3])e’ {[¢-20-3H[0-10-21[03.04)m

t;

>

ty

([0.1,0.2], [0.2,0.3], [0.1, 0.4] )¢’ [O-L0210-LO3LI0.202Dm 1 1 ' 3] 0.2, 0.4], [0.1,0.2])e’ {[¢-10-2H[0-1031[02.04)7

ty

>

t

([0.4,0.4], [0.1,0.2], [0.1,0.1])' ([010-2h0-L04LI0-203D7 1y 1 ' 1] [0.2, 0.3], [0.2, 0.4])e’ ([0-1:031(0.20.21.10.1.0.5Dm

t3

>

ty

([0.1,0.2], [0.4,0.5], [0.2, 0. 2])e'( 0.1,0.3],[0.2,0.31,[0.1,0.3])) ([0.1,0.2], [0.2,0.2], [0'2’0'5])61'([0,1,0.1],[0.1,0,4],[0,3,0.4])7!

t

>

t

([0.1,0.2], [0.2,0.6], [0.1, 0.1])¢' (0101 OL02LI0203D7 1y 1 " 3] [0.3,0.4], [0.1, 0.2])e’ ([O-1:02:0:304110.1,0.3Dm

t3

>

([0.2,0.2], [0.3,0.4], [0.1,0.2])e i([0.1,0.21,[0.2,0.3],[0.3,0.4])7

ty

([0.1,0.1], [0.1,0.3], [0.4, 0.4])e i(0.1,0.1],[0.2,0.51,[0.2,0.3])

31

(10.1,0.2], [0.2,0.4], [0.1,0.3])e’

>

2}

(10.1,0.21,[0.1,0.6],[0.1,0.1])7 (10.1,0.1], [0.2,0.5], [0.2 0.3])61'([0.1,0A2],[01,0.6],[0.1,0‘1])71

>

ts

>

ty

([0.1,0.2], [0.2,0.4], [0.1, 0.3] )¢’ (O LOLLO203LIL0SDT 1 1 10 2] (0.1, 0.3], [0.3, 0.4])e’ {[¢-10-2h[0-20-21102.05)7

ty

>

t

([0.1,0.2], [0.1,0.3], [0.3, 0.4])¢' ([010-2b0L03LI0:204D7 1y 1 "0 5] [0.4,0.5], [0.1, 0.2])e’ {[O-1.01:(0:20.510.1,0.2m

t3

>

Ly

([0.1,0.2], [0.2,0.4], [0.1, 0.3])¢' ([OHOILO203LI0-LOSDT (1 1 "0 2] 0.1, 0.3], [0.3, 0.4])e’ ([*-1:02:[0.20.2110.2.0.5Dm

t

>

t

([0.1,0.2], [0.1,0.3], [0.3, 0.4] )¢’ [0 L02LOLOSLI0.204D7 1 1 /0 2] (0.4, 0.5], [0.1,0.2])e’ { (@101 [0-20.51[0.L.02)7

ts

>

ty

17

(44)
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Definition 28. LetQ , = (A, M) and Q 4 = (Ay, M) be
two IV-CNHS-set over the same Z. The set ) , = (A, M)
is said to be the subset of Q , = (A,, 4,), if

(i) M M,

(ii) Vx € ﬂl,A (x)CA2 (%)
(x) A (x)CA (x), that is,

V/% (X) S Y/%

L%C) Y, (_}< V., (%), 9/%1 (%)< 9/% (x) and
0, (%)< 0 4, (%),

where A- and P-terms of each A;,i = 1,2 are given
below:

(yﬂ (), 9 (x)) for A;(x)
(Y/% (%), Q)/% (x)) for Ay (x)
(y% (%), 8, 4, (x)) for A, (x)
(V//[ (%), 9/% (x)) for A, (x)

implies 7\1 (QVC)QKZ

Definition 29. Two IV-CNHS-set Q, = (A,,#,) and
Q 4, = (A, M) over the same Z, are said to be equal if
(@) (A, M) (D, M)
(ii) (Mg, M) (N, M)

Definition 30. Let (A, /) be a IV-CNHS-set over Z. Then

(i) (A, ) is called a null IV-CNHS-set, presented by
(A, M)y if for all values ofx € M, the A-term of the
M-function_is given by y%(x) =7 4(x) =0 and
P-term by 6 , (x) = Gﬂ(x)

(ii) (A, ) is called an absolute IV-CNHS-set, repre-
sented by (A, .4),; if Vx € /% the A-term of the
M-function is given by _Y)/%(x) =Y 4(x)=1
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Definition 31. For two IV-CNHS-sets (A,,.#,) and
(A,, M ,) over the same universe Z, the following definitions
hold:

(i) A IV-CNHS-set (A, #,) is a homogeneous IV-
CNHS-set, represented by (A, #;)yom if and only
if A, (x) is a homogeneous IV-CNHS-set Vx € ./,

(ii) A IV-CNHS-set (A, #,) is a completely homo-
geneous IV-CNHS-set, represented by
(A, M) cpiom if and only if A, (x) is a homoge-
neous with A, (y)Vx,y € 4,

(iii) A IV-CNHS-set (A, #,) is a completely homo-
geneous IV-CNHS-set with (A,, .#,) if and only if
A (%) is a homogeneous with
A, (x)Vx € M, T] M,y

4.1. Set Theoretic Operations and Laws on IV-CNHS-Set.
Some basic set operations and laws are discussed on IV-
CNHS-set in this section.

Definition 32. The complement of IV-CNHS-set (A, .Z),
denoted by (A, #), is stated as follows:
(A’ ﬂ)c ={(}) (A(}))C) }G ﬂ’ (A(;))C € CIV(Z)}$
(45)
where the(_A— and P—terrr}_s of the M-function (A (X)) are
givenby (y 4 () =1y, (X and (¥ 4 () =1-7 4

(x) and (0,,(x) =2m-6,(x) and
(0 4 (X)) =2m— 0 ,(x), respectively.

Proposition 6. Let (A, /) be a IV-CNHS-set over Z. Then
((A M) = (N, ).

whereas P-term by 0 ,(x) = 6 ,(x) =2n _
Proof. Since A(x) € Cpy (Z), therefore, in terms of its A-
and P-terms, (A,.Z) can be written as follows:
._) ~
(A, M) = {( (y%(x)e’ l ,y/%(i)e'ew(x))>:ie/%}. (46)

Now,
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<A,/%>“<z)={(?c, (va@)ell 40) (7 @) ‘@‘*"‘(E))E)):;eﬂ},
mmm{(a (1- M(m)c w00 ®) (125, ) e
(
(

Der}
((W,G)C)C={<§, 1- ﬂ(?d)c 2"76“”()‘)) (1— /ﬂ(x) e Zﬂ_ 7 )) xe /%} (47)

((A, ) = {(i 1- (1 - y/%(x)>) ( (2”’3’{@)),(1 —(1 - yﬂ(x)))e (2;17(2”7 01(2))))); P /%}
(A, ) = {(; (M(x)e"’ﬂ“" v (X)e 9%“‘))); xe /4}

From  equations (46) and (47), we  have Definition 33. For two IV-CNHS-set (A,,.#,) and
(A A = (N, ). O (A,, M,), the intersection (A, #,)[](A,, #,) over the
same universe Z is the IV-CNHS-set (A5, .#;), where
Proposition 7. Let (A, /) be a IV-CNHS-set over Z. Then M5 = M| | M,, and for all x € M,
(i) (A, M) = (A, M)y
(ii) ((A M) p) = (N, M)

V.0, (D)), if Xe M\ M,
Ay (%) =1 Y4, (R0, if xe M, M,
min ‘)—}/%l (32_)’ ‘)—}/%z (;C):Ieimin[e/{] (}),9/(2 (Jvc)]’ if xe ‘%1 H‘%Z’
: - (48)
Vo D 00, if Xe M\ M,
N (T - et i_9) (%) =
As(x) =1 V., (x)e 72, if xe M, M,
[Fac T
_ _qimin| 0, 3.0, _
| min[?wl (36),7//[2 (x)]e “ Tl ifxe M l_[ M.

Definition 34. The difference between two IV-CNHS-set  Definition 35. For two IV-CNHS-set (A,,.#,) and
(A}, M) and (A,, M,) is defined as follows: (A,, M), the union (A, #,)[[(A,, #,) over the same

B c universe Z is the IV-CNHS-set (A;,.#;), where
(Al"%l)\ (AZ"%Z) - (Al"%l) H (AZ"%Z) . (49) ‘%3 = ‘%11_[‘%2’ and for all X € ﬂ3,
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;/% ()vc)eig“”l (;)’
1

A, (%) =4 5_}-/”2 (})eiﬂ/ﬂz(}))

0
Yo, ()T,

—
- . -
Ry =1 7., (0 0,

Note: Propositions 3-5 are also valid for SV-NHS-sets.

4.2. Aggregation of Interval-Valued Complex Neutrosophic
Hypersoft Set. In this part of the paper, aggregation oper-
ations and their decisive system for IV-CNHS-set are
established that results an aggregate fuzzy set from a CNHS-
set and its cardinal set and has fuzzy-like nature. The terms
92,6,¢, and e are in accordance with Definition 27.

Definition ~ 36. Let &g € Wiyonpgs.  Assume  that
Z={v,7...,v,} and € ={Z, Z,,..., Z,} with &, =
{einens et Zy={eapens- e Ly =
feqr€ms - st and D=L x Ly x-x L, = {?cl,avcz,

s Xy o> X = X, }, €ach x; is n-tuple element of & and

|| = r = n"; the representation of &, can be seen in Table 5.

In Table 5, My, (x) 17)2(9.( o and iz are M-function, ID-

function, and NM-function of yg,, respectively, with inter-

val-valued neutrosophic values. If «;; = (nt . (),
X (xj)

2 3 FR N s _ N _
M, Gy (v), M) (v;)), for i=N/" and j=N], then IV
CNHS-set &, is uniquely characterized by the following
matrix:

O Gy oo &gy
(x “ e (x
21 % 2r
o] =] . ’ (51)
Ol K 0 Ky

Which is called an m x r IV-CNHS-set matrix.

Definition 37. If &, €

W , then cardinal set of &, is
defined as follows: °

IVCNH

5] = €D

(’7|1|59 I (x), f1|2|59 I (x), Wﬁ59,|| (56))
x

(52)

whera? nﬁ%",nﬁ& ”,r]j%”: 2 — [0,1] are M-function, ID-
-fu

function, and N'M-function of €51 with

max[ 7 4 (0, V., O] ma"[ ,
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if xe M, M,,

if xe MM,

max ;/%1 (}),;%2 (;)]eimax[0,”1(%),0‘,%2(9?)], if xe /A Hﬂz)

(50)
if xe M, M,
if xe M, M,
6,00 ]
a, (), 0 4, (%) -
arTTe if xe | | .
LG e (R (;C)_|st(§)| (53)
Mo 20 s |20 Mo |2 = 7 7

respectively. These have interval-valued neutrosophic values.
Note that [|Ciycnnss (Z) | is the collection of all cardinal sets of
IV-CNHS-sets and |C (2)|CIVN (D).

ivenhss

Definition 38. Let &y € Ciynnss (Z) and €51l € 1C; cnhss
(Z)|. Consider € as in Definition 27; the tabular repre-
sentation of ||{|| can be seen in Table 6.

If ay;= (e (X, mie (X mye (%)), for j=Ni.
then the éardina set Jllfg % 1¢] nted’

| 1s represented by the following
matrix:

[aij]lxr:[“ll Gpp - (Xlr]’ (54)

which is called the cardinal matrix of |||

Definition 39. Let &g € Ciyennes (Z) and 1€ 1l € IC; cnnss
(2)|l. Then IV-CNHS-aggregation operator is defined as
follows:

Z; = Aivciﬂlss(”££27| > fgz)s (55)

where
Aivcnhss: "Civcnhss (Z)" X Civciﬂqss (Z) —F (Z)’ (56)

where E; is called the aggregate fuzzy set of IV-CNHS-set
£g-

Its M-function is given as follows:

;12;: 7 — [0,1], (57)
with
1 -
ng(v) = @ VZ@ r]Card(f@) (x)r]Card (X@) (1/) (58)

Definition 40. Let &g, € Cyypnss (Z) and Egj be its aggregate
fuzzy set. Assume that Z = {v,,7,,...,,,}, then & can be
presented as follows:
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TaBLE 6: Tabular representation of [[£].

D X4 X, X,
1 = 1 byt 1 =
Tiga1 (*1): Tieo1 (%2 g1 (X
"ie, | ical (), e (%2), o i1 (%),
e, 1 (X1), Mg, (%), e, 1 (%),
ro&, ;7?_ 7 which is called the aggregate matrix of ?9; over Z.
2
) 4.3. Applications of Interval-Valued Complex Neutrosophic
oo ’72; i Hypersoft Set. Now considering the definitions stated in
) (59)  Subsection 4.2, an algorithm is presented in this segment of
v () the paper to assist the decision-support system, and the

presented algorithm will be validated with the help of an
: example from a daily-life scenario.
Vin : nﬁ(vm) Now, Algorithm 2 is explained with the help of the
2 . following example.

If o = n=—(v,) fori = NY’, then E; is represented by the
following matix: Example 4. Considering the problem statement stated in
Example 2, we construct IV-CNHS-sets g, (J,), yg, (§,) and
Vg (85), g (8,) that are defined as follows:

[ail]mxl = P (60)

]

([0.4,0.5], [0.1,0.2], [0.1, 0.2] ¢’ (10-1:02L [0-L0ALI303DT 1y 4 0 1], [0.2,0.3], [0.3, 0.4] )¢ ([010-3h[0-203110.3.0.3])

>

Sy S
Vg (51) =1 r>
([0.1,0.2], [0.1,0.4], [0.2, 0.2])¢' ([03:04L103.04LI0-L02Dm 1y 1 70 971 0.4, 0.5], [0.2, 0.2])¢’ ¢ [O-1:0-2: [0-1.0.41.[0.1.0.2D)7
S5 ’ Sy J

)

(([0.1,0.2], [0.3,0.5], [0.2, 0.2])¢’ ([¢-1:0-2L[0.20410202Dm 1y 1 "0 2], [0.1, 0.5], [0.1, 0.2])¢’ ¢ [O-1:0-2:[0-40.51.[0.20.2D7

>

Sy S
Vo (6)) =1 (>
([0.1,0.1], [0.2,0.3], [0.1, 0.5] )¢’ (103:0-4h [0:203L10L02Dm 1y 1 ' 2] 0.2, 0.4], [0.3, 0.3])e ([020-3h[0-103L0.3.0.3])7
S5 ’ S4 )

)

( ([0'3 0‘4] [0.2 0.3] [0‘1 0.2])ei((0,1,0.2),[0.1,0.4],[0.2,0.3])7‘[ ([0‘1 0.2] [0.2 0'3] [0.1 0.3])61'([0.2,0.3],[043,0.4],[042,0.2])71

>

Sy S
Vg (0;) = 1 >
([0.1,0.2], [0.2,0.4], [0.1, 0.3])¢' (103:0:3110203L10-L02Dm 1y 1 70 2 0.3, 0.3], [0.2, 0.3])¢’ ¢ [0-1:0-2]:[0.20.51.[0.2.0.2D)7
S5 ’ Sy )

]

(([0.1,0.3], [0.3,0.4], [0.1, 0.2])¢' 10-1:02L 040511020207 16 4 ' 5] [0.1,0.3], [0.1, 0.1] )¢’ (1O 10-2110-1.04L[0:2.0.3Dm

>

S1 S
Vg (84) =1 .
([0.1,0.1], [0.1,0.4], [0.1, 0.2])¢' ([02031103:03L103.03Dm 1 1 "0 2] 0.4, 0.5], [0.2, 0.2])¢’ ¢ [-1:0-2](0:20.41.[0.20.3)7
S5 ’ Sy )

(61)
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> Start

> Input Stage:

————1. Consider Z as the universe of discourse

———-2. Consider € as a set of n parameters

———-3. Classify n parameters into disjoint parametric-valued sets &, %,, Z5,..., <&
> Construction Stage:

———4. D=L XLy xL3x---xZL,

———-5. Construct IV-CNHS-set y,, over Z, in accordance with Definition 27

> Computation Stage:

———-6. Compute [[£;| for A-term and P-term separately by using Definition 37

n

———-7. Compute 29? for A-term and P-term separately with the help of Definition 39
———-8. Compute 77— (7) by using Definition 39

> Output Stage: 2

———-9. Find the best option by the max modulus of 112«« (v) with the help of Definition 40
> End 2

ALGORITHM 2: Decision-support algorithm based on aggregations of IV-CNHS-set.

Step 1: IV-CNH-set x, is written as follows:

([04 05] [01 02] [01 0.2])ei([0.1,0‘2],[0.1,0.4],[0.3,0.3])71 ([01 01] [02 03] [03 0.4])€i([0'1’0'3]’[0‘2’0'3]’[0'3’0'3])71 )

>

1 S2
8, 4 [
([0.1,0.2], [0.1,0.4], [0.2, 0.2])¢ (©304-10304L0.L02D7 (101 051 [0.4,0.5], [0.2, 0.2])¢! (102D OL04L[0.L0.2Dm
S5 ’ Sy

([0.1,0.2], [0.3,0.5], [0.2, 0.2])¢’ ([¢-10-2:10:204L10.20.2Dm 1y 4 ' 2 (0.1, 0.5], [0.1, 0.2] )¢’ (101021104051 [0.20.2Dm ]

S ’ Sy
5,, 1 g
( [01’ 01]’ [02’ 03]’ [01’ 0.5])ei([0.3,044],[0.2,0.3],[0.1,0.2])7: ( [0 1’ 02]’ [02’ 04]’ [03’ 0'3])61'([0.2>0.3],[041,0.3],[0.3,0.3])71
S3 Sy
J [
( [03) 04]) [02, 03]) [0 1) 02] )ei([0.1,042],[0.1,0.4],[0.2,0.3])71 ( [0 1’ 02]) [02’ 03], [0 1’ 03])61( [0.2,0.3],[0.3,0.4],[0.2,0.2])7
S Sy
850 4 s
([0.1,0.2], [0.2,0.4], [0.1,0.3])¢’ 103031 10203L10.1.02Dm 10 1 021 [0.3,0.3], [0.2, 0.3])' (102 10-205).[0:2.0.2Dm
S3 Sy

([01 03] [03 04] [01 0.2])ei([0.1,0‘2],[0.4,0.5],[0.2,0.2])n ([04 05] [01 03] [01 0.1])8“[0'1’0'2]’[0‘1'0'4]’[0'2’0'3])71 )

>

51 )
Oy 1 L
([0.1,0.1], [0.1, 0.4], [0.1, 0.2])¢/(102031030.3L10.3.03D7 10 1 021, (0.4, 0.5], [0.2, 0.2])¢' (10102102041, [0.2.0.3)
S3 ' Sq

(é2)

Step 2: the cardinal is computed as follows:
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lxo |l (Amplitude Term) =
([0.175,0.250], [0.200, 0.350], [0.200, 0.250]) ([0.100,0.175], [0.200, 0.425], [0.175,0.300])

& )
(63)
(10.150, 0.250], [0.225, 0.325], [0.125,0.275]) ([0.175,0.275], [0.225,0.400], [0.125,0.175])
5, ’ 5
lxo |l (Phase Term) =
(10.150,0.275], [0.175, 0.375], [0.200, 0.250]) ([0.175,0.275], [0.225,0.375], [0.200, 0.225])
9 ’ 0,
(64)
(10.175,0.250], [0.200, 0.400], [0.175,0.225]) ([0.125,0.225], [0.250, 0.425], [0.225,0.275])
63 ’ 84
Step 3: the set ¥, can be determined as follows: Yo (Apmlitude Term) =

[0.4,0.5], [0.1,0.2], [0.1,0.2] [0.1,0.2], [0.3,0.5], [0.2,0.2] [0.3,0.4], [0.2,0.3], [0.1,0.2] [0.1,0.3], [0.3,0.4], [0.1,0.2]

[0.1,0.1], [0.2,0.3], [0.3,0.4] [0.1,0.2], [0.1,0.5], [0.1,0.2] [0.1,0.2], [0.2,0.3], [0.1,0.3] [0.4,0.5],[0.1,0.3], [0.1,0.1]

=

[0.1,0.2], [0.1,0.4], [0.2,0.2] [0.1,0.1], [0.2,0.3], [0.1,0.5] [0.1,0.2], [0.2,0.4], [0.1,0.3] [0.1,0.1], [0.1,0.4], [0.1,0.2]
[0.1,0.2], [0.4,0.5], [0.2,0.2] [0.1,0.2],[0.2,0.4], [0.3,0.3] [0.1,0.2],[0.3,0.3],[0.2,0.3] [0.1,0.2], [0.4,0.5], [0.2,0.2]
[0.175,0.250], [0.200, 0.350], [0.200, 0.250]
[0.100, 0.175], [0.200, 0.425], [0.175, 0.300]
[0.150,0.250], [0.225, 0.325], [0.125,0.275]
[0.175,0.275], [0.225, 0.400], [0.125,0.175]
0.3 0.3 0.1 0.1770.150 0.030625
1104 0.0 0.1 0.3 {]0.200 0.023125
K 0.1 0.2 0.1 0.1]]0.100 0.018125 '
0.4 0.3 0.3 0.4]L0.075 0.045000

(65)

Yo (Phase Term) =



24

Applied Computational Intelligence and Soft Computing

[0.1,0.2], [0.1,0.4], [0.3,0.3] [0.1,0.2], [0.2,0.4], [0.2,0.2] [0.1,0.2],[0.1,0.4], [0.2,0.3] [0.1,0.2], [0.4,0.5], [0.2,0.2]

[0.1,0.3], [0.2,0.3], [0.3,0.3] [0.1,0.2],[0.4,0.5], [0.2,0.2] [0.2,0.3],[0.3,0.4], [0.2,0.2] [0.1,0.2], [0.1,0.4], [0.2,0.3]

[0.3,0.4], [0.3,0.4], [0.1,0.2] [0.3,0.4], [0.2,0.3], [0.1,0.2] [0.3,0.3], [0.2,0.3], [0.1,0.2] [0.2,0.3], [0.3,0.3], [0.3,0.3]

[0.1,0.2], [0.1,0.4], [0.1,0.2] [0.2,0.3], [0.1,0.3], [0.3,0.3] [0.1,0.2], [0.2,0.5], [0.2,0.2] [0.1,0.2], [0.2,0.4], [0.2,0.3]

1
4
r [0.150,0.275], [0.175, 0.375], [0.200, 0.250]
[0.175,0.275], [0.225,0.375], [0.200, 0.225]
" [0.175,0.250], [0.200, 0.400], [0.175, 0.225]
[ [0.125,0.225], [0.250, 0.425], [0.225, 0.275]
r0.2 0.2 0.1 0.4770.1007 10.048125
1102 04 02 0.1(]0.300| |0.047500
“4000 0.1 00 03 |[0125 " 0.026250
0.0 0.1 0.2 0.2]L0.250] L0.026250

> >

X
S S S3

Consider the modulus value of max(17——)= max
%)
{0.08562297237/51, 0.08312368641/s,, 0.0812493106/s;,

0.0793734965/s,}= 0.08562297237/s,. This means that s,
may be recommended for suitable investment.

5. Comparison Analysis

In literature, various decision-making algorithmic ap-
proaches have already been discussed by [24, 34, 36-42] that
are based on hybridized structures of complex set with fuzzy
set, intuitionistic fuzzy set, and neutrosophic set under soft
set environments. Decision-making is badly affected due to
the omission of some features with a key role. For example,
in stock-exchange share market-based scenario, it is in-
sufficient to consider “current trend of company perfor-
mance,” “particular company’s stock price for last one year,”
and “home country inflation rate” as only attributes because
these indicators may have different values, so it is much
appropriate to further classify these parameters into their
disjoint attributive sets as we have done in Example 3.22. The
above-mentioned existing decision-making models are in-
sufficient either for interval-valued data or for multi-argu-
ment approximate function, but in the proposed model, the
inadequacies of these models have been addressed. The
consideration of multi-argument approximate function will
make the decision-making process more reliable and
trustworthy. We present a comparison analysis of our

>

. {0'03062561‘0.04813571 0.023125600475007 () 1 8125,10-026250 0'0450006i0,026250n}
Sy ’

(66)

proposed structure with the above relevant existing struc-
tures in Table 7 and 8.

6. Discussion

In this section, we show that our proposed structure IV-
CNHS-set is a more generalized and flexible structure as
compared to existing relevant models in the sense that
the existing relevant models [24, 34, 36-42] are its
particular cases by omitting one or more features among
MD (membership degree), NMG (nonmembership de-
gree), ID (indeterminacy degree), SAAF (single argu-
ment approximate function), MAAF (multiargument
approximate function), PND (periodic nature of data),
and IVD (interval-valued data). Figure 3 presents the
pictorial version of this generalization of our proposed
structure.

6.1. Merits of Proposed Study. In this subsection, some merits
of the proposed study are highlighted, which are given
below:

(i) The introduced approach took the significance of
the idea of IV-CIFHS-set and IV-CNHS-set to deal
with current decision-making issues. The presented
idea enables the researchers to deal with the real-
world scenario where the periodicity of data in the
form of intervals is involved; along these lines, this
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TaBLE 7: Comparison of proposed structures with some existing relevant structures.

Authors Structure Approx. Remarks
Func.

Ali et al. [34] CIFSS SAAF Insuflicient for 1nterval-va¥ued dgta, degrf:e of 1ndeterm?n.ac.y, and further partitioning of
attributes into attribute-valued disjoint sets

Al-Sharqi et al. [36] CIIEI,S:S SAAF Inadequacy for further partitioning of attributes into attribute-valued disjoint sets

Inadequacy for the degree of nonmembership, degree of indeterminacy, and further

Fan et al. [37] IV-CESS SAAF partitioning of attributes into attribute-valued disjoint sets

Khan et al. [38] CIFSS SAAF Insufficient for 1nterva1—va¥ued darta, degrf:e of 1ndeterm¥n.ac.y, and further partitioning of
attributes into attribute-valued disjoint sets

Kumar et al. [39] CIFSS SAAF Insufficient for 1nterva1—va¥ued darta, degr.ee of 1ndeterm¥n_ac.y, and further partitioning of
attributes into attribute-valued disjoint sets

Smarandache et al. Insufficient for interval-valued data and further partitioning of attributes into attribute-

CNSS SAAF L
[40] valued disjoint sets

TaBLE 8: Comparison of proposed structures with some existing relevant structures.

Authors Structure Approx. Remarks
Func.
Selvachandran et al. IV-CESS SAAF Insufficient for the degree of nonmembership, degree of indeterminacy, and further
[41] partitioning of attributes into attribute-valued disjoint sets
Thirunavukarasu et al. Insufficient for interval-valued data, degree of nonmembership, degree of
CFSS SAAF . . e . . . . s
[42] indeterminacy, and further partitioning of attributes into attribute-valued disjoint sets
Rahman et al. [24] CFHSS MAAF Insufficient for interval-valued d.ata, degr.ee of nonmembership, and degree of
indeterminacy
Rahman et al. [24] CIFHSS MAAF Insufficient for interval-valued data and degree of indeterminacy
Rahman et al. [24] CNHSS MAAF Insufficient for interval-valued data
Rahman et al. [30] CIE\;I_SS MAAF Insufficient for the degree of nonmembership and degree of indeterminacy
Proposed structure 1 CIIF\I:SS MAAF It has limitations regarding the consideration of degree of indeterminacy
Proposed structure 2 CIEI\ICI_SS MAAF Addresses the limitations and shortcomings of the above structures

L

IV-CIFHS-set

s

IFHS-set

IV-CNHS-set
IV-CFHS-set CFHS-set CIFHS-set

,,
r

al

-

CNHS-set

CHS-set NHS-set

FHS-set HS-set
v 8.
FS-set S-set
J J

FIGURE 3: Generalization of the proposed structure.
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TaBLE 9: Comparison with existing models under appropriate features.
Authors Structure MD NMD ID SAAF MAAF PND IVD
Ali et al. [34] CIFSS v V x V X v x
Al-Sharqi et al. [36] IV-CNSS v/ / v v/ X v v
Fan et al. [37] IV-CESS v X X v X v v/
Khan et al. [38] CIFSS v v X v X v X
Kumar et al. [39] CIFSS N, v X v X v/ X
Smarandache et al. [40] CNSS v v v/ v/ X v X
Selvachandran et al. [41] IV-CFSS v X X v X +/ +/
Thirunavukarasu et al. [42] CESS v X X v X N X
Rahman et al. [24] CFHSS v X X v / N, X
Rahman et al. [24] CIFHSS v v X v N, N, X
Rahman et al. [24] CNHSS v v/ v/ v v v X
Rahman et al. [30] IV-CFHSS Y, X X v v v +/
Proposed structure 1 IV-CIFHSS v v X v v v v
Proposed structure 2 IV-CNHSS v +/ +/ v ~/ v v/
association has tremendous potential in the genuine (4) Two decision-making algorithms are proposed that
depiction inside the space of computational are based on aggregation operators of IV-CIFHS-set
incursions. and IV-CNHS-set. These are explained with the help
(ii) As the proposed structure emphasizes on an in- of daily-life problems.
depth study of attributes (i.e., further partitioning of (5) The proposed structures along with their decision-
attributes) rather than focusing on attributes support systems are compared with some existing
merely, therefore, it makes the decision-making relevant literature.
process better, flexible, and more reliable. (6) Authors have carved out a conceptual framework for
(iii) It covers the characteristics and properties of the a generalized model, that is, IV-CNHS-set to deal
existing relevant structures, that is, IV-CFHS-set, with decision-making real-life problems by consid-
CFHS-set, CIFHS-set, CNHS-set, IV-CFSS-set, IV- ering hypothetical data. The authors are committed
CIFSS-set, IV-CNSS-set, CFSS-set, CIFSS-set, to discussing some case studies based on IV-CNHS-
CNSS-set, and so on, so it is not unreasonable to call set by using real data.
it the generalized form of all these structures. (7) Furthermore, it may also be extended to develop
The advantage of the proposed study can easily be judged hybridized. structures with expert sets, possibility
from Tables 7-9. The comparison is evaluated on the basis of fuzzy-set-like models, and fuzzy-set-like parame-
two different aspects as follows: terized family and introduce algebraic structures.
(1) Main features discussed in the study (see Tables 7 o an.
and 8) Data Availability

(2) Features such as MD, NMG, ID, SAAF, MAAF,
PND, and IVD (see Table 9)

7. Conclusion

The key features of this work can be summarized as follows:

(1) The novel notion of IV-CIFHS-set and IV-CNHS-set
are characterized, and some of their elementary
properties, that is, subset, null set, equal set, absolute
set, homogeneous set, and complete homogeneous
set are discussed with illustrated numerical
examples.

(2) The set theoretic operations of IV-CIFHS-set and IV-
CNHS-set, that is, complement, difference, union,
and intersection, are characterized with the help of
elaborated examples. Their fundamental laws and
properties are also discussed.

(3) Aggregation operators, that is, aggregate matrix,
cardinal set, cardinal matrix, and aggregate fuzzy set,
of IV-CIFHS-set and IV-CNHS-set are developed.

No data were used to support the findings of the study.
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