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Abstract: Omicron, so-called COVID-2, is an emerging variant of COVID-19 which is proved to be
the most fatal amongst the other variants such as alpha, beta and gamma variants («, ,  variants)
due to its stern and perilous nature. It has caused hazardous effects globally in a very short span
of time. The diagnosis and medication of Omicron patients are both challenging undertakings for
researchers (medical experts) due to the involvement of various uncertainties and the vagueness
of its altering behavior. In this study, an algebraic approach, interval-valued fuzzy hypersoft set
(iv-FHSS), is employed to assess the conditions of patients after the application of suitable medication.
Firstly, the distance measures between two iv-FHSSs are formulated with a brief description some of
its properties, then a multi-attribute decision-making framework is designed through the proposal
of an algorithm. This framework consists of three phases of medication. In the first phase, the
Omicron-diagnosed patients are shortlisted and an iv-FHSS is constructed for such patients and then
they are medicated. Another iv-FHSS is constructed after their first medication. Similarly, the relevant
iv-FHSSs are constructed after second and third medications in other phases. The distance measures
of these post-medication-based iv-FHSSs are computed with pre-medication-based iv-FHSS and the
monotone pattern of distance measures are analyzed. It is observed that a decreasing pattern of com-
puted distance measures assures that the medication is working well and the patients are recovering.
In case of an increasing pattern, the medication is changed and the same procedure is repeated for the
assessment of its effects. This approach is reliable due to the consideration of parameters (symptoms)
and sub parameters (sub symptoms) jointly as multi-argument approximations.

Keywords: uncertainties; monotone pattern; medication; interval-valued fuzzy set; hypersoft set;
interval-valued fuzzy hypersoft set

1. Introduction

According to World Health Organization (WHO) [1], there are approximately 0.5 billion
confirmed cases of COVID-19 and more than 6 million deaths reported as of 12 am coor-
dinated universal time (UTC) 15 April 2022. This disease has been spreading rapidly for
more than two and a half years. COVID-2 was recognized at the end of 2019 and a variety
of other variations arose. On the basis of their origin and exposure, WHO has classified
these variants into three main groups for screening and exploration purposes, which are
named as variants under monitoring (VM), variants of interest (VI) and variants of concern
(VC). Variants «, B,, 6 are placed in the category of VC [2]. These variants are a major
cause of deaths across the globe. In the last week of November 2021, Omicron arose as the
fifth variant of VC, as declared by WHO, and has rapidly increased.
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Fuzzy set (f-set) [3], soft set (s-set) [4] and their hybridized model fuzzy soft set
(fs-set) [5] are considered as suitable models to deal with uncertainties and vagueness in
data. The f-set employs a membership function for assigning fuzzy value within [0,1] to
each element in the sample universe, whereas fs-set connects an approximate function to
equip an f-set with a parametrization tool so that each member in the set of parameters
may be parameterized with a fuzzy membership grade. Yang et al. [6] conceptualized an
interval-valued fuzzy soft set (ivfs-set) to tackle the interval nature of data by intermingling
a interval-valued fuzzy set (ivf-set) [7] and s-set. Researchers Peng and Garg [8], Chetia and
Das [9], Ma et al. [10,11] and Qin and Ma [12] made marvelous contributions concerning
real-world applications of ivfs-sets. By adjoining the concepts of ivfs-set and multi-fuzzy
soft set (mFS-set) [13-15], Zhou et al. [16] characterized an interval-valued multi-fuzzy
soft set (IVmFS-set). A single set of parameters are utilized in s-set-like models while
dealing with the uncertain and vague nature of data but there are some situations when
the considered parameters are not adequate for tackling decision-making problems. These
parameters need further categorization into their respective subclasses. The S-set literature
is not sufficient to manage such situations; therefore, Smarandache [17] introduced a new
concept, hypersoft set (hs-set), as an extension of s-set. It manages the inadequacy of s-set by
utilizing a new mapping known as multi-argument approximate mapping (maa-mapping).
In this mapping, parametric tuples are taken as the domain and the power set of the uni-
verse as its codomain. In this way, it is very appropriate to say that hs-set is more flexible
and reliable as compared to s-set due to the addition of maa-mapping. Saeed et al. [18]
introduced various elementary properties and operations of hs-set to ensure the utilization
of hs-set in solving real-world problems and explained them with the provision of detailed
examples. Rahman et al. [19] transformed the classical concept of convexity and concavity
under the hs-set environment. They [20] also managed the roughness of data through
the development of a rough hs-set and discussed some of its operational properties. The
expert systems for hs-set environments to deal with the situations which demand the
multi-decisive opinions of experts in decision-making systems were developed by Ka-
maci [21] and Thsan et al. [22,23]. Martin and Smarandache [24] broadened the concept to
a plithogenic hs-set and then introduced its graphical versions. Rahman et al. [25] investi-
gated the parametrization of fhs-set and explored its various operational results. Yolcu and
Ozttirk [26] developed fuzzy hs-set (fhs-set) as a hybridization of hs-set and fuzzy set and
discussed its various basic operational properties. Saeed et al. [27] and Ahsan et al. [28]
conferred multi-criteria decision-making problems of a complex multi fhs-set and complex
fhs-set. Rahman et al. [29] discussed several variants in fhs-set under the umbrella of
convexity and concavity and explored its various set-theoretic properties and operations.
Debnath [30] solved decision-making problems by developing and applying different
weightage operators of the fhs-set. Bhandari and Pal [31] introduced new informative mea-
sure for discrimination between two f-sets. Lee et al. [32] developed a design of similarity
and dissimilarity measures for fuzzy sets on the basis of distance measure. Xindong and
Yong [33] developed distance measure, entropy measure, similarity measure, inclusion
measure and the subset-hood measure of ivfs-set. Khalid and Abbas [34] discussed distance
measures for interval-valued intuitionistic fuzzy soft sets (ivifs-sets).

The existing literature on s-set, fs-set, hs-set and fhs-set is unable to tackle the following
situations collectively:

1. A situation which demands the further categorization of attributes into their relative
attributive values in the form of non-overlapping sets;

2. Asituation which has a lot of data with its systematic design as interval-valued settings;

A situation which involves more than one distance measure for decision making;

4. Asituation which has a pictorial representation of the improvement of the patient.

@

The significant contributions of the paper are outlined as:

1.  An algebraic structure, interval-valued fuzzy hypersoft set (iv-FHSS), is employed to
assess the conditions of Omicron patients after applying appropriate medication.
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2. A multi-attribute decision-making framework is designed through the proposal of an
algorithm based on the distance measures between two iv-FHSSs.

3. The proposed framework consists of three phases of medication. The Omicron-
diagnosed patients are shortlisted and an iv-FHSS is constructed for such patients and
then they are medicated in the first phase. Another iv-FHSS is constructed after their
first medication. Similarly, the relevant iv-FHSSs are constructed after second and
third medications in other phases. The distance measures of these post-medication-
based iv-FHSSs are computed with pre-medication-based iv-FHSS and the monotone
pattern of distance measures are analyzed.

4. It is observed that a decreasing pattern of computed distance measures assures
that the medication is working well and the patients are recovering. In case of
an increasing pattern, the medication is changed and the same procedure is re-
peated for the assessment of its effects. This approach is reliable due to the con-
sideration of parameters (symptoms) and sub-parameters (sub-symptoms) jointly as
multi-argument approximations.

The rest of the paper is organized as follows: Section 2 includes the basic notions
of f-set, s-set, hs-set and ivf-set, etc. Section 3 presents some new operations of iv-FHSS.
Section 4 investigates the distance measures of iv-FHSS. Section 5 presents the decision
system of iv-FHSS along with application in the treatment of omicron patients. In the last
section, the article is summarized with future directions.

2. Preliminaries

Let Z, P(Z), C(Z) represent the universe of discourse, collection of all subsets of Z
and collection of all fuzzy sets of Z, respectively, and £ be the set of parameters.

Definition 1 ([3]). A fuzzy set F over Z is characterized by a membership function
fr:Z — [0,1] and is given by fr(z) = {(z, fr(z))|z € Z} which assigns a real value within
[0,1] toeach z € Z and fr(z) is the membership-grade of z € Z.

Definition 2 ([4]). A soft set Ss over Z is defined as As, : £’ — P(Z) where &' C £ and is
given by Sg = {(Q,A(S’g)(e)) NS 5’}.

Definition 3 ([5]). A fuzzy soft set (fs-set) Fs, over Z is defined as A;SS : & = C(Z2) and
is given by Fs, = {(G,A].'SS(G)) NS 8’},A]:SS (0) € C(2) for & C €, Aps, = ¢ for
0 ¢ & and A]-'Sg/ (0) = {gAfsgl o) (w)/w:we Z,g%y 0 (w) € I};for all@ € & isan fs

over Z, where A Fsyy is the approximate function of Fs, and Az (z) is a fuzzy set with the condition
that ifA]:Sg/ (0) = ¢, then (8, A]:Sg/ (0)) ¢ }—SS"

Definition 4 ([7]). An interval-valued fuzzy set (ivf-set) M over Z is given by a function
I pgiof = 2 = Z([0,1]) where Z([0,1]) is the set of all the sub-intervals of [0,1], 3, yivf (2) for all
z € Zisaninterval [v,v],0 < v <v <1, and v and v denote lower and upper membership-grades
of an element, respectively. For convenience, the set of all iv f-sets over Z is denoted by T (Z).

Definition 5 ([6]). The collection of pairs (Fs, £) is called interval-valued fuzzy soft set (ivfs-set)
over Z and is given by Fs : € — P(Z2). An ivfs-set is a parameterized family of iv f-subsets
of Z and is defined as Fs(0) = {< N Kz o)1) > € 2,0 € 5} where Fs(0) represent In-uf
membership degree of n € Z,0 € £. Fs(0) will become fuzzy set z'f;c}s(e)(n) = K}S(G)(q)for all
nezZ,0ecl.

Example 1. Let Z = {zq,z,...,2¢} e the set of six houses under consideration as in Example 1
discussed by [6]. Let £ = {61,0,,...,05} = {cheap, beautiful, in green surroundings, wooden,
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(HS/ QE) =

good location } be the set of parameters where 61 stands for cheapness, 8, stands for beautiful appear-
ance of  house, 63 stands  for  green surroundings of  house,
04 stands for material used to build house and 05 stands for good location of house, i.e., near
market, park, etc. Table 1 shows the tabular representation of iv fs-set.

Table 1. ivfs-set (Fs, £).

Z 01 02 03 04 05

7 0.3,0.6] 0.4,0.5] 0.7,0.8] 0.5,0.8] 0.4,0.6]
2 0.2,0.4] 0.3,0.7] [0.5,0.7] [0.4,0.5] 0.5,0.7]
z3 0.3,0.4] 0.7,0.8] [0.6,0.8] 0.5,0.7] 0.4,0.7]
24 0.2,0.5] 0.5,0.7] 0.6,0.7] [0.5,0.6] [0.6,0.8]
z5 [0.5,0.6] 0.4,0.7] [0.5,0.8] 0.7,0.8] 0.3,0.5]
Z6 0.4,0.5] 0.3,0.4] [0.5,0.6] 0.4,0.6] 0.6,0.7]

Definition 6 ([17]). (’FLS, €) is called hypersoft set (hs-set) over Z where €1,€,...,€, are
distinct attributes belonging to disjoint attribute valued sets €1, &,,. .., &, respectively,
and € = € x & X --- x &, are the cartesian product of disjoint-attribute-valued sets and
7:15 € — P(Z)

Example 2. Consider Example 1. Let Z = {z1,z, ...,z¢} be the set of six houses under consider-
ation. Let £ = {€1,€,...,€5} = { cheap, beautiful, in green surroundings, wooden, good location
} be the set of parameters where € stands for cheap value, €, stands for beautiful appearance
of house, €3 stands for green surroundings of house, €4 stands for material used to build house
and €5 stands for good location of house, i.e., near market, park, etc. The attribute valued sets
corresponding to these attributes are: € = {611,012}, €2 = {021,020}, €3 = {031}, €4 = {641}
and €5 = {051,05,}. Then, € = € x € X €3 X € x €. € = {vy,vy,...,vs} where each
v;,i=1,2,...,8,is a 5-tuple element. The hypersoft set (Hs, €) is given as

(Ull {Zl/ZZ})/ (UZI {le 23, Z3})/ (03/ {21/25/ Z6})/ (U4, {22/ Z4,25, Z6})/ }
(05/ {Zl/ZZI Z6})/ (U6/ {23/ Z4, ZS})/ (U7/ {21123/ Z4, Z6})/ (USI {ZZI Z3,24,25, 26}) '

Definition 7 ([17]). Let €1, €3, ..., andey, be distinct attributes belonging to disjoint-attribute-
valued sets €1, &,,..., &, such that fori,j =1,2,...,n,i # j, &N ¢ = ¢, fuzzy hypersoft set
(fhs-set) (Fys, €) over Z is given by a set of ordered pairs

(Fus, €) = {(v, Fus(v)) : v € & Fs(v) € C(Z)} where Fys : € — C(Z) and C(Z) are the
collection of all fuzzy sets over Z with v € € = & x & x --- x &, then
Fus(v) = {K]:-HS(U) (2)/z:2€ Z,x5, ) € [0,1]} is a fuzzy set over Z.

Example 3. Consider Example 2. The fhs-set (Fys, €) is given as follows:

U1, {0.1/21, 0.3/22}), (Uz, {0.3/21,0.5/22,0.1/23}),
U3, {0.2/21, 0.5/25, 0.3/26}), (1)4, {0.2/22,0.3/24, 0.4/25, 0.7/26}),

Uy, {0.2/21, 0.3/23, 0.4/24,0.5/26}),

%

(Frs, €) =< (v5,{0.3/21,0.4/25,0.5/26}), (v6,{0.1/23,0.3/24,0.2/25}),
(
(

Usg, {0.1/22, 0.2/23, 0.3/24,0.4/25, 0.5/26})

Definition 8 ([18]). Let €1, €2, ..., €, be distinct attributes belonging to disjoint-attribute-valued
sets €1, &y, ..., Eysuchthatfori,j=1,2,...,n,i # j, &N ¢ =9, then the interval-valued fuzzy

hypersoft set (ivfhs-set) (]:"gg, ¢) over Z is given by the set of ordered pairs
(FLe) = {(v,fg’g (v):v e e, Fil() ecfvf(Z)} where Fivl © & — Cf(Z) and
Ciz’f(Z) are the collection of all ivf-sets over Z with v € € = & X € X --- X €, then,

Fil(v) = {Kﬁ%(v) (2)/2:2 € 2, pur, € [0,1]} is ivf-set over Z.
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Example 4. Consider Example 3. The iv-FHSS (f"ﬁ)g, €) is given as follows:
(Fii, @) =

0.1,0.2
0.2,0.6

( {[ 0.3,0.5]/23}), (v, {[0.1,0.3]/21, [0.2,0.4]/z,, [0.1,0.4]/23}),
(vs, {]

(vg, {[0.2,0.4

(v, {]

(v7,{l

(vs, {!

]
0.3,0.5]/25,[0.2,0.3] /z6}),

0.5,0.7] /z4,[0.4,0.6] /z5,[0.5,0.7] /26 }),

0.4,0.7]/22,0.7,0.8] /26 }), (ve, {[0.4,0.5] /z3,[0.3,0.5] /z4,[0.2,0.7] /z5}),
0.3,0.5]/z3,[0.4,0.6] /z4,[0.5,0.7] /¢ }),

0.2,0.3]/23,[0.1,0.3) /24, [0.4,0.6] / 25, [0.3,0.5] /26 })

/z1,
/71,
/2,
/z1,
/z1,
/Z2,

0.3,0.6
02,05
0.1,05

3. Set Theoretic Operations of Interval-Valued Fuzzy Hypersoft Sets
This section of the paper aims to characterize some new operations of iv-FHSS. Con-
sider two iv-FHSSs (]:' iof }JS,AO and (]:' iof ?JS,A2>.
1. Theaddition of these two iv-FHSSs (]:" iof }{ ey Al) and (ﬁ iof ?{S, Az) is defined as follows:
(ﬁivf}iSIAl) = (ﬁvf?is'/b) = {]:—ivfiis(’?) ® Folhs(n) € A ﬁAz} where
| ~ D
Fol s () @ Fl s (i) =
{ (z' l K gty B Kipirt () = g m(z)x,f.wfm)(z)’> sz ) Z}‘

Suerhs() &) T gt )~ Fupirlygon EFupiron
2. Themultiplication of two iv-FHSSs (]—' iof HS/A1> and (]—' iof HS/AZ) is defined as follow:
(‘/—"was,Al) (Fl HS/AZ) {FlfoS ®]:fo5(7’]) 'n S Al OAZ} where
~ivf1 wf _ B
F HS(U) ® ]: HS(W) { (Z [mln{ ]:zvf (77)( )/ Kl]:wf%-ls(ﬂ) (Z)} ’

max{ 9)])vs e 2

Fortstn B Fuperton
3. The union of two iv-FHSSs (]—" ivf HS/ A1) and (.7-' of HS,AZ) is defined as follows:
(.Flfos,Al) (FlUst Az) = {meHS(U) U.Flfos(ﬂ) /S A1 ﬂAz} where
| o
Pl U235 = {2 9 Oy )

max(K )VZGZ}.

ot sty )
4.  The intersection of two iv-FHSSs (]:' ivf }{S,Al) and (]:" ivf %15, Az) is defined as fol-
lows: (]:"ivf}JS,Al) M (]:'i”fis,A2> = {]:'”’fhs(iy) N f"ivf%{s(iy) meAN Az} where
]:—ivfils(ﬂ) N ]?ivfés(;y) = {(z, {min(Klﬁil'f}qs(Ti)<Z)’K1]:-ivfils(’7)(z)) ,
min <Kufi”fifs('7) (2), K Fior () (z))} )Vz € Z}.
5. Partial membership of iv-FHSS (.7:' iof }_Is, Al) is defined as follows:
( Fiofls, A ) = {Qﬁivflls(’?) i € A1} where
@_7:-1'fo5(;7) = {z, {Kl]:'i”f}is(q)(z)'l — Klﬁivf}{s(q)(z)}vz € Z}.
6.  Partial non-membership of iv-FHSS (.7:' ivf }{5, Al) is defined as follows:
(]—" st A1> = {o]:'i”flls(iy) €N OAZ} where
o]:"”fHS(iy) = {z, {1 — Kuf‘"”f}qs(q)(z)’Kuf"vf}qs(n)(Z)}VZ € Z}.
Example 5. An application of a similarity measure on fuzzy soft sets in medical diagnosis is
presented in [35]. In this section, an application on iv-FHSS is discussed. Let a business-

man want to hire a contractor for the construction of a building. There are five contractors
Z ={z1,22,...,25} under consideration. There are two committees of experts. One of the commit-
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tee considers a set of attributes € = {Q)y, Ny, O3} where Q0 = Awvailability of experienced staff
= {<25,> 25} = {wi1, w12}, Qo = Number of projects completed on time = {<5,> 5} =
{wn1, wn}, O3 = Availability of heavy machinery = { available, not available } = {ws, w3},
m’ld0201><02><03

:{ (w11, w1, wa1), (w11, war, w32), (w11, W22, Wa1), (W11, Wa2, W32), }: (w1,@, ..., wg).
(w12, wa1, w31), (W12, Wa1, W32), (W12, W2, w31), (W12, W2, W3) e

The iv-FHSS Fof 1,6 (Q) = {Fif Lo (cwn), Fiof s (wa), - . ., Fof 1o (ws)} where

Fi st(Wl) { [0.6,0.7}, [0.2, 0.3]/ [0.5, 0.6], [0.4, 0.5]’ [0.3,0.4] },
Z1 Z2 Z3 Z4 Z5
]:wf}is(a&) _ { [0.32,10.5} , [0.22,20.4], [0.22,30.8] , [O 4,0. 5 [0.2,0.6] }
]:_wf}{s(WS) _ { [0.32,0.5}, [0.1, 0.4]/ [0.3, 0.6], [O 2,0. 6 [0.3,0.5] }
1 2 Z3
]'—ivfllqs(f%) _ { [0.22,10.6}’ [0.42,20.6], [0.22,30.4]’ [0 3,0. 7 [0.1,0.5] }
fwf}{s(WS) _ { [0.32,10.5} , [0.2Z,20.6], [0.12,30.4] , [0 2,0. 8 [0.1,0.4] }
]:.Uf}_ls((&]6) _ { [0.4210.5}, [0.12,20.3], [0.42,30.7], [O 2, 05 [0.3,0.7] }
}—ivleS(aW) _ { [0.12,10.4}, [0.1;20.5]/ [0.27;30.6]’ [0.4, 05 [0.3,0.4] }
fivf}—ls((US) _ { [0.52,10.9} ’ [0.22,20.5]1 [0.32,30.7] ’ [O 2,0. 5 [0.1,0.4] }

The other committee constructed iv-FHSS

e D e D iy £2
Fioffig(w) = {Fofs(wn), Fioffig(wn), ..., Fioffig(ws) } where

FO (o) = {[0.3,0.4} 0.3,0.6] [0.3,0.5] [02 05] [03,06] }

z1 Zn Z3
FO () — { [0.42,10.6}’ [0.22,20.5], [0.42,30.7]’ 03,05 [05,07] }
FOP (r) — { [0.42,10.6}, [0.1Z,20.5]I [0.52,30.7], 0.4,06] [03,0.] }
FOP (c0y) = { [0.22,10.6}I [0.42,20.7], [0.12,30.3], 04,08] [02,05] }
FO (s) — { [o.4z,lo.5}’ [0.32,20.6]/ [0.32,30.4]’ 04,0.6] [0.3,05] }
FO () — {[0.42,10.5}’ [0.3;,20.511 [0.57:30.6]’ 0.3,0.6] [0.4,08] }
F (c07) = { [0.32,10.5}/ [0.22,20.6]l [0.32,30.6], 0.2,04) [05,07] }
FO (g) — {[0.72,10.9}, [0.42,20.6]/ [0.42,30.8], 0.3,05] [03,0.] }
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The iv-FHSS (fi”fhs, Q) can also be written as (]:"“’f}{s, O) =

0607) [0203] [0506] [0405] [0304]\ (.~ [0305] [0204] [0208] [0405] [0:206]

wl/ Zl 7 Zz ’ Z3 7 Z4 7 Z5 7 2/ Zl 7 Zz 4 Z3 7 24 ’ ZS
[0.3,0.5] [0.1,04] [0.3,0.6] [0.2,0.6] [0.3,0.5] [0.2,0.6] [0.4,0.6] [0.2,04] [0.3,0.7] [0.1,0.5]
w3/ Zl 7 Zz 7 23 7 24 7 ZS 7 w4/ Zl 7 ZZ 7 23 7 Z4 7 25
[0.3,0.5] [0.2,0.6] [0.1,04] [0.2,0.8] [0.1,04] [0.4,05] [0.1,03] [04,0.7] [0.2,05] [0.3,0.7]
w5/ Zl 7 22 7 ZS 7 Z4 7 ZS 7 w6/ Zl 7 Zz 7 Z3 7 24 7 ZS
[0.1,04] [0.1,05] [0.2,0.6] [0.4,0.5] [0.3,04] [0.5,09] [0.2,05] [0.3,0.7] [0.2,0.5] [0.1,04]
wyz, ./ 2/ 23/ zz Z5 ;|\ ws, z1 2 23 7 Z: 25

Similarly, iv-FHSS (Fiof%., Q) can also be written as (Fiof 7,5, Q1) =

wy, 0304] [0306] [0305] [0205] [0306]\ (. [0406] [0205] [0407] [0305] [0507]

Zl 7 ZZ 4 23 7 24 7 ZS 7 2/ Zl 4 22 7 23 7 Z4 4 25
[040.6] [0.1,05 [0507 [0406] [0.3,0.6] [02,0.6] [0407] [0.1,03] [040.8] [0.2,05]
3/ zl 7 22 4 23 4 Z4 7 ZS 7 w4/ Zl 4 ZZ 7 23 7 Z4 7 ZS
w- [0405] [0306] [0304] [0406] [0305] [0.4,05] [0.3,0.5] [0.50.6] [0.3,0.6] [0.4,0.8]
5/ Zl 7 Z2 4 Z3 4 Z4 7 ZS 7 wé/ Zl 4 ZZ 4 Z3 7 Z4 7 ZS
w- [0305] [0206] [0306] [0204] [0507] [0.7,09] [0.4,0.6] [0.4,08] [0.3,05] [0.3,0.6]
7T Tz oz 4 ) % AW T T T T m %

Example 6. Consider two iv-FHSS (.7:" iof Ls, Q) and (.7:" iof éS,Q) as in Example 5. The addi-

tion of (ﬁi”f}{g,ﬁ) and (fi”fé5,0> is calculated as follows:

[0.72,0.82] [0.44,0.72] [0.65,0.80] [0.52,0.75] [0.51,0.76]
4 Z] 4 ZZ 4 Z3 4 Z4 4 25 4
w,, 10580.80] [0.36,0.70] [052,094] [0.58,0.75] [0.60,0.88]
2/ Zl 7 ZZ 7 23 7 Z4 7 25
w-, 10580.80] [0.19,0.70] [0.65,0.88] [0.36,0.84] [0.51,0.80]
3/ Zl 4 ZZ 7 23 7 24 7 Z5 7
[0.36,0.84] [0.64,0.88] [0.28,0.58] [0.58,0.94] [0.28,0.75]
]'E'ivfl o)m j_"ivf2 o) = R T R v z
( HS/ ) ( HS/ )‘ [0.58,0.75] [0.44,0.84] [0.37,0.64] [0.52,0.92] [0.37,0.70] 1VZE 2.
wSI Zl 7 ZZ 7 23 7 24 7 25 7
we. [0640.75] [0.37,0.65] [0.70,088] [0.44,0.80] [0.58,094]
6/ Zl 4 ZZ 7 23 7 24 4 ZS
wy [0.37,0.70] [0.28,0.80] [0.44,0.84] [0.52,0.70] [0.65,0.82]
7

’ ’ ’ ’ 7
5

Z1 Zy z3 Z4 z
5,0.99] [0.52,0.80] [0.58,0.94] [0.44,0.75] [0.37,0.76]

[0.8
ws, 2] ’ 2 ’ 23 ’ Z4 ’ 5

Example 7. Consider two iv-FHSS (.7:" iof e, Q) and (ﬁ iof? ., Q) as in Example 5. The multi-

plication of iv-FHSSs (.7:" iof }{5, Q) and (]:" iof?.e, Q/) is calculated as follows:

~o 1 _ D
(]—"”’f Hs,Ql) X (]-'”’f HS,QZ) -
0307] [0206] [0306] [0205] [0306]\ (,, [0306] [0205] [0208 [0305] [0207]

’ ./ 2 23/ zz Z5 ’ 2s z1 7 2 7 z3 7 z: 7 25
[0.3,0.6] [0.1,05] [0.3,0.7] [0.2,0.6] [0.3,0.6] [02,0.6] [0.4,0.7] [0.1,04] [0.3,0.8 [0.1,0.5]

ws/ Zl 4 Zz 7 23 4 Z4 7 25 4 w4/ Zl 7 zz 4 23 7 24 7 25
[0.3,05] [0.2,0.6] [0.1,04] [0.2,0.8] [0.1,0.5] [0.4,05] [0.1,05] [04,0.7] [0.2,0.6] [0.3,0.8]

w5/ Zl 4 ZZ 7 23 4 24 7 25 4 wé/ Zl 7 ZZ 7 23 7 Z4 7 25
[0.1,0.5] [0.1,0.6] [0.2,0.6] [0.2,0.5] [0.3,0.7] [0.5,09] [0.2,0.6] [0.3,0.8] [0.2,0.5] [0.1,0.6]

w7’ Zl 7 ZZ 7 23 4 Z4 7 25 7 wg/ Zl 7 ZZ 7 ZS 7 Z4 7 ZS

Example 8. Consider two iv-FHSS (]:"i”f}{s,0> and (]:'iz’fés,ﬂ) as in Example 5. The union

of iv-FHSSs (]:'iz’f}is,ﬂ) and (fi”fés, Q) is calculated as follows:

(777 ks, O) U (Fefys, Q) =
0607) [0306] [0506] [0405] [0306]\ (,, 0406 [0205] [0408] [0405] [0507]

wl/ zl 7 ZZ 7 23 7 24 7 ZS 7 2/ Zl 7 ZZ 7 ZS 7 Z4 7 25
[0.4,0.6] [0.1,05] [0.50.7] [0.4,0.6] [0.3,0.6] [0.2,0.6] [0.4,0.7] [0.2,04] [0.4,0.8] [0.2,05]

3/ Zl 7 Zz 7 ZS 4 Z4 7 25 7 w4/ Zl 7 Zz 4 23 7 24 7 ZS
[0.4,0.5] [0.3,0.6] [0.3,04] [0.4,0.8] [0.3,0.5] [0.4,05] [0.3,05] [0.50.7] [0.3,0.6] [0.4,0.8]

ws, 7 2 z3 7 zz Z5 ;| We, z1 2 23/ zz 25
[0.3,05] [0.2,0.6] [0.3,0.6] [0.4,0.5] [0.50.7] [0.7,09] [0.4,0.6] [04,0.8] [0.3,0.5] [0.3,0.6]

w7/ Zl 7 Zz 7 23 4 Z4 7 25 4 WS, Zl 7 22 4 23 7 24 7 25
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Example 9. Consider two iv-FHSS (J:“ iof LS,Q) and (]:“ iof lzqs,Q) as in Example 5. The inter-
section of iv-FHSSs (]:" iof }15, Q) and (]:“ ivf ?{S, Q) is calculated as follows:

(P75, 00) 11 (F75,02) =
[03,04] [0203] [0305] [0205] [0304]) (, [0305] [0204] [0207) [0305] [020¢]

w1,

Z1 4 V) 4 zz 7 z4 7 Z5 4 4 4 4 z 7 z3 4 Z4 4 43
(03,05 [0.1,04] [0.30.6] [0.2,0.6] [0.3,0.5] (02,06] [0.40.6] [0.1,03] [0.3,0.7] [0.1,0.5]
ws, z1 7 Z z3 za Z5 s\ Wy, ./ > / z3 7 s/ Z5
[03,05] [02,0.6] [0.1,04] [0.2,0.6] [0.1,04] (0.405] [0.1,03] [0.40.6] [0.2,0.5] [0.3,0.7] ,
ws, 7 2 z5 z2 Z5 s | We, 1 2 z3 7 zz Z5
[0.1,04] [0.1,05] [0.2,0.6] [0.2,04] [0.3,04] [0.5,09] [0.2,05] [0.3,0.7] [0.2,05] [0.1,04]
77 2 'z’ z3  zz ! zs ;|\ Ws, 21’z 23’z ’  zs
Vze Z.

Example 10. Consider iv-FHSS (]:' iof }{5, Q) as in Example 5. Partial membership of iv-FHSS

(]:"ivf}is, Q) is calculated as follows: [ (]:'i”f}{s, Ql) =

(0406 [0208] [0505] [0.40.6] [0307] 0307 02,08 [0208] [0.40.6] [02,08]
2/ 2 z5 z2 Z5 ;s\ W2, 1 2 z3 7 zz Z5
[0.3,0.7] [0.1,09] [0.3,0.7] [0.2,0.8] [0.3,0.7]

37 7 2 z5 zz Z5 s
[0.3,0.7] [0.2,0.8] [0.1,0.9] [0.2,0.8] [0.1,0.9]
Z1 4 Z2 4 z3 4 z4 7 Z5

01,09 [01,09] [02,08] [0406] [03,07]
Z1 4 ¥4} 4 zz 7 z4 7 Z5 4

w1,
[0.2,0.8] [0.4,0.6] [0.2,0.8] [0.3,0.7] [0.1,0.9]

Z1 4 z2 7 Z3 4 Z4 4 Z5

[0.4,0.6] [0.1,09] [04,0.6] [0.2,0.8] [0.3,0.7] 4
Z1 4 z2 7 z3 4 Z4 4 Z5

0505 [02,08] [0307] [0208] [0.1,09]

4 4 z 7 z3 4 Z4 4 Z5

Wy,

ws, , | We,

w7/
Vz € Z.

ws,

Example 11. Consider iv-FHSS (.7:' iof LS, Q) as in Example 5. Partial non-membership of iv-

FHSS (]:'i”f}is,ﬂ) is as follows: @(]:'iz’f}is,ﬂl) =
0307] [0307] [0406] [0.50.5 [0.40.6] 0505 [0.40.6] [0208] [0.50.5 [0.40.6]

w1, z 7 2 z3 7 zz Z5 ;|\ W2, z1 7 7 z3 7 z: 7 25
[05,0.5] [0.4,0.6] [04,0.6] [0.4,0.6] [0.50.5] [0.4,0.6] [0.4,0.6] [04,0.6] [0.3,0.7] [0.50.5]
ws/ Zl 7 Zz 7 23 7 Z4 7 25 4 w4/ Zl 7 zz 4 23 7 24 7 25
[05,0.5] [0.4,0.6] [0.4,0.6] [0.2,0.8] [0.4,0.6] [05,05] [0.3,0.7] [03,0.7] [0.50.5] [0.3,0.7] 4
w5/ Zl 7 ZZ 7 23 7 24 7 25 7 wé/ Zl 7 ZZ 4 23 7 Z4 7 25
[0.4,0.6] [0.5,0.5] [0.4,0.6] [0.5,0.5] [0.4,0.6] [0.1,09] [0.5,05] [0.3,0.7] [0.50.5] [0.4,0.6]
w7’ Zl 7 ZZ 7 23 7 Z4 7 ZS 7 wg/ Zl 7 ZZ 7 ZS 7 Z4 7 ZS
Vz e Z.

4. Distance Measures between Interval-Valued Fuzzy Hypersoft Sets

In this section, the distance measures of iv-FHSSs are discussed. '
Let (F gg ,€) be an iv-FHSS over Z; then, for each 1 € £ approximate set £ gg (n)

s given by £l (2) = {(Z”‘ﬁ;'?é‘(v)(Z))} where K per ) (2) = [Kleg‘m)(z)"‘ufi%(m(Z)}'

Euclidean distance measure df, ., Hamming distance measure dp,,,, and Hausdorff distance
measure dy,, for two iv-FHSSs are given as follows:

Definition 9. Let Euclidean distance between iv-FHSSs (ﬁivf }{S,A1> and (]ﬁz’f ?{S,A2)
be denoted by

e ((F s ), (F0 s, 02) ) = (5, ce diue (F s (1), F s () ) /)
where d7.,,. ( (]:""Uf}qs, Al), (]:"i”fils, A2>) is given by d7.,. ( (]:"”’f}{s, Al), (fivflzqs,/\z)) =
1
2

1,) ym . N . 1)’
(V) £t ((Kzﬁivfhs<n>(zl) ~iprtyn @)+ (Suparty &) = Kuport () )
such that y € A1 N Ayp.
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Definition 10. Let Hamming distance between iv-FHSSs (ﬁi”f LS,A1> and (.7:" iof i{s,/\z)
be denoted by

dHam((ﬁivf}-IS/Al)r (]:"ivf?{s//\z)) = ((qug Attam (ﬁivf}is(ﬂ),fivf?{s(ﬂ)))/”)
whered, ( (f"ivf}IS,Al), (ﬁivfﬁis,/\z)) is givenbyd}‘{um«]:'i”fhs,/\l), (f—ivflzqs,/h)) -

(1/2) Y (”‘zﬁfvf}qs(w(zi) - "zﬁvf%,m)(zf)‘ + ‘Kuﬁfvfhs<n>(zi) = K i ) () )

such that € A1 N Ap.
Definition 11. Let Hausdorff distance between iv-FHSSs (]:"ivf }{S/Al) and (]:' iof %Js,Az)
be denoted by

dHau((ﬁivf}-IS/Al)r (]:"ivfi(s//\z)) = ((Zneg Hau (J:—ivf}is(’?)f 'f?{s(ﬂ)»/”)

J,—:w
where dy;,, ( (fi”f}is, Al) , (J:"iz’fils, Az)) is given by di; ., ( (.}Eiz’f}ﬁ, Al), (]?ivfils, A2)> =
i)

K z

max; ‘Kszvfbs<n>(zf> = Kior?y () )| [ iorty () () = e

such that n € A1 N Ayp.

5. Proposed Algorithm and Implementation

The following algorithm i.e., Algorithm 1 is developed by using iv-FHSS for
decision making.

Algorithm 1: The assessment of medication effects in Omicron patients (see
Figure 1 for flowchart)

> Start

> Input Stage:

1. Consider Z as universe of discourse.

2. Consider @' as subset of set of parameters.

3. Classify parameters into disjoint parametric valued sets 1,03, ©s.

> Construction Stage:

— 4. Construct ©@ = O X O, X Os.

5. Construct iv-FHSSs (F*f 5, ), (G*f 115, ®)

> Computation Stage A:

6. Compute dEucA = dEuc ( (]:-ifos,®), (gifos, @))

7. Compute dHamA = dHam ((]j—ifoS/ ®)/ (gifoS/ ®))

8. Compute dpjay, = dpau ((F®f ys,®), (G*f s, ©)).

9. Construct iv-FHSSs (H"f 15, ©)

10. Compute dpycy, AHamy and dpau.-

> Output Stage A:

11. If ducy, < dEuc,, AHamg < AHam, 14 Axauy < dHau, hold or if at least two inequalities hold then the
patient is recovering and needs an omicron test. If the test report is negative then stop medication and discharge;
otherwise, go to next stage.

12. If one inequality holds or all inequalities become untrue then change medicine and go to stage I.

> Computation Stage B:

13. Construct iv-FHSSs (J ™/ 5, ©)

14. Compute dpyc., dgame and Ay -

> Output Stage B:

15. If deuce < AEucy, AHame < AHamy and dgaue < dHauy hold or if at least two inequalities hold then the
patient is recovering and needs omicron test. If test report is negative then stop medication and discharge otherwise
repeat medication.

16. If one inequality hold or all inequalities become untrue then change medicine and go to stage L.

> End
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= Partitioning of each
3_ CDns.icIeratiDn of Consideration of set > attribute into disjoint
£ Universal Set ’ of parameters attributive value set
__________________________________________________________ =
2
Censtruction of Cartesian product ]
iV-FHSSS (F,0) | of disjoint atiribuie | ge— =
and (G,8) valued sets E
5 N o
'ﬁ < ¥ o
= U
3w Compute Construction of Compute
o m — |
E & dﬁ'm:-ﬂ Ly amy ¢ dﬁnuﬂ iv-FHSS (H, 8) ey g dﬁamaJ dy aug
=]
s T e
Change medicine, 1 or none .
gotostepl inequalities hold — |=— Check w <
Qeucy = feycy o %
Discharge JF- Negative | gu - 2 or all Arramg < Qrram, 3 =
Omicron , " T
Tast = inequalities

c
o
'ﬁ e}
= 0 Construction of Compute
3_ E: iv-FHS55 'U, a) dﬂachdﬁnchdﬁuuc
Ew
L= B e T Y ==
u
Change medicine, 1 or none Check - @
gotostepl inequalities hold [ Aene, < Aeyeys 2o
i A | =
- am Hamg* = @
Negative = omicron - 2 orall ¢ Bgaus < Quaug o &
Test inequalities hold
Discharge | Change medicine, gotostep 1

Figure 1. Flowchart: treatment of Omicron patient.

5.1. Application

A brief introduction to the outbreak of the Omicron variant is discussed in this section
along with the optimised effect of medication on the treatment of Omicron patients.

5.2. Outbreak of Omicron Variant

The first confirmed case of Omicron [36] was reported in the second week of Novem-
ber last year as per data collected by WHO. Since that time, the distinct proof of the
Omicron variant appeared to quickly spread. A new genomic-arrangement investigation
on 77 infection tests gathered in South Africa in mid-November indicated an alarming
situation, as all the investigated variations were of Omicron [37]. The average number of
cases grew from roughly 300 to 900 daily, and reached the milestone of 2000 in the last
week of November 2021 [38]. Positive cases of this variant escalated so much that WHO
upgraded its category from VM to VC in just two days. Within a short while, this variant
spread to more than 35 nations across Europe, Africa and America. A lot of work is to
be performed on research into how and where this variation initially developed. Among
three major waves of COVID-19 from June 2020 to December 2021, B and < variations are
responsible for two waves in South Africa. Research [38] showed that the spread the of
variant was almost 50% of day-to-day diseases and increased up to 80% for the ¢ variant;
however, in the case of Omicron, the level increased up to 90% in just the last month of
2021. These results show the dominance of Omicron over other variants.
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5.3. Optimised Effect of Medication on Treatment of Omicron Patient

Suppose there are five patients diagnosed with Omicron who form the set of universe
Z = {z1,22,...,25}. Among all the symptoms of Omicron, some symptoms, such as
fever, tiredness, cough and sensory loss, are most common, but there are other symptoms
which are less common in patients, such as rashes on skin, sore throat, irritated eyes,
headache, discolouration of fingers, diarrhoea, aches and pains. A team of health-care
professionals was assigned the duty of collection and interpretation of data. The team
considered only the most common symptoms, so the set of attributes consists of the most
common symptoms, i.e., ©1 = fever, ®, = cough, ©3 = tiredness and ®4 = sensory loss.
Therefore, ¢ = {1, 0,,03,0,4}. A person with a body temperature between 99.5F to
100.4 F is considered to have a low-grade fever. According to U.S. Centers for Disease
Control and Prevention (CDC), a temperature at or above 100.4 F is considered as a high
fever, so ®; = {low fever, high fever } = {61,612}. According to a research by Hsu et
al. [39], 0 to 16 coughs per day were recorded for a healthy individual, whereas above
this range was considered as high coughing, so ®; = {low coughing, high coughing } =
{621,02}. ®3 = {tiredness } = {631}. ®4 = {loss of smell, loss of taste } = {641,6042}. To
construct iv-FHSSs, the cartesian product of disjoint attributive sets is needed. Therefore,
®=®1X®2X®3X®4
_ { (011,021,631, 041), (611,021,031, 642), (611, 022, 031, 041), (011, 622,031, O02), }

(012,021,031, 041), (612,021,031, 642), (612, 022, 631, 0u1), (612, 622,031, 642)  J
= {61,062, 03,064,065, 06,07, 03}

The treatment process of the patients is divided into four stages to evaluate the
stepwise improvement in the patients.

Stage I: Premedication.

Stage II: Phase 1 medication.
Stage III: Phase 2 medication.
Stage IV: Post-medication.

In Stage I, data is collected from patients which shows how they feel and they are
given treatment against the virus for five days. The Omicron test is taken and the same
form is completed by patients whose tests result is positive. In Stage I, patients are treated
again for five days and an Omicron test is taken. The patients having a positive report
of the virus are treated for five days after completing the form. At the end of 15 days, a
final Omicron test is taken and form completed. The patients having a negative test report
at any stage are discharged. All those patients who still have symptoms of the virus are
re-medicated from Stage I. The complete process of treatment is described a follows: A
form was completed by each patient before medication during their treatment which shows
how they feel. According to the information provided by them, iv-FHSS F°f 1;5(®) is
constructed and given as Ff j5(@) = {Ff y5(61), F*f s (62), ..., Fif ys(0s)} with

o 0.6,0.7] 10.2,0.3] [0.5,0.6| [0.4,0.5] [0.3,0.4
Folyy) = {26071, 10203 [0506] 04,03] [03,04)}
Z1 Z) z3 Z4 Z5

]'-was 6,) :{0305 0204]/[0.2,0.8]’[0405 0206}
) 23

fwas (05) = {0305 [0.1, 04]’[0.3,0.6]’[0206 0305}
) Z3

}_waS (0) _{0206 0406],[0.2,0.4],[0307 [0.1,0.5]
) Z3

Fiof s (05) = , ,

{ Z2 23
]__,Ust (06) _{ [0.4, 05 [0.1,0.3] [0.4,0.7] [02 05 [0.3,0.7]

7 7

0305 0206] [0.1,0.4] [0208 0104}
) 23 }
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~ 0.1,0.4| [0.1,0.5] |0.2,0.6] [0.4,0.5] |0.3,0.4
P (e - {12204] 01,03] 02:06) (0403 (0301},
1 Zy z3 Z4 Z5

Fiof e (0g) = { [0.5,0.9] ’ [0.2,0.5], [0.3,0.7] ’ [0.2,0.5] , [0.1,0.4] }
21 27 Z3 Z4 Z5
The iv-FHSS (F*f 5, ®) can also be written as (F%f 5, @)=
0y, [o. 6 07] [o. 2 03] 0. 5 0.6] [0405] [03,04] 0,, [0.3,05] [02,04] [02,08] [0405] [0.2,0.6]

7 7 7 24 7 25 Zl 7 Zz ZS 7 Z4 7 ZS
0 [0. 3 O 5] [0. 1 0 4] 0. 3 0 6] [0.2,0.6] [0.3,0.5] 0 [0.2,0.6] [0.4,0.6] [0.2,04] [0.3,0.7] [0.1,0.5]
3/ 21/ oz ’ za Z5 ’ 4, 1 2 z3 za 7 z5
0 [0.3,0.5] [0.2,0.6] 0. 1 0 4] [0.2,0.8] [0.1,0.4] 0 [0.4,05] [0.1,0.3] [0.4,0.7] [0.2,0.5] [0.3,0.7]
5/ Zl 7 Z 7 a 24 7 ZS 7 6/ Zl 7 Z2 7 23 7 Z4 7 Z5
0 [0.1,04] [0.1,05] 0. 2 0 6] [0.4,0.5] [0.3,0.4] 0 [0.5,09] [0.2,05] [0.3,0.7] [0.2,0.5] [0.1,0.4]
7/ Zl 7 ZZ 7 23 a Z4 7 25 4 8/ Zl 7 ZZ 7 ZS 7 Z4 7 25

After treatment for 5 days, the same form was completed by each patient and in-
formation in the form used for iv-FHSS G™f;5(®), which is given as G/ ;5(@®) =

{G s(61), G s (6a), ..., G s (6g)} with
o 0.3,0.4| [0.3,0.6| [0.3,0.5] [0.2,0.5] [0.3,0.6
0o = {0204, 0306 (03,03 0203 0304]]
Z1 V) Z3 Z4 25
oy 0.4,0.6] |0.2,0.5| [04,0.7 0305 0507
gwaS(QZ) { [ ] [ ], [ ]’ [ }
%) 23

siof 04,06] [0, 05] [0.5,0.7] [0406 [0.3,0.6]
G hs(03) = , ,

23
siof [0.2,0.6] 0407] 0.1,03] [0408 0.2,0.5]
G ys(0y) = , ,

23
iof [0.4,0.5] 0306] [0.3,0.4] [0406 [0.3,0.5]
G hs(6s) = , ,

z3
siof [0.4,0.5] 0305] [0.5,0.6] [0306 [0.4,0.8]
G 1s(0s) = , ,

Z3
siof [0.3,0.5] 0206] 0.3,0.6] [0204 [0.5,0.7]
G hs(67) = , ,

23
iof 07,09 [04, 06] [0.4,0.8] [03 05] [03 0.6]
G hs(6s) = , , ,

Z3 Z4 Z5

The iv-FHSS (G®f 15, ®) can also be written as (G%f 15, ®)=

0 [0.3,0.4] [0.3,0. 6] [0.3,0. 5] [0.2,0.5] [0.3,0.6] 0 [0.4,0.6] [0.2,0.5] [O. 4 0.7] [0.3,0.5] [0.5,0.7]

1, 7 Z2 Z3 2z 7 Z5 ’ 2s z1 2/ s z: Z5
[0.4,0.6] [0.1,05] [0.50.7] [0.4,0.6] 0. 3 0.6] [0.2,0.6] [0.4,0.7] [0. 1 0 3] [0. 4 0.8] [0.2,0.5]

3/ Z.l 7 Zz 7 23 4 Z4 7 7 7 Z] 7 ZZ 7 7 25
[04,0.5] [0.3,0.6] [0.3,04] [0.4,0.6] 0. 3 0 5] [0.405] [0.3,05] [O. 5 0.6] [0. 3 0 6] [04,0.8]

6

5/ Zl 7 ZZ 7 23 7 Z4 7 25 7 7 Zl 7 zz 4 Zs 7 24 7 ZS

[0.3,0.5] [0.2,0.6] [0.3,0.6] [0.2,04] [0.5,0.7] 0. [0.7,09] [0.4,0.6] [04,0.8] [0.3,05] [0.3,0.6]
4 7

Z1 4 Z2 4 z3 4 Z4 4 5 4 Z1 4 Z2 4 zZ3 4 Z4 4 Z5
Euclidean, Hamming and Hausdorff distances are measured.
Euclidean distance between iv-FHSS (F%f 5, ®) and iv-FHSS (§°f 15, ®) can be
calculated as:

fuc ((Fus,01), (6 s, 01) ) = 0.6820,
fuc ((Fus,02), (% s, 02) ) = 0.4406,
Fuc ((F s, 05 ), (6 s, 05) ) = 03825,
Fuc ((F s, 0), (6% s, 04) ) = 02414,
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Fuc ((F s, 05 ), (% 11s, 05) ) = 04532,
Fuc ((F s, 06 ), (" s, 86 ) ) = 03506,
fuc ((Fus,07), (6 s, 07) ) = 05246,
Fuc ((F s, 05 ), (6 115, 05) ) = 04739,

SO

due, = d,gm(<ﬁivf Hs,@), (g”ivf HS,@)) — 0.4436

Hamming distance and Hausdorff distance can be calculated in a similar way, as follows:
dHamA = dHam ( (ﬁifoS/ ®) ’ (gwaS/ ) ) = 0-5625,

dHauA = dHﬂu((]:—ifoS/ ®)/ (giUfHS/®)) = 0.2250

The Omicron test is taken. Patients with a negative test report are discharged. Patients with a
positive test report are medicated for five more days. After treatment of five more days, the same
form was completed by each patient and information in the form used for iv-FHSS H*f 1;5(®),
which is given as ﬁifos (@) = {ﬁifos (91 ), ﬁifoS (92), ey ﬁiUst (98)} with

i 4, .3,0. 4,0. 4,0.
waHs(Gl):{[O:%OS]/[O 06},[03'05],[0 ,06],[0 ,05]},
Z2 Z3 Z4 Z5
ivf [0.3, 05 [04, 06} [0.3,0.6] [0.4, 05] [04 07]
H ys(62) = , ,
%S 1(05) :{0305 0306}/[0.6,0.8]/[0306 0507}
z3
%S s (64) = {0407 0308},[0.3,0.5],[0507 0306}
Z3
waHS (65) :{0306 0206}’[0.2,0.4]/[0306 [0.1, 04}
Z3
waHs (6) = {0305 0405},[0.3,0.4]1[0305 0508}
Z3
,waHs 67 _{0406 0305},[0.5,0.7],[0305 0407}
z3
ivf [0.5, 07 [0.3, 05} [0.3,0.5] [0.4, 06] [0.4,0.8]
H™ 15 (0s) = , ,
Z3 24 Zs5

The iv-FHSS (waHs,@) can also be written as (H%f 15, ®)=
g, 10305] 406 [0305] [0406] [0405]) (p [0305] [0406] [0306] [0405] [0407]

Z1 4 Zn 4 Z3 4 Zy4 4 Z5 4 Z1 4 Zo 4 z3 4 Z4 4 Z5
63 [0.3,0.5] [0.3,0.6] 0. 6 0 8] 10.3,0.6] [0.5,0.7] 04 [0.4,0.7] [0.3,0.8] [0.3,0.5 [0.50.7] [0.3,0.6]
7Tz T zp r Tz 7z ’ 7Tz 7T zp 7 z3 7 z4 7 z3
95 [0.3,0.6] [0.2,0.6] 0. 2 0 4] [0.3,0.6] [0.1,0.4] 96 [0.3,0.5] [0.4,05] [0.3,04] [0.3,0.5] [0. 5 0.8]
7Tz vz 7 z3 7 zg ! 1z ’ 7Tzt 2z 7 z3 ! zg
0 [0.4,0.6] [0.3,05] [0.5,0.7] [0.3,0.5 [0.4,0.7] 0 [0.5,0.7] [0.3,05] [0.3,05] [0.4,0.6] 0. 4 0 8]
77 2 7 zp 7 z3 2z Z5 ’ 8/ 2 2 z3 / 2z /  z3

Euclidean, Hamming and Hausdorff distances are measured.
dEucB = dEuc ( (gifoS/ @>r (ﬁifoS/ ®)) = 0.3896,

Atiamy = AHam ((g”’”f Hs,@), ('H“’f Hs,@)) — 050625,
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Ao = drian ( (G 1s,©), (F 15, ©) ) = 0.2125,

The decrease in distance measure shows improvement of patient’s health. An Omicron test
is taken. Patients having a negative test report are discharged. Patients having a positive test
report are medicated for five more days. After treatment of five more days, the same form was
completed by each patient and the information in the form of iv-FHSS 77/ ;5 (@) is constructed,
which is given as 7/ j5(0®) = { T 15(01), T 1s(62), ..., T 1s(6s)} with

Fot (o) — 104.05] [05,06] 05,06 [04,05] 04,05
HS\Y1) — 71 ’ Z ’ Z3 7 4 ’ Zs 7
iof _ {[04,05] [05,0.6] [05,06] [04 05] (05,07
T 1s(62) { P
riof _ [[04,0.6] [04,06] [0.6,08] [0 3,06] 05,07
T 1s(03) { o oz
y 0.6,0.7] [0.6,0.8] [0.4,0.5] [0 6,07] 05,06]
ivf 0,) = [
T 1s(04) { e
ot _ {[05,06] [0.4,06] [03,05] [04 06] [03,04]
I 1s(05) { o 2 2
iof _ {[04,05] [04,05] [03,04] [04 05] [06,08]
T 1s(06) { A
y 0.5,0.6] [0.4,0.5] [0.5,0.6] [04 05] [05,07]
ivf 0,) = [
T 1s(07) { e
. 06,07] [04,05] [04,05] [05,06] [06,07]
ivf 0.) = [
J" s (0s) { n oz | =
The iv-FHSS (77 5, ©) can also be written as (77 i, ©)=
0., [0405] [05,0.6] [05,0.6] [0405] 0405 (g [0405] [0506] [05,0.6] [0.4,05] [0507]
0s, [0406] [0.4,%).6] [0.6,30.8] [0306] [0.5,50.7] o, [0607] [0608] [0.4,30.5] [0.6:).7] [0506]
0s, [052106] [0.42,%).6] [0.32,30.5] [0406] [0.322).4] 0, [0405] [01205] [0.32,?).4] [0.42,%).5] [062508]
0, [05?106] [0.42,20‘5] [0‘52,30‘6] [042405] [0.52,50‘7] s, [062107] [05205] [0.42,30.5] [0.52,%)‘6] [0607]

Euchdean Hamming and Hausdorff distances are measured.
dEucC = dEuc((?:[ifoS/ > (jw HS/ )) = 0.27765,
dHame = dHam<<7:[ifoSr ) (J“’ HS» )) = 0.29375,

dHauC = dHau(<7:[ifoSr ) (jw HS/, )) = 0.1750

The decrease in distance measure shows the improvement in a patient’s health. An Omicron
test is taken. Patients having a negative test report are discharged. For patients having a
positive test report, the process of medication is started from phase 1.

5.4. Discussion

Figures 2 and 3 demonstrate the distance measures. Euclidean distance, Hamming
distance and Hausdorff distance; all show a decline in value, which indicates the health
improvement of patients. These graphs actually display the step-wise treatment of patients.
The similar behaviour of all distance measures clearly indicates that the treatment of
Omicron patients is going well.



Bioengineering 2022, 9, 706

15 of 17

Distance Measures
08 dEuc‘q
\dgugg
a5
drama \
04 e ———
v dHamg
“ d
a a3 Eucp
E - dHau dHamc
= & dHBﬂB
0.2
dHauc
01
a
— After 10 days of After 15 days of
After 5 days of Medication Medication Medication
Euclidean distance 0.4436 0.3896 0.27765
Hamming distance 0.5625 0.50625 0.29375
——— Hausdorff distance 0225 0.2125 0175

Figure 2. Graph: treatment of Omicron patients.

Health improvement of patients

lliness

M Pre Medication (F,8)
___ MPhase | Medication (G,8')
m Phase || Medication (H,B8")

___ mPost Medication (1,8™)

Euclidean Distance \7
Hamming Distance

Hausdroff Distance

Distance measures

Figure 3. Graph: treatment of Omicron patients.

5.5. Comparative Study

The proposed model (iv-FHSS) is more flexible and more general as compared to
existing structures in following manner:
1. If sub-attributes are replaced with attributes, the model will represent iv fs-set.

2. Ifintervals are replaced with fuzzy values, the model will represent fhs-set.
3. If the parametrization tool is neglected with attributive sets instead of disjoint attribu-

tive valued sets, the model will represent iv f-set.

The proposed model is compared with existing models and illustrated in Table 2:

The following abbreviations are used in Table 2

MF = membership function, SAAF = single argument approximate function,
MAAF = multi-argument approximate function, SP = set of parameters, Z = univer-
sal set, P(Z) = power set of universe, C(Z) = collection of fuzzy sets, Z([0,1]) = set of all
sub-intervals of [0,1], CP =Cartesian product of disjoint-attributive-valued sets.
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Table 2. Comparative study.

Author

Structure Function Domain Set Range Set Remarks

Zadeh [3]
Molodtsov[4]
Maiji [5]
Yang et al. [6]
Gorzalczany [7]
Smarandache [17]
Arshad et al.

f-set MF zZ [0,1] Insufficient
s-set SAAF SP P(2) Insufficient
fs-set SAAF SP C(Z) Insufficient
ivfs-set SAAF SP P(2) Insufficient
ivf-set SAAF 2 Z([0,1]) Insufficient

Hypersoft set MAAF CP P(2) Insufficient
Proposed structure MAAF cp P(2)

Sufficient

References

6. Conclusions

In this study, the concept of iv-FHSS was developed and some new operations
such as addition, multiplication, union, intersection, partial membership and partial non-
membership for iv-FHSSs were discussed. Euclidean, Hamming and Hausdorff distances
for iv-FHSS are discussed. A decision-making algorithm with the support of distance
measures based on a real-world application for the treatment of Omicron patients was
discussed. Improvement in health of Omicron patients by three different distance measures
with pictorial representation was also carried out. Future work for multi-argument approx-
imate function under soft set environments may include hybridized study of structures
such as the intuitionistic fuzzy set, neutrosophic set, picture fuzzy set, refined fuzzy set,
and pythagorean fuzzy set with interval-valued fuzzy hypersoft set, and their applications
in decision making.
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