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Abstract

Recent time uncertainty analysis and its characterization become more complex due to
dark data sets. It became more crucial in the case of the education sector where large
number of dark data set generated related to measuring student performance. This
becomes more complex while dealing with linguistic information and its significance in
case of student performance measurement. One of the reason is that these types of data
is based on human quantum Turiyam consciousness and some time in unconsciousness
way. To deal with these types of dark data generated in unconscious way this paper try
to introduce the linguistic Quadripartitioned single-valued neutrosophic set (LQSVNS).
It defines each object of the universe by four independent linguistic variables known as
truth, contradiction, unknown, and false linguistic variables. Same time some operations
and properties based on LQSVNNSs are extensively studied in this paper using a

combination of soft set (SS) known as the linguistic Quadripartitioned single-valued
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neutrosophic soft set (LQSVNSS). Moreover, a distance similarity measured-based
model under the LQSVNSSs is investigated with an illustrative example of the

education sector.

Keywords: Big data; Four Valued Data; Linguistic Quadripartitioned single-valued

neutrosophic set; Quadripartitioned single-valued neutrosophic set; Turiyam set

1. Introduction

The last decade most of the researchers paid attention towards computing with words
and its vagueness. To deal with this problem the algebra of Fuzzy Set (FS) (Zadeh,
1965) is introduced with the aid of the truth-grade function(z)and its membership value
defined inl0.1]. Atanassov et al. (Atanassov & Stoeva, 1986) initiated an intuitionistic
fuzzy set (IFS) to represent the acceptance and the rejection part via dependent true and
false membership values x and v respectively via inequality 0 = x+v < 1. The problem
arises with IFS also in case u + v = 1 or they are independent of each other. To solve this
issue, Pythagorean fuzzy sets (PFSs) (Yager, 2013), g-rung orthopair fuzzy sets (g-
ROFSs) (Yager, 2016) are introduced. In a PFS and a g-ROFS the true(x) and false (v)
membership grades of a particular element are restricted with conditions 0 = g*+v? = 1
and 0 = u¥+v% = 1respectively with its various applications (Garg, 2016; Thao, 2020;

Xiao & Ding, 2019; Ejegwa, 2020).

The problem arises when the hesitant part of IFS become independent of true and false
membership values. To deal with this type of indeterminacy Single-valued
Neutrosophic set (SVNS) introduced Smarandache (Smarandache, 2005; Wang,
Smarandache, Zhang & Sunderraman, 2010). It is applied in various fields (Broumi et

al. 2023; Caballero & Broumi 2023; Sivasankar & Broumi 2023). The other way to
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make a decision through the application of NST. One is to use neutrosophic rough sets
(Broumi et al., 2014; Salama & Broumi, 2014) and the other is to use aggregation
operators. To extend neutrosophic set to MCDA problems, Bao and Yang (2017)
proposed a model integrating single valued neutrosophic refined sets with rough sets
while Bo et al. (2018) utilized multi-granulation neutrosophic rough sets. Moreover,
many mixed models with NST have been proposed, such as n-dimension single valued
neutrosophic refined rough sets (Yang et al., 2017; Zhao & Zhang, 2018a) and hesitant
neutrosophic rough sets (Zhao & Zhang, 2018b, 2020). In addition, there is a combined
ITARA with TOPSIS-AL approach based neutrosophic sets for risk assessment of

university sustainability (Lin & Lo, 2023). The problem arises while dealing with

contradictory, unknown, ambiguous, or computing its complement as discussed by
Belnap (Belnap Jr, 1977). It can be useful to encounter contradictory facts, human super
consciousness, and solve various machine intelligence problems based on human
cognitive intelligence. Due to this, the SVNS is extended as Quadripartitioned single-
valued neutrosophic set (QSVNS) (Chatterjee et al. 2016 a, b). It can represent the
dependent data set and its membership via n-valued refined neutrosophic set
(Smarandache, 2013) which give several authors to study QSVNS (Roy, Lee, Pal &
Samanta, 2020; Mohanasundari & Mohana, 2020; Mohan & Krishnaswamy, 2020a;
Sinha & Majumdar, 2020) and its hybrid model (Mohan & Krishnaswamy, 2020b;
Kamaci, 2021; Sinha, Majumdar & Broumi, 2022). It becomes more useful when soft
set (SS) (Molodtsov, 1999) theory is connected with this logic. The reason is soft set
offers a more general framework to present uncertainty without any restriction. The
hybridization with soft set utilizes in many areas such as decision-making problems

(Maji, Roy & Biswas, 2002; Kong, Wang & Wu, 2011), medical diagnosis
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(Muthukumar & Krishnan, 2016; Xiao, 2018), etc. Moreover, a combination of SS and
QSVNS provides a new theoretical concept known as quadripartitioned single-valued
neutrosophic soft set (QSVNSS) that can be viewed as a special type of
quadripartitioned neutrosophic soft set (QNSS) (Radha, Mary & Smarandache, 2021).
This set is utilized successfully in case of uncertainty measurement in interval-valued
possibility QSVNSS (Chatterjee et al. 2016b), and topological space based on QNSS
(Kumar & Mary, 2021). This current paper focused on Quadripartitioned single-valued

neutrosophic soft set (LQSVNSS) for dealing with the qualitative data.

However, dealing with qualitative data required human consciousness for the precise
representation of contradictory events. Sometimes it can be represented via linguistic
variables in the case of known objects or dependent variables. For example, small, very
small, almost small, not small, quite small, not very small, etc. The linguistic setting is a
very popular and interesting topic to measure the uncertainty that arises due to human
thoughts. In the research article (Zadeh, 1975), Zadeh first introduced the concept of

linguistic variables in approximate reasoning. According to him, a linguistic variable is
characterized by a quintuple(Z. T3}, U. 5. 2, where I is a variable, T(J) is the term set

of 3, U is a set of the universe, g is a rule that generates T(J), and A'is a semantic rule
associated with a linguistic value. Liu et al. (liu & Zhang, 2010) utilized the risk-based
linguistic variable in MADM. Herrera et al. (Herrera & Herrera-Viedma, 2000)
presented a linguistic decision analysis to solve the decision problem. Xu (Xu, 2004)
proposed the linguistic aggregate operators for group decision-making. A fuzzy set-
based linguistic value is proposed in (Dohnal, 1983; Bonissone, 1980). Zhang (Zhang,
2014) introduced the linguistic intuitionistic fuzzy set (LIFS) that is characterized by

linguistic membership and non-membership degrees. Garg et al. (Garg & Kumar, 2018)
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presented some aggregate operators on LIFSs in GDM. He also presented the linguistic
Pythagorean fuzzy set (LPFS) (Garg, 2018) to address uncertain linguistic information
in a better way. Also, g-rung orthopair fuzzy sets are based on linguistic information
studied in (Lin, Li & Chen, 2020; Akram, Naz, Edalatpanah & Mehreen, 2021; Liu &
Liu, 2019; Wang, Ju & Liu, 2019). The fusion of neutrosophic set and its hybrids with
linguistic set resulted in linguistic neutrosophic sets (LNSs) in MCDM (Li, Zhang &
Wang, 2017), interval complex neutrosophic sets under linguistic information (Dat,
Thong, Ali, Smarandache, Abdel-Basset & Long, 2019), multi-objective linguistic
neutrosophic matrix games (Bhaumik, Roy & Weber, 2021). Kamaci (Kamaci, 2021)
initiate the linguistic single-valued neutrosophic soft set (LSVNS) and proposed a game

theory model via the TOPSIS technique.

Some other methods are proposed for dealing the human cognition (Singh, 2021) in
case of unknown or undefined impossible objects using human quantum Turiyam
cognition (Singh, 2022a). It represents the qualitative data based on four dimensions
whereas the fourth dimension is represented by Human Turiyam consciousness. It is
independent of true, false, uncertain, or contradictory membership values of the given
event (Singh, 2022b). It is based on time-based measurement, human
superconsciousness, or quantum cognition distinct from any of the available set as
discussed in Singh (2023c). It represents the error measured in dark data sets due to
human consciousness rather than unconsciousness value of Quadripartitioned set. It can
be represented via the Turiyam matrix (Ani, Mashadi & Gemawati, 2023) for precise
analysis of knowledge-processing tasks based on the Turiyam relation (Ganati,
Srinivasa Rao Repalle & Ashebo, 2023) and its graph (Ganati, Srinivasa, Ashebo &

Amini, 2023). It gives a way to represent the data set based on human quantum
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cognition (Singh, 2023a,b,c) for dealing the self-driving cars (Said et al., 2022), robotics
(Silva, 2022) or mathematical exploration in school teaching (Singh 2023b). The
problem arises when data sets and their uncertainty are represented without human
cognition beyond the three polar spaces (Singh, 2023c; Siraj, Naeem & Said, 2023;
Naeem & Divvaz, 2023; Naeem, Riaz & Karaaslan, 2021; Naeem, Riaz & Afzal, 2019;
Siraj, Fatima, Afzal, Naeem & Karaaslan, 2022). It requires a new set theory for dealing
the qualitative data sets contain static uncertainty rather than involvement of human
consciousness (Singh 2023b). To achieve this goal, the current paper focused on dealing
with uncertainty in known qualitative data and its refinement using linguistic single-

valued neutrosophic soft set (LSVNS) rather than human consciousness.

Table 1 gives an overview and distinction among each of the available approaches.

Other parts of the paper are organized as follows: Section 2 provides a brief background
about the mathematical concepts. Section 3 provides the basis of weighted aggregation
for the proposed method and its illustration. In Section 4, LQSVNSSs and their
properties are executed. Application of the present study is briefly discussed in Section

5. Section 6 contains the conclusion followed by acknowledgment and references.

2. Basic Mathematical Concepts
In this section, some basic concepts are reviewed to ease the discussion in the

subsequent sections:

2.1 Linguistic Term Set (LTS)
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Definition 2.1 (Zadeh, 1975) Let & = {5, 5, 5, ......5,, be a finite linguistic term set with

cardinalityz + 1 whereg is a positive integer. Also, we considers,, as a possible value of

a linguistic variable. Then the LTS must satisfy the following properties:

(1) 5w = Sy4 mznang 5v = 5 7 meq (Order relation)

(ii) neg (5. ) = s, where m + n = » (negation)

This concept is based on discrete LTS. To extend this concept to continuous LTS, see

the next definition.

Definition 2.2 (Xu, 2004) Let & = {s;5; 5, ..., 5., be a finite linguistic term set with
cardinalityz + 1whereg is a positive integer. Then, S ;1 = {5 :50 = 5 = 5, e } 1S S2ID

to be a continuous LTS forz.

2.2 Single-Valued Neutrosophic Set (SVNS)

Definition 2.3 (Smarandache, 2005) A single-valued neutrosophic set (SVNS) H over £

is defined as
H = {45 < pople) Ornlen), Vaglen =):4; € L} Where poe P a0 Vi € [0.1]represent the degrees
of truth, indeterminacy, and falsity memberships respectively

W|thﬂ = Il'.rl_.."c'.]-ﬁ-.-."" e Vo 8] = 3,
HiEi Hisi HiEL

2.3 Linguistic Single-Valued Neutrosophic Set (LSVNS)

Definition 2.4 (Li, Zhang & Wang, 2017) Let & = {s; 5, 5, ......5,, be a finite linguistic

term set with cardinalityz + 1 whereg is a positive integer

aNdSpg ;1 = {5 1% = S = 5y e 3+ 1HENALSVNS gz in L is defined as
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g ={(fu< g, (€. 8., ). 9. (&) =)4; € £} where Fz, (). 2., 08 g. (£) €3y zdenote

the linguistic truth, indeterminacy, and falsity degrees of ¢; € £ respectively such that

0=wdv= pand 0= pu+d+v= 3p,
2.4 Quadripartitioned Single-Valued Neutrosophic Set (QSVNSS)

Definition 2.5 (Chatterjee et al. 2016 ab) A QSVNS ¢ in £ is defined

asd ={{#.=u (8. E"-‘{."f.:'- ':J-Lf‘u..' Ve =) E .E-} where Bl -f,_}{‘-l.:,_ ':J-L"‘L.' Voe) € [0.1] denote the

truth, contradiction, unknown, and falsity membership grades respectively

With 0 = u 0928060 < oren= Voren = 4. IUis distinct from Turiyam where each parameter is

independent and the last dimension is based on human Turiyam consciousness. It means
Turiyam contains two truth values rather than one in QSVNSS. Same time the Liberal
values in Turiyam are independent from true false or uncertainty whereas in
Quadripartitioned Single-Valued Neutrosophic not the same. In this case, this set theory
is helpful in some cases where human quantum cognition is not required. We required
membership value in a partition way for dealing with the contradiction among the

opinion.

2.5 Quadripartitioned Single-Valued Neutrosophic Soft Set (QSVNSS)

Definition 2.6 (Radha, Mary & Smarandache, 2021) Let £ be an initial universe and €
be a set of parameters whered(= @} £ Let (L) signifies the collection of all
Quadripartitioned single-valued neutrosophic sets of£. Then the pair(F,4) is considered

as a QSVNSS over £ where F: & = g( £).

3. Linguistic Quadripartitioned Single-Valued Neutrosophic Set (LQSVNS)
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In this section dealing of linguistic variables which are qualitative is discussed via
LQSVNS. Same time different aggregate operators and distance measures associated
with LQSVNS is also introduced in this section for dealing the linguistic static

uncertainty arises unconsciously.

Definition 3.1 Let & = {5, 5, 5, -..... 55 e @ continuous finite linguistic term set with

cardinalityz + 1 whereg is a positive integer and@p, ;; = {5, :5 < s, =5, me [0,2]].

Then a LQSVNS & in £ is defined as

= {I:-El-, = Elip_ ':-E[j, Elf;__ ':-E[:], Lalst.._ ':-f[:], Els_; ':-El:] 3}:] :-E[ E .E.} Where Elip_ ':-fl':], lflE?._ ':-E[:], E'EE._':-E[:], 'E's; ':-E,_:]
e Sy mdenote the linguistic truth, contradiction, uncertain, and falsity degrees of #; € £

respectively suchthat 0 = wf.{v= pand0 = p+ 7+ { +v < 4p,

In short, & =< B, B B0, > denote the linguistic Quadripartitioned single-valued

neutrosophic number (LQSVNN). Moreover, the set of all LQSVNNS on & is denoted

by H[D,;i:{‘: Ii"s'.J.J'i"s?-.J'E's - as;.!'ﬁsg.!'ﬁs., = E[D__t:': )

it Spr

Example 3.2 Let £ = {#,.£,. 4. £,. 5 } be a set of alternatives and

L]

{50= very senzitive (V5), Si=quite sensitive (5), 52=high sensitive (75),52=very high sensitive (VH5) S4zmediumne, S5 =low (L

}bealTS.

If we consider the following

8 = {( £1, <5 550,50 =),( £2. < 50 50,5551 =),( £2. < 550,505 =), ( £4 < 52515055 =), (

f5. < 555 535 =)}

Then & denotes the LQSVNS overx.



200 Definition 3.3 Let & == B0, 8,0, > € Npg g be a LQSVNN. Then the score function
201  associated to & is defined as

Hsp."'ﬂs?-. ‘Hsg._ai-; Or H+E-i-w

202 UE) = g [-p #l] (1)

203 Definition 3.4 Let 8 ==& .8, 8.,.8: > € Ny, be a LQSVNN. Then the accuracy

204  function associated to & is defined as

Hs__+55?__+35‘.._+3h drE+T+v

205  $lE) =— Or=—=c¢l0.2] (2)

4

206  Definition 3.5 Let &,_ = afp_i,as___ B, B = and &,_ = B, 0 8, B = be two

I A 2 ¥ g
207 LQSVNNs. Based on the score and accuracy function (see Definition 3.3 & 3.4), to

208  compare these two LQSVNNSs, we define the following:

209 &) if U(8,) = U(8,) then &, = &, i.e. 8,is more preferable than &,
210  b)if U(d,) = U(a,)then

911 0 for 5(8,) = 5(8,) .8, = 8,

21y i) for H(8,) = H(B,).8, > &,

213  Example 3.6 Let & = {s,.:5, =5, =5, me [0,7]} bea LTS. Also, we consider
214 By_o51. 555,55 = 8000505450, 5; = B3o052.55, 5,5, =, and 84,5, 5. 52,5 = be LQSVNNS

215  derived from&. By using equation (1), we obtain the following

216 U(8,) = —“!:‘4‘5:-2.5, U(s,) = —"‘*4;:‘!:-0.5, U(8,) = —“E‘;“:l, Us,) = 252y

217  Thus, we rank the numbers as &, = &; = 8, = 8,
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3.1 Operational Laws on LQSVNNs

Definition 3.7 Let &,_ < s, o

LQSVNNSs. Then we have the following laws:

e

a) 8, W 8,-<max (asp_ A8, ), Max (ai____l,as____ 3, min (asf_l,as.
1 2 E 2 :

== § A .. ... _——
i‘T’.I:I[:E.-Ji_s'_J:.)I’ i‘ﬁﬂ-’-’l_f;'i_s:-" J|* mml__sﬁ_-i_st_”r min [:E-_.-i_;.__.:.zl

b) &, @ 8;,-<min (asp_ B, ) min (as____l,as____ 3, max ('f's;.;'-“'s;. 3, max (ag_\l, B,
1 2 s 1 : v ’ .

=< P8 BB
mli’!l:E,ui_s'-J:___.” min| sg I ml:xl.i'i-i-sf-..lr

Tidg, f
¥ &r

y =

)by =8, = EIE'“'L =8, JEL:_.__

(X
i
[
3

e)8,° =<8, .8,

s +Be. .8:, = Where &,“indicates the complement of &..
gy B Bey

Theorem 3.8 If &,_ < B, Do B Do > and 8,_ = 8., B .0

S L

& & R

then
1. (8, wa,)f =8,"ma,"

2. (8, mb,)  =8,"wa,"

-'EIEE. -'EIE-__-.:L = and 8- < E'E'.J. ,EIE;__",EIE._ Jas.,

), min (&, . 8.,

_=betwo

=

=

, EIE_“ = bein H[D_;i

Proof: Considering the Definition 3.7 (a) and (b), we can easily obtain the results.



233 Definition 3.9 Letéd =< be, . 8:.00:,.0: =, 8,0 < asp_i,as__ B, B = and

I B |

234 By <8, .0, .8, .0, > bethree LQSVNNSs inXp,; ,ande = 0. Then the following

235  operational laws are defined in the following:

o) 88 = EIE_. e Ew Sy EI:_ s S 55 I -
236 FaTET oy TR 7
b) 8188, = Oz E..J._'.u_“li?-. sg EIEE. . iz E‘_-._'.Elsniﬁ_h_i., .
237 o F- IR T r . v
238 cleb =< a.tﬂ—plrl—i'"-';'g’ a.ﬂ .tJIi—s 8 I"“ ' r“‘\'%
R v

o= .
239 d)d ::apeu_.f,a o B

) Y
#l7) .t='.v|ri—‘ i p-p(1-2) =

240 Example 3.10

241 Let

& =15, = flop(Fl.s, = average(4),s, = below average(BA),s; = above average(AA), s, =
24y  hit(H).s; = semi hit(SMH),s; = super hit(SPH).s; = blockbuster (BBH), s; = disaster (D)}

243  bealLTS. Let ;. = s5,55.5.5%5 =and 8, _ < s;.5,.5.5 = be two LQSVNNs obtained from

244 & and e = 0.6. Then by using Definition 3.8, we obtain the following:

245 1 8,58,. <@ o 13 Bz, g Bs2 B2 ==<Bggz5 55 015 0,87>

246 2.8, g8, < B3B8, s28, _ 35 =>=<8pzrs Sp Os50a125>

247 3.QEI1 = EIB—BEL—&JID £, EIB—EEL—E:ID g, EIE[%;ID £, lflg[%:lu &

= ==8pg15 8355 Herafygas™

208, =< B4 50 By 06p Bagee =

0=
248 4072 Bypa Byepp Oy oy g

e
o
9—9[1.—;31

249 3.2 Weighted Aggregation Operators of LQSVNNs
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Definition 3.11 Let a,_ < B, Be, O, B >ENpa(G = 1.2,...k)be a class of
FoF YF TR '

LQSVNNSs, and 12, < [0.1]denotes the weight of &,satisfyingZ;_. 1, = 1. Then the

linguistic Quadripartitioned single-valued weighted average aggregation

(LQSVNWAA) operator is defined as
LQSVNWAA (8,, 8,, 85, ...... 8] = Z W, 8,
F=1

== 8 m, 8 e e O Jm 8 EU T2 (3)

BT, s o E T L
P'PH?:illl—?‘*-l:' » p—pl'[;'=1|ll——p“-l:- ’ ﬂH;:ill—le:l ' pH;:il._?zJ

The LQSVNWAA operator satisfies the following properties:

(i) ldempotency: Let &,_ < 8o, Doy 8oy 1B =€ Npgy (4 = 1.2....k)be a collection of

LQSVNNs where &,_#;_8s_......... =8, 8(say), then LOSVNWAA (8,,8,, 8y, ... B;) = 8.

(i) Monotonicity: Let a,_ < B, B, B B, . >E€Npg {(# = 1.2....k}be a collection of
CA I R B | :

LQSVNNSs. Ifs, = &," forj = 1.2,... k, then

LQSVNWAA (8,, 85, 85, ..., 8;) = LOSVNWAA (8, 8,787, v, 87

(iii) Boundedness: Let &,_ < B, Bip 2B Be . € Nppy (7 = 1.2....k)be a collection of
LQSVNNS. If there exists 4~ == min; (aip_ Joming (8, ), max, (3., .:],maxr-(ﬁs_;f)> and
T B r
At =< maxy(8,, ) max,(3;,. ), ming (8, ).min, (3, )> then
) T F r

A~ = LQSVNWAA(S,, 8,,85, ..., 8;) < A7,

Definition 3.12 Let &,_ < B, Bup B . Be,  >E Npp (7 = 1.2.... k)be a class of
A A '

LQSVNNS, and 22, e [0.1]denotes the weight of &,satisfyingZ;., 1, = 1. Then the



268 linguistic Quadripartitioned single-valued weighted geometric aggregation

269  (LQSVNWGA) operator is defined as

LOSVNWAA (8, 85, By, .n.r, By ) = H 8,5
270 #=t

== 8 . L mg B g, e D . ozp o mg D R P (4)
K \ P L i Lo i
eIz =2 . oIl =2 |, p-pll, 12} . _t:l—_t:ll'[;'=1|__1——aJ|
271 \# ] TR T g

272 The way we have defined the properties of the LQSVNWAA operator, in a similar way

273 we can define the properties of the LQSVNWAA operator, so it is not repeated here.

274 3.3 Distance measures between two linguistic Quadripartitioned single-valued

275  neutrosophic numbers

276 Definition 3.13 For any two LQSVNNS &,_ = L S and

I |

277 8,0 <8, .0 .0, 8. = the Hamming distance between them is defined as

|5=p_1—5,-.p_:|+ b,

278 & (E'LE':):

":_1 iy g . _Z (5)

279  Example 3.14 Let 8,=<s; 5, %2, 5, and 8;=<s, 85 5;. 52 be two LQSVNNSs obtained

280  fromxy, 2. Then we obtain their Hamming distance in the following way

281 :'Eh('ﬁL'ﬁ:): I:—2|+|n—5|:|2—:|+I:—2|:2

282 Proposition 3.15 The Hamming distance between two LQSVNNSs &;and &, € ¥y 1S

283  denoted by #; (8, 8:) and it satisfies the following properties:

284  1.0=E(8.8,)=p
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300

301

2. 8,8, & %,(8,8;)=0

3. M (8,8;)= N (8:,8,)

4. If8, <8, <8 ford; € Ny then % (8,8,)< %,(8,8;) and %, (8,8;) < %,(8,82).

Proof.

1. We have

o=lo, -o., |=p o=, -8, |zp o0sz|o, -0, |zpad osls, -8 |=p
Ry TPy 1 ;: £ Ttz 2

Thus,0 = %,(8,8,) = ».

2. If 8,_8, then it is obvious that

8. - EIE'_J_: |:

_ b, — 8 | =5
By i | * 2
Which implies %, (8, 8;) =0.

On the other hand %, (8, ;) =0= B, =8, 8. =0, ,as._l =8, ,and B, =8, i.e
: 1 z " ¥z H "2 ’ )

B, 8.

Thus, 8,.8, < (8, 8;) =0

3. % (8,.8;)= |a='"'1_a"“':|+ H,?___i—ﬂgf__:|+ 55‘.__1—H=€_:|+|H,_ﬁi—ah:
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Itis given that &, = &, = &; which impliesafp_ <8, <0, 8, =8
i 2 2

Elf- = EIEE." 2 EIE:'. ) and IEIE-_,-.:L :—? IEIE-_,-... E EIE-_, 7'

E (8,8;)- % (8,8;)=

5, — 8 8., — .. |+ |8, o, |+[6., —o.
Sury Sy + gy 5oy + iy iy + Sy fg
Els _'ﬁs.. + |'35:.. _as:.. |+ Els-. _as-. |+ 'ﬁsq _'ﬁs.”.
By B g ik | i £y £ ¥ ¥
4
:Hﬂ“'g i'Jl+§ii __z—ﬂi: 1+E!it 1—3&.. 3+Eif__ 1—55_ : _E‘H —55'“ iy, 8, 1+E!$E._1—Ei$‘.. +315_)1—Hs__
4 4
g, . —8, +8,_ —H,_ +8,_ -8, +8 -8
B Ha £, 3 £ e 2
- E] 3 i 2 E U
4

Therefore, %, (8, 8,)= %,(8,8,).

Similarly, we can prove that %, (8, 8:) = %;(8,83).

4. Linguistic Quadripartitioned Single-Valued Neutrosophic Soft Sets

(LQSVNSSs) and their Properties:

In this part, we first give the notion of LQSVNSSs and then study their various

properties and operations on them.

Definition 4.1 Let A be a set of alternatives;, C be a set of criteria,

and& = {5, 5, 5, ...... 5, b€ a continuous finite linguistic term set with cardinalityg + 1.

Then, a LQSVNSS defined on A under C be denoted and defined as
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‘E:'ufi;.__t,]} wherer;.:C — ;‘u‘[!i;.__t,]. Furthermore, we represent it in the

4

TE = {{EJ. 'R'E[Er:]] :EJ.-

= :t;[__r

following manner:

Ye =1ilg la;, < S, 55,05, Sy =) gieg @t . < Su, 55,057, oSy ZE Apg g1

For simplicity, the set of all LQSVNSSs on A under the criteria set¢ and

- l §f
= (50,525 -5, IS denoted byag, %,

Example 4.2 Let us assume thatP = {m », 1= 2, ps } IS a Set of people whose sputum being
collected by a primary health center for diagnostic purposes whenever the given set of
persons have the symptoms represented by the

sets = {s, = cough, s, = chest pain,s; = fever,s, = breathing difficulty],

The linguistic term set is

L ={l, = frequently,l; = always,l; = never,l; = severe,l, = more than one week,l; =
last for & days}

.The qualitative measurement of expert is represented by the following LQSVNSS:

Y=

{{SL {{PL = lylalaly =), 'LrP" <lplylals =), 'LrP" = Iy lplaly =), 'Lr_T-H_ = Iy lplsly =), 'Lr_Ps =

Is 50005 =)]), {5:_{{?1._ <y lplyls }}'Lr}’: < g lplaly :"}{P‘ < g lplzly =), '&’4_ =

I3lz.15.1 :"]s'lr_f-?s_ < lglplsly }}}} {5!_{'&?1_ < Iy lplsls :"}'lr_f-?" < lylplsls 3}}{}’1 =

Il lals =) 'Lr_T-H_ < lplplols >), 'Lr_Ps < lglylady }}}}, {54_ {{PL <lglylsly >), 'LrP" =

2l lg =), 'Lr.P" < Iy by o1y =), 'Lr.T-’4_ < lglalyls =), 'Lr_'Ps <y lylals :"}}}}

For a better understanding the above LQSVNS set can be represented in the following

matrix form given in Table 2 below:

Definition 4.3 Letv*.y* e ;s.f;'_f,:, theny* is an LQSVNS subset of v if 4} = af; for all

i€ {1.2,....ptand j € {1.2......q} and it is denoted byy! Ev2.
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Note: For all i € {1.2......p}and j € {1.2......q} If A} = A% then equality holds.
Proposition 4.4 Lety*.v%.v* e fﬁ;_f,:, then we have the following:
()viEviand YIEY! = ¥v! = ¥?

(ii)y*Ev?and Y2 Ev* = Y1EY?

Proof. The proofs are straight forward.

Definition 4.5 Let v = {(; mgi; 5):¢; Eﬁfb_p]} be a LQSVNSS. Then its complement

G T )

is denoted and defined by ?E:{(Ej-. fg;}*,) FEieg =) Eﬁﬁ,ﬁ; }={(EJ.-_ {la; = )}Zk Eiet &, Mo}

v e

Definition 4.6 Let ¥.* and Y:*be two LQSVNSSs. Then their intersection is denoted and

defined by
YA = {(Ej. g (5 }) P g nfls; e )
= {(E_i'_ .[{.:11._._:5_ ]}j:Ej.El; :B_E:'k[n_p:}
Where 'JILT = TijlﬂTij: fOI‘ i:1,2,. . andjzl,Z,. coIM.

Definition 4.7 Let Y* and Yc*be two LQSVNSSs. Then their union is denoted and

defined by
YUY = (578 (5 )i gje ¢ mpte e Mo
= {(5; 1@ 22 ) greg m Mo 1}

where =} = ¥;;*u¥;® for i=1,2,...,n and j=1,2,....,m.
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5. Applications:

In this section one of the examples of Linguistic Quadripartitioned Single-Valued
Neutrosophic Soft Set for various applications is briefly discussed. It is well known that
this set is independent of human quantum Turiyam cognition (Singh 2023c). It
represents Linguistics and its indeterminacy in four ways as static uncertainty rather
than dynamic or involvement of Human consciousness. Let us suppose a problem
related to India where some of the students demand teaching in the local language. To
solve this issue feedback data is collected. Some of the students agreed for teaching in

the local language u .. € [0.1] denote the truth. Some of the nearby or other state

students contradict the statement that why the local language of my state is near hence

my state language should be consideredz ., e [0.1]. Some of the students from outside

India .,y = [0.1] who came for a degree wanted to take a degree in any language or

were unaware about an issue can be represented via an uncertain degree. The last is
educated or intellectual students disagree that teaching locally is harmful to the career.
We should go for a global language. It can be represented as falsity membership grades.
These types of data sets can be analyzed using the Linguistic Quadripartitioned Single-
Valued Neutrosophic Soft Set. Table 3 represents the Tabular representation where x
represents the number of students (x;) and y represents the number of subjects (¥} and

the Quadripartitioned Single-Valued Neutrosophic (= Iyl;.l2.0; =)relations show their

feedback for teaching in a local language, its contradiction or uncertainty or rejection.
Everyone independently gave their feedback. It will help to analyze the influence of

local language in the university, diversity in the university, weak or strong student
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percentages in the university as well as acceptance of other languages. For more details

see Table 3

We can also compute the Hamming distance to analyze the similarity among feedback
of two departments and their students. In this way, the proposed method helps deal with
these types of data sets where contradiction exists between two or more opinions
beyond the true or false, or uncertainty. However, to explore the unknown or impossible
data that teaching in a multilingual system requires human quantum Turiyam cognition
as discussed by Singh (2023c). The authors will try to focus on exploring this area with

an illustrative example.

6. Conclusions:

This paper focused on dealing with the uncertainty in qualitative data which are known.
To deal with uncertainty in these types of data a Linguistic Quadripartitioned Single-
Valued Neutrosophic Soft Sets (LQSVNSSs) and its weighted aggregation operator are
introduced. The paper introduces some of the basic concepts and examples for dealing
with the education sector data. Shortly, the authors will focus on introducing other

metrics for dealing with these types of data using four-valued logic.
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Fuzzy set Intuitionistic | Neutrosophic Turiyam set Quadripartitioned
fuzzy set set
Data Uncertain Vague Indeterminac Unknown or Uncertain and
y impossible indeterminant
Membership | Single- Dependent Independent Independent and | Independent and
-values valuesfor true | values for | values for | dependent dependent values for
(t) and false | true (t) and | true (t), false | wvalues for true | true (t), false (f),
() false (f) )] (t), false (f), | uncertain(i),
and indetermi | uncertain (i) and | incompleteness (1).
nacy (i) liberation (1).
Range [0, 1] Dependent: Independent Independent Independent case: -4,
[0, 1] case:[-3, 3]" | case:[-4, 4] or | 4]" or Dependent case:
or Dependent case: | 70, 1]*
Dependent o, 17*
case: [0, 1]*
Undefined No No No Yes No
objects
Dynamic No No No Yes No
attribute
Consciousne No No No Yes No
ss utilized
Expert  to | Same Same Same Varies from | Same representation
expert representation representation | expert to expert
Representatio based on their
n consciousness
Application Natural Pattern Image Robotics,  Self- | Qualitative data
Language recognition Processing, | driving cars, | measurement
processing feedback cognitive science

Table 1: The distinction among fuzzy, intuitionistic, neutrosophic, Turiyam and Quadripartitioned
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P1 <yl = <yl lyls = <lylg.lz 15 = <lglylaly =
P2 <lplylsls = <yl 05l = <yl lals = <l b1l =
Pz <L Ll = <l lylyly = <yl = <l Ll ly =
pe <Lyl = <l b0 = < g lp. g ls = <l 005 =
ps <5l = <l .01 = <yl = <y lylzls =

Table 2: Tabular representation of an LQSVNSS

xl L '!1,'!2' l!g, Il = < II,IU'I@' l!z = < 11’10,12, l!z = L '!5,'!4'1"!3'11 =
xy  <lglylsls= <yl la 0y = <yl = o <Ll =
X3 <yl = <llgl.ly > <l = 0 <Ll =
xy,  <Llgll = <yl 05,05 = <lglg.lols=> ... <lhilhluls>
x, <lllly;=> <.l = <yl = 0 <l s>

Table 3: Tabular representation of an LQSVNSS for teaching in Local Language
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