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Correlation Coefficients of Linguistic Neutrosophic Sets and their Mul-
ticriteria Group Decision Making Strategy for Medical Treatment Options
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312000, Zhejiang, P.R. China

Abstract: Background: Owing to Linguistic Neutrosophic Numbers (LNNs) depicted independent-
ly by the truth, indeterminacy, and falsity linguistic variables, they fit in with human thinking and
expressing habits to judgments of complicated objects, such as medical diagnosis and Medical
Treatment Options (MTOs) for patients in clinical medicine. Unfortunately, existing linguistic neu-
trosophic Decision Making (DM) approaches have not been applied in medical DM problems so far.
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102174126659972016662002131 13138 (LNSs) and thelr. ml.lltlcr.lte.rla group DM method to deal with the DM problem of MTQs as a new
complementary in linguistic medical DM problems. Then, an actual example regarding the DM
problem of MTOs is provided to illustrate the applicability of the developed group DM method.

Result: By comparative analysis with existing relative methods in LNN setting, the best MTO for
the patient with verruca plantaris is feasible.

Conclusion: The developed DM method is effective in the DM problem of MTOs with LNN infor-
mation and provides a new way for linguistic medical DM problems.
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1. INTRODUCTION to give accurate assessment values of complicated/ill-defined
problems regarding the expression of qualitative information,
then linguistic variables/term values can effectively depict
qualitative information and customarily accord with human
thinking and expressing habits. Since the language variable
concept was first proposed in 1975 by Zadeh [7], linguistic
information has been used for language DM problems [8-
14]. Then, uncertain linguistic information [15] was applied
to uncertain linguistic DM problems [15-18]. Regarding the
hybrid form of an interval/uncertain language variable and a
single-valued/certain language variable, linguistic cubic in-
formation [19] was utilized for linguistic cubic DM problems
[19-20]. To depict the truth, falsity, indeterminacy linguistic
values independently in real-life situations, Linguistic Neu-
trosophic Numbers (LNNs) [21], Linguistic Refined Neutro-
sophic Sets (LRNSs) [22], and Linguistic Neutrosophic Cu-
bic Numbers (LNCNs) [23] were proposed as the generaliza-
tion of the neutrosophic set theory [24] and used for DM

In inconsistent and indeterminate situations, Smarand-
ache [1] originally gave the definition of the Neutrosophic
Set (NS) that is described independently by truth, falsity,
indeterminacy degrees. Then, Ye [2] introduced the simpli-
fied NS containing single-valued and interval-valued NSs for
the convenience of real applications. Recently, some re-
searchers presented new methods and applications of simpli-
fied NSs, such as shortest path problems in interval-valued
neutrosophic setting [3, 4], energy and spectrum analysis of
interval-valued neutrosophic graph using MATLAB [5], and
a generalized ordered weighted simplified neutrosophic co-
sine similarity measure for Decision Making (DM) [6]. Lin-
guistic DM is an important research topic in the DM theory
and applications. Since human thinking complicated objects
usually imply subjectivity and vagueness, they are difficult
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problems with LNN/LRNS/LNCN information. Since then,
cosine measures, bidirectional projection measures, and cor-
relation coefficients of Linguistic Neutrosophic Sets (LNSs)
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have been used for multicriteria group DM problems with
LNN information [25-28]. Unfortunately, existing linguistic
neutrosophic DM approaches have not been applied in medi-
cal DM problems so far. Then, the LNN multicriteria group
DM method especially suits medical DM problems with
LNN information since medical DM problems commonly
imply inconsistent, incomplete, and indeterminate linguistic
information due to the medical DM complexity. Therefore,
this study proposes two correlation coefficients of LNSs and
their multicriteria group DM method to deal with the DM
problem of medical treatment options (MTOs) as a new
complement in linguistic medical DM problems.

This study is structured as the following framework. Sec-
tion 2 introduces some preliminaries of LNNs. Section 3
proposes two correlation coefficients of LNSs. Section 4
establishes a multicriteria group DM method by using the
proposed correlation coefficients in the LNN setting. In Sec-
tion 5, an illustrative example regarding the DM problem of
MTOs is provided to show the applicability of the proposed
DM method in the LNN setting. Section 6 contains conclu-
sions and further work.

2. SOME PRELIMINARIES OF LNNS

An LNN concept [21] was proposed based on of the
truth, indeterminacy, and falsity linguistic term values g, g.,
gy, which are obtained independently from a specified lin-
guistic term set L = {g, g1, ..., g»} With odd cardinality p+1,

and represented as g = <gt,gu,gv> for g, gu, & € L.

For three LNNs ¢ =<gt,gu,gv>, g =<g’1,gul,gvl>, and
g, =<g1 .2 .8 > in L, Fang and Ye [21] introduced their

operational laws:

(a)
g ®g, = <g,l 18,78, > ®<g,2 8,8, > = <g’ e ,g%> ;
ey
(b)
g1®g2=<gt|5gl,|’gvl>®<g,zagl,zagvz>=<g,l,z;guw%,ngm>;
) Ty T,
© rg=v(g.g.2)=(g g g, ) fory>0
| Al
(d) gy=<g,,g,,,gv>y= g, .8 g for y>0

Set gk=<gtk,guk,gv‘> (k=1,2, .., d) as a group of

LNNs in L, then Fang and Ye [21] introduced the weighted
arithmetic averaging operator of LNNs:

i=1

Vg (D)
LNN -WAA(8,.8,.8)= D B&=( & . & . w8 . .
<”‘PH('-/&J AT [A]>
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where f; € [0, 1] is the weight of g; (i =1, 2, ..., ¢) for

211/3":1 ’

3. CORRELATION COEFFICIENTS BETWEEN LNSS

This section presents two correlation coefficients of
LNSs.

Definition 1. Set two LNSs as G = {gi1, €12, ..., £1n} and
Gz = {821, 822, ---» Qon}, Where g, = <gt1,- 28, ’gvl,-> and

g2j =<gt2j’guzj’gvzj> fOI' gt]j’gulj’gvlje L and
glz_,guz‘,gvz_e L(G=1,2,...,n)are two groups of LNNs.
J J J

Set flgy) = <ty, uy, vig > (k=1,2;j=1,2, ..., n) as a speci-
fied linguistic scale function (transformation function),
which is considered as a vector composed of the three com-
ponents. Then we can propose the two correlation coeffi-
cients between two LNSs G, and G»:

.y
L ! vz P v | >

2 2 2 2 2 2
t|,+u|,+v”+ t2/+u3/+v2,

H.f(g,)—f(gz,)H] 12

R T R T A ) ] @)

.3)

1 e I~ rie)| 1a| =6+, w7 + (0, -0, )
G, (G.G)==Y1- LA N
'( ) n Z[ max (Hf(g\,)H’Hf(gz/)H) n rZ max(\/t‘z/ +uf, + v‘z/ ,\/tzz/ +u§/ + vzzl )

Regarding the properties of the correlation coefficient of
LNSs [28], it is obvious that the proposed correlation coeffi-
cients C1(G1, Gy) and Cy(G4, G») also contains the following
properties:

(@) Ci(G1, Gy) = Ci(Gy, G)) and Cy(Gy, Ga) = Co(Gy, Gy);
(b) Ci(G1, Gr) € [0, 1] and Cx(Gy, Gy) €0, 17;
(C) C](Gl, G2) = Cz(G], Gz) =1 fOI' G1 = Gz.

Proof: The properties (a) and (c) can hold obviously
based on (2) and (3). Hence, we only verify the property (b).

2 2 2
S =1+ =, Y+ (v =,

2 2 2 2 2 2
\/tu tu v+ \/tzj tuy vy,
normalized Euclidean distance, there is the following ine-
quality:

2 2 2

_ S =1+ =, )+ (=, )
2 2 2 2 2 2
\/[u tu vt \/t2j tuy, +v,,

Then, there also exists the following inequality:

(b) Since

=1

2 2 2
3 \/(tu —tzj) + (”1j —u2j) + (VU -V,
2 2 2 2 2 2

max (\/’1,- + u]]. + v]j ,\/tzj + “z‘,- + sz )

Hence, there are C1(G,, G») € [0, 1] and Cy(G4, Gy) € [0, 1]
based on the above inequalities and Egs. (2) and (3).

=

Thus, we complete the proof. []

When the importance of each LNN g; (k=1,2;7=1,2, ...,
n) in Gy and G, is specified by its weight value o; € [0, 1] for
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" a. =1, the two weighted correlation coefficients be-
j=17

tween two LNSs G and G, can be presented as follows:

Crl(Gl’G2)=§a [1 ||f(g]/)_‘f(g2.i)|| ]

2\ [l L@
_N\ : \/(tlf —0,) +(; =1,))" + (v, =)’
D R e merers
2 1(&)- 1))
C,,(G.G,)=Ya,|l1- " . .
2 e )]

B

2 2 2
_\/(tlj_tzj) +(ulj_u2j) +(v1j_v2j)
J

= Ea.
. 2 2 2 2 2 2
7=l max(\/tlj tuy; +vlj,\/t2j +uy; +v2j)

Obviously, the two weighted correlation coefficients
C,1(Gy, Gy) and C,»(Gy, Gy) also contain the following prop-
erties:

(@) Cii(G1, G2) = Cy1(Ga, Gy) and C2(G1, Gr) = Cyuo( G,
G1);

(b) CWI(Gla GZ) € [07 1] and CW2(G15 GZ) € [07 1]9
(C) CWl(Gl, Gz) = sz(Gl, Gz) =1 fOI' G1 = Gz.

4. MULTICRITERIA GROUP DM METHOD RE-
GARDING THE WEIGHTED CORRELATION COEF-
FICIENTS OF LNSS

In the LNN environment, this section proposes a mul-
ticriteria group DM method based on the weighted correla-
tion coefficients of LNSs.

Regarding a multicriteria group DM problem in LNN set-
ting, there is the set of alternatives H = {hy, h, ..., h,} to be
assessed on the basis of the criteria set £ = {ey, e, ..., €,}.
Then, the set of g decision makers are denoted by D = {d|,
dy, ..., dg}. Thus, the i-th decision maker d; gives the suitable
assessments of each alternative A, (k= 1, 2, ..., m) over each
criterion ¢; (j = 1, 2, ..., n) and his/her assessment values are

presented by an LNS G, ={g ,g,,,..g,, }, where

g]: =< gi ,gi ,gi > is an LNN obtained from the speci-
iy tk/. Uy Vi

fied linguistic term set L = {go, g1, ..., &y for

g .g g ELG(=12..,¢j=1,2 .,nk=12
tAj uAj V](/

..., m). Thus, the i-th decision matrix of LNNs G' = ( g;g)

i=1,2, ..., q) can be established in LNN setting.
q

In the multicriteria group DM problem, set the weight
vector of criteria as @ = (ay, o, ..., a,) with o € [0, 1] and

En ey =1 to indicate the importance of criteria e; (j = 1, 2,
-
..., n), and then set the weight vector of decision makers as 8

= (B, P ..., B,) with B € [0, 1] and E‘; B =1 to indicate

the importance of decision makers &; (i = 1, 2, ..., q).

Zhao and Ye

Thus, the multicriteria group DM method using the
weighted correlation coefficients of LNSs can be applied to
the multicriteria group DM problem and presented by the
following decision steps:

Step 1: By Eq. (1), an
8,=<g, .8, -8, > Is yielded by the weighted aggregation

aggregated LNN

formula:

(6)

g
1 2 q i
gk/=LNN—WAA(gH,gM,...,vk’/)=Eﬁ,gk/= g
i=1 —p

Then, the aggregated matrix of LNNs is constructed as
follows:

Gl & 8n ' 8
G= Gz | 8u 8»n 7 &
Gm gml ng T gmn

Step 2: In terms of the concept of an ideal solu-
tion/alternative, the ideal solution obtained from the aggre-
gated matrix G is G ={g.g,...g.},  Where
g,=<g,,8,.8,. >=< max(g, ),min(g, ),min(g, )> (¢ = 1, 2,
won k=1,2,...,m)is an ideal LNN.

Step 3: By Eq. (4) or Eq. (5), the weightgd correlation
coefficient between G, (k= 1, 2, ..., m) and G for A is cal-
culated by the following formula:

C,(G.G)= zaj 1
£

YUy =) =)+, =) ) (7)

- 2 2 2 *\2 *\2 *\2
Ji g vy + @)+ @) + ()

or

(G G*)=2a . =0 + @y~ + (v, =viy |- (8)
w2 \ Yk j > 2 ~ 0
= max(\/t,fj +uy +v:f ,\/(tj)' + (u’_)2 + (vj)z )

Step 4: All alternatives 4, (k = 1, 2, e m) are rankgd
corresponding to the values of C,, (G, G) or Cy(Gi, G),
and then the best one is selected according to the biggest
value.

Step 5: End.

4. An Illustrative Example Regarding the DM Prob-
lem of MTOs

In order to effectively cure some disease for a patient in
clinical medicine, physicians usually need to obtain the best
medical treatment option (MTO) among potential MTOs for
the patient, which is a medical DM problem. Then, a suitable
MTO given by a physician may be difficult owing to various
factors, such as treatment effect, cost, and side effects for a
patient. However, the DM problem of MTOs usually implies
inconsistent, incomplete, and indeterminate linguistic evalua-
tion information, along with truth, falsity, indeterminacy
linguistic information given by physicians in the treatment
issue of a patient. Thus, the multicriteria group DM method
with LNN information very suits the DM problem of MTOs.
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In this section, the proposed group DM method is applied to
the multicriteria group DM problem of MTOs as an illustra-
tive example to indicate the applicability of the proposed
multicriteria group DM method in the LNN setting.

Considering a DM problem of MTOs for a potential pa-
tient with verruca plantaris, the treatment team of three phy-
sicians, including chief physician (d;), deputy chief physi-
cian (d,), physician (d;), needs to obtain a suitable MTO for
the patient with verruca plantaris. Then, five potential MTOs
(alternatives) are provided by carbon dioxide laser (%), high-
frequency therapeutic instrument (%,), microwave therapeu-
tic instrument (%3), cryotherapy (%4), and apoxesis (%5). The
three physicians will assess them regarding the three re-
quirements (criteria): the probability of a cure (e;), the sever-
ity of some uncertain side effects (e,), and the treatment cost
(e3). To consider the importance of the three criteria and the
three physicians, the weight vector of the three criteria e; (j =
1, 2, 3) is provided by a = (a4, o, az) = (0.4, 0.3, 0.3) and
the weight vector of the three physicians is specified by =
(0.38, 0.34, 0.28), where all the weight values are specified
by decision-makers/experts.

Then, the three physicians are requested to suitably as-
sess these MTOs for the patient with verruca plantaris from
the predefined linguistic term set L = {gy = extremely poor,
g1 = very poor, g, = poor, gs = slightly poor, g4 = fair, g5 =
slightly good, g¢ = good, g7 = very good, gg = extremely
good} for p = 8 in LNN setting, and then they give the fol-
lowing three LNN matrices:

G <88, > <€pLpEs> <8n€p&s>
G, <g00808, > <€pL08s> <888 >
G'=| Gy |=| <€,8,8,> <g,:8,8> <&.8,8,>
G, <8088y > <E:8p& > <L08y8& >
G, <8,84:85> <888, > <888 >
G; <E8,08,> <8,858,> <€p&p& >
G, <g088 > <E€p8s8,> <E€n€p& >
G'=| G |=| <€,8,8> <8:8,8> <E€,8,8>
G <g58:8,> <£.8,8,> <888, >
G? <g8,8,> <£.808> <gn8p& >
G, <088 > <88 > <L0L»& >
G, <g.8,:8,> <8n€p& > <g58,8 >
G=| G |=| <g,,8,8> <€,8,:8,> <€.8,8>
G; <8808 > <£5.8,:8,> <L88,>
G <808, > <888 > <€8p&>

In the DM problem of MTOs, the proposed multicriteria
group DM approach can be depicted by the following deci-
sion procedure:

Step 1: By Eq. (6), the aggregated LNN matrix is yielded
as follows:

Current Chinese Computer Science, 2021, Vol. 1, No. 1 9

G‘ < g(» 3755 ’gz 0000 ’gZ 4208 > < gl (\2I7’g3 m’x‘?l’g43I53 > < g(» ﬂﬂ(tﬂ’gl 6245° gl 6801 >

GZ < g6.3755 ’gl.b245 ’gl 9804 > < g() 7689’g46I4l’g3.5523 > < g4 634I’g2.3522’gl.3195 >

G = GJ = < g4v3}07’g1 QIUS’gl 3195 > < g4 634I’gl 3195’g4.7043 > < g7 DOUO’gIvOOUU’ng‘)XM >

G4 < g(x 1654 ’gl 6245 ‘gW 9105 > < gZ (‘ZI7"gZ U(l”()"gl 6245 > < g4 (viAl’gZ U(m()’gA 7043 >

G5 <g29700’g33659’g35523 > <g7onno’g4e141’g29804 > <g(»4843’g1 5245’g3630I >
Step 2: Corresponding to the ideal LNN

g,=<g,.8,.8, >=<max(g, ).min(g, ).min(g, )> (¢ =1, 2,

3;k=1,2,3,4,5), the ideal solution (the ideal LNS) ob-
tained from the aggregated LNN matrix G is given as fol-
lows:

o ot ot 1.
G {g, ’gz’gs} {< &63755281.62452 813195 7= &7.0000° 8131952816245 7> 87.0000° E1.0000° 81 3195 S

Step 3: By Eq. (7) or Eq. (8), the values of the correla-
tion coefficient between G (k= 1, 2, 3, 4, 5) and G* are giv-
en below:

Cu(G1, G) = 0.7749, Ca(Ga, G') = 0.8138, C,1(G3, G)
=0.8072, C,,1((Gs, G7) = 0.7606, and C,,1(Gs, G) = 0.7428;

_or Ca(Gy, G') = 05725, Cua(Ga, G') = 0.6609, C,io(Gs,
G') = 0.6417, C,x(Gs, G7) = 0.5929, and C,o(Gs, G') =
0.5215.

Step 4: Corresponding to these correlation coefficient
values, all the alternatives are ranked as A, > hy > hy > hy > hs
or i, > h3 > hy > hy > hs. Hence, the best MTO with the big-
gest value is 4, (high frequency therapeutic instrument).

Obviously, the two ranking orders indicate a little differ-
ence between 4 and A4 corresponding to different correlation
coefficients, then their best MTO indicates the same result 4,
(high-frequency therapeutic instrument) for the patient with
verruca plantaris.

In practical applications, however, the different correla-
tion coefficients may result in the different ranking orders,
then the physicians may select some correlation coefficient
depending on their preference and/or medical treatment re-
quirements.

5. COMPARATIVE ANALYSIS WITH EXISTING
RELATIVE METHODS

For the comparative convenience in LNS setting, we in-
troduced the two weighted correlation coefficients of LNSs
from [28]:

E” a(tt +uu +v.v)
* =l Nk K J K (9)
R,(G,G )= " 2 21 5 n e 2 2 ’
IS @ wi ) [S )+ + 057
R (G G*)— Ej=1a,/(tk/t/+ukyu/+vk/vf (10)
w2N Tk -

" 2 2 2 " *\2 *\2 *\2
maX{E/_zlaj(tkj+uk/_+v,q_),z/=la/_[(tj) +(u/_) +(vj) ]}

By Egs. (9) and (10), we obtain the values of the correla-
tion coefficients between G, (k =1, 2, 3, 4, 5) and G and
indicate all the decision results in Table 1.

In Table 1, the ranking orders of the proposed two corre-
lation coefficients in this study and the correlation coeffi-
cients in another study [28] indicate their difference, which
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Table 1. Decision results regarding various correlation coefficients between G, and G
Correlation Coefficient Correlation Coefficient Value Ranking Order The Best MTO
Ru(Gi, G7) [28] 0.8627, 0.9238, 0.9214, 0.8733, 0.8732 hy > hy > hy> hs > Iy hy
Ruo(Gi, G7) [28] 0.8390, 0.8787, 0.8373, 0.7299, 0.8254 hy > hy > hy> hs > hy hy
Ci(Gi, G) 0.7749, 0.8138, 0.8072, 0.7606, 0.7428 hy > hy > hy> hy > hs hy
Ca(Gi, G) 0.5725, 0.6609, 0.6417, 0.5929, 0.5215 hy > hy > hy> hy > hs hy
shows that ranking orders depend on different correlation ACKNOWLEDGEMENTS

coefficients. However, the best MTO among all ranking or-
ders is hy (high frequency therapeutic instrument) for the
patient with verruca plantaris, which can be used for physi-
cians’ medical treatment. Obviously, the proposed group DM
method is feasible and suitable since the same decision result
is obtained from all correlation coefficients.

CONCLUSION

This study first proposed two correlation coefficients of
LNSs as a new complement. Then a multicriteria group DM
method was presented by using the weighted correlation co-
efficients. An illustrative example regarding the DM prob-
lem of MTOs was provided to demonstrate the applicability
of the proposed multicriteria group DM approach in the LNN
setting. By comparative analysis with existing relative meth-
ods using correlation coefficients in the LNN setting, the
developed DM method is effective in the DM problem of
MTOs with LNN information and provides a new way for
linguistic medical DM problems. In the next work, we shall
further use the proposed correlation coefficients for medical
image processing and medical clustering analysis in the LNN
setting.
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