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ABSTRACT ARTICLE HISTORY

In this paper, we shall present some novel Dice similarity meas- Received 24 May 2018
ures of hesitant fuzzy linguistic term sets and the generalized ~ Accepted 2 October 2018
Dice similarity measures of hesitant fuzzy linguistic term sets and
indicate that the Dice similarity measures and asymmetric meas-
ures (projection measures) are the special cases of the generalized
Dice similarity measures in some parameter values. Then, we pro-
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pose the generalized Dice similarity measures-based multiple attri- similarity measures; hesitant

bute decision making models with hesitant fuzzy linguistic term fuzzy linguistic term sets;

sets. Finally, a practical example concerning the evaluation of the asymmetric measures;

quality of movies is given to illustrate the applicability and advan- projection measures; quality

tage of the proposed generalized Dice similarity measures. of movies
Introduction

Multiple attribute decision making problems under linguistic information processing
environment is an interesting research topic having received more and more attention
during the last several years (Beg & Rashid, 2015; Dutta & Guha, 2015; Herrera,
Herrera-Viedma 2000a-b; Herrera, Martinez 2001a-b; Herrera, Martinez, & Sanchez,
2005; Hu, Rao, Zheng, & Huang, 2015; Martinez-Lopez, Rodriguez, R, & Herrera,
2015; Rao, Zheng, Wang, & Xiao, 2016; Wu et al. 2015; Zhang & Chu, 2009; Zhang
& Liu, 2010). Herrera and Martinez (2001a) show 2-tuple linguistic information proc-
essing manner can effectively avoid the loss and distortion of information. Herrera,
Herrera-Viedma (2000a) developed 2-tuple arithmetic average (TAA) operator,
2-tuple weighted average (TWA) operator, 2-tuple ordered weighted average
(TOWA) operator and extended 2-tuple weighted average (ET-WA) operator.
Herrera-Viedma, Martinez, Mata, and Chiclana (2005) proposed the consensus sup-
port system with multi-granular linguistic information. Herrera et al. (2005) presented
the group decision making model for managing non-homogeneous information.
Herrera, Herrera-Viedma, and Martinez (2008) developed the fuzzy linguistic model
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to solve the unbalanced linguistic term sets. Fan, Feng, Sun, and Ou (2009) evaluated
the knowledge management capability of organizations by using a fuzzy linguistic
method. Tai and Chen (2009) evaluated the intellectual capital with linguistic varia-
bles. Wang (2009) selected the agile manufacturing system with 2-tuple fuzzy linguis-
tic information. Fan and Liu (2010) developed the multi-granularity uncertain
linguistic group decision making model. Martinez & Herrera, (2012)gave an overview
on the 2-tuple linguistic model for Computing with Words in Decision Making.
Rodriguez & Martinez,(2013) overviewed the symbolic linguistic computing models
that have been widely used in linguistic decision making to analyze if all of them can
be considered inside of the computing with words paradigm. Liu, Lin, and Wu
(2014) defined the dependent interval 2-tuple linguistic aggregation operators for
multiple attribute group decision making. Xu, Ma, Tao, and Wang (2014) proposed
some models to solve the unacceptable incomplete 2-tuple fuzzy linguistic preference
relations. Estrella, Espinilla, Herrera, and Martinez (2014) proposed a fuzzy linguistic
decision tools enhancement suite based on the 2-tuple linguistic model and exten-
sions. Wang, Wang, Zhang, and Chen (2015) developed the multi-criteria group deci-
sion making method with interval 2-tuple linguistic information and Choquet integral
aggregation operators. Dong and Herrera-Viedma (2015) proposed the consistency-
driven automatic methodology in the linguistic GDM with preference relation. Dutta,
Guha, and Mesiar (2015) solved the heterogeneous relationship among attributes in
multi-expert decision making based on linguistic 2-tuples. Qin and Liu (2016) pro-
posed the 2-tuple linguistic Muirhead mean operators for multiple attribute group
decision making. Zhang, Xu, and Wang (2016) developed the consensus reaching
model for 2-tuple linguistic multiple attribute group decision making with incomplete
weight information. Zhou et al. (2017) studied the performance evaluation of experi-
ment platforms with 2-tuple linguistic information. Yang (2017) proposed the model
for evaluating the visual design quality with 2-tuple linguistic information. Yao and
Khalid (2018) completed 2-tuple linguistic preference relations based on upper bound
condition. Zhao et al. (2018) proposed a new emergency decision support method-
ology based on multi-source knowledge in 2-tuple linguistic model.

The similarity measure is one of the important and useful tools for degree of simi-
larity between objects (Hung, 2012; Hung & Yang, 2004, Hung & Yang, 2007; Li,
Olson, & Zheng, 2007; Liao, Xu, & Zeng, 2014; Liao & Xu, 2015; Liu, 2005;
Rajarajeswari &Uma, 2013; Shi & Ye, 2013; Singh, 2014; Su, Xu, Liu, & Liu, 2015;
Szmidt, 2014; Szmidt & Kacprzyk, 2000; Tian, 2013; Wei et al., 2017a, 2018a; Wei &
Gao, 2018; Wei & Wei, 2018; Xu & Xia, 2010; Ye, 2011, 2016b, 2017). Functions
expressing the degree of similarity of items or sets are used in physical anthropology,
automatic classification, ecology, psychology, citation analysis, information retrieval,
patterns recognition and numerical taxonomy (Ye, 2012a). The degree of similarity or
dissimilarity between the objects under study plays an important role. In vector space,
especially the Jaccard, Dice, and cosine similarity measures (Dice, 1945; Jaccard, 1901;
Salton & McGill, 1987) are often used in information retrieval, citation analysis, and
automatic classification. Therefore, Ye (2012a) proposed the Jaccard, Dice, and
cosine similarity measures between trapezoidal intuitionistic fuzzy numbers (TIFNs)
and applied them to group decision-making problems. Ye (2012b) proposed the
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multi-criteria decision making models by using the Dice similarity measure between
expected intervals of trapezoidal fuzzy numbers. Ye (2012c) investigated the multicri-
teria decision-making method by using the Dice similarity measure based on the
reduct intuitionistic fuzzy sets of IVIFSs. Ye (2014) developed the Dice measures for
simplified neutrosophic sets. Ye (2016a) proposed the generalized Dice measures for
multiple attribute decision making under simplified neutrosophic environments.

However, these Dice similarity measures do not deal with the similarity measures
for hesitant fuzzy linguistic term sets (HFLTSs) directly. Therefore, it is necessary to
extend the Dice measure to HFLTSs to handle patterns recognition, citation analysis,
information retrieval and multiple attribute decision making problems to satisfy the
requirements of decision makers’ preference and flexible decision making. In order to
do so, the main purposes of this paper are: 1) to propose two forms of the Dice
measures of HFLTSs, 2) to present the generalized Dice measures of HFLTSs, and 3)
to develop the generalized Dice measures-multiple attribute decision making
(MADM) methods of HFLTSs. In the MADM process, the main advantage of the
proposed methods is more general and more flexible than existed MADM methods
with HFLTSs to satisfy the practical requirements.

In order to do so, the remainder of this paper is set out as follows. In the next sec-
tion, we introduce some basic concepts related to HFLTSs. In Section 3, we shall pro-
pose some Dice similarity measure and some weighted Dice similarity measure
between HFLTSs. In Section 4, we propose the generalized Dice similarity measures-
based MADM models with HFLTSs in Section 5, an illustrative example is given to
demonstrate the efficiency of the similarity measures for concerning the evaluation of
the quality of movies. Section 6 concludes the paper with some remarks.

Preliminaries

Let S={sjli=—1,...,—1,0,1,...,7} be a linguistic term set with odd cardinality.
Any label,s; represents a possible value for a linguistic variable, and it should satisfy
the following characteristics (Herrera, Martinez & Sanchez, 2005; Herrera &
Martinez, 2000a, 200 b; 2001a-b; Xu, 2004a, 2006):

1. The set is ordered:;>s;, if i>j; (2) Max operator:max(s;,s;) = s;, if s;i > sj; (3)
Min operator: min(s;, sj) = s;, if s; <'s;. For example, S can be defined as

S = {s_3 = extremelypoor,s_, = verypoor,s_; = poor,sy = medium,
s = good, s, = verygood, s; = extremelygood}
Hesitant fuzzy sets, which permit the membership degree of an element to a reference

set represented by several possible values, is a powerful structure in reflecting a deci-
sion maker’s hesitance.

Definition 1 (Torra, 2010). Given a fixed set X, then a hesitant fuzzy sets (HFSs) on
X is in terms of a function that when applied to X returns a subset of [0,1]. A hesi-
tant fuzzy set (HFS) can be expressed the HFS by the mathematical symbol:



ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1501

Hg = {(x, hg(x))|x € X}, (1)

where hg(x) is a set of some values in|0, 1], denoting the possible membership degree
of the element x € X to the set E. For convenience, Xia and Xu (2011) call h = hg(x)
a hesitant fuzzy element (HFE) and Hg the set of all HFEs.

Similar to the situations of HFSs where a decision maker may hesitate between
several possible values as the membership degree when evaluating an alternative, in a
qualitative circumstance, a decision maker may hesitate between several terms to
assess a linguistic variable. Hence, motivated by the idea of HFSs, Rodriguez,
Martinez, and Herrera (2012) introduced the hesitant fuzzy linguistic term set
(HFLTS), whose envelope is an uncertain linguistic variable (Xu et al., 2014).

Definition 2 (Rodriguez et al., 2012). Let S = {s;|i = —7,...,—1,0,1,...,7} be a lin-
guistic term set, a hesitant fuzzy linguistic term sets (HFLTSs),Hs, is an ordered finite
subset of the consecutive linguistic terms of S.

Let S = {si|i= —1,...,—1,0,1,..., 7} be a linguistic term set. The HFLTSHj for a lin-
guistic variable v € S can then be represented mathematically as Hg(v). For the conveni-
ence of statement, we call # = {Hs(v)|v € S} a set of HFLTSs. The aim of introducing
HEFLTS is to improve the elicitation of linguistic information, mainly when decision mak-
ers hesitate between several values in assessing linguistic variables. Linguistic information,
which is more similar to the decision makers™ expressions, is semantically represented by
HFLTS and generated by a context-free grammar (Rodriguez et al., 2012).

Definition 3 (Rodriguez et al., 2012). For three HFLTSsHs, H and H3, the following
operations are defined:

Lower bound: hy = min(s;) = sj,s; € hsands; > s;, Vi;
Upper bound: h{ = max(s;) = sj,8i € hsands; < sj,Vi.;
Complement operation:H = S—Hy = {s;|s; € Sands; ¢ Hg}.
Union operation: Hy U Hi = {s|s; € Hjors; € H3 }.
Intersection operation:Hy N H = {s;|s; € Hyands; € H3}.

M e

Some dice similarity measure for hesitant fuzzy linguistic information

The Dice similarity measure can’t induce this undefined situation when one vector is
zero, which overcomes the disadvantage of the cosine similarity measure (Dice, 1945).
Therefore, the concept of the Dice similarity measure is introduced in the section.

Definition 4 (Dice, 1945). Let X = (x1,%,...,x,) and Y = (y1,¥2, ..., ¥») be two vec-
tors of length n where all the coordinates are positive real numbers. Then the Dice
similarity measure is defined as follows:

n
2> Xy
2X Y ,; 2

D(X,Y) = =— - 2)
) 1113 + Y113 S 7+ X o)
j=1 j=1
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where X Y = Z]" 1 Xy; is called the inner product of the vector X and Y and

X[, = /220 | (x)*and ||Y]], = \ 2o (y;)? are the Euclidean norms of X and

Y(also called the L, norms.

The Dice similarity measure takes value in the interval|0,1]. However, it is
undefined if x; = y; = 0(j = 1,2,...,n). In this case, let the Dice measure value be
zero when x; = y; = 0(j = 1,2, ..., n).

Dice similarity measure for hesitant fuzzy linguistic information

In this section, we shall propose some Dice similarity measure and some weighted
Dice similarity measure between HFLTSs based on the concept of the Dice similarity
measure (Dice, 1945).

Definition 5. Let S = {s;|t = —7,...,—1,0,1,...,7} be a linguistic term set. For two
HFLTSs Hg = {(x;,hi(x)))|xj € X} and H = {(x;,h3(x;))|x; € X} with h3(x;) =
{S(Sk (x])|53k (x]) €§,1=1,2,..,Li},k=1,2, a Dice similarity measure between
HFLTSs H § and H} is proposed as follows:

) L |(),l L ()1 )|
" & 21’+1 Z 2etl

= <le11 iT) (Z ‘Z‘H»l )

The Dice similarity measure between HFLTSs Hy and H3 also satisfies the follow-

D (1}, ) = ®)

|~

ing properties:

1. 0<D'(HLH2) <1,
2. D\(H} H2) = D'(H2,H});
3. D!(H§,H?) =1,ifH = H}, ie. s (%) =s52(x)), j=1,2,...,m

Proof.
1. Let us consider the jth item of the summation in Eq.(3).

2
=1
L 2 L 2
S i)l % 191 09)|
(; 211-&-]1) + (; 211—0—]1

It is obvious thatD'(H}(x;), H3(x;)) > 0,and

2 2
i 167 (%)) N LZZ 167 (x)] - i 16} (x7)] ' LZZ 17 (x))]
— 2t+1 = 2t+1 ) — — 2t+1 2t+1

I=1

D! (H§ (%) Hg(xj)> =

according to the inequality a* + b* > 2ab. Thus, 0 < D'(H§(x;), Hi(x;)) < 1.
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From Eq.(3), the summation of n terms is 0 < D'(H}, HZ) < 1.

1. It is obvious that the proposition is true.
2. When Hg = Hg, there are 55 (x;) = s2(x;), for j = 1,2, ..., n. So, there is

191 ()| Q197 (%)
(o5 )

I=1

D'(H! H?) = -
() =52 L)\ (=9

L 2
j=1 ()]
(ZZ‘L'-Fl) * ZZT+1>
, ZI&(%)I L [0 (%))
1i = 21 +1 21+ 1
2 2
= i|5}(xj)| N 210 ()]
27+ 1 27+ 1
2
, ilé?(xj)l
1< = 2t1+1

n 4 L5t e\
112 z|l(1)|
= 21+ 1

Therefore, we have finished the proofs.
If we consider the weights xj, a weighted Dice similarity measure between
HFLTSs H§ and H? is proposed as follows:

Ly |«1 L, 2
197 (%) 197 (%)
2( 2041 E 2t+1

WD' (H}, H2) Z

2 2
j=1 5 (% Ly (o2 (x,
(;—AE) + (;—z:ﬁ)

wherew = (w1, w,,...,w,)" is the weight vector of x(j=1,2,. n) with
€[0,1i=1,2,..,n> 7 w; = 1. In particular, if o= (1/n,1/n,.. l/n) , then
the weighted Dice similarity measure reduces to Dice similarity measure. That is to
say, if we take w; =1,j=1,2---, n, then there is WD'(H}, H}) = D'(Hj, H3).
Obviously, the weighted Dice similarity measure of between two HFLTSs Hg and
H? also satisfies the following properties:

(4)

1. 0< WD'(HL H?) < I
2. WD'(H} H2) = WDl(Hg,Hl)
3. WD!(H§,H3) = 1,ifH = H, i.e. sz (%) = s52(x), j=1,2,....m.

Similar to the previous proof method, we can prove the above three properties.
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Another form of the dice similarity measure for hesitant fuzzy linguistic
information

In this section, we shall develop another form of Dice similarity measure for hesitant
fuzzy linguistic information, which is defined as follows:

Definition 6. LetS = {s;|t = —7,...,—1,0,1,...,7} be a linguistic term set. For two
HFLTSs  H§ = {(x;,h5(x;))lxj € X}  and  Hi = {(x;,h3(x;))|xj € X}  with
hi(xj) = {sék(x])|s5k(x]) €S,1=1,2,..,Li},k=1,2, a Dice similarity measure
between HFLTSSH 1 and H} is proposed as follows:

n Ly a1 L, 2
N1 )] K19 ()l
zz(z . 5 m)

2 2
n L s1 L <2
= 19 () 2107 (%)l
2 (Z z’f(+’1)> +l A’f)

j=1 =1

(5)

D*(Hs, Hs) =

. N

The Dice similarity measure between HFLTSsH; and H3 also satisfies the following
properties:

1. 0<D¥HL,H}) <1
2 DA(HLHY) = D12, H):
3. D*(Hg,H;) = 1,ifHg = Hg, ie. 55 (%) = s(x), j = 1,2,...,m

Similar to the previous proof method, we can prove the above three properties.
If we consider the weights x;, a weighted Dice similarity measure between
HFLTSs H and H} is proposed as follows:

1] (% 162 ()|
211(-‘4-}1) ’ Z 2117(4-}1) )
=1 =1
(6)

wherew = (wy, w,,...,w,)" is the weight vector of x(j=1,2,...,n),with
efo,1],i=1,2,..., ”72;:1 wj = 1. In particular, if o= (1/n,1/n,..., l/n)T7 then
the weighted Dice similarity measure reduces to Dice similarity measure. That is to
say, if we take w; =1 j=1,2--- n, then there is WD*(¢, p) = D*(¢, ).
Obviously, the weighted Dice similarity measure of between two HFLTSs Hy and
H; also satisfies the following properties:

1. 0< WD?*H} H?) <1
2. WDXH), H2) = WDZ(H§,H1)
3. WD?(Hg, H5) = 1,ifHg = Hg, ie. s5(x;) = s (x;), j = 1,2,.
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The generalized dice similarity measure for hesitant fuzzy linguistic information
In this section, we develop the generalized Dice similarity measure between two
HFLTSsH; and HZ. As the generalization of the Dice similarity measure, the general-
ized Dice similarity measures between two HFLTSs H} and HZ are defined below.

Definition 7. Letd) = {(ylv al)a ('))2, 0(2)7 sy (’yn? O(n)} and ¢ = {(’717 ﬂl)? (’//27 ﬁZ)a cey
(n,,B,)} be two groups of HFLTSs, a generalized Dice similarity measure between

two HFLTSs H§ and H? is proposed as follows:

L i« L i«
L 18] (%))] . i |67 (x))]
27+1 27+1
1 Z =1 =1

GD'(Hg,H) =~ 5 > (7)
n
j=1 )] 4 197 (%)
(1) +o-n(Be)
n Ly q1 L, 2
e 2167 (%)
; (_ 2!r(+]1 ’ Z: 211(+]1) )
GD* (H}, H}) = e ; (®)
n (& 16 ()l " 167 (%)
A Ynar | =AY Z 2l
j=1 \I=1 j=1 \I=1

where 4 is a positive parameter for 0 < A < 1.

Then, the generalized Dice similarity measure includes some special cases by alter-
ing the parameter value /.

If 4= 0.5, the two generalized Dice similarity measures (7) and (8) reduced to Dice
similarity measures (3) and (5):

6D} (1}, 1Y)

L 107 (%) &= 107 (%)
(Z 21 +11 > 21 +11>

I=1

Z ; ;
= 16! (x:)| Ly (52 (x;)]
(S5 a2
L 107 ()] & 107 (%)
zn: <l§; 21—1-]1 ';2r+]1)
AT (i—lé’l(xj)l>z +(1-0.5) (i—'élz(xm)z
= 2t +1 —~ 21 +1
L (6] ()] & 197 (%))
n 2(;21—%}1 Z27:—|—Jl>

)
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GD? (HY, H2)

101 (35)| &= 107 (%)
(e 3o

n

j=1 =1

(el SESCEIAY
(s (s )

j=1 j=1

n

1 (%) & 197 (x)|
Z(; 2i+]1 'Zzé+1>

=1

) 2 n L 52 X 2
) +(1-05)>" (Z 7|22<+])1|>
I=1

(10)

(=)

w
[~]-
-~
o
Nl

—
+ |
—=

=1 \ I=1 =1
(&6 ()] & 167 ()]
2 .
;(Z 2t +1 ;27:—1—1
= 2
n (o)) s (9 )
(S5) n(s

If A =0,1, the two generalized Dice similarity measures reduced to the following
asymmetric similarity measures, respectively:

GD'(Hg, Hy)

55 191 ()] 3 197 ()|
1 — 2t+1 21+1

=1
nz L 1 2 L 2 2
= L 165 (%) <& 107 (%)
R S 1 —
i 197 (35)] i 197 ()]
1< = 2141 = 2141

> ;
(819 (%) L |67 (x
0(;21+]1> (Z T+1)

(11)

1

i RIS 3 107 ()|
1< = 2t +1 2t +1
= fori = 0.

=1

2
ni sz: 107 (%)
Y 2t +1
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1 2
GD'(H}, H?)

|07 (%) & 2
(22;;1 2 e )
Z 2
= |51(x])| 5 x]
ZZT-FI 2‘C+1
12

=1
|5z x] 2
li <Z 2t +1 IZ > (12)
= 0] ()| L 157 (%)
! Z 2141 21: 2141
52

191 (4)| 197 (%)

1< ZZI—i—l 12327:—1—1
5 ford = 1.
= (ilél( )|
£t +1

GD? (HS1 ,H})

. 101 (35)| & 197 ()]

= (Z 21 +]1 21:214—]1)
(e n (L0 )\
33 +<l—ﬂ~>]zl(zzf;1)

L \51 x] Lo |52x]
gzr+ 122214—1

ENTREIE " (10 )\
0 (H 21+]1> +(1_0>;<;ﬁ>
n (L8 ()] & 107 (%)

> (e e

(13)

JJori =0
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GD? (Hg, Hy)

" i\éll(xj)|.i|5zz(xj)\
c 27+ 1 2141

B =1 =1
= « n L, |5ll(x])| 2 n L, |512(x])| 2
A;(;%—Fl +(1_}'>; ;214—1
z": (i 107 (35)] i |5?<xj)>
_ j=1 \I=1 2+l 2t +l (14)
_1 n L |5ll(xj)| 2 (1 1) n L, |512(xj)| 2
L er+1 tu- Z er+1
=1 \=1 ]—l =1
(I 6] (x5)] & 167 (%)
; Z27:—1—1 221—1—1
= Jord = 1.

~.
Il 2
—

L6 (%)
(121: 27 —|—]1>

From above analysis, it can be seen that the above four asymmetric similarity
measures are the extension of the relative projection measure of the HFLTSs.

In many situations, the weight of the elements x; € X should be taken into
account. For example, in multiple attribute decision making, the considered attrib-
utes usually have different importance, and thus need to be assigned different
weights. Thus, we further propose the following two weighted generalized Dice
similarity measures for HFLTSs, respectively, as follows:

L < L <
LGOI iw%(xj)\
i 21+1 i 21+1

WGD' (Hj, H?) Zw] - . - > (15)
L |o% (x; . 2167 (x;
2 (Z ZIT(+JI)> + (1 . /L) (Z |21T(+11)|>
=1 I=1
n 161 (x) <2 182 (x|
231 wjz (ll 21+}1 P 5ol
WGD? (Hg, H3) = > - N (16)
iv (S5 s a-a e S
= = 27+1 = ] — 2t+1

where a):(wl,wz,...,wn)T is the weight vector of x;(j=1,2,...,n)with

e€fo,1],j=1,2,..,n, ;l=1 wj = 1. In particular, if o= (1/n,1/n, ..., 1/n)", then
the weighted generalized Dice similarity measures reduce to generalized Dice similar-
ity measures. That is to say, if we take w;= %, j=1,2---,n, then there
is WGD* (¢, ¢) = GD* (¢, 0)(k = 1,2).

2TLV 2TLV
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Then, the weighted generalized Dice similarity measure includes some special cases
by altering the parameter value 4.

If 2 =0.5, the two weighted generalized Dice similarity measures (15) and (16)
reduced to weighted Dice similarity measures (4) and (6):

WGDll(H§,H§) 2
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L [0} )\ L |07 ()l
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= j:1 CO] L |5l( 2 Ly |52
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If 2 =0,1, the two weighted generalized Dice similarity measures reduced to the

following asymmetric weighted similarity measures, respectively:
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From above analysis, it can be seen that the above four asymmetric weighted similarity
measures are the extension of the relative weighted projection measure of the HFLTSs.

The generalized dice similarity measures for multiple attribute decision
making with hesitant fuzzy linguistic information

In this section, we shall extend the generalized Dice similarity measures for multiple
attribute decision making with hesitant fuzzy linguistic information. Let A =
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{A1,A;,...,A;n} be a discrete set of alternatives, and G = {Gy, Gy, ..., G,} be the set
of attributes, @ = (wy, w,, ...,,) is the weighting vector of the attributes G;j(j =
1,2,...,n), where w; € [0, 1], Z?:l ®; = 1. Suppose that H= (Hg)mxn is the hesitant
fuzzy linguistic decision matrix, where HY = Us eH’]{Sé’]“ ’]}(1 =
1,2,...,m;j=1,2,...,n) is the hesitant fuzzy hngu1st1c values, which take the form of
HFLTSs, given by the decision maker for the alternative A; € A with respect to the
attribute G; € G.

Then, in the following, we shall develop an algorithm to utilize the generalized
Dice similarity measures to solve the multiple attribute decision making with hesitant
fuzzy linguistic information.

Step 1. Defining the hesitant fuzzy linguistic positive ideal solution (HFLPIS)A™ as

A" = (Hy" HE' L,H) (23)
where
nllax H{ - {s i for benefit attribute G;
i i= 1
H = - ,j=12Ln (24
mm Hg Y= min {séq},for cost attribute G;
=1,....,m i=1,..,m 1
I=1,.. . H{

Note that the hesitant fuzzy linguistic positive ideal solution A" is linguistic term
sets. Hence, they certainly can be taken as special HFLTSs with only one linguistic
term in each HFLTS.

Step 2. Calculating the weighted generalized Dice similarity measures between A;(i =
1,2,..,m) and A" as follows:

max ij
o i=1,..,m {51 }
$0871 1=1,.. HI
27t+1
=1 2T + 1
WGD' (A;,AT) Z j 5 (25)
max ij
i 2 i=1,...,m 5
, 5187 . I=1,..,H{
(_lzrﬂ +(1-2) 27+ 1

or
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Step 3. Rank all the alternatives A;(i=1,2,...,m) and select the best one(s)
in accordance with the weighted generalized Dice similarity measures
WGD'(A;, AT)(WGD?*(A;,A")) (i=1,2,...,m). If any alternative has the highest
WGD'(A;, AT)(WGD?(A;, A™)) value, then, it is the most important alternative.

Step 4. End.

Numerical example and comparative analyses

In this section, we consider a movie recommender system (adapted from Liao et al.,
2014) to demonstrate the efficiency of the proposed generalized Dice similarity meas-
ures. Suppose that a company intends to give ratings on five moviesA;(i = 1,2,...,5)
with respect to four attributes: story (G;), acting (G,), visuals (G3) and direction
(G4). The weighing vector of these four attributes is:w = (0.4,0.2,0.2,0.2). The rat-
ings provide information about the quality of the movies as well as the taste of the
users who give the ratings. Since these criteria are all qualitative, it is convenient and
only feasible for the decision makers to express their feelings by using linguistic
terms. As pointed out by Miller (1956), most decision makers cannot handle more
than nine factors when making their decision. Hence, the company constructs a
seven-point linguistic scale to assess the movies, which is

S = {s_3 = extremelypoor,s_, = verypoor,s_, = poor,s, = medium,
s; = good, s, = verygood, s3 = extremelygood}

The five possible movies A;(i =1,2,...,5) are to be evaluated using the linguistic
sets S by the the decision makers under the above four at“;ributes, and construct the
hesitant fuzzy linguistic decision matrix as follows H = (H{),,, in Table 1.

In the following, we shall utilize the proposed approach in this paper getting the
most desirable movies

Step 1. Defining the hesitant fuzzy linguistic positive ideal solution (HFLPIS) A" as

At = ({53}7 {53}7 {53}’ {52})T

Step 2. According to Equations (25) and (26) and different values of the parameter 4,
the weighted generalized Dice measure values between A;(i =1,2,3,4,5) and A"
can be obtained, which are shown in Tables 2 and 3, respectively.
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Table 1. The hesitant fuzzy linguistic decision matrix.

G G,
A, {S2 S So} { So, S1}
AZ { SOr S1r SZ} { S‘Ir SZ}
A3 { SZ! 53 } { S1,Sz, S3 }
A4 { SOI S]l 52} { S-]l SOI S‘I}
As { S So} { S0 51, 52}
Gy Gy
Ay { S0 51 52} { 51, 52}
AZ { SOI S] } { SO/ S‘Ir SZ}
As {S S} {S;
A4 { S'Ir SZr 53} { S‘Ir SZ}
As { So. S1, Sa} { S0 S1}

Table 2. The generalized Dice similarity measures of Equation (25) and ranking orders.

A (A, AT) (A, AT) (A3,AT) (Ag,AT) (As,AT) Ranking orders

0 0.383 0.367 0.700 0.461 0.250 As Ay >A; >A; >As
0.2 0.449 0.439 0.746 0.531 0.306 As >A, >A >A; >As
0.5 0.617 0.625 0.843 0.701 0.464 As >A; >A, SA; >As
0.7 0.850 0.878 0.947 0.920 0.707 As >A, >A; >A; >As
1.0 3.267 3.200 2.180 2.667 4.400 As >A; >A; >A, >A;

Table 3. The generalized Dice similarity measures of Equation (26) and ranking orders.

I8 (A, AT) (A,AT) (A3,AT) (Ag,AT) (As,AT) Ranking orders

0 0.336 0.345 0.716 0.397 0.224 Az >A, >A; >A) >As
0.2 0.407 0.418 0.782 0.474 0.276 As >A, >A; >A; >As
0.5 0.595 0.611 0.910 0.670 0.709 As >As >A, >A; >A
0.7 0.861 0.883 1.020 0.924 0.661 As >A, >A; >A; >As
1.0 2.600 2.667 1.248 2.151 4.000 As >A; >A >A, >A;

From the Tables 2 and 3, different ranking orders are shown by taking different val-
ues of 4 and different Dice similarity measures. Then the best movies should belong
to A; or As according to the principle of the maximum degree of Dice similarity
measures between HFLTSs.

Furthermore, for the special cases of the two generalized Dice measures we obtain
the following results:

e When A =0, the two weighted generalized Dice measures are reduced to the
weighted projection measures of A;(i = 1,2,3,4,5) on A". Thus, the best movies
should belong to A; according to the principle of the maximum degree of Dice
similarity measures between HFLTSs. For this case, we can derive the same best
alternative as the method proposed in Ref. Liao et al. (2014). Thus our method
is effective.

e When A = 0.5, the two weighted generalized Dice measures are reduced to the
weighted Dice similarity measures of A;(i =1,2,3,4,5) and A. Thus, the best
movies should belong to A; according to the principle of the maximum degree of
Dice similarity measures between HFLTSs. For this case, we can derive the same
best alternative as the method proposed in Ref. Liao et al. (2014). Thus our
method is effective.



ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA @ 1515

e When A =1, the two weighted generalized Dice measures are reduced to the
weighted projection measures of A™ on A;(i = 1,2,3,4,5). Thus, the best movies
should belong to As according to the principle of the maximum degree of Dice
similarity measures between HFLTSs.

Therefore, according to different Dice similarity measures and different values of
the parameter A, ranking orders may be also different. Thus the proposed multiple
attribute decision making methods can be assigned some value of 1 and some meas-
ure to satisfy the requirements of decision makers’ preference and flexible deci-
sion making.

Obviously, the multiple attribute decision making methods based on the Dice
measures and the projection measures are the special cases of the proposed multiple
attribute decision making methods based on generalized Dice measures. Therefore, in
the multiple attribute decision making process, the multiple attribute decision making
models developed in this paper are more general and more flexible than existing mul-
tiple attribute decision making models under a hesitant fuzzy linguistic environment.

Conclusion and future work

In this paper, we present some novel Dice similarity measures of HFLTSs and the
generalized Dice similarity measures of HFLTSs and indicate that the Dice similarity
measures and asymmetric measures (projection measures) are the special cases of the
generalized Dice similarity measures in some parameter values. Then, we propose the
generalized Dice similarity measures-based multiple attribute decision making models
with HFLTSs. Finally, an illustrative example for concerning the evaluation of the
quality of movies is given to demonstrate the efficiency of the similarity measures. In
the future, the application of the proposed Dice similarity measure of HFLTSs needs
to be explored in dynamic and complex decision making, risk analysis and many
other fields under an uncertain environment (Gao, 2018; Gao, Lu, Wei, & Wei, 2018;
Gao, Wei, & Huang, 2018; Huang & Wei, 2018; Liao, Li, & Lu, 2007; Tang, Wen, &
Wei, 2017; Tang & Wei, 2018; Wei & Wei, 2018).
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