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Abstract. In this paper, the concept of a hesitant 2-tuple linguistic information model is introduced. It provides a linguistic and
computational basis to manage the situations in which experts assess an alternative in linguistic term while feeling some hesitation
to present its possible linguistic translations. A distance measure is defined between any two hesitant 2-tuple linguistic information.
Then technique for order preference by similarity to ideal solution is formulated to solve the group decision making problem
based on hesitant 2-tuple linguistic information by experts. An example is given to illustrate the practicality and feasibility of our

proposed method.
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1. Introduction

Ordinary fuzzy sets have limitation for the modelling
of decision problems in which two or more sources of
vagueness appear. To overcome these situations differ-
ent extensions of fuzzy set are given like that type-2
fuzzy sets; Nonstationary fuzzy set; Intuitionistic fuzzy
set; etc. Fuzzy linguistic approach [33] has provided a
useful tool in many fields and applications by experts in
problems whose nature is rather qualitative [1, 24, 30].
But fuzzy linguistic approach is also not able to han-
dle computing with words [15, 23]. So the 2-tuple
fuzzy linguistic representation model was developed
in [18] on the basis of the concept of symbolic trans-
lation. It can avoid the information distortion and loss
in the linguistic information processing. Recently, the
2-tuple linguistic information model has been further
studied and applied in the decision making problems
and many aggregation operators have been developed
[17,20,27,28]. The 2-tuple arithmetic averaging opera-
tor, the 2-tuple arithmetic weighted averaging operator,
the 2-tuple ordered weighted averaging operator and
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the extended 2-tuple weighted averaging operator were
proposed in [19]. The extended geometric mean oper-
ator, the extended arithmetic averaging operator, the
extended ordered weighted averaging operator and
the extended ordered weighted geometric operator
were introduced in [31]. The 2-tuple ordered weighted
averaging operator and the 2-tuple ordered weighted
geometric operator were studied in [22]. The extended
2-tuple ordered weighted averaging operator was pro-
posed in [35]. The extended 2-tuple weighted geometric
operator and the extended 2-tuple ordered weighted
geometric operator have been defined in [29]. Herrera
et al. [16] presented an unbalanced linguistic compu-
tational model that uses the 2-tuple fuzzy linguistic
computational model to accomplish processes of com-
puting with words with unbalanced term sets in a precise
way and without loss of information. The concept of
numerical scale and the 2-tuple fuzzy linguistic rep-
resentation models was used for decision problems in
[13]. The basic idea of this model is to set suitable
numerical scale with the purpose of making trans-
formations between linguistic 2-tuples and numerical
values. By defining the concept of the transitive calibra-
tion matrix and its consistent index, they developed an
optimization model to compute the numerical scale of
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the linguistic term set. They also constructed the tran-
sitive calibration matrix for decision problems using
linguistic preference relations and analyze the linkage
between the consistent index of the transitive calibration
matrix and one of the linguistic preference relations.
Dong et al. [10] proposed a consistency-improving
model which preserves the utmost original knowledge
and preferences in the process of improving consistency
and it also guarantees that the elements in the opti-
mal adjusted unbalanced linguistic preference relation
are all simple unbalanced linguistic terms. Dong et al.
[14] proposed an interval version of the 2-tuple fuzzy
linguistic representation model. Interval multiplicative
preference relations are used in the pairwise compar-
isons method and the interval version of the 2-tuple
fuzzy linguistic representation model can be utilized in
the pairwise comparisons method as it provides a novel
approach to construct interval multiplicative preference
relations [9]. The notion of interval valued 2-tuple fuzzy
linguistic information was given by Beg and Rashid in
[4]. Aggregation operators based on Choquet integral
with the interval-valued 2-tuple linguistic information
was also developed in [4]. Furthermore, these operators
were used in multiple attribute decision making method.
Recently the group decision making model based on
multi-granular unbalanced 2-tuple linguistic preference
relations is proposed by Dong et al. in [11]. They also
gave a transformation function to relate multi-granular
unbalanced linguistic preference relations with uniform
balanced linguistic preference relations.

Technique for order preference by similarity to ideal
solution (TOPSIS) is a useful technique for the selec-
tion of the best alternative and also for the ranking of
alternatives. Hwang and Yoon [21] developed TOP-
SIS to multiple attribute decision making problems.
TOPSIS is extended to fuzzy environment [5-7, 27].
Xu and Chen [32] used fuzzy TOPSIS for multiple
attribute group decision making. Beg and Rashid [3]
further extended fuzzy TOPSIS and used it for mul-
tiple attribute trapezoidal valued intuitionistic fuzzy
decision making. Rodriguez et al. [25] used hesi-
tant fuzzy linguistic term sets in decision making
problems . TOPSIS is further modified for hesitant
fuzzy linguistic term set to solve the multiple attribute
group decision making problems in [2]. The con-
cept of distribution assessments in a linguistic term
set and the operational laws of linguistic distribu-
tion assessments were studied in [34]. The weighted
averaging operator and the ordered weighted aver-
aging operator for linguistic distribution assessments
were presented and they also developed the concept of

distribution linguistic preference relations, whose ele-
ments were linguistic distribution assessments. Dong
et al. [12] further generalized this concept of lin-
guistic distribution assessments with interval symbolic
proportions under multi-granular unbalanced linguis-
tic contexts; First, the weighted averaging operator
and the ordered weighted averaging operator for the
linguistic distribution assessments with interval sym-
bolic proportions were presented. Then, they developed
the transformation functions among the multi-granular
unbalanced linguistic distribution assessments with
interval symbolic proportions. Dong et al. [8] also
developed an optimization-based consensus model by
using consensus measure in the hesitant linguistic
group decision making, which minimizes the number
of adjusted simple terms in the consensus building.
They displayed a two-stage model to further opti-
mize the solutions to their proposed consensus model,
through which a unique optimal adjustment sugges-
tion is obtained to support the consensus reaching
process in the hesitant linguistic group decision mak-
ing.

In this paper, first we introduce the notion of hesitant
2-tuple linguistic information and then we extend fuzzy
TOPSIS for hesitant 2-tuple linguistic term sets with the
opinion of some decision makers about the attributes of
alternatives. Next we propose a method for aggregation
of the experts’ opinion on different attributes for alter-
natives, where the opinion of the experts are represented
by hesitant 2-tuple linguistic term sets. Our information
model is characterized by a linguistic term and its pos-
sible symbolic translations, which is more suitable for
dealing with fuzziness and uncertainty than the 2-tuple
linguistic arguments. Rest of the paper is organized as
follows. Some basic notions of 2-tuple linguistic infor-
mationis discussed in Section 2. The concept of hesitant
2-tuple linguistic information is introduced in Section
3. The multiple attribute decision making method based
on this hesitant 2-tuple linguistic information is given in
Section 4. In Section 5, an example is given to illustrate
the developed method and to demonstrate its practical-
ity and feasibility. Discussion and conclusion is given
in the last Section.

2. Basic concepts

The linguistic information [19] was expressed by
means of 2-tuples, which were composed by a linguistic
term and a numeric value assessed in [—0.5, 0.5).
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EP VP P M (M,0.25) G VG EG

0 0.17 0.33 0.5 0.67 0.83

Fig. 1. 2-tuple model of (M,0.25).

Suppose that S = {s;]i =1,...,¢} is a finite and
totally ordered discrete term set, where s; represents
a possible linguistic term for a linguistic variable. For
example;

S = {s1 = extremely poor (EP), s> = very poor (VP),
s3=poor (P), s4 = medium (M), s5 = good (G), s¢ = very
good (VG), s7 = extremely good (EG)}.

The above set satisfies the following properties:

(1) The setis ordered: s; > s;, if i > j;
(2) The max operator: max(s;, s;) = s;, if i > j;
(3) The min operator: min(s;, s;) = s;, if i < j.

The 2-tuple fuzzy linguistic representation model
was developed based on the concept of symbolic trans-
lation. The 2-tuple (s;, ;) is used to represent the
linguistic information, where s; is a linguistic label from
a predefined linguistic term set S and «; is a numerical
value representing the value of the possible symbolic
translation and «; € [—0.5,0.5). Suppose we have a
2-tuple model with linguistic term *Medium (M)’ and
posible symbolic transalation is *0.25’ then our 2-tuple
model will be (M, 0.25) and the structure of this model
is described in Fig. 1 as a doted line. For further detail
see [19].

Next we give definition of an aggregation operator V.

Definition 2.1. Consider k linguistic terms then the
operator V is defined as:
V(Sis Sjy oees Sm) = Sround (Hizn )

where round is the usual round operation.

3. Hesitant 2-tuple fuzzy linguistic
representation model

Hesitant 2-tuple linguistic information model is
introduced to manage the situations in which informa-
tion described is in linguistic term and decision maker

EP (VP0) P M G VG EG

(vP-02)f, (VP,0.15)

0 0.17 0.33 0.5 0.67 0.83 1

Fig. 2. Hesitant 2-tuple model (VP,(-0.2,0,0.15)).

feels some hesitation to present its possible linguistic
translations.

Definition 3.1. Let X be a universe of discourse and
S = {s1, ..., sy} be a linguistic term set, a hesitant lin-
guistic term set in X is an expression A given by
A = {(x, h(x))|x € X}, where h(x) = (s;, B;;) for all x
in X.

The hesitant 2-tuple fuzzy linguistic representation
model represents the hesitant linguistic information by
means of a 2-tuple, (s;, B;;), where s; is linguistic label
and B;; is a finite subset of [—0.5, 0.5) that represent
the possible symbolic translations of s;. It is noted that
the cardinality of 8 may be different for each x.

Example 3.2. To evaluate the happiness index of three
family members (Joe, Aron, Alam) in a family for
the predefined linguistic term set S. The people may
think that their happiness index is VP, M and G,
respectively. They may hesitate to give the transla-
tion values to these linguistic terms. They are double
minded/confuse in these translation values (—0.2, 0,
0.15), (—0.4, —0.3)and (—0.1, 0.2, 0.32) for Joe, Aron
and Alam, respectively. So the hesitant 2-tuple model
of the happiness index will (VP, (—0.2,0,0.15)),
(M, (—0.4, —0.3)) and (G, (—0.1, 0.2, 0.32)) for Joe,
Aron and Alam, respectively. In the setting of hes-
itant 2-tuple linguistic term set, it can be written
as: {(Joe, (VP,(—0.2,0,0.15))), (Aron,(M, (—0.4,
—0.3))), (Alam, (G, (—0.1,0.2,0.32)))}.

The hesitant 2-tuple model of Joe happiness (Joe,
(VP, (—0.2, 0, 0.15))) is shown in Fig. 2.
Distance measure is important to solve many decision
making problems. Here we propose a formula to cal-
culate the distance between any two hesitant 2-tuple
linguistic arguments.

Definition 3.3. Let (s;, B;;) and (s;, Bix) be two hes-
itant 2-tuple linguistic arguments, such that B;; =
{ai,az,...,a,} and By, = {b1, b2, ..., by}, then dis-
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tance ‘d’ between (s;, B;;) and (s;, Bik) is defined as
follows:

d((si, Bij), (st, Bik))
max {bmiﬂn (lai — bi|)} )
= |i —I| + max ai<Pij bicPu
max < min (|a; — b;
bieBi {afeﬁij(l ' ll)}

Proposition 3.4. Let (s;, Bij), (s, Bi) and (s ¢, B ) be
hesitant 2-tuple linguistic arguments, such that B;j =
{ar, a2, ..., a,}, B =1{b1,ba,...,bp} and Bp =
{c1, 2, ..., cy), thendistance ‘d’ between (s;, B;;) and
(s, Bix) satisfies the following properties.

1. d((si, Bij), (si, Bi)) = 0

2. d((si, Bij), (s1, Bi)) = O if and only if (s;, Bij) =

(s1, Bik)

d((si, Bij), (51, Bix)) = d((s1, Bi), (i, Bij))

4. d((si, Bij), (s1, Bu)) < d((st, Bu), (57, Bo)) +
d((s¢, Bv), (si, Bij))-

»

Proof.
1. Asweknow that |y| > Oforany y € N, thus |a; —
bil >0and|i — 1| > 0.
Since the sum of positive numbers is also a pos-

itive number. Therefore d((s;, B;;), (si, Bi)) = 0.
2. d((si, Bij), (51, Bi)) = 0 &

max | min (|a; — b;|) ¢,
a;efij | bi€Pu

max {min (|la; — b,»l)}
bicpn | ai€Bi

< |i — 1] =0 and |a; — b;| = 0 for all g; and

|i — 1| + max =0

b;.
& (i, Bij) = (51, Buw)-
3. Since d((s;, Bij), (51, Buw)) = i — 1|+

max { min (|a; — bi|)} ,

ai€fij  bi€Bik
max
max { min (|a; — b,-l)}
biePi (ai€pij
Also |y — z| = |z — y| for any z, y € 9, there-
fore |i —I| = |l —i] and |a; — b;| = |b; — a;].

Thus, it can be written as d((s;, B;;), (s1, Bi)) =

[max { miél (Ibi — ail)} ;
i i €fij
|l — i] + max <P L@chi =
max { min (|b; — a,-|)}
a;i€Bij | bicBik

d((s1, Bi), (si, Bij))-

4. Since d((si, Bij), (si, Bi)) = |i — l|+
max { min (|a; — bi|)} ,

aieBij | bi€Bik

max {min (|la; — b,-|)}
bieBi | ai€pfij

Also |y—z| <|y—u|+|u—2z| for any
vz,u €N So |i—=Il<|i— fl+|f—1 and
la; — bi| < la; — c¢il + |a; — cil.

Therefore,

d((si, Bij), (s, Bu)) < li = fI+1f =1+

max ¢ min (Ja; — c,-|)} ,
aiefij ci€Bp
max +

max { min (|a; — ci|)}

ci€Br (aicBij

max { min (|¢; — b,-l)} ,

ci€Bp \bi€Pik

max { min (|¢; —bi|)}

bicBi \ ci€Br

max { min (|la; — c,-l)} ,

aieBij (ci€Bp

max { min (|a; — ci|)}

ci€Bp |ai€Bij

max { min (|¢; — b,-|)} ,

ci€Bp bicBik

max { min (|¢; — bi|)}

biefi ci€Bp
It yields that d((si, Bij). (s1. Bik)) < d((s1, Bik),
(sg, Br)) +d((sg, Br), (sis Bij))- u

< li — f]+max

+|f —I| + max

Example 3.5. Let (EG, (0.1, 0.2, 0.4)) and (M, (—0.3,
—0.1)) be two hesitant 2-tuple linguistic arguments.
Then distance between these arguments is calculated
below:

d((EG, (0.1,0.2,0.4)), (M, (—0.3, —=0.1)))
=340.5=35.

Definition 3.6. Consider finite hesitant 2-tuple linguis-
tic arguments are (sx, Bie), (8i, Bij), ---, (51, Biv), further
suppose that max(s, s;, ..., §;) = S;, then

max((sk, Bre)s (Sis Bij)s --» (51, Biw)) = (si, (x|x € Byj
and max(B;;) <x < max(B;,) for all j#u and
specific 7)).

Example 3.7. Let (EG,(-0.4,-0.3,0.1), (VG,(0.2,-0.1,
0)) and (EG,(0.2,0.4)) be three hesitant 2-tuple linguis-
tic arguments, then
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max((EG, (—0.4, —0.3,0.1), (VG, (0.2, —0.1, 0)),
(EG, (0.2, 0.4))) = (EG, (0.1, 0.2, 0.4)).

4. TOPSIS to multiple attributes group decision
making

In general, multiple attributes group decision making
problem includes uncertain and imprecise data and
information. We consider the multiple attributes group
decision making problems where all the attributes’
values are expressed in hesitant 2-tuple linguistic
information. In group decision making problems,
aggregation of expert opinions is very important to
perform evaluation process. In this section, TOPSIS is
proposed for multiple attributes hesitant 2-tuple linguis-
tic group decision making. The TOPSIS is based on the
following steps:

Step 1. LetD =
sion makers, A =
set of alternatives and B =
be the set of attributes.

Step 2. The decision maker D; evaluates the alter-

native A; with respect to the attribute B;
0]

(D1, D, ..., Dk} be the set of deci-
{Alv A27 DI Am} be the
{B1, By, ..., By}

to get vy, then the decision matrices

R(l)=[<$) )] a=12 K
mxn

formed.

Step 3. We calculate the one decision matrix X by
aggregating the opinions of decision makers
(X', X2, .-, X%); X = [(s4}, xi))], such that
I
sij = Vsk. st o sK) and xyj = {x | x € x!
and Fpj <X < rq for all I} where

K
Fpyj = min {rlnm(maxx )) max(mmx())}

and

K
rg; = max {Ilmn(maxx ), max(mmx )} .

Performance of alternative A; with respect
to attribute C; is denoted as (s;;, x;;), in an
aggregated matrix X.

Step 4. Let ©;, be the collection of benefit attributes
(i.e., the larger C;, the greater prefer-
ence) and 2. be the collection of cost
attributes (i.e., the smaller C;, the greater
preference). The hesitant 2-tuple linguistic
positive-ideal solution, denoted by At =
(V- vt V), and the hesitant 2-tuple

11ngu1st1c negatlve -ideal solution, denoted by
A- = (V1 V2 V ), are defined

K
as follows: AT = [I}lalx <max <sg~), x,(j))) A4
= i C

K
il j € Qp, r1nl{1 (mln (s(l) (Z))) Vi| j e Q }

ij >
i=1,2,....mand j=1,2,...,n

ST U N o

- K
A= [1’1n=1{1 (mln (s xﬁj))) vV oilje Q.

K 0 _
rlnjlx(ml_ax(u, ”>>VI|J€Q} i=1, 2,

omyand j=1,2,...,n

Step 5. Construct positive ideal separation matrix
(D) and negative ideal separation matrix
(D7) which are defined as follows:

Dt =
doen, Vi + e+ do, VD)
doo, V) o+ o+ dOo, V)
d(xmls ‘71+) + s + d(xmnv Vy?—)
d(Ay, A*)
d(Az, AT)
d(Ap, AT)
and
D™= i
e, Vi) + o+ dGn, V)
dxo, Vi) 4+ o 4+ daow, V)
d(xmls ‘7;) + e + d(xmn» V;)
d(A;, A7)
d(Az, A7)
d(Am, A7)

Step 6. Calculate the relative closeness (RC) of each
alternative to the ideal solution as follows:

RC(A;) = ddi, A7)
d(A;, AY) +d(A;, A7)
i =1,2,....,m

Step 7. Rank all the alternatives A; i = 1,2, ..., m)
according to the closeness coefficient RC(A;),
the greater the value RC(A;), the better the
alternative A;.
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5. Example

Assume that there is a finance house, who wants to
invest money in the best option.

Step 1. There are five possible alternatives in which
to invest the money: Aj is a refrigerator
company; A; is a food company; A3 is a
construction company; A4 is movies indus-
try; As is a software house. Suppose that there
are three decision makers/directors D; (i =
1, 2, 3) in the committee and four attributes B;
(i=1,2,3,4) are used to evaluate the alter-
natives: Bj—growth factor; B—tax problems;
B3-risk issue; By—social impact.

Step 2. The decision makers evaluate the alternatives
with respect to the attributes in hesitant 2-tuple
linguistic arguments to form decision matri-

ces RO = (rl(]l)) (!=1,2,3), as shownin
S5x4

Tables 1-3.

Step 3. Aggregate all the decision matrices R® (i =
1,2, 3), into the collective decision matrix
Rsy4 as in Table 4.

Step 4. For costattributes By, B3 and benefit attributes
By, B4, the positive and negative ideal solu-
tions are in Tables 5 and 6, respectively.

Step 5. Positive ideal separation matrix:

3+0.5 + 3+0.1 + 1+ 0.65 + 4+0.15
4+0.2 + 0+0.2 + 3+0.5 + 2+0.45

Dt = | 3403+ 1+40.15 + 3+ 0.55 + 5+0.55
1+0.2 + 1+0.2 + 1+0.4 + 240.5
2+0.3 + 0+0.2 + 1+0.3 + 1+0.3
124
10.35

= 13.55

6.3
5.1

Negative ideal separation matrix:
2+0.7 + 0+0.2 + 3+0.4 + 1+0.4
1+0.5 + 3+0.1 + 14+0.1 + 3+0.1

D™ = 240.3 + 2+0.15 + 1+0.3 + 0+0
4+40.4 + 2+0.1 + 3+0.2 + 2+0.1
3+0.5 + 3+0.3 + 3+0.3 + 440.25
7.7
8.8

= 5.75

11.8
14.35

Step 6. Relative closeness of the alternatives:
RC(A1)=0.38308, RC(A,)=0.45953,
RC(A3) =0.29792, RC(A4) = 0.65193 and
RC(As) = 0.7377.
Step 7. Ranking of the alternatives:

A3<A1<A2<A4<A5.

Therefore, the most desirable alternative to invest the
money is software house.

6. Discussion and conclusion

We describe briefly several 2-tuple models and con-
trast them with the proposal presented in this paper:

Herrera and Martinez [19] proposed a symbolic
model called the 2-tuple linguistic representation
model, to perform the process of computing with words
without loss of any information. In their proposed 2-
tuple model, the linguistic term sets were uniformly and
symmetrically distributed. Based on the Herrera and
Martinez model, the following three different models
have been studied:

® Wang and Hao model [27],
® Herrera et al. model [16],
® Numerical scale model [9, 10, 13, 14].

In all these models linguistic term sets have been
studied where they were uniformly and symmetri-
cally distributed. Meanwhile, Herrera and Martinez
[20] investigated the multi-granular linguistic decision-
making based on the 2-tuple linguistic model. However,
the linguistic terms used in this model was single lin-
guistic term.

The linguistic distribution assessment in [34] is a nat-
ural generation of the proportional 2-tuples proposed in
the Wang and Hao model [27]. However, the linguistic
distribution assessment presented in Zhang et al. [34] is
based on the Herrera and Martinez model [19], and the
linguistic term sets used are uniformly and symmetri-
cally distributed. In addition, the symbolic proportions
over linguistic terms are exact values, and only one lin-
guistic term set is considered. Torra [26] introduced the
concept of hesitant fuzzy set as an extension of ordinary
fuzzy set to handle the situations in which we have a set
of possible membership values instead of single mem-
bership degree. The motivation is that when defining the
linguistic term in a 2-tuple model, the difficulty of estab-
lishing the possible translation value of this linguistic
term on the possible values, but because we have a set of
possible values. This is the case if we consider as pos-
sible values for the translation of linguistic term in the
2-tuple model. This situation can arise in a multi criteria
decision making problem. According to the above com-
parison, the proposal in this paper incorporates many
practical new decision situations.
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Table 1
The decision matrix RV
B B> B3 By
Al (M, (—0.3,0,0.2)) (G, (0.45,0.32,0.2)) (P,(0.2,0.3)) (P,(—0.3,0.1))
Ay (P,(0,0.2,0.1)) (M, (—0.48, —0.2, 0)) (M, (—0.45,0.1)) (G, (—0.2,0.1,0.2))
A3 (G, (0.1, -0.3,0.2)) (M, (—0.1,0.2)) (VG,(—0.2,0,0.4)) (P,(—0.3,0.1,0.2))
Ay (VG, (0.2, 0.1, 0)) (P, (0,0.2,0.4)) (P, (—0.5,—0.3)) (M, (—0.45, —0.25))
As (EG,(—0.4,-0.3,0.1)) (P, (—0.1,0.2,0.3)) (VP,(—0.45, —0.2)) (G, (—0.4, —0.1,0))
Table 2
The decision matrix R®
B B, B3 By
Ay (P, (0.3, —0.1)) (VG, (0.1, 0,0.1)) (VP, (—0.2,0.3)) (M, (0.1,0.2, 0.4))
Ay (VP, (0.4)) (P, (0.2,0.3)) (G,(0.3,0.4)) (VG, (—0.1, —0.45, —0.2))
Az (M, (0.1, 0.3)) (P, (0.2, -0.1)) (G, (0.1,0.3)) (VP,(—0.2, —0.3,0))
Ay (EG, (0.2,0.4)) (M, (—0.4,0.3)) (P, (0.2,0.4)) (G,(0.1,0.3,0.4))
As (G, (-0.2,0.1)) (M, (—0.2,0.15)) (P, (—0.1,0.2) (VG, (—0.1,0.3))
Table 3
The decision matrix R®
B B> B3 By
A (G, (-0.5,0.1,0.2)) (VG,(0.2,0.3)) (M, (0.1,0.2)) (VP,(0,0.1,0.2))
Ay (M, (—0.4, —0.1)) (P, (0,0.2,0.4)) (VG, (—0.2, —0.3)) (M, (0.1, —0.2, 0))
A3 (P,(—=0.2,0,0.1)) (VG, (—0.05,0.2)) (G, (0,0.1,0.25)) (VP,(—0.2,—-0.3,0))
Ag (G, (—0.3,-0.1,0)) (G, (0,0.25,0.45)) (P,(0.2,0.3,0.1)) (M, (—0.1,0.2,0.3))
As (M, (0.1, 0.1, 0.3) (P, (0.1, -0.2,0)) (M, (0.1, 0.4, 0.45)) (EG, (—0.05, 0.25))
Table 4
The decision matrix R
B B> B3 By
Aq (M, (—0.3, —0.1)) (VG, (—0.1,0.1,0.2)) (P,(0.2) (P, (0.1))
Ay (P,(—0.1,0,0.1,0.2,0.4)) (P, (0,0.2)) (G, (—0.2,0.1,0.3)) (G,(—0.2,-0.1))
Az (M, (0.1)) (M, (—0.05,0.2)) (G, (0.1,0.25)) (VP,(—0.3, —0.2,0))
Ay (VG, (0,0.2)) (M, (0,0.2,0.25,0.3)) (P,(—0.3,0.1,0.2)) (M, (—0.25, —0.1, 0.1))
As (G, (—0.1,0.1)) (P, (—0.1,0) (P,(—0.2,-0.1,0.1)) (VG, (—0.05, 0))
Table 5
The positive ideal solution
B B, B3 Ba
At (EG,(0.1,0.2,0.4)) (P,(—0.1,-0.2,0,0.2)) (VP,(—0.45, —-0.2,)) (EG, (0.25))
Table 6
The negative ideal solution
B By B3 By
A~ (VP, (0.4)) (VG,(0.1,0.2,0.3)) (VG,(—0.2,0,0.4)) (VP,(—0.3, —0.2,0))

We studied the situation where the attributes in the
decision making problem are evaluated by hesitant
2-tuple linguistic arguments. Aggregation procedure
is defined for hesitant 2-tuple linguistic information
and this procedure is applied to the multiple attributes
decision making problem. Finally, an example has
been constructed to show the proposed group decision

making method. The proposed method is different from
all the previous techniques for group decision making
due to the fact that the proposed method use hesitant
2-tuple fuzzy linguistic information, which will not
cause any loss of information in the process. So it is
efficient and feasible for real-world decision making
applications.
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