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Abstract

Hesitant fuzzy linguistic term sets (HFLTSs) are very useful for dealing with the situations in which
the decision makers hesitate among several linguistic terms to assess an alternative. Some multi-criteria
decision-making (MCDM) methods have been developed to deal with HFLTSs. These methods are de-
rived under the assumption that the decision maker is completely rational and do not consider the decision
maker’s psychological behavior. But some studies about behavioral experiments have shown that the de-
cision maker is bounded rational in decision processes and the behavior of the decision maker plays an
important role in decision analysis. In this paper, we extend the classical TODIM (an acronym in Por-
tuguese of interactive and multi-criteria decision-making) method to solve MCDM problems dealing with
HFLTSs and considering the decision maker’s psychological behavior. A novel score function to compare
HFLTSs more effectively is defined. This function is also used in the proposed TODIM method. Finally, a
decision-making problem that concerns the evaluation and ranking of several telecommunications service
providers is used to illustrate the validity and applicability of the proposed method.

Keywords: Multi-criteria decision-making; Hesitant fuzzy linguistic term set; TODIM method; Distance
measure; Score function; Comparison operator
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as, “excellent”,

good”, “poor” etc. are preferred.

In multi-criteria decision-making (MCDM) prob-
lems, many criteria are of qualitative nature, so it
is more suitable to evaluate them by using linguistic
information 3. For example, when we evaluate the
“comfort” or “design” of a car, linguistic terms such

*Corresponding author, Email: wei_cuiping @aliyun.com (C.P. Wei)

Fuzzy linguistic approach 3° has obtained successful
results dealing with linguistic information in deci-
sion making 8232738 Many linguistic models have
been presented to extend and improve the fuzzy lin-
guistic approach in information modeling and com-
puting processes >!13%. These linguistic models use
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a single linguistic term to assess a linguistic vari-
able. However, due to the lack of information about
the decision problem or the lack of decision maker-
s’ knowledge on it, decision makers might hesitate
among several linguistic terms to express their eval-
uations being necessary more flexible and complex
linguistic expressions than single linguistic terms. In
order to model this type of uncertainty provoked by
hesitancy, Rodriguez et al. 2*3% introduced the no-
tion of hesitant fuzzy linguistic term sets (HFLTSs)
that facilitates the elicitation of linguistic expres-
sions close to the human beings’ cognitive model by
means of context-free grammars. The study on the
theory and applications of HFLTSs has been quickly
spread 217:19,20,21,31,34.37.41 pecanse of its usefulness
in different applications.

It is necessary to point out that these approach-
es are derived under the assumption that the deci-
sion maker is completely rational. But some studies
about behavioral experiments 3!333 have shown that
the decision maker is bounded rational in decision
processes and his/her behavior plays an important
role in decision analysis. For example, when select-
ing an investment project, the decision maker usual-
ly has psychological expectations for some criteria
such as profit, cost and risk, i.e., reference points. If
a criterion value is over the reference point, the de-
cision maker will be satisfied and regard the excess
part as the “gain”. Conversely, if a criterion value is
under the reference point, the decision maker will be
unsatisfied and regard the lacking part as the “loss”
1533 n addition, the decision maker is more sen-
sitive to losses than to gains !. Therefore, it seems
necessary to introduce the decision maker’s psycho-
logical behavior to solve decision making problems.

The TODIM (an acronym in Portuguese of in-
teractive and multiple attribute decision making)
method early developed by Gomes and Lima in 7,8
is a tool that considers the decision maker’s be-
havior to solve MCDM problems. In the classical
TODIM method, according to Prospect Theory 13,
the prospect value function is built to measure the
dominance degree of each alternative over the re-
maining ones, which reflects the decision maker’s
behavioral characteristic such as reference depen-
dence and loss aversion, and then the overall val-

ue of each alternative is calculated and whereby
the ranking of alternatives can be obtained. Up to
now, the TODIM method has been extensively ap-
plied in various fields of decision-making, such as
selection of the destination of natural gas '°, eval-
uations of residential properties ° and oil spill re-
sponse 2°. The classical TODIM method uses nu-
merical information to assess the criteria. But in
many situations, numerical values are inadequate or
insufficient to model real-life decision problems and
the fuzzy sets and their extensions are more appro-
priate to model human judgments. Thus, differen-
t extensions of the classical TODIM method have
been developed for dealing with different types of
information such as, fuzzy numbers 16 intuitionistic
fuzzy sets 22 hesitant fuzzy sets 40 etc. However,
in qualitative contexts, when decision makers hesi-
tate about their evaluations and the use of only one
linguistic term is not sufficient to reflect their hes-
itation, it is necessary to use another type of infor-
mation representation able to model this type of h-
esitation, such as HFLTS. Therefore, the aim of this
paper is to develop an extended TODIM method to
solve MCDM problems able to manage the hesita-
tion of the decision makers by using HFLTSs. To
do so, first it is proposed a novel score function to
compare HFLTSs which takes into account both the
average linguistic term of an HFLTS and its hesitant
degree reflected by the number of the possible lin-
guistic terms that compound the HFLTS. This func-
tion and a distance measure for HFLTSs are used to
build a prospect value function, which can measure
the dominance degree of one alternative over the re-
maining ones concerning each criterion. Therefore,
the overall dominance degree of each alternative can
be obtained by aggregating the dominance degrees
of each alternative over the remaining under all the
criteria, and the alternatives can be ranked accord-
ing to their overall dominance degree. Finally, a
decision-making problem about several telecommu-
nications service providers is used to illustrate the
validity and applicability of the proposed method.

The paper is organized as follows. Section 2 re-
views some concepts about HFLTSs and the classi-
cal TODIM approach. Section 3 proposes a nov-
el score function to compare HFLTSs. Section 4
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presents an extension of the TODIM method which
deals with HFLTSs. Section 5 presents an example
to illustrate the use of the proposed method, and fi-
nally, some conclusions are pointed out in Section
6.

2. Preliminaries

This section revises some basic concepts, operations
and distance measures of HFLTSs, and introduces in
short the classical TODIM approach.

2.1. Hesitant fuzzy linguistic term sets

Due to the complexity of the real world decision
making problems, it is often that decision makers
hesitate among several linguistic terms to express
their knowledge and they would like to use more
than one linguistic term or more complex linguis-
tic expressions that can reflect their knowledge in a
proper way. In order to deal with these hesitant sit-
uations Rodriguez et al. introduced the concept of
HFLTS 2°° which is based on hesitant fuzzy sets
32

Definition 12°3°, Let S = {so,...,s;} be a linguistic
term set. An HFLTS, Hy, is an ordered finite subset
of consecutive linguistic terms of S,

Hg={si,Si+1,...,8;} suchthat sy €S, ke {i,...,j}.

(1)
Example 1. Let S = {none,very low,low, medium,
high,very high,perfect} be a linguistic term set
and ¥ be a linguistic variable, then H.(¥)
{medium, high,very high,perfect} and HZ(®) =
{low,medium,high} are two HFLTSs on .

Rodriguez et al. 3%3! proposed the use of

context-free grammars to generate simple but rich
linguistic expressions which can be easily represent-
ed by means of HFLTSs. A context-free grammar
Gy, was defined in 30 and extended in 31 to gener-
ate suitable expressions for decision making. Such
expressions can be transformed into HFLTSs by us-
ing the transformation function Eg,,.

Definition 2%°. Let S = {s,...,5;} be a linguistic
term set, and Eg,, be a function that transforms lin-
guistic expressions [l € Sj;, obtained by using the

context-free grammar Gy, into HFLTSs, H.

(2)

being S the linguistic term set used by Gy and S
the expression domain generated by Gy.

The transformation of the linguistic expressions
into HFLTSs will depend on the linguistic expres-
sions generated by the context-free grammar Gy .

The use of linguistic information implies to car-
ry out computing with words processes 4?2 In
order to facilitate such computations with HFLTSs,
Rodriguez et al. introduced the envelope of an H-
FLTS.

Definition 3°°. The envelope of an HFLTS Hy,
env(Hs), is a linguistic interval whose limits are ob-
tained through its upper and lower bounds.

EGH : Sll — HS

€l’lV(HS) = [Hs—,Hs+], Hs— g H5+,

where Hg- = min{s; | s; € Hs} and Hg+ = max{s; |
S; € HS}.

2.2. Distance measure for HFLTSs

Distance measures are very important in many sci-
entific fields, such as decision making, machine
learning, pattern recognition etc. These measures
are the basis of some well-known multicriteria deci-
sion making methods, such as TOPSIS, VIKOR and
ELECTRE and have been applied to manage differ-
ent types of information. Liao et al. ' introduced
the axiomatic definition of the distance measure and
some distance formulas for HFLTSs.

Let S = {s0,...,5¢} be a linguistic term set,
Hg = {sgi|l = 1,2,... #Hg} and H§ = {sp|l =
1,2,...,#HZ} be two HFLTSs, where #Hs is the
number of linguistic terms in an HFLTS Hs. Gen-
erally #H} # #HZ. Therefore, in order to operate
correctly, the shorter one should be extended until
the length of both is the same. The best way to ex-
tend the shorter one is to add the same linguistic ter-
m several times in it until the changed linguistic ter-
m set has the same length as the longer one. The
added linguistic term can be obtained by the follow-
ing method.

Suppose that H§ is the shortest, H§+ =

max{s; | s; € Hz}, H} = min{s; | s; € HZ}
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and £(0 < & < 1) is an optimized parame-
ter. The added linguistic term s in HS2 can be
obtained by s = C2(&,H} ,1 —EHY ) =E0
H} @ (1—&)©H} = s, where C(&,H} "1~
&,H2 ) is the convex combination of two linguis-
tic terms 4, k = min{r,round(flnd(H52+) +(1—
&)Ind(HZ )}, “round” is the usual round opera-
tion, and Ind(-) is the subscript of a linguistic term.

Following the Example 1, H; = {s3,54,55,56}
and H_% = {s2,53,54}. We can see that #H; > #H2,
hence it should be extended HS2 by adding a linguis-
tic term several times until having the same length
than H{ and then to calculate the distance between
HSl and Hg. The selection of this linguistic term
mainly relies on the decision makers’ risk attitudes,
which determine the optimized parameter £. From
the optimistic point of view & = 1, thus HS2 is ex-
tended as HS2 = {s2,53,54,54}, and from the pes-
simistic point of view & = 0, HS2 is extended as
H§ = {s2,52,53,54}. If the decision makers are neu-
tral, then & = 0.5. So the added linguistic term s is
s3 and HZ is extended as HZ = {s2,53,53,54}. Al-
though different operations may obtain different re-
sults, it is reasonable because the decision makers’
risk attitudes have a direct influence on the final de-
cision. Without loss of generality, in this paper, we
assume & = 5

Let S = {so,...,5¢} be a linguistic term set,
Hi = {5511 = 1,2,...,#H}} and H} = {5521l =
1,2,...,#H§} be two HFLTSs on S with the same
length L = #H! = #H3, where &/ (i = 1,2) are the
subscripts of the linguistic terms S5i and 7 the gran-
ularity of the linguistic term set S. Then the distance
between H{ and HZ can be calculated by the follow-
ing generalized distance measure proposed by Liao
etal. ¥

When A = 1, dyq (H},H}) is the Hamming distance
of H! and HZ:

dhd HSaHS

h\»—

L
g @

and when A =2, d,q (H§,H3) is the Euclidean dis-
tance of H and HZ:

1/2
1 & /18! — 82\ ?

By using the Example 1, if & = %, HS2 is extended
to {s2,53,53,54}. The generalized distance between
H{ and H? is computed as follows: dq (H{,HZ) =

1/A
() (5 o (50) o (52)1))

If A =1, then the Hamming distance between Hg !
anng iSdhd(Hl HZ) (|3 2|_|_\4 3\_‘_\5 3\+\6 4\)
0.2143;

if A = 2, then the Euclidean distance
between H) and HZ is dy(HY,H?) =

(L (2 (7)) -

0.2259.

2.3. Classical TODIM method

The basic idea of the classical TODIM method pro-
posed in 8,9 is to measure the dominance degree of
each alternative over the remaining ones by estab-
lishing a prospect value function based on Prospect
Theory 3. Based on the obtained dominance de-
grees, the ranking of the alternatives can be deter-
mined. The main advantage of the TODIM method
is its capability of capturing the decision maker’s be-
havior. The classical TODIM method is suitable to
handle MCDM problems in which decision maker-
s use numerical values to express their assessments.
An algorithm for the TODIM method is summarized
as follows ©.

Let P = {p1,p2,...,Pm} be a set of alterna-
tives, C = {cy,c2,...,cn} be a set of criteria and
w = {wi,ws,...,w,} be a weighting vector of crite-
ria, where w; denotes the weight or the importance
degree of criterion c¢j. Let X = (X;;)xn be a decision
matrix, where x;; represents the assessment provid-
ed by the decision maker for the alternative p; € P
with respect to the criterion ¢; € C.

Step 1. To normalize the decision matrix X =
(Xij)mxn int0 Y = (¥ij)mxn using the normal-
ization method.
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Step 2. To calculate the relative weights w ;. of crite-

riacj(j=1,2,...,n) to the reference criterion
cr, le.,

Wir =W/ Wy, (6)
where w, = max{w;|j=1,2,...,n}.

Step 3. To calculate the dominance degree for each
alternative p;(i=1,2,... ,m) over the remain-
ing alternatives pk(k =1,2,...,m) concerning

criteria cj(j=1,2,. ) ie.,
®;(pi> Prc)
\/(ylj ykj)wjr/( WJ") yl‘jfyk]‘>0;
- 0, Yij =Ykj =03
—é\/(ykj —ij) (Z’}:1 er) Wir, ¥ij = Ykj <0,
(7)

where 0 is the attenuation factor of the loss-
es, yij — yk; denotes the gain of the alterna-
tive p; over the alternative p; concerning the
criterion c¢; if y;; — yx; > 0, and the loss if
yij = Ykj <0.

Step 4. To calculate the dominance degree for each
alternative p;(i =1,2,...,m) over the remain-
ing alternatives py(k = 1,2,...,m) as follows:

n

8(pi. px) Z (pis i) (8)
J:

Step 5. To compute the overall dominance degree
for each alternative p;(i = 1,2,...m),

E(p) = Yiey 8(pi, pr) —min; {¥7 | Pqu)}
i max; {Y3", 8(pi, px) } —min; { X5, P:,p(k))}'
9

Step 6. To rank the alternatives and select the most
desirable one(s) according to the overall dom-
inance degrees of the alternatives. The greater
E(pi) is, the better alternative p; will be.

3. A new score function to compare HFLTSs

This section revises and analyzes two differen-
t methods to compare HFLTSs, and shows by means
of an example that sometimes such methods cannot

distinct between two HFLTSs. Therefore, this sec-
tion presents a new score function to compare H-
FLTSs in a better way than the other two methods,
because it is able to compare two HFLTSs when the
other methods cannot do it.

3.1. Comparison methods for HFLTSs

The comparison operation is used in many decision
making models to obtain a ranking of alternatives.
Thus, it is necessary to define a comparison method
for HFLTSs which can be used in decision making.
In spite of the novelty of the concept HFLTS, two
methods to compare HFLTSs have been already pro-
posed 3037,

The first comparison method for HFLTSs was
proposed by Rodriguez et al. 3°. This method uses
the envelope of an HFLTS, that is a linguistic inter-
val, for the comparison by adapting the Wang et al.’s
approach 3 for linguistic intervals.

Definition 4°°. Let a = [a%,aV] and b = [b",hY] be
two numerical intervals, the preference degree of a
over b is defined by

max(0,a¥ — b)) — max(0,a* — bY)
(aV —al)+ (bY —bL)

pla>b)= (10)

Definition 5. Let H! and Hi be two HFLTSs and
env(H}) = [H}_,H).], env(H?) = [H ,HZ,] the en-
velope of H; and H§ respectively. The comparison
between H } and Hg 2 is as follows:

Hi > H§ iff env( 1) > env(H}), H} ~ HZ iff
env(Hg) ~ env(H?),
that means, H! > HZ iff p([Ind(H)),Ind(H})] >
[Ind(HZ.),Ind(Hz.)]) > 0.5,
H{ ~HEiff p([Ind(HL- ), Ind(HY, )] > [Ind(H2.),Ind (H3.)]) =
0.5, where Ind(s;) = i (it is the subscript of the lin-
guistic term), s; € S = {so,...,5¢}.

Wei et al. also proposed a comparison method to
compare HFLTSs 37 based on the probability theory.
Due to the complexity of this method, an example is
introduced to explain it easily.

Let S = {s¢ : nothing,s; : very low,s; : low,s3 :
medium, s4 : high,ss : very high,se : perfect} be a
linguistic term set, and H} = {s3,54,55,5¢}, H =
{52,53,54} be two different HFLTSs. Clearly, H}
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and H S2 have the common linguistic terms s3 and s4.
The HFLTSs are written as follows:

HS1 : 53,54,55,56,

H52~ . §2,83,54.

In order to compare Hg and H_%, two linguistic
term sets denoted by H{ and H; are built by adding
the linguistic term 55 in HS1 and two linguistic terms
55 and s¢ in Hg

Hiki 52,83,84,85,56,

HZ* T 82,83,84,85,56-
where 5, can be any linguistic term in H ; , and ss, Sg
can be any linguistic term in HZ.

Therefore, in order to compare HS1 and HZ, we
compare the linguistic terms in the corresponding
place in H| and H; by computing a possibility de-
gree.

Definition 6°”. Let H} and HZ be two HFLTSs, the

possibility degree of Hg being not less than HZ, de-
noted by p(H} > H2) is computed as follows:

O'S‘Hg(l,z)‘ + |HHT>H5

p(Hs > H3) = . !
|H|

(11)

being Hg, ) = {si | s; € H} and s; € H}} the set
of the common linguistic terms in H; and H_%,
Hy:~p; = {s! | s} € H} s} € H3,s] > s7} the set of
all linguistic terms in H; larger than the correspond-
ing terms in A}, and |X| the cardinal number of a set
X.

Definition 7°7. Let H! and H? be two HFLTSs. If
ﬁ(HS1 > H§) > 0.5, then we say that H; is superior
to H? with the degree of p(H{ > HZ), denoted by
H} ~PWHZHY) 52 Especially, if p(H) > HZ) = 1,
then we call that Hbl is absolutely superior to HS2. If
P(H} > H2) =0.5, then we say that H{ is indifferent
with Hg, denoted by H; ~ Hg.

Once revised the comparison methods for H-
FLTSs, they are analyzed by using the following ex-
ample.

Example 2. Let S = {sg,...,5¢} be a linguis-
tic term set, HY = {s3}, HZ = {s3,54} and H} =
{s1,52,53,54,5s,5¢ } be three HFLTSs defined in S.

In order to apply the comparison method pro-
posed by Rodriguez et al. firstly the envelopes of

these three HFLTSs are obtained by using the Def.
3.

env(HY) = [s3,83], env(H?) = [s3,54] and
env(H3) = [s1,56).

Afterwards, the preference degrees p (env(HZ) >
env(HL)), p(env(HZ) > env(H3)) and p(env(H3) >
env(Hy)) are computed by means of the Def. 4.

p (enV(HSg) N env(HSI )) _ max(0,Ind(s4)—Ind(s3))—max(0,Ind(s3)—Ind(s3))

(Ind(s4)—Ind(s3))+(Ind(s3)—Ind(s3))
— 1, hence HZ > H;
0,Ind(s4)—Ind(s)))—max(0,Ind(s3)—Ind(se))

p(env(H2) > env(H3)) = "
2 3.
=1, hence H§ ~ Hy;

(Ind(s4)—Ind(s3))+(Ind(s¢)—Ind(s)))

0,Ind(s¢)—Ind(s3))—max(0,Ind(s\)—Ind(s3))

p(env(Hg) > env(HSI)) — max(
=3, hence Hj > H{.

Note that s3 is a linguistic term which appears
both in HS1 and in Hé, so we should not say that H§
is absolutely superior to H; Thus, Wei et al. 3’
pointed out that sometimes it is not suitable to use
this method to compare HFLTSs, and defined a new
comparison method.

By using Def. 6 and Def. 7, the three HFLTSs
are compared as follows.

(Ind(sg)—Ind(s1))+(Ind(s3)—Ind(s3))

B2 > D) = O5|Ho, )| + iyl 05141 _
|Hy| 2
where H* = {S3,S3}, Hy" = {S3,S4}, H;(Z,l) =
{si|ls; € Hy*,s; € H{*} = {s3}, Hpz~py = {s7ls} €
Hy* sl € Hl*,s% > s1} = {s4}. Thus, we get that Hg
is superior to HS1 with degree 0.75.

0.75,

S > D) = O5|Hg(s )|+ Hrs>m | 054242 1
s = 1S ‘H3*| 6 2

0.5|Hg 3 y| + |Hu; >y | 1
ﬁ(Hg >H51~) = 5(3.1) _ s>HT 05%x1+3
|H3| 6

Thus, we obtain that H3 is indifferent to H3, and H3
is superior to HS1 with the degree 0.583.

=~0.583.

Both methods obtain 0.5 to compare the HFLTSs
H§ and Hg’, thus it is not possible to distinguish
them. Consequently, the following conclusion is ob-
tained.

Let H{ = {s5111= 1,...,#H}} and HZ = {55211 =

2 T 1y s
1,...,#Hg} be two HFLTSs, and &' = - ¥, §
S

< #HZ S
and 6% = # Y,_; 8 be the average linguistic terms
N
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of H} and H} respectively. If 8! = 82, that is, H.
and Hg have the same average linguistic term, then
H Sl is indifferent to H S2 by using the above two meth-
ods. But we note that in the Example 2, H;’ contains
more possible terms than H. 3 and has bigger hesitant
degree than H2, so H52 should be more reliable and
should be greater than H5.

Therefore, after analyzing this example, it seem-
s that it is necessary to define a new comparison
method which is able to compare HFLTSs in a better
way.

3.2. A score function for comparing HFLTSs

According to the previous analysis, we take into ac-
count two aspects to define the new score function:
i) the average linguistic term, and ii) the hesitant de-
gree.

The greater the average linguistic term of an H-
FLTS, the greater the HFLTS should be. This means
that the result of the score function should increase
when the average linguistic term of the HFLTS in-
creases.

On the other hand, an HFLTS has bigger hesitan-
t degree if it contains more possible terms, and the
result of the score function should decrease when
its hesitant degree increases. In order to measure
the hesitant degree it is computed the normalized
variance of the subscripts of the linguistic terms that
compound the HFLTS.

Definition 8. Let S = {so,...,s;} be a linguistic ter-
m set, and Hy = {s5|l = 1,...,#Hs} be an HFLTS
on S. A score function F(Hg) of Hy is defined as
follows,

g i (8- 8)°
var(7)

F(Hg) =& , (12)

#Hy

A Hesitant Fuzzy Linguistic TODIM Method Based on a Score Function

_ (0-1/2)%+..4(r—1/2)

where § = #1?5 Y23 & and var(t)

T+1

Definition 9. The definition of the comparison be-
tween two HFLTSs is based on the score function
of the HFLTSs, F(Hs). Hence, the comparison be-
tween H; and H§ is defined as follows:

H! > HZ iff F(HY) > F(H?);

H} = HZ iff F(H§) = F(H?).

By using the Example 2, we compare the three
HFLTSs applying the Def. 8 and Def. 9.

F(HY)=3-2=3,

2 2
F(H2) = 3.5 — B3 HE35) _ 34375 and
]F(Hg) —35_ (1—3.5)2+(2—3.5)2+(3—3.5);+A((1—345)2+(5—3.5)2+(6—3A5)2
=2.7708.
Therefore, the ranking of the HFLTSs is H52 >
H{ > H}.

We can see that the proposed score function al-
lows comparing HFLTSs more effectively, since it
considers not only the average linguistic term of an
HFLTS, but also its hesitant degree. This score func-
tion will be used in the proposed TODIM method.

4. An hesitant fuzzy linguistic TODIM method

This section proposes an extension of the TODIM
approach to handle MCDM problems with H-
FLTSs and introduces an algorithm for the proposed
method.

4.1. Description of a MCDM problem under
hesitant fuzzy linguistic information

Generally, a MCDM problem consists of identifying
a desirable compromise solution from the feasible
alternatives which are defined by a set of conflict-
ing criteria '>1328, Let P = {p1,...,pm} be a set
of alternatives, C = {cy,...,c,} be a set of criteri-
a, and w = {wy,wa,...,w,} be a weighting vector
of criteria satisfying }\7_;w; =1 and 0 <w; < 1.
In this decision making problem, we suppose a lin-
guistic term set S = {so,...,s¢}, and a context-free
grammar Gy, as the one defined in 30 which gen-
erates comparative linguistic expressions to assess
criteria and alternatives. The linguistic expressions
provided by the decision maker are transformed into
HFLTSs by using the transformation function Eg,,,
introduced in Def. 2 to construct a hesitant fuzzy lin-
guistic decision matrix R = (7;;)mxn, Where r;; is an
HFLTS on S and represents the linguistic assessment
provided by the decision maker for the alternative p;
with respect to the criterion c;.

The criteria may be of different types, cost and
benefit. Since, the criteria of cost are transformed
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into criteria of benefit by normalizing the hesitant
fuzzy linguistic decision matrix R = (7;;)mxn to yield
a corresponding normalized hesitant fuzzy linguistic
decision matrix G = (g;;)mxn, Where

Tij,

8= { Neg(rij),

being Neg(rij) = {Neg(ss,)|ss € rij,l = 1,...  #rij}.

for benefit criterion c;,

e (13)
for cost criterion Cj,

Definition 10. '' Let S = {s,...,s;} be a linguistic
term set, the negation of a linguistic term s; € S, is
defined as follows:

Neg(s:) = sc. (14)

4.2. A TODIM approach with HFLTS

Similarly to the classical TODIM method intro-
duced in section 2.3, the first step is to normalize the
original decision matrix using Eq. (13). Afterwards,
it is computed the dominance degree for each alter-
native by using a prospect value function based on
Prospect Theory . To do so, it is necessary to iden-
tify a reference criterion and calculate the relative
weight of each criterion to the reference criterion.
Usually, the criterion with the highest weight can be
regarded as the reference criterion and then the rel-
ative weight w;, of the criterion c; to the reference
criterion ¢, can be obtained by Eq. (6). By using the
Def. 8 and Def. 9 the assessments provided over the
alternatives and criteria which are represented by H-
FLTSs are compared. Analogously to the Eq. (7),
the dominance degree of the alternative p; over the
alternative p; concerning the criterion c; is calculat-
ed using the following function:
@;(pi,pi) =
\/erdgd(gijvgkj)/Z?zl Wir, if F(gi;) —F(grj) >
0, if F(gij) —F(gx;)

0;
0;

*%\/(Zﬁzl er) dga(8kj:8ij)/wjr, i F(gij) —F(gk;) <0,

(15)

where the distance dyq(gij,gx;) defined by Eq. (3)
denotes the gain of the alternative p; over the al-
ternative py concerning the criterion c; if F(g;;) —
F(gk;) > 0, and the loss if F(g;;) —F(gx;j) < 0. The
parameter 0 > 0 represents the attenuation factor of

the losses. Thus, the greater 0 is, the lower the de-
gree of loss aversion is.

The dominance degree (p;, px) of the alterna-
tive p; over the alternative p; can be obtained by
aggregating ®;(p;, px) under each criterion c; ap-
plying Eq. (8). And the overall dominance degree
&(pi) of the alternative p; can be computed by Eq.
).

Obviously, 0 < &(p;) < 1, and the greater & (p;)
is, the better the alternative p; will be. Finally, the
ranking of the alternatives p;(i = 1,...,m) is ob-
tained according to their overall dominance degrees.

An algorithm for the proposed TODIM approach
with HFLTSs is defined as follows.

Step 1. To transform the comparative linguistic ex-
pressions provided by the decision maker into
HFLTSs applying the transformation function
introduced in Def. 2.

Step 2. To construct the hesitant fuzzy linguistic de-
cision matrix R = (7;;)mxn» using the HFLTSs
obtained in the previous step.

Step 3. To normalize the decision matrix R =
(7ij)mxn into G = (gij)mxn by Eq. (13).

Step 4. To determine the reference criterion c,, and
calculate the relative weights w,.(j =1,...,n)
of the criteria c;(j = 1,...,n) to the reference
criterion ¢, using Eq. (6).

Step 5. To calculate the dominance degrees
®;(pi, pr) of the alternatives p;(i =1,...,m)
over the alternatives py(k = 1,...,m) con-

cerning each criterion c; using Eq. (15).

Step 6. To calculate the dominance degrees
O(pi, px) of the alternatives p;(i = 1,...,m)
over the alternatives py(k = 1,...,m) using
Eq. (8).

Step 7. To calculate the overall dominance degrees
& (pi) of the alternatives p;(i =1,...,m) using

Eq. (9).

Step 8. To rank the alternatives according to
the overall dominance degrees &(p;)(i =
L,...,m).
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S. Ilustrative example

In this section a MCDM problem is solved follow-
ing the algorithm defined for the proposed TODIM
approach.

5.1. Problem description

Nowadays, the competition among telecommunica-
tions services is increasing and it is much more d-
ifficult for SMEs (Small and Medium-sized Enter-
prises) to choose a suitable telecommunications ser-
vice to improve their business operations, since am-
ple resources can be a big obstacle. Let suppose that
a SME has to select the best telecommunications
service provider to improve its benefits. There are
four possible alternatives: provider 1 (p;), provider
2 (p2), provider 3 (p3) and provider 4 (p4). Based on
the society research, we consider four major criteri-
a to evaluate these four telecommunications service
providers. These criteria are: The Satisfaction of
Price (c1), Quality (c2), Service (c3), and Safeguard
(ca). A detailed description of such criteria is given
in Table 1.

Table 1: Criteria to evaluate a telecommunications service
Criterion Description of criterion

Price ¢ How the company is satisfied with
the price, which will be paid for the

telecommunications service

Quality ¢; What level the telecommunications service
can reach
Service c3 The maintenance and repair

Safeguard ¢4  The reliability of information protection

In this decision problem, it is used the
context-free grammar Gy, defined in 30 that
generates comparative linguistic  expression-
s suitable for this decision making prob-
lem. The linguistic term set used is § =
{none(n),verylow(vl),low(l), medium(m), high(h),
very high(vh), perfect(p)}. In this problem the cri-
teria have different importance being the weighting
vector w = (0.2,0.15,0.15,0.5)7.

The assessments provided are shown in Table 2.

Table 2: Assessments over the alternatives and criteria.

(4] (6 C3 C4
P1 btland h vh bt vl and m bt vl and m
p> lowerthanl btlandm  bthand vh bt h and vh
p3 lowerthanm btland vh vh p

D4 m btland h btvland1l  greater than h

The symbol “bt” in Table 2 stands for the word “be-
tween”.

5.2. Solving procedure

In order to solve the problem, we follow the steps
described in the algorithm defined for the proposed
hesitant fuzzy linguistic TODIM model.

Step 1. The comparative linguistic expressions pro-
vided by the decision maker are transformed
into HFLTSs as is shown in Table 3.

Table 3: Assessments transformed into HFLTSs.
C1 Cc3 Cyq

2
p1 {lLmh} {vh} {vlLlm} {vllm}
p2 {nvl} {Lm} {h,vh}  {h,vh}
p3  {nvLl} {Lmhyvh}  {vh} {r}
pe  {m}  {lmh}  {vil}  {vhp}

Step 2. To construct the hesitant fuzzy linguistic de-
cision matrix R = (7} )mxn

{l,m,h} {vh} {vl,l,m}  {vl,l,m}
{n,vi} {l,m} {h,vh} {h,vh}

{n,vi,1} {l,m,h,vh} {vh} {p}
{m} {tLmhy {1y {vh,p}

Step 3. The decision matrix is already normalized,
S0 it is not necessary to normalize it.

Step 4. To take the criterion Safeguard (c4) as the
reference criterion, because it is considered
the most important factor. Thus the weight
of the reference criterion w, = 0.5. We take
6 = 1, which means that the losses will con-
tribute with their real value to the global value.
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Step 5. To calculate the dominance degrees
®;(pi, px) of the alternatives p;(i = 1,2,3,4)
over the alternatives py(k=1,2,3,4) concern-
ing each criterion c;. In the distance measure,
A = 1.5. The results are shown in Table 4.

Step 6. To calculate the dominance degrees of the
alternatives over the others (see Table 5).

Step 7. To obtain the overall dominance degrees for
each alternative:

E(p1) =0.3373,§(P) =0, &(Ps) = 1,
E(Py) = 0.3899.

Step 8. To obtain the ranking for the four telecom-
munication service providers,

D3> P4 >=p1>p2

Finally, p3 is the most desirable telecommu-
nication service provider.

Table 4: Dominance degrees of each alternative over
the others concerning each criterion.

C1 P1 p2 P3 P4
Pl 0 0.2682 0.239  -0.7383
p2 | -1.3408 0 -0.6482  -1.343
p3 | -1.1952  0.1296 0 -1.22
ps | 0.1477 02686  0.244 0
2 P1 P2 P3 P4
P1 0 0.2326  0.192 0.2113
p2 | -1.5507 0 -1.0526 -0.7485
P3 -1.28  0.1579 0 0.1162
ps | -1.4088 0.1123 -0.7746 0
C3 P1 P2 P3 P4
P1 0 -1.5482 -1.7059 0.1123
P, | 0.2322 0 -0.7746  0.2535
p3 | 02559 0.1162 0 0.2746
p4 | -0.7485 -1.6903 -1.8304 0

C4 P1 P2 P3 P4

P1 0 -0.848 -1.0746 -1.0017

p2 | 0424 0 -0.6637 -0.5345

p3 | 0.5373 0.3318 0 0.2121

ps | 0.5008 0.2673 -0.4243 0

Table 5: Overall dominance degrees of each alterna-
tive over the others.

P1 P2 P3 P4
D1 0 -1.8954 -2.3495 -1.4164
pa | -2.2353 0 -3.1391 -2.3724
p3 | -1.682  0.7356 0 -0.6172
ps | -1.5088 -1.0422 -2.7852 0

In the literature has been proposed some MCDM
approaches that deals with HFLTSs 17:19:20,30,34,37
Nevertheless, they do not consider the psychologi-
cal behavior of the decision makers. The proposed
hesitant fuzzy linguistic TODIM approach can con-
sider the psychological behavior by calculating the
dominance degrees of the alternatives.

6. Conclusions

The classical TODIM is a valuable tool to solve M-
CDM problems with crisp values and consider the
decision makers’ psychological behavior, but it is
not able to manage hesitant fuzzy linguistic term set-
s (HFLTS). HFLTS is an effective tool to express
human beings’ hesitancy by means of linguistic e-
valuations and has wide applications in MCDM. In
this paper, we have extended the TODIM method to
solve MCDM problems with HFLTS. The most im-
portant advantage of the proposed approach is that it
can handle decision-making problems in which the
assessments are represented by HFLTSs, and it can
take into account the decision makers’ psychologi-
cal behavior. In addition, we have also introduced a
novel score function to compare HFLTSs and have
used an example to show that the proposed compari-
son method can compare HFLTSs when other meth-
ods cannot do it.

Acknowledgements

The authors are very grateful to the editor and
anonymous referees for their insightful and valuable
suggestions that have led to an improved version
of this paper. The work was partly supported by
the National Natural Science Foundation of China

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

710



A Hesitant Fuzzy Linguistic TODIM Method Based on a Score Function

(71371107, 71171187), the National Science Foun-
dation of Shandong Province (ZR2013GMO11), the
Spanish National research project TIN2012-31263,
Spanish Ministry of Economy and Finance Postdoc-
toral Training (FPDI-2013-18193) and ERDF.

References

1.

10.

11.

12

M. Abdellaoui, H. Bleichrodt and C. Paraschiv, “Loss
aversion under prospect theory: a parameter-free
measurement,” Management Science, 53, 1659-1647
(2007).

. 1. Beg and T. Rashid, “TOPSIS for hesitant fuzzy lin-

guistic term sets,” International Journal of Intelligent
Systems, 28(12), 1162—-1171 (2013).

. C. Camerer, “Bounded rationality in individual deci-

sion making,” Experimental Economics, 1, 163—183
(1998).

. M. Delgado, J.L. Verdegay and M.A. Vila, “On aggre-

gation operations of linguistic labels,” International
Journal of Intelligent Systems, 8(3), 351-370 (1993).

. P.P. Bonissone and K.S. Decker, “Selecting uncertain-

ty calculi and granularity: An experiment in trading-
off precision and complexity,” Machine Intelligence
and Pattern Recognition, 4, 217-247 (1986).

. Z.P. Fan, X. Zhang, ED. Chen and Y. Liu, “Extend-

ed TODIM method for hybrid multiple attribute de-
cision making problems,” Knowledge-Based Systems,
42,4048 (2013).

. LEAM. Gomes and M.M.PP. Lima, “From model-

ing individual preferences to multicriteria ranking of
discrete alternatives: A look at Prospect Theory and
the additive difference model,” Foundations of Com-
puting and Decision Sciences, 17(3), 171-184 (1992).

. LEAM. Gomes and M.M.PP. Lima, “TODIM:

Basics and application to multicriteria ranking of
projects with environmental impacts,” Foundations of
Computing and Decision Sciences, 16(4), 113-127
(1992).

. L.EAM. Gomes and L.A.D. Rangel, “An application

of the TODIM method to the multicriteria rental eval-
uation of residential properties,” European Journal of
Operational Research, 193(1), 204-211 (2009).
L.F.AM. Gomes, L.A.D. Rangel and F.J.C. Maran-
hdo, “Multicriteria analysis of natural gas destination
in Brazil: An application of the TODIM method,”
Mathematical and Computer Modelling, 50(1-2), 92—
100 (2009).

F. Herrera and L. Martinez, “A 2-tuple fuzzy linguis-
tic representation model for computing with word-
s,” IEEE Transaction on Fuzzy Systems, 8, 746-752
(2000).

Z. Hu, Z. Chen, Z. Pei, X. Ma and W. Liu, “An

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

improved ranking strategy for fuzzy multiple at-
tribute group decision making,” International Journal
of Computational Intelligence Systems, 6(1), 38—46
(2013).

C.L. Hwang and K. Yoon, “Multiple attribute decision
making: Methods and applications: A state-of-the-art
survey,” Springer-Verlag, (1981).

J. Kacprzyk and S. Zadrozny, “Computing with words
is an implementable paradigm: Fuzzy queries, linguis-
tic data summaries, and natural-language generation,”
IEEE Transactions on Fuzzy Systems, 18(3), 461-472
(2010).

D. Kahneman and A. Tversky, “Prospect theory: An
analysis of decision under risk,” Econometrica, 47,
263-292 (1979).

R.A. Krohling and T.M. de Souza, “Combining
prospect theory and fuzzy numbers to multi-criteria
decision making,” Expert Systems with Applications,
39(13), 11487-11493 (2012).

L.W. Lee and S.M. Chen, “Fuzzy decision mak-
ing based on hesitant fuzzy linguistic term sets,” in:
A. Selamat et al. (Eds.) Intelligent Information and
Database Systems, Part I LNAI 7802, 21-30 (2013).
C.C. Li and Y. Dong, “Multi-attribute group deci-
sion making methods with proportional 2-tuple lin-
guistic assessments and weights” International Jour-
nal of Computational Intelligence Systems, 7(4), 758—
770 (2014).

H.C. Liao, Z.S. Xu and X.J. Zeng, “Distance and sim-
ilarity measures for hesitant fuzzy linguistic term sets
and their application in multi-criteria decision mak-
ing,” Information Sciences, 271(1), 125-142 (2014).
H.B. Liu and R.M. Rodriguez, “A fuzzy envelope for
hesitant fuzzy linguistic term set and its application to
multicriteria decision making,” Information Sciences,
258, 220-238 (2014).

H.B. Liu, J.F. Cai and L. Jiang, “On improving the
additive consistency of the fuzzy preference relation-
s based on comparative linguistic expressions,” Inter-
national Journal of Intelligent Systems, 29, 544-559
(2014).

R. Lourenzutti and R.A. Krohling, “A study of
TODIM in a Intuitionistic fuzzy and random envi-
ronment,” Expert Systems with Applications, 40(16),
6459-6468 (2013).

L. Martinez, “Sensory evaluation based on linguistic
decision analysis,” International Journal of Aproxi-
mated Reasoning, 44(2), 148—-164 (2007).

L. Martinez, D. Ruan and F. Herrera, “Computing
with words in decision support systems: An overview
on models and applications,” International Journal
of Computational Intelligence Systems, 3(1), 382-395
(2010).

J.M. Mendel, L.A. Zadeh, R.R.Yager, J. Lawry, H.
Hagras and S. Guadarrama, “What computing with

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

711



Cuiping Wei, Zhiling Ren and Rosa M. Rodriguez

26.

27.

28.

29.

30.

31.

32.

33.

words means to me,” IEEE Computational Intelli-
gence Magazine, 5(1), 20-26 (2010).

A.C. Passos, M.G. Teixeira, K.C. Garcia, A.M. Car-
doso and L.F.A.M. Gomes, “Using the TODIM-FSE
method as a decision-making support methodology
for oil spill response,” Computers and Operations Re-
search, 42, 40-48 (2014).

W. Pedrycz and S. Mingli, “Analytic hierarchy pro-
cess (AHP) in group decision making and its opti-
mization with an allocation of information granulari-
ty,” IEEE Transactions on Fuzzy Systems, 19(3), 527—
539 (2011).

W. Pedrycz, P. Ekel and R. Parreiras, “Fuzzy multicri-
teria decision-making: Models, methods and applica-
tions,” John Wiley and Sons, Ltd, (2011).

R.M. Rodriguez, L. Martinez and F. Herrera, “Hesi-
tant fuzzy linguistic term sets,” in: Foundations of In-
telligent Systems, 287-295 (2011).

R.M. Rodriguez, L. Martinez and F. Herrera, “Hesi-
tant fuzzy linguistic term sets for decision making,”
IEEE Transactions on Fuzzy Systems, 20(1), 109-119
(2012).

R.M. Rodriguez, L. Martinez and F. Herrera, “A group
decision making model dealing with comparative lin-
guistic expressions based on hesitant fuzzy linguistic
term set,” Information Sciences, 241, 28-42 (2013).
R.M. Rodriguez, L. Martinez, V. Torra, Z.S. Xu and
F. Herrera, “Hesitant fuzzy sets: State of the art and
future directions.” International Journal of Intelligent
Systems, 29(6), 495-524 (2014).

A. Tversky and D. Kahneman, “Advances in prospec-

34.

35.

36.

37.

38.

39.

40.

41.

t theory: cumulative representation of uncertainty,”
Journal of Risk and Uncertainty, S, 297-323 (1992).
J.Q. Wang, “An outranking approach for multi-criteria
decision-making with hesitant fuzzy linguistic term
sets,” Information Sciences, 280, 338-351 (2014).
Z.S. Xu, “Deviation measures of linguistic preference
relations in group decision making,” Omega, 33(3),
249-254 (2005).

Y.M. Wang, J.B. Yang and D.L. Xu, “A preference
aggregation method through the estimation of utility
intervals,” Computers and Operations Research, 32,
2027-2049 (2005).

C.P. Wei, N. Zhao and X.J. Tang, “Operations and
comparisons of hesitant fuzzy linguistic term sets,”
IEEE Transactions of Fuzzy Systems, 22(3), 575-585
(2014).

D.Wu and J.M. Mendel, “Computing with words for
hierarchical decision making applied to evaluating a
weapon system,” IEEE Transactions Fuzzy Systems,
18(3), 441460 (2010).

L.A. Zadeh, “The concept of a linguistic variable and
its applications to approximate reasoning,” Informa-
tion Sciences, Part 1 8, 199-249; Part II 8, 301-357;
Part I11 9, 43-80, (1975).

X.L. Zhang and Z.S. Xu, “The TODIM analysis ap-
proach based on novel measured functions under hes-
itant fuzzy environment,” Knowledge-Based Systems,
61, 48-58 (2014).

B. Zhu and Z.S. Xu, “Consistency measures for h-
esitant fuzzy linguistic preference relations,” IEEE
Transactions on Fuzzy Systems, 22(1), 35-45 (2014).

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

712




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


