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Abstract: The problem of multiple attribute decision making
under fuzzy linguistic environments, in which decision makers
can only provide their preferences (attribute values) in the form
of trapezoid fuzzy linguistic variables ( TFLV), is studied. The
formula of the degree of possibility between two TFLVs is
defined, and some of its characteristics are studied. Based on the
degree of possibility of fuzzy linguistic variables, an approach to
ranking the decision alternatives in multiple attribute decision
making with TFLV is developed. The trapezoid fuzzy linguistic
weighted averaging ( TFLWA) operator method is utilized to
aggregate the decision information, and then all the alternatives
are ranked by comparing the degree of possibility of TFLV. The
method can carry out linguistic computation processes easily
without loss of linguistic information, and thus makes the decision
results reasonable and effective. Finally, the implementation
process of the proposed method is illustrated and analyzed by a
practical example.
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ultiple attribute decision making under a linguistic
M environment is an interesting research topic having
received more and more attention from researchers during
the past several years''™ . In the process of multiple attribute
decision making, the linguistic decision information needs to
be aggregated by means of some proper approaches so as to
rank the given decision alternatives and then to select the
most desirable one. Bordogna et al.'' developed a model
within fuzzy set theory by linguistic ordered weighted aver-
age( OWA) operators for group decision making in a linguis-
tic context. Herrera and Martinez'”' established a linguistic 2-
tuple computational model for dealing with linguistic infor-
mation. Li and Yang"' developed a linear programming
technique for a multidimensional analysis of preferences in
multiple attribute group decision making under fuzzy envi-
ronments, in which all the linguistic information and real
numbers are transformed into triangular fuzzy numbers. Xu
et al. """ proposed some methods, which directly compute
with words.
Recently, Xu' introduced the concept of trapezoid fuzzy
linguistic variable (TFLV) first and developed a similarity
measure between two TFLVs. Based on the similarity meas-
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ure and the ideal points of attribute values, Xu investigated
the multiple attribute decision making problems under a
fuzzy linguistic environment. In this paper, we further dis-
cuss this problem, and introduce a degree of possibility be-
tween two TFLVs. Based on the degree of possibility, an ap-
proach to ranking the decision alternatives in multiple attrib-
ute decision making with TFLVs is developed. The practical
example shows that it is easier than that of Xu’s method.

1 Degree of Possibility between Two Trapezoid
Fuzzy Linguistic Variables

Let S = {s,

cardinality. Any label s, represents a possible value for a lin-

i =0, ...,t} be a linguistic term set with odd

guistic variable, and it should satisfy the following character-
istics'”:

1) The set is ordered: s, <s; if i <};

2) There is a negation operator: neg(s,) = s, such that i +j
=t

3) Maximum operator: max(s,, s;) =s, if s,=s;

4) Minimum operator: min(s,, s;) =, if 5,<s;. For exam-
ple, a set of nine labels S could be

S = {s, = extremely poor, s, = very poor,
s, = poor, s, = slightly poor, s, = fair,
ss = slightly good, s, = good,

s, = very good, s, = extremely good}

To preserve all the given information, we extend the dis-
crete term set S to a continuous term set S = {s, | 5, <5, <
s, ael0,q] }, whose elements also meet all the characteris-
tics above. If 5, € §, then we call s, the original linguistic
term; otherwise, we call s, the virtual linguistic term; g is a
large positive integer. In general, the decision maker uses
the original linguistic terms to evaluate attributes and alter-
natives, and the virtual linguistic terms can only appear in
the calculations.

Since the decision maker is characterized by his own per-
sonal background and experience, in some situations, the de-
cision maker may provide fuzzy linguistic information be-
cause of time pressure, lack of knowledge, and his limited
expertise related to the problem domain. So, Xu defined the
concept of TFLV.

Definition 1'*
S, 8, € S, Sg and s, indicate the intervals in which the mem-
bership value is 1, with s and s, indicating the lower and
upper values of S, respectively, then S is called a trapezoid
fuzzy linguistic variable. It is characterized by the following
member function( see Fig. 1):

Lets=1[s,, Sgs S5 sn] e S, where s, S5
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where S is the set of all trapezoid fuzzy linguistic variables.
Especially, if any two of «, B, y,  are equal, then S is re-
duced to a triangular fuzzy linguistic variable; if any three of
«, B, v,  are equal, then S is reduced to an uncertain lin-
guistic variable.

Wt

Sq Sg Sy Sy

Fig.1 A trapezoid fuzzy linguistic variable §

Consider any three trapezoid fuzzy linguistic variables § =
[s,, sﬁ:sy, sn], 5, =1s,, Sgs S, sm] and 5, = [s,, Sps Sy
snz] e S, and suppose that A € [0, 1], then their operational
laws are as follows:

S‘] @32 = [Svt.’ Sﬁ\’ S%’ Sm] @[saz’ Sﬁz’ S%, Sn:] =

N

[Sm.wz’ SB,+/31’ S%W:’ M +n:]

AS=ALS,, S5 8, 8,1 = 08,00 Syps Siys Sl

Definition 2 Lets, =[s_,s s,,s,] and 5, = [s,,s

a, bl B‘ 9 a, 9L Bl 9
S, sm] be two trapezoid fuzzy linguistic variables, and let
len(sl) = ('}’1 +77|) - (a +ﬁ1) and len(jz) = ('}’2 + 772) -
(a, +,), then the degree of possibility of §, =3, is defined
as

(y, +m) —<az+ﬁz),o},1} (D

e omi
(5, =5,) mm{max{ len(3,) +len(3,)

From definition 2, we can easily obtain the following re-
sults:
1) 0<sp(5, =35, <1,0<p(3,=3,) <I;

2) p(5,=5,) +p(5,=5,) =1. Especially, p(3,=5,) =

- 1
p(8,=5,) =

2
. 1 . 1 _
3)Let p(5,=5,) 27 and p(5,=3;) 27, then, p(3, =
_ 1
S%)ZT;
I 1 I 1 _
4)Let p(s,=5,) 27 and p(3,=5;) 27, then, p(s, =

5,) +p(3,=35;) =p(5,=35,).
Definition 3 Let TFLWA: §"—S, if

TFLWA (5,,5,, ..., 5,) =w,5,®w,5,D...0w,3, (2)

where w = {w,, w,, ..., w,} is the weighting vector of the §,

€S, w, =0,i =1,2,...,n, Y w, =1 then TFLWA is
i=1

called a trapezoid fuzzy linguistic weighted averaging( TFL-
WA) operator.

Example 1  Assume 5, =[s,, 5,, 55, 551, 5, =[5,, 55, Sy,
551585 =185, 8,5 85, 5,1, 5, =[5, 545 55, 8,1, w=1{0.3,0.1,

0.2,0.4}. Then by the operational laws of TFLVs, we have

TFLWA (5,,5,,5;,5,) =0.3 x[s,,5,,5;, 5] D
0.1x[s,,s;,58,,5]D0.2x[s,,s,,ss,5,]D
0.4 X [85, 55585, 861 =[5 6555, 8,355 5541

2 Degree of Possibility Based Approach

A multiple attribute decision making problem under a
fuzzy linguistic environment is represented as follows:

Let X ={x,, x,, ..., x,} be the set of alternatives, and U =
{u,,u,,...,u,} be the set of attributes. Let w = {w,, w,, ...,

w, } be the weight vector of attributes, where w, = 0,i =1,

2,....m, 3, w, =1. Suppose that A =(a,),,,, is the fuzzy
i=1

1 ot Tl : -  _ (o) B () ()
linguistic decision matrix, where a,; = [a;", a;”, a;”, a;" ]

e S is the attribute value, which takes the form of TFLV,
given by the decision maker, for the alternative x, € X with
respect to the attribute u; € U. Let @, = {a,, a,, ..., a,,} be
the vector of the attribute values corresponding to the alter-
native x,,i=1,2, ..., n.

In the following, we develop an approach to ranking the
decision alternatives based on the degree of possibility of
TFLVs.

Step 1 Utilize the TFLWA operator

z, =TFLWA,(a,. ay. ... a,,) =

w,a, ®w,a,D...Ow,a

m~im

i=1,2,...n  (3)

to derive the overall values z,(i =1, 2, ..., n) of the alterna-
tives x,(i=1,2,...,n).

Step 2 To rank these collective overall preference values
Z;, we first compare each z; with all the z, by using Eq. (1).
For simplicity, we let p, = p(Z,=%;); then we develop a
complementary matrix as P =(p
=1.

Step 3 Summing all the elements in each line of matrix

where p, =0, p, +p,

t:/')nxn’

P, we have p, = Zpu, i =1,2,...,n.Then we rank the
j=1

overall preferencé values z, in descending order in accord-
ance with the values of p,.

Step 4 Rank all the alternatives x, and select the best
one(s) in accordance with the collective overall preference
values Z,.

3 Numerical Examples

In this section, a decision making problem of assessing
cars for buying( adapted from Refs. [2, 8]) is used to illus-
trate the developed approach.

Let us consider a customer who intends to buy a car. Four
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types of cars x,(i =1,2,3,4) are available. The customer
takes into account four attributes to decide which car to buy:
1)G,: economy, 2) G,: comfort, 3) G,: design, and 4) G,:
safety. The decision maker evaluates these four types of cars
x;(i=1,2,3,4)under the attributes G,(i =1,2,3,4) (whose
weight vector is w = {0.3,0.2,0.1,0.4}) by using the lin-
guistic scale

S = {s, = extremely poor, s, = very poor,
s, = poor, s, = slightly poor, s, = fair,
s5 = slightly good, s, = good,

s, = very good, s, = extremely good}

and gives a fuzzy linguistic decision matrix as listed in
Tab. 1.
Tab.1 Fuzzy linguistic decision matrix A

G, G, G, G, G,

X [51’325347S5] [s39S4sS7aS8] [34,3553@53] [52,3'3534,3'6]

Xy 85, 84,85, 861 [54, 85,586,871 53,54, 57,851 [53, 54,5, 5]

X3 [83,85,87, 851 [S0,8,83,85]  [85,56,57, 851 [5,83, 584,551

X4 [34’S5’36’S8] [33’56’57’S8] [32»S4a35»s(,] [35»5(,a37»53]

In the following, we utilize the approach developed in this
paper to obtain the most desirable car. From Tab. 1, we ob-
tain the vector of the attribute values corresponding to the
alternative x,(i =1,2,3,4) as follows:

1) a, ={a,.a,,a;,a,}, where

a, =[S],S2,S4,S5], 2112=[S3,S4,S7,S8]

a3 =[5, 55, 56,551, Ay =[5, 85, 5,5 5]
2) a, ={a,,a,, ay, a,, }, where

Gy =85, 8,585, 861, Gy =[8,5 55, 56, 5]

Aoy =[5, 84585, 81, dopy =185, 84, 56, 551
3) a, ={a,,, a,, as;, a,, }, where

2 =805 815 85, 851

30 =085, 85, 84, 85]

ay =155, 85,87, 841,

ys =55, 865 875 8515
4) a,= {Zl41, Ay, g3, Z144}a where

=85, 8¢, 57, 8]

=85, S, 857, 851

ay, :[SA’Ss’Ss’Ss]’ a,
Ay =[5,5, 8,5 85, 861, ay,

Step 1  Utilize Eq. (3) to derive the overall values Zz,(i
=1,2,3,4) of the alternatives x,(i=1,2,3,4).

2 =895 8425 8585 5651

Zy =[8405 5555 5655 5751

2y =080 058515 Sags 8651

Z3 =855 8355 85,05 56215

Step 2 To rank these overall preference values Z,, we
first compare each z; with all the z, by using Eq. (1), and
then develop a complementary matrix:

0.5000 0.3509 0.4737 0.1495
~10.6491 0.5000 0.6273 0.3010
0.5263 0.3727 0.5000 0.1650
0.8505 0.6990 0.8350 0.5000

Step 3 Summing all the elements in each line of matrix
P, we have

p, =1.4741, p,=2.0774, p,=1.564 1, p, =2.884 4

Then we rank the overall preference values z; in descending
order in accordance with the values of p,(i=1,2,3,4):z, >
2, >2,>7.

Step 4 Rank all the alternatives x, in accordance with the
overall preference values Z,: x, > x, > x, > x,, and thus the
best car is x,.

In this example, our approach produces the same ranking
as Xu’s approach, but it is simpler.

4 Conclusion

In this paper, we investigate the multiple attribute decision
making problems under a fuzzy linguistic environment, in
which the attribute values are in the form of TFLVs. The
formula of the degree of possibility between two TFLVs is
defined. Based on the degree of possibility of fuzzy linguis-
tic variables, we develop an approach to multiple attribute
decision making under a fuzzy linguistic environment, which
can carry out fuzzy linguistic computation processes easily
without loss of information.
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