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based on different types of linguistic information
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Abstract: Distance measures between exact linguistic variables and between uncertain linguistic variables are
introduced respectively. Based on exact linguistic variables and uncertain linguistic variables, the concepts of
positive linguistic ideal solution and negative linguistic ideal solution of attribute values are defined. To rank
and select alternatives, based on the distance measures of two types of linguistic variables and the linguistic
ideal solutions, a method for multiple attribute decision making with different types of linguistic information is
proposed, by which all alternatives can be ranked. The method can carry out linguistic computation processes
easily without loss of linguistic information, and thus makes the decision result reasonable and effective.
Finally, the implementation process of the proposed method is illustrated and analyzed by a numerical example.
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In multiple attribute decision making, a decision
maker (DM) usually expresses his/her preference in-
formation over alternatives with linguistic variables.
For example, when evaluating “comfort” or “design”
of a car, linguistic labels like “good”, “fair”, “poor”
are usually used; when evaluating a car’s speed, lin-
guistic labels like “fast”, “very fast”, “slow” can be
used'"”. Several authors have paid attention to this re-
search domain, and proposed some approaches to
solving the multiple attribute decision making problem
with linguistic information”™* . However, all these ap-
proaches are focused on the situations where all the lin-
guistic information in a decision matrix takes the same
form, either exact linguistic variables'>” or uncertain
linguistic variables'"'. In this paper, we focus on the
multiple attribute decision making problem with differ-
ent types of linguistic information.

1 Basic Concepts

In the process of multiple attribute decision mak-
ing, the decision maker may provide different types of
linguistic information as a result of time-pressure, lack
of knowledge or data, and his/her limited expertise re-
lated with the problem domain. In the following we
will first review some basic concepts, which will be
used throughout this contribution.

A multiple attribute decision making problem in a
linguistic environment involves choices from a finite
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discrete set of alternatives X = {x,, x,, ..., x, }, where
the DM provides his/her preference information by
using linguistic labels” ™. In Ref. [9], Xu defined a
finite and totally ordered discrete linguistic label set S
={s, \ o= -1, ..., t}, whose cardinality value is an
odd one, such as 7 and 9, and it requires that @ S5, <Sp
iff @ <B;and ) There is a negation operator: neg(s,)
_,» especially, neg(s,) =s,. For example, S can be
assumed to be S = {s_, = extremely poor, s_; = very
poor, s_, = poor, s_, = slightly poor, s, = fair, s, =
slightly good, s, = good, s, = very good, s, = extremely
good}. In the process of information aggregation, how-
ever, some results may not exactly match any linguis-
tic labels in S. To preserve all the information, Xu'”
extended the discrete linguistic label set S to a continu-
ous linguistic label set S={s, |a e[ - ¢, q]}, where ¢
(g >1) is a sufficiently large positive integer.

Definition 1"  If 5, € S, then s, is termed an
original linguistic label, otherwise, s, is termed a virtual
linguistic label. In general, the DM uses the original
linguistic labels to evaluate alternatives, and the virtual
linguistic labels can only appear in the actual calcula-
tion.

Definition 2!  For any two linguistic labels s,
Sz € S, their operational laws are defined as follows:
@D 5, D3, =55 As, =5, ,,A €[0,1].

Definition 3'!  Let 5=[s,, s1, where s, s, € S,
s, and s, are the lower and upper limits, respectively,
then 5 is called an uncertain linguistic variable. Let S be
the set of all the uncertain linguistic variables.

Definition 4'*  For any three uncertain linguistic
variables § =[s,, sgls 3 =15, 5,1 and 3, = [ S, 85,1 €

=S

S, their operational laws are defined as follows: D 3, ®
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5, = [sal’ SBI] 69[Sotz’ sﬁz] = [sa1+a2’ sﬁ]*ﬁz]; @ AS =
[S3a S3g]5 A €10, 11.

Definition 5 Let s, S5 € S, then we define the
distance between s, and s, as follows:

d(s,.55) = |a-B] (1)

Definition 6 Let 5, =[s,,5, 1,5, =[5, 551 €
S, then we define the distance between 3, and 5, as fol-
lows:

A5 =yl ey~ + 18, -1 (@)

2 An Ideal Solution Based Method

A multiple attribute decision making problem with
different types of linguistic information 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,

m

where w, = 0,7 =1,2, ...,m, 2 w; = 1. Suppose that
i=1

A =(a;),, is the linguistic decision matrix with dif-
ferent types of linguistic information, where a; is the
attribute value, given by the DM, for the alternative x;
e X with respect to the attribute u; € U. Without loss of
generality, let a; e S(i =1,2, ..., 1;j=1,2, ...,n), and
leta; =[aj,a;leS (i=1+1,..,mj=1,2,..n).
Suppose that a; = {a,;, a,;, ..., a,;} be the vector of the
attribute values corresponding to the alternative x;(j =
1,2,...,n).

Definition 7 Let A = (ay),,,, be the decision
matrix with different types of linguistic information,
then we call I" =(I;,1I,,...,I ) the positive linguis-
tic ideal solution of attribute values, where I/ =
mjax{a,.j}, i=1,2, .., L1 =[1'" 1] = [mjax{ag},
m/@lx{aff/}],i:l +1,...,m.

Definition 8 Let A = (a,),,,, be the decision
matrix with different types of linguistic information,
then we call I~ =(1I;,1,,...,1,) the negative linguis-
tic ideal solution of attribute values, where I, =
mjjn{a,j}, i=1,2, .., LI =117 = [rr.liin{af,.},
m/in{aff}], i=l+1,...,m.

In the following we propose a practical method
based on distance measures and linguistic ideal solu-
tions for the multiple attribute decision making problem
with different types of linguistic information.

Step 1 Calculate the distance between the alter-
native x; and positive linguistic ideal solution by Egs.
(1) and (2) and

dla, I") = Y wd(a;, 1) j=12,...n (3
i=1

Step 2 Calculate the distance between the alter-
native x; and negative linguistic ideal solution by Egs.
(1) and (2) and

m

d(a, 1) = Y wd(a,,I)
i=1

Step 3  Calculate the relative distance d; corre-
sponding to the alternative x;:
: d(a;, I")

7 da, Iy +d(a, )
It is clear that the smaller the relative distance d; is,
the better the alternative x; is.

Step 4 Rank all the alternatives and select the
best one(s) in accordance with d,(j =1,2,...,n).

From the above procedure, we know that the
method first calculates the absolute distances between

j=12,...n (4

j=12,...n (5

each alternative and two linguistic ideal solutions, and
then based on these absolute distances, the method cal-
culates the relative distances, which can be used to
rank and select the alternatives. The prominent charac-
teristic of the method is that it can carry out linguistic
computation process easily without any loss of infor-
mation, and thus makes the decision result reasonable
and effective.

3 Illustrative Example

Let us consider a customer who intends to buy a
car. Four types of cars xj(j =1,2,3,4) are available
(adapted from Ref. [3]). The customer takes into ac-
count four attributes to decide which car to buy: D u,:
economy, (2) u,: comfort, 3) u,: design, and @) u,: safe-
ty. The DM evaluates these four types of cars x;(j =1,
2,3,4) under the attributes u, (i =1, 2, 3, 4) (whose
weight vector is w ={0.2,0.4,0.1,0.3}) by using the
linguistic label set S = {s_, = extremely poor, s_; =
very poor, s _, = poor, s_; =slightly poor, s, = fair, s,
=slightly good, s, = good, s, = very good, s, = ex-
tremely good}, and gives a linguistic decision matrix as
listed in Tab. 1.

Tab.1 Linguistic decision matrix A

u; X1 X2 X3 X4
u, S_, 5 Sy 53
U, 5 53 83 55
us A [s_1,8] [s_2,5] [s0. 511
iy [55,55] [5,5,] [50, 5] [55,584]

In the following, we utilize the proposed method
to get the optimal car.

Step 1 From Tab. 1, we get the vectors of the at-
tribute values corresponding to the alternative x;(j =1,
2,3,4), and the vectors of the positive ideal solution
and negative ideal solution as follows:

a, ={s_y, s, [55, 51,5, 5]}
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a, ={s;, 85, [s_1, 81, [51,51}
ay ={sy, 85, [5_5, 81, [59,51}
a, ={s3, 85, [55,51,[5,, 8,1}
I ={s,,s;5,[55,8,1,[8,5]1}
I ={s_,,s,,[5_5,5],[5,5]1}

Step 2 Calculate the distance between the alter-
native x; and positive ideal solution by Egs. (1) to (3):
dla,,I") =2.15, d(a,,I") =1.4
d(a,,1") =1.2, d(a,,I")=0.9

Step 3 Calculate the distance between the alter-
native x; and negative ideal solution by Egs. (1), (2)
and (4):

d(a,I")=1.05 d(a,,I1")=1.8
dla,,1")=2.0, d(a,,I")=2.3

Step 4 Calculate the relative distance d; corre-
sponding to the alternative x; by Eq. (5):

d, =0.672, d,=0.437
d, =0.375, d,=0.281

Step 5 Rank all the alternatives x;(j=1, 2,3,

4) in accordance with d_/(j =1,2,3,4):
X, > X3 > X, > X,
and thus the best car is x,.

4 Conclusion

In this paper, we have investigated the multiple
attribute decision making problem with different types
of linguistic information, in which the attribute values
take the form of exact linguistic variables and uncer-
tain linguistic variables. We have defined some dis-
tance measures, and introduced the concepts of posi-
tive and negative linguistic ideal solutions. Based on
the distance measures and linguistic ideal solutions, we
have proposed a practical method for ranking the deci-
sion alternatives, which can carry out linguistic com-
putation processes easily without loss of information.
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