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A new method is proposed to solve the multiple attribute decision making (MADM) problems with the
trapezoid fuzzy linguistic variables (TFLVS) based on the trapezoid fuzzy linguistic hybrid harmonic
averaging (TFLHHA ) operator. To begin with, this paper reviews the concept and operational rules
of the TFLVs, the calculation method of the possibility degree with TFLVS, and the comparison
method of TFLVS. Then, some operators are proposed, in order to aggregate the TFLVSs, such as
the trapezoid fuzzy linguistic weighted harmonic averaging (TIFLWHA ) operator, the trapezoid fuzzy
linguistic ordered weighted harmonic averaging (TFLOWHA ) operator, and the trapezoid fuzzy
based on the

linguistic  hybrid harmonic averaging (TFLHHA) operator. Furthermore,

TFLHHA operator, a new method solving the MADM problems with the TFLVS is proposed.
Finally, an illustrative example is given to show the decision making steps, and it verifies the

effectiveness of the developed method.

Povzetek: Clanek opisuje metodo za podporo odlocanju, ki uporablja mehko logiko.

1 Introduction

In the process of the multiple attribute decision making
(MADM), the decision making information, given by the
decision makers, often takes the form of the linguistic
variables, because of the complexity and uncertainty of
the objective things, and the ambiguity of human
thinking. Therefore, the MADM under the linguistic
context is an interesting research topic which has been
receiving more and more attention in recent years [1-4].
Some operators were widely used to aggregate the
decision making information in the process of the
MADM. Bordogna et al. [5] developed a model within
fuzzy set theory by the linguistic ordered weighted
average ( LOWA ) operators for the group decision
making in the linguistic context. Xu [6] proposed an
approach to solve the multiple attribute group decision
making problems with the wuncertain linguistic
information, based on the uncertain linguistic ordered
weighted averaging ( ULOWA ) operator and the
uncertain linguistic hybrid aggregation ( ULHA )
operator. Wu and Chen [7] introduced the linguistic
weighted arithmetic averaging ( LWAA ) operator to
aggregate the decision making information which took
the form of the linguistic variables. Xu [8] developed
some operators for aggregating the triangular fuzzy
linguistic variables, such as the fuzzy linguistic
averaging ( FLA) operator, the fuzzy linguistic weighted

averaging ( FLWA ) operator, the fuzzy linguistic
ordered weighted averaging ( FLOWA) operator, and
the induced FLOWA (IFLOWA) operator.

But in the real situation, the decision-makers
sometimes can only provide the decision making
information in the form of the trapezoid fuzzy linguistic
variables ( TFFLVs ). The trapezoid fuzzy linguistic

variable (TFLV ) generalizes the linguistic variable, the
uncertain linguistic variable and the triangular fuzzy
linguistic variable. So the research on the MADM
problems with the TFLVSsis very significant. But the
related decision making methods based on
the TFLVSs are less. Xu [9] proposed the trapezoid fuzzy

linguistic weighted averaging ( 7FLWA ) operator to
aggregate all the decision making information
corresponding to each alternative, and he used the
similarity measure to rank the decision alternatives and
then the most desirable one is selected. Liang and Chen
[10] proposed the trapezoid fuzzy linguistic weighted
averaging (TFLWA) operator to aggregate the decision
making information, and then all the alternatives were
ranked by comparing the possibility degree of the

TFLV .

Based on these, this paper extends the

OWHA operator [11] and the UCWHA operator [12]
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to deal with the MADM problems with the trapezoid
fuzzy linguistic information, such as the trapezoid fuzzy
linguistic weighted harmonic averaging ( TFLWHA)
operator, and the trapezoid fuzzy linguistic ordered
weighted harmonic averaging (TFLOWHA) operator.

The TFLWHA operator only focuses on the attribute
weight itself, but it ignores the position weight with
respect to the attribute value; and the TFLOWHA
operator focuses on the position weight with respect to
the attribute value, but it ignores the weight of the
attribute value itself. The two operators are one-sided. So
in order to avoid the disadvantage of the two operators,
the trapezoid fuzzy linguistic hybrid harmonic averaging

(TFLHHA ) operator is proposed to aggregate the
attribute values which take the form of the TFLVs .

According to the TFLHHA operator, the new method
is proposed, which can solve MADM problems with the

TFLVs directly.

To do so, the remainder of this paper is structured as
follows: In section 2, this paper reviews the concept and

the operational rules of the TFLVS, and introduces the
comparison method of the TFLVs , in which the
calculation method of the possibility degree with
the TFLVSs is reviewed. In section 3, three operators are
proposed in order to aggregate the TFLVS, such as the

TFLWHA operator, the TFLOWHAoperator, and the

TFLHHA operator. In section 4, the decision making
steps of the new method is proposed based on the

TFLHHA operator. In section 5, an illustrative example
is given to show the decision making steps, and it verifies
the effectiveness of the developed method. The section 6
concludes this paper.

2 The Trapezoid Fuzzy Linguistic
Variables

2.1 The definition of the trapezoid fuzzy
linguistic variables

LetS = {si i = 1,2,---,2‘} be a linguistic term set with
odd cardinality, any label s; represents a possible value

of the linguistic variable. Especially, §, and s, represent

the lower and the upper values of the linguistic terms,

respectively. For example, a linguistic term set S could
be given as follows:

S = { 5, =extremely poor, §,=very poor, §,=poor,
s, =slightly poor, s =fair, 5, =slightly good, §-,=good,
Sg=very good, §, =extremely good}

Usually, in these cases, §; and § ; must satisfy the

following additional characteristics [13]:
(1) The set S is ordered: s, is worse than s;, if i<j,;
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(2) Maximum operator: max( s;,s;) =s;, if 5;2s;;

(3) Minimum operator: min(s;,s;)=s,, ifs, 2 S;

Some calculation results, however, may not exactly
match any linguistic labels in § in the calculation
process. To preserve all the given information, the

discrete term set S is extended to a continuous term
set S ={s,|s,<s,<s,,i€[0,g]}, where s, meets
all the characteristics above and g(q > 1) is a sufficient
large positive integer. If 5, € §, then we call s, the

original term, otherwise, we call §; the virtual term. In

general, the decision makers use the original linguistic
terms to evaluate the alternatives, and the virtual
linguistic terms can only appear in the process of the
operation and ranking [13].

Definition 2.1[8): Lets,,s,; €S, then we defined
the distance between 5, and § p as:
d(s,.s;)=|a—p (1)

Definition 2.2[8]: Let § =[Sa,sﬂ,sy,s,7] es,
where  §_,S 55,8, € S , and the subscripts
o, ﬂ , 7,1 are non-decreasing numbers, and § 5 and § y

indicate the interval in which the membership value is 1,

with § and S, indicating the lower and upper values of

S, respectively, then § is called the trapezoid fuzzy

linguistic variable (TFLV ), which is characterized by
the following membership function (see Figure 1):

0 Sg <85,<s,

d(s,,s

M sagsggsﬁ

d(sﬂ,sa)

2

@ ©@)=11 5, <85,<5s, )

d(s,,s

M sySSHSSn

d(sy,s,])

0 S, <8, 8,

where § is the set of all the trapezoid fuzzy

linguistic variables. Especially, if any two of
a, f3,y,n are equal, then § is reduced to a triangular
fuzzy linguistic variable; if any three of &, 3, ,1 are
equal, then § is reduced to an uncertain linguistic

variable [8].
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Figure 1 A trapezoid fuzzy linguistic variable §

2.2 The operational rules and
characteristics of the trapezoid fuzzy
linguistic variables

Let § :[sa,sﬂ,sy,sn] .S :[Sal ,sﬂl,syl,sm]

and 5, = [Sa[2 285,58, 55, 1€ S be any three trapezoid

fuzzy linguistic variables, and A € [0,1] and 4, €[0,1],
then their operational rules are defined as follows:

(D Sl ®S2 = [Sa] ’Sﬂl ’S71 ’Sﬂl]®[saz ’Sﬁz ’S}’z’s’h]

= [Sal+0‘2 ’ S:B1 +5,° S}’1+72 ’ S’71 +), ] 5

(2)/1§=/1[sa,sﬁ,s7,sn];

=[S8105535555,51,]
BR)if O<a < f<y<n,then

1/'5:(5)‘ =[%”’%/%ﬂ’%a]

=[s,.8,,5,.5,]
WR I
In addition, the trapezoid fuzzy linguistic variables
have the following characteristics:

) 51 €|952 :§2®§1;
2 ADPA)S=ASDAS
3) USD5) =As D AS, .

2.3 The comparison method of the

trapezoid fuzzy linguistic variables
Definition 2.3[10]: Let §, = [Sal . Sp

) s71 ’ s771 ]
and s, =[s w5505, 55, ] be two trapezoid fuzzy
linguistic variables, then the possibility degree of

§1 > §2 is defined as follows:
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(71 +771)—(052+ﬂ2)
(71+771)_(a1 +ﬁ1)+(72+772)_(a2+ﬁ2)

p(5, 25,) = min{max({
{UR);

3)

Example 1: Let S, =15,,55, 55, 5]
and 8, =[s,,55,8,5] be two trapezoid fuzzy
linguistic variables, then the possibility degree of
525, is:

(5+6)-(4+5)
(5+6)-(2+3)+(8+9)-(4+5)
=min{max{0.143,0},1} = 0.143

The characteristics of
p(§, = 5,) are shown as follows [10]:

p(5, 2 §,) = min{max{

50}’1}

the possibility degree
Let 5 :[Sal ’sﬁl ’s71 ’s’h] > 5 :[Saz’sﬁz’s}’z’s’lz] ’
s, =Is 02 55,55,5 8, ] be any three trapezoid fuzzy

linguistic variables, then
MO< p(5,25,)<1,0< p(5,25)<1;

2 p(S§, 25,)+p(s, 25)=1.

Especially, if p(s,25,)=p(s,=5) , then

-~ - 1
p(sl 2S2)=p(S2 ZSI) =5;

, v 1 |
(3) if P(s12s2)25 , and p(s22s3)25,

.~ 1
then p($, 2 §;) = —;

\9}

1

4 if p(s,25§,)=— , and p(§22§3)Z% ,

[\

then p(s, = 5,)+ p(5, = 5;) = p(s, = 5;)
Let §; and §; be two trapezoid fuzzy linguistic

variables, then the steps of the comparison method are
shown as follows:
(1) Utilize the formula (3) to compare the size

of §; and 5, and suppose that p,; = p(5; =) , then we

can contribute the possibility degree  matrix

P=(p;) ,where p; 20 ,
|

P tDP; =1, p. :E s, j=12,---,n . We can

easily obtain the result that the matrix P =(p;),,, is
the complimentary judgment matrix [14].

(2) Sum all the elements of each rows of the possibility
degree matrix, and rank the orders of the trapezoid fuzzy

linguistic variables based on the values p, , where
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D, :sz (i=1,2,---,n). The larger the value of
=1

D, is, the larger the trapezoid fuzzy linguistic variable El,
is.

Example 2: Let 5, =[5,,55, 55, 5]
and §, =[s,,55,8,5] be two trapezoid fuzzy
linguistic variables, then we can compare the size of
§, with §, :

(1) The possibility degree of §, 2§, is:
(5+6)—(4+5)
(5+6)-(2+3)+8+9)—(4+5)

=min{max{0.143,0},1} = 0.143

and the possibility degree of 52 > §1 is:
8+9)-(2+3)

(8+9)—(4+5)+(5+6)—(2+3)’

=min{max{0.857,0},1} = 0.857

Then we can contribute the possibility degree matrix:

0.5  0.143
P =(pv)2x2:[o.857 0.5 }

2
@ p =Y, p,;=05+0.143=0.643,
j=1

p(5, 2 5,) = min{max{

0.1}

p(s, 2 5,) = min{max {

0L1)

2
p,=Y p,, =0875+0.5=1.375,

J=1
SO Py <P

Then, we can get that: §; < 5, (§, is worse than §, ).

3 Some Harmonic Operators with
the Trapezoid Fuzzy Linguistic
Variables

Definition 3.1: Let TELWHA: S" — S | if

~ o~ ~ < W,‘ -1
TFLWHA, (5,,5,,+,5,) = (Q_ =) 4)
=1 S

where S is the set of all trapezoid fuzzy linguistic
variables, and §j eS (j=12,---,n) is the trapezoid
fuzzy linguistic variable. w= (W, w,,---,w, ) is the
weight vector, and W, is the weight of §i , where
w, 20, i=12,---,n. > w, =1, then TFLWHA is

i=1

called the trapezoid fuzzy linguistic weighted harmonic
averaging (TFLWHA )operator.
Example 3: If §, =[s,, 55,55, 5,] S, =[5,,55, 8, 5]

Sy =[585,8¢,5,,8] and §, =[s;,5,,55,5,]€S are

P. Liu et al.

four trapezoid fuzzy linguistic variables, and

w=1(0.3,0.2,0.1,0.4) is the weight vector, then

4 w.
TFLWHA, (5,,5,.5,,5) = =1
=1 5
03 o 02 o 01 o 04

[5),85,85, 861 [54:85, 8581 [55,86,87,8]  [85,8,,55,5;]

= ([SO.()S ’ SO.O() ’ sO.l ’ SU.]S ) @ (S0.022 ’ s0.025 ’ S0.04 4 SO.OS ] @

-1
[S0.011550014>S0017> S0.02 1 @ [S0.057> So.08> S0.15 50133 )

_ -1 _
=[So140 01790 %0257 50353 =283 835019 8558727105

Definition 3.2: Let TFLOWHA: S" — S | if
TFLOWHA,(3,.5,,-.5)=0.=D" )
I

where S~ is the set of all trapezoid fuzzy linguistic

variables , and §j , 7} es (j=L2,---,n) are the
trapezoid fuzzy linguistic variables. fj is the j " largest

of §,(i=12,---,n), and o= (v, ®,,-*,®,) is the
position weight vector with TFLOWHA , where

a)jZO , j=12,---,n Za)j=1 , then
=)

TFLOWHA is called the trapezoid fuzzy linguistic
ordered weighted harmonic averaging

(TFLOWHA )operator.

The characteristic of the TFLOWHA operator is:
Firstly, The order of the trapezoid fuzzy linguistic
variables is ranked, then the position weights are
aggregated with them, but there is no relationship

between oF and § i and ; is only associated with the

- th

]t position in the aggregation process, SO

o=(w,0,,-,0,) is called the position weight
vector.

According to the real situation, the position weight
vector @ = (@,,@®,,"*+,@®,) is determined. In this
paper, the position weight is determined by the method
which proposed in literature [15]. The formula is shown
as follows:

c ., .
=—1li=0,1,-,n-1 (6)

a)Hl 2,1_1 °

5, =[5,, 53,55, 5]
and §, =[s,,55,8,5] be two trapezoid fuzzy
that
51 < §2 (the calculation steps are shown in Example 1),
then the
G G,
o= 21 )=(0.5,0.5),

Example 4: Let

linguistic variables, and we already know

position weight vector is
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TFLOWHA,(5,,5,) = ( 05 ® 05 )
[85,85,85, 861 [Sy,85,85.5]
0.5 0.5 4

[55,85,85, 81 [8,,55,55,5]

_ 4
= ([S0.083> 50,15 50.167> S0.25 ] @ [S0.056 > S0.0625> S0.1> S0.125 1)

B .
=[80.139> So.1625° S0.2672 03751

=[86672 537455 S6.154> 57217 ]

The TFLWHA operator only focuses on the weight
of the attribute value itself, but it ignores the position
weight with respect to the attribute value; and the
TFLOWHA operator focuses on the position weight
with respect to the attribute value, but it ignores the
weight of the attribute value itself. The two operators are
one-sided. If the decision makers use these operators to
aggregate the decision making information, some
information may be lost. So in order to avoid the
disadvantage of the two operators, the trapezoid fuzzy
linguistic hybrid harmonic averaging ( TFLHHA )
operator is defined as follows:

Definition 3.3: Let TFLHHA: S" — § . if
TFLHHA, (5,,5,,+-,5,) = =D

—
j=r 1

(N

where S~ is the set of all trapezoid fuzzy linguistic

variables , and §, , 17]. es (i,j=12,---,n) are the

trapezoid fuzzy linguistic variables. fj is the jth largest

of i ( i=12,--n ),
nw.

L

where
w=(W;,w,, -+, w,) is the weight vector, and W, is the

n

weight of §;,w, 20(i=12,---,n), > w, =1, and
i=1

nis the balancing coefficient. @ = (@, ®,, "+, ®,) is

the position weight vector with TFLHHA , where

n

®,>0(j=12-,n) Y =1, then TFLHHA
J=1

is called the trapezoid fuzzy linguistic hybrid harmonic

averaging (TFLHHA) operator.

Example 5: Let 5, =[5,,55, 55, 5]

and §, =[s,,55,5,5] be two trapezoid fuzzy
linguistic variables. We already know that the position
weight vector is @ =(0.5,0.5) (the calculation steps
are shown in Example 4), and the weight vector is
w=(0.3,0.7) , given by the decision makers, then
based on the method shown in section 2.2, we can
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~ 5
calculate that: 7, = %Wl =[5 3335 55> Sg 3330 5101 » and

i=5 =[s S Ry S 4o |
2 2W2 2.857°%3.571°75.714°> 26429 1
Then,

n .
TFLHHA, ,(5,.5,,+,5) ==
=t T

0.5 0.5

=( ®

[53 3335 555 33335 S10]

)71

(28575 83,5715 55714 S6.420]

-1
= ([S0.05 0,065 50,15 50151 D[S0, 0778 S0.0875 S0.14> S0.175 )

-1
= (S0.12785 S0.1475° S0.24> S0325)

= (83,0775 S4.167> S6.780° S7.826)

Especially, if WZ(%,%,---,%) then
TFLHHA operator is reduced to TFLOWHA

operator; if @ = (%/L , % , %) , then TFLHHA

reduced to the TFLWHA operator.
Obviously, TFLOWHA operator and
TFLWHA operator are extended from the TFLHHA

operator. The TFLHHA operator focuses on not only
the importance of the weight of the trapezoid fuzzy
linguistic variables itself, but also the importance of the
position weight of the trapezoid fuzzy linguistic
variables. So this operator is better than the previous
ones.

operator is

4 Multiple Attribute Decision
Making Method Based on the
Trapezoid Fuzzy Linguistic
Variables

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

Let X ={x,x,,"--,x,} be the set of the
alternatives, and U = {u,,u,, --,u,, } be the set of the
attributes. Let w=(w,,w,,---,w, )" be the weight
vector of the attributes, and w i be the weight value of the

attribute, where W, 2 0 ( j=12,---,m ),

J
iwj =1,

Jj=

given by the decision makers directly.

Suppose that A =(a),,, is the fuzzy linguistic
decision matrix

ul u2 .o u

m
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a, 4 Ay |5
A=|% Yp Ay, | X
anl anZ o anm xn
where = [a(a) a? . a\ ('7)] eS is the

ij IJ -
attribute Value which takes the form of the trapezoid
fuzzy linguistic variables, given by the decision makers,

for the alternative x; € X (i =1,2,---,n) with respect

to the attribute ujeU ( j=12,---,m ). Let

a =la,,a,, --,a,] be the vector of the attribute
values under the alternative x; (i =1,2,---,n).
Then the decision making steps are shown as follows
Step 1: Construct the weighted linguistic

matrix A’ = (&U)

nxm

a, dp .,

~ a a P a '
A = 21 .22 . Zm = (azj )n><m

a

nl n2 o nm

P A =
where a; = o ,W—(Wl,wz, ,

of the

w, ) is the

weight  vector attributes, W > 0

( j=1529“"m

, n is the balancing

coefficient.
Step 2: Utilize the formula (3) to construct the
possibility degree matrixes

P (p(l) )m><m

the alternative x; (7 =12,---,

(P(l)(a —a,k))me with respect to

n) , and sum all the
elements of each rows of the possibility degree
then get the vectors

matrix P, ranking

(p(') pﬁ'), ,Pﬁ-i)) , (j=12,---,m), where

(’) Zp(') . Finally, rank the orders of attribute

( j=12,--,

alternative x; based on the values p;i) (j=L2,---,m).

values m ) with respect to the

Step 3: Utilize the formula (6) to calculate the

position vector @ =(w,,®,,"**,®,) of

TFLHHA operator.
Step 4: Utilize the formula (7) to calculate the
combined attribute values

weight

m a)
% =TFLHHA, (5,,5,,,5)=. =)

where i =1,2,---.,n

P. Liu et al.

Step 5: Utilize the formula (3) to construct the

possibility degree matrix P =(p;) based on the

nxn °
combined attribute values Zi of each alternative, then

sum all the elements of each rows of the possibility

degree matrix, where p, = Zpi]. (i=12,---,n).
j=1
Rank all the combined attribute values of each alternative

and select the best alternative based on the values p, .

S Ilustrative Examples

In this section, a decision making problem of evaluating
cars for buying (adapted from literature [1, 9]) is used to
illustrate the new method.

A decision maker intends to buy a car. Four types

1,2,3,4 ) are available. He takes into
account four attributes to decide which car he should
buy: 1) G,
and 4)G,
four types of cars x; (i =1,2,3,4) under the attributes
G, ( j=1234),
is w=(0.3,0.2,0.1,0.4) given by the decision
makers. He uses the linguistic term set:

of cars x, (I =

: economy, 2) G, : comfort, 3) G, : design,

safety. The decision maker evaluates these

where the weight vector

S ={ s, =extremely poor, s, =very poor, §,=poor,
s, =slightly poor, §, =fair, §, =slightly good, §,=good,
S¢ =very good, §, =extremely good} and provides the
linguistic decision making matrix A = (&ij )aa :

(55,85, 855861545 85, S5, 80 1[5, 8¢5 87,8155, 54, 5, 5, ]
< | [85585, 8658, 10855 86, 87, 85 1[545 85, S5, 80 18,45 85, 87, 851
A=

[S45 86555589 1[853 85, 8658, 1[855 S75 85, S5 1185, 8, 55, 841

(5558657580 11845 87, 85, 8o 1155, 85, S5 8, 1[5¢5 87, 85, 8, ]
Step 1:

matrix

Construct the weighted linguistic

A =) ,

~' &i' ; —
aij = %Wj (] - 192’,3’4 )

[$1.675 525554175 S5 11555 6255 105 811 251

where

A=

[
(555584175855 8583 1[S6.25> 87,55 8550 510 ]
(53335 855 86.67> 87,5 1083335 54,475 855 S5 53]
[$4.175 85585535 87510855 85 755 810> 51105 ]

(8125581558175 205 108 575 8255 83 125 S 305

(8105812555200 S35 [8255 83 1255 8437555

(815817555200 52051 [815755 8255 83,1055 8375 )

[

$75951255 51551751 [83255 S3755 555 S5.605]
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Step 2: Utilize the formula (3) to construct the
possibility degree matrixes
P=( p;?) wa =( p;;{)(&;j > ﬁ;k )., Wwith respect to
each alternative x; (1=1,2,3,4 ), and sum all the
elements of each rows of the possibility degree
matrix P , then get the

vectors p” :(pl(i),p;i),--',py)) , (j=1,2,3,4),

ranking

Finally, rank the orders of

4
) _ (@)
where p.7 = ijk .
k=1
attribute values [l,ij (j=1,2,3,4) with respect to the

alternative X, based on the values py) (j=1,2,3,4).
05 0 0 059
I 05 0 1
1 1 05 1
041 0 O 05
" =", p, pi, pi) =(1.09,2.5,3.5,0.91)
Gy > dyy >y, >,
05 0 0 0.66
1 05 O 1
1 1 05 1
034 0 0 05
p? =(1.16,2.53.5,0.84)
By >, >, >,
05 073 0 1
~1027 05 0 1

Ps= 1 05 1
0 0 0 05

p? =(2.23,1.77,3.5,0.5)

Ayy >0z > U3y > Ay .

b=

Py =

05 0 0 078
1 05 00625 1
Pe=ly 09375 05 1
022 0 0 05

¥ =(1.28,2.5625,3.4375,0.72)

Gy >y > Ay >0,y

Step 3: utilize the formula (6) to calculate the
position vector of TFLHHA  operator:
o =(0.125,0.375,0.375,0.125) .

Step 4: utilize the formula (7) to calculate the
combined attribute values:

2 = (8565053735 55735 S7.00) »

Zy = (8367555275 56550 5755) »
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Z3 = (83335 545> 563> 56.53) »

Zy = (8465556392 57305 Sg.57)

Step 5: utilize the formula (3) to construct the
possibility degree matrix, based on Z;:

05 033 046 0.15
1067 05 066 0.29

P=1054 034 05 012
085 071 088 0.5

then sum all the elements of each row of the
possibility degree matrix, we can get

p =144 p, =212 p, =15 p, =2.94. Based on

the values p, , rank all combined attribute values of each
alternative and select the best alternative, then we can
getx, > X, > X; > X;, so the best alternative is X, .

In order to verify the effective of this method, we
utilized the method shown in literature [9] to solve this
illustrate example.

Stepl: From the linguistic decision making

matrix A = (d;),,,,» we can get the vector of the ideal

point of the attribute values corresponding to the
alternative x; (i =1,2,3,4):1=1,1,,1,,1,) , and

I = (55,8658, 8),1, = (55,8, 85, 5),

L = (565575 8558901, = (56, 575 g5 55)

Step2: Utilize the TFLWA operator to derive the
overall values Z, ( i=1,2,3,4 )of the alternative

x; (i =1,2,3,4) and Z of the ideal pointi

Zy = (83158415555 573)Zy = (8395852, 5655 575)s

Zy = (8355155640 574):Zy = (55,855,575, Sg.5)

Z= (855557555 5)

Step3: We get the similarity degree S(Z,Z;) between
Zand Z, (i =1,2,3,4) based on the similarity degree
formula

s(z,z,)=0.876, s(z2,2,) =0.924,

s(z,z,) =0.910, s(z,z,) =0.981

Step 4: Rank the order of S(Z,Z,) (i =1,2,3,4),

then we can get: x, > Xx, > Xx; > X,.

Analysis:

The order calculated by this method is the same as
the order calculated by the method proposed in literature
[9], so it is demonstrated that the method proposed in this
paper is feasible and effective, and it is also verified that
the TFLHHA operator is effective. It provided the new
idea to solve the MADM problems under the linguistic
context, and it provided the new idea of aggregating the
trapezoid fuzzy linguistic variables in the MADM
problems.
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6 Conclusions

This paper proposed a new method of the MADM
problems based on the TFLHHA operator. The new
method can deal with the MADM problems where the
decision making information takes the form of

the TFFLVs directly, and makes the computation process

of the TFLVS easily without the loss of the information.
This method is easy to use and understand, and it
enriched and developed the theory and method of the
MADM, This method can solve these MADM problems
where the attribute values take the form of the fuzzy
linguistic variables, such as fuzzy linguistic variables, the
uncertain fuzzy linguistic variables, the triangular fuzzy
linguistic variables, the trapezoid fuzzy linguistic
variables, and the mixed fuzzy linguistic variables, if we
can transform these fuzzy linguistic variables into the
trapezoid fuzzy linguistic variables. But this method can
only solve the MADM problem under the linguistic
context. So it is the limitation of this paper. In the future,
we will apply this method to solve the real-life MADM
problems in the linguistic context, and we will continued
working in the decision making method of the MADM

problems with the TFLV .
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