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Abstract: We study the multi-attribute group decision making (MAGDM) problems in whikeh attribute values provided by the
decision makers take the form of intuitionistic trapezoid fuzzy linguistic (LJiRformation considering the uncertainty and inaccuracy
of input arguments. Some new aggregation operators called intuitionigtiezvad fuzzy linguistic weighted average (ITrFLWA),
intuitionistic trapezoid fuzzy linguistic ordered weighted average (ITrFIAD\WNd intuitionistic trapezoid fuzzy linguistic hybrid
weighted average (ITTFLHWA) operators are proposed at firstnTive study some desirable properties of the proposed operators,
such as monotonicity, idempotency, commutativity and boundedness.tive novel approaches based on the proposed operators are
developed to solve MAGDM problems with intuitionistic trapezoid fuzzy linguistfoimation. Finally, an illustrative example of
emergency logistics supplier selection is provided to verify the feasibilityeptbposed approaches.

Keywords: Multi-attribute group decision making, Intuitionistic trapezoid fuzzy linguisfiaiL) information, Intuitionistic trapezoid
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1 Introduction proven more practically and flexibly than FS. So far, a
number of MAGDM approaches have been proposed for
Multi-attribute group decision making (MAGDM) dealing with linguistic assessment information. Herrdra e
problem is one of the most important parts of decisional. [3] presented a consensus model in group decision
theory. Due to the increasing complexity of the making under linguistic assessments. Herrera and
socioeconomic environment and the lack of knowledge orMartinez @] developed 2-tuple linguistic approach which
data about the group decision making problems domaingomposed a linguistic term and a real number. Lin et al.
the attributes involved in the decision problems are not[5] proposed the definition of interval-valued 2-tuple
always expressed as crisp numbers, and some of them ali@guistic approach. Zhang 6] 7] presented some
more suitable to be denoted by fuzzy numbers, such a#terval-valued 2-tuple linguistic aggregation operator
interval number, linguistic variable, intuitionistic fg ~ Xu [8] proposed uncertain linguistic variables which are
number etc. The fuzzy set theory (FS), initially the extension of linguistic variables. Recently, a new
introduced by Zadehl], is a good method to research method called trapezoid fuzzy linguistic variables
MAGDM problems. Since Zadeh introduced fuzzy set received lots of attention from researchers since it had
theory to deal with vague problems, another useful toolbeen proposed by Xw9], which is the generalized form
called linguistic variables?] are utilized to express a of uncertain linguistic variables in essence but more
decision maker’s preference information over objects insuitable for processing vague information.
process of decision making under uncertain or vague However, the fuzzy set is used to character the
environments. It makes evaluation by means of linguisticfuzziness just by membership degree. On the basis of the
terms which describes qualitative linguistic information fuzzy set theory, Atanassovl(, 11] proposed the
from ‘extremely poor’ to ‘extremely good’ and have been intuitionistic fuzzy set characterized by a membership
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function and a non-membership function. Obviously, thethe form of real numbers, attribute values take the form of
intuitionistic fuzzy set can describe and character theintuitionistic trapezoid fuzzy linguistic information ar
fuzzy essence of the objective world more exquisitely,developed based on the proposed operators. Finally, a
and it has received more and more attention since itsiumerical example of emergency logistics supplier
appearancelp-17]. selection is given to illustrate the applications of the
In the real world, decision makers usually cannot developed methods.
completely express their opinions by a linguistic variable  The rest of this paper is organized as follows. In
from a predefined linguistic term set or an intuitionistic Section 2, some basic definitions of trapezoid fuzzy
fuzzy number, individually. Sometimes, they can expresslinguistic variables and intuitionistic linguistic numise
the information by combining linguistic variables and are reviewed, and intuitionistic trapezoid fuzzy lingigst
intuitionistic fuzzy set. Based on intuitionistic fuzzytse variables is defined as well as operations, comparison and
and linguistic variables, Wang and L1§] proposed the distance formula. In Section 3, we propose some new
concept of intuitionistic linguistic set, it can overconet  operators for aggregating intuitionistic trapezoid fuzzy
defects for intuitionistic fuzzy set which can only roughly linguistic information and study several desirable
represent criteria’s membership and nonmembership to groperties of these operators. In Section 4, two novel
particular concept, such as “good” and “bad”, etc., and forapproaches for MAGDM based on the intuitionistic
linguistic variables which usually implies that trapezoid fuzzy linguistic information are developed. In
membership degree is 1, and the non-membership degregection 5, a numerical example of emergency logistics
and hesitation degree of decision makers cannot beupplier selection is given to illustrate the applicatiohs
expressed]9]. Liu and Jin RQ] defined the intuitionistic ~ the developed methods. The paper is concluded in Section
uncertain linguistic variables based on uncertain linguis 6.
variables and intuitionistic fuzzy sets. Furthermore, Liu
[21] defined the interval intuitionistic uncertain linguistic
yariables base'd on u'nc.ertain linguistic variables andy Preliminary
interval-valued intuitionistic fuzzy sets (IVIFS).
In order to process uncertain and inaccuracy . . . .
information more e?ficiency and precisely, it is necessary2-1 Trapezoid fuzzy linguistic variables
to make a further study on the extended form of the
intuitionistic uncertain linguistic variables by comhigi A linguistic set is defined as a finite and completely
trapezoid fuzzy linguistic variables and intuitionistic ordered discrete term s&8= {so,s1,...,§-1}, wherel is
fuzzy set. For example, we can evaluate the transportatiothe odd value. For example, whén= 7, the linguistic
risk of the emergency logistics supplier by the linguistic term setS can be defined as followS = {so (extremely
setS= {s (extremely low);s; (very low); s, (low); s3  low); s1 (very low); s; (low); sz (medium);s4 (high); ss
(medium);s, (high); ss (very high);ss (extremely high).  (very high);ss (extremely high)
Perhaps, we can use the trapezoid fuzzy linguisticDefinition 2.1.[9] Let S= {sg|so < Sp <§_1,0 € [0,] —
[Sa,S8,86,Sr] (0<a < <6 <71<6)todescribe the 1]}, which is the continuous form of linguistic s&
evaluation result, but this is not accurate, because iisa,sB,SQ,sT are four linguistic terms inS and
merely provides a linguistic range. In this situation, wesy < sz < s5 < s < s < g3
can use an intuitionistic trapezoid fuzzy linguistic IF  0< a < B < 6 < 1 < | — 1, then the trapezoid fuzzy
([Sa.8p. 50,5, (u,v)) to describe the transport risk by jinguistic variable is defined &&= [sa,S3,5,Sr}, andS
giving the membership degree and non-membership genotes a set of trapezoid fuzzy linguistic variables.
degreev to [Sq,Sg,Sp, S| This is the motivation of our In particular, if any two ofa, 8,6, T are equal, the§
study. As a fact, ITrFL avoids the information distortion s reduced to a triangular fuzzy linguistic variable; if any

and losing in the decision making process, and overcomegyree of o,,6,7 are equal, thers is reduced to an
the shortcomings of the intuitionistic linguistic variabl |\ ;ncertain linguistic variable.

and the intuitionistic uncertain linguistic variables.

In this paper, a novel concept called intuitionistic
trapezoid fuzzy linguistic variable which combines the e .
tragezoid fuzz);/ Iilgguistic variables and intuitionistic 2.2 Intuitionistic linguistic numbers
fuzzy set is proposed. Then some new operators for S o
aggregating intuitionistic trapezoid fuzzy linguistic Based on intuitionistic fuzzy set and Imgwstlc term set,
information are proposed, such as intuitionistic trapeézoi Wang and Li 18] presented the extension form of the
intuitionistic trapezoid fuzzy linguistic ordered weigat ~ Shown as follows.
average (ITrFLOWA) and intuitionistic trapezoid fuzzy Definition 2.2.[18] An intuitionistic linguistic setA in X
linguistic hybrid weighted average (ITrFLHWA) can be defined as
operators. Furthermore, two novel methods to solve the
MAGDM problems in which the attribute weights take A= {{X[sg(x), (U(x),v(X))])[x € X} (1)
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where sg) € S u(x) € [0,1], v(x) € [0,1], and
u(x) +Vv(x) < 1, ¥x € X. sg(y Is a linguistic term,u(x)
represents the membership degree of the elemetat
linguistic term sp(), while v(x) represents the
non-membership degree of the elemento linguistic

ITrFLN, the expected functiorE(g) and the accuracy
function H(g) of & are defined as Egs.7Q),
respectively.

Assume that; anda; are two ITrFLNs, they can be
compared by the following rules:

term sg. Let m(x) = 1 — u(x) — v(x),m(x) € [0,1], LIFE(E) > E(aj) thend > &;;
vx € X, then m(x) is called a hesitancy degree gfto 2.If E(&) = E(&)), then
linguistic termsgy). if H(3) > H(a,) thend > &;;
if H(&) =H(a;), theng = &;;
e : . if H(&) < H( j),then5a<5ji
2.3 Intuitionistic trapezoid fuzzy linguistic
numbers Definition 2.6. [22] Let
& = ([sa(@) Sp@)-So@) Sua) (U(@&),v(@&)))  and

aJ = <[SG(5J')7SB(§J')ase(ﬁj)7sr(§j)]a(u(aj)av(aj)» be two
ITrFLNs, the normalized Hamming distance betwegn
andag; is defined as Eq9).

Definition 2.3. [22] An intuitionistic trapezoid fuzzy
linguistic setAin X can be defined as

A= {{X[[Sa(x)>SB(x), Sa(x)» St (x]> (UX), V(X)) [x € X} (2)

= 3 Some aggregation operators based on
where Sy (x> Sg(x)»,Se(x)> St € 'S ux € [0, e . . .
vx) < [(‘)’fﬁ’ e “L(X)(X)Jr Wx) < 1. vx ¢ x  intuitionistic trapezoid fuzzy linguistic

[Sa(x):SB(x)»So(x)» St(w] 1S @ trapezoid fuzzy linguistic numbers
term, u(x) represents the membership degree of the
elementx to linguistic term[sy ), Sg(x)> Sa(x)> Sr(x) |, While
v(x) represents the non- membershlp degree of th
elementx to linguistic term [Sy(x),Sg(x)>Sa(x)> Sr(x)]- Let
m(x) = 1—u(x) — v(x), (x) € [0,1], Vx € X, thenm(x) is

Based on the ordered weighted average (OWA) operator
23], we define three new operators such as intuitionistic
rapezoid fuzzy linguistic weighted average (ITrFLWA)
operator, intuitionistic trapezoid fuzzy linguistic orde

called a hesitancy degree of to linguistic term
[sa<x>,sB(x),%<x>,&(x>}- _

In Eq. @) ([Sa(x+Sp(x)Sa(x)> Sr(x), (U(X), V(X)) is an
intuitionistic trapezmd fuzzy I|ngU|st|c number (ITrFON
Obviously, A can be viewed as a collection of
intuitionistic  trapezoid fuzzy linguistic numbers
(ITrFLNS). For convenience,
@ = (Su:Spia:So:Swa. (U@ V(@) is used 1o
represent an ITrFLN
Definition 2.4. [22] Let
& = ([so@) Sp@)So@) S (U(@),v(@&)))  and
aj = ([Su(a))Sp(a))- Se(a)- Sr(a))- (U()),v(dj))) be two
ITrFLNs andA > 0, then the operations of ITrFLNs can
be defined as Eqs346).

Theorem 2.1. Let
& = ([Su@) @) So@) S, (U@),v(@))) and
a = <[Sa(aj> Sﬁ<a, Sa(a;)> Sr(a))- (U(a)), v(aj))) be two
ITrTFLNs and A,Aj,A; > 0, then we can obtain the

following rules.

1aoa =a08§
2828 =304

3A(3BE) =G DAG
415 EB/\Jﬁ' (Ai+A)a
A A
a1 ®a| =8
68 0a = (@wa)
Definition 2.5. [22] Let
a = ([Su@) Ss@) o) Sr@), (u(@),v(@))) be an

weighted average (ITrFLOWA) operator and intuitionistic
trapezoid fuzzy linguistic hybrid weighted average
(ITrTFLHWA) operator in what follows.

Definition 3.1. Let
~j = <[SG(§J')7SB(§J')389(51)751'(§j)]a(u(aj)av(aj)»
(j = 1,2,...,n) be a collection of the ITrFLNs. The

intuitionistic trapezoid fuzzy linguistic weighted avgem
(ITrFLWA) operator can be defined as follows, and
ITrTFLWA: Q" — Q:

I TrFFLWA(&y, 3, .. (10)

Z ;]

where Q is the set of all intuitionistic trapezoid fuzzy
linguistic numbers, andw = (wy,wy,...,an)" is the
Weight vector ofa; (j =1,2,...,n), such thatw € [0,1],
Shiw =1

Especially, if w = (£,2,....1)T, then the ITrFFLWA
operator will be simplified to an intuitionistic trapezoid
fuzzy linguistic average (ITrFLA) operator.

Theorem 3.1. Let
a; = ([Sa(a))» Sp(aj)- Se(a;)» Sr(a ] (U(@)), V(&;)))
(j =1,2,...,n) be a collection of the ITrFLNs. Eq10)

can be transformed into Eq.l1), which is still an
ITrFLN.

Theorem 3.1 can be proven by mathematical induction.
The steps in the proof are as follows:

Proof.
1.Whenn = 1, obviously, Eq. 11) is correct.
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8 ®8) = ([Su(a)+a(a) Sp@E)+B(@E) S6(@)+6( ) St(@)+r(@)), (U(&) +u(@)) —u(@)u(aj), v(@)v(a;))) ®3)
8 ®aj = ([Su(z)xa(a) Sp@)<B(a)> S0(@)x0(a)> St(@)x (@)l (U(@)U(@)), V(&) + V(&) — v(@)V(dj))) 4
A& =[Sy xa(a) S\ <p@E)> S x0(&) S xr@)» (1— (1—u@)t), (v(@)")) (5)
= ([Sta(@)y B - So@) - Sy (U@ 1= (1-v(@)*))) (6)
_ 1+u(d)—Vv(g
E@)= 2 X Sa(@)+B(&)+0(@)+1(@)/4 = Ha(@)+B(E)+6(@)+1(8))x (1+u(E)-V(@))/8 7
H(@) = (u(@) + V(&) X Sa(z)+5(@)+6(@)+7(&)/4 = S(a(@)+B@)+0(E)+ (@) x (U@)+V(&))/4 8)
~ = ~ ~ + +0(a)+1(5 - - a(@j)+pB(a)+0(a)+1(g
)
n n
ITrFLWA(a1, 8, ..., 8n <[SZJ 10 xa(&)) SZJ 10 xB(&))> SZI 10 x6(3j)> SZ; 10X T( a,)] (1- w,7 w, (11)
J:l 1:1
2.Whenn = 2, since then, whem = k+ 1, we have
@81 = {[Suwy xar(ay) Swy xB(@)» Sy x6() Sy xr(@) -
ITrFLWA(ay,ay, ..., ak, &
(1 (1 u(@), (v(@)™) A By
0)-]-52 <[Sw2><a(a2) S(/}_LXB( S(JJ_]_XQ( 2>’Sa)z><'[ 32)] Szj:leXa(aj)7SZj:1ijﬁ(aj>’
(1-(1-u(@)))“, (v(a2))*?) 327:1‘*’1Xe(ai)’szllewi”(ai)]’
k k
h ~ . JUNNN
thus, (1= [ @—u@) . []v@))
I TrELWA(31, 3,) )=t I=
= a1 + wpay +(<[Sf‘-l<+l><a(5k+l)’S&k+l><ﬁ(5k+1)’
(<[Swlxcr(a1) Sﬁhxﬁ(al) So.)lxe(a )Swlxr(al)] Sak+l><9(5k+lls"~k+1><f(a~k+l)]’ B
(1= (1—u(a)))“, (v(@))®)) (1— (1= u(Bks1)) ™, (V(@icr)) *1))
H({[Stpxar (@) Stop < (82) Sty < 6(8p) S (@) ] = Syt ca@) Ssictapia)
(1-(1-u(@)))“?, (v(a2))*?)) e RLICHE 'ﬂw,xr(aj)]
~ Staea S (- 7@ u@))@. [] @) ™)
- —u@)), M v@))®
Jzzlw,-xe(aj)vszf:lexr(a,-)]’ JI:L : JI:L :
2 2
_ _1(3. wj 3.)\Wj
(1 Dl(l u(@))) J,D(v(a,)) ') therefore, whem = k+ 1, Eq. (L) is correct as well.
Thus, Eq. 11) is correct for alln.
3.Suppose that whem=k, Eq. (L1) is correct, i.e.,
I TrFLWA(&L, 8, ..., &)
= ([sex Sz Theorem 3.2. (Monotonicity) Let (a3,ay,...,8,) and
=192 a(8))7 75 @ xB(&))” (@, &, . ,an) be two collections of ITrFLNs. For all
Sst s apx0(a) Syt apxr(a) J=1.2...n.if & < &, then
1-[7(1—u(a; v(g))“
( Dl( (&) ’Dl( &)™) ITrFLWA(&,,,...,&,) < ITrFLWA(&, 3, ....a)) (12)
@© 2014 NSP
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Proof. According to the definition of ITTFLWA in Eq.1(1),
we have
ITrFLWA(3,, &, ..., &)

= (851, wxa(@): S57_ 0 <@
SZTzlexe(ﬁj)aszT 1 @5 xT(&)) ]a

n n
e S

[l v@m [
ITrFLWA(3}, &, ..., d,)

= ([S57, 0y xa(@) S57_y w0y <B (@)

n_ 1wjx9(5,->,557 Loy x1(@))s

(L[]0 [

and their expected values ¢
E(ITrFLWA(@,,&,,....a,)) =

an be calculated by Bqg. (

S5y @3 a(@)+5 g 0 xBE)+5 g @) xO(&)+5]_y 0 xT(&))
* (L+(1- 1y (1-u(@)) )~y (V(&)) ) /8
E(ITrFLWA(3L, &, ..., 3n)) =

S(51_q 0 x (@) +3 7y @) ¥ B(E))+3 g @ x0(8))+3 4 0 xT(&)))
X (L1 (1-u(@ ) ) —M17-) (v(@)) ) /8

since & < @, then E(ITrFLWA(E

E(ITrFLWA(3, 3, ..., 3n)),
ITFFLWA(E,, &), .., d,) < I TrFLWA(&1, 8, ..., an)

Theorem 3.3. (Idempotency) Letd = & for all
j=121,2,...,n,then

& 8y) <

ITFFLWA(&L, 8, ...,3,) = & (13)

Proof. Sincea; = @, thus
ITrFLWA(ay, @, ..., an)

= ([S57, 0y xa(@)» Ss7_y w0y <B(@):

o1 @)= 0(&))s SZT 1w,xr(j)]
n

(1-[]A-u@)) ﬁ

=1
= <[SZT 1Wjxa(@)> SZ] 1WjxB(@)>
S50, wx6(8): S5 wyx1(@)
(1 (1-u(@)) T, (v(@) > )

= ([Su(a)>SB(@)- So(a)> Sr(a)), (U(A), V(@)
a

Theorem 3.4.(Boundedness) Ledin = lr<njg {gj} and
<j<n
amax = Max{a;j}, then
1<j<n

8min < ITrFLWA(@1,82,....80) < @mex  (14)

thus,

Proof. Sinceanin < a < amax, then

n
z Wjamin <
=il

thus,amin < ITrFLWA(a1, 32, ..., 8n) < amax

Definition 3.2. Let

gj = ([Sa(a))»Sp(aj)- Se(a)» Sr(a ) (U(@)), V(&)

(j =1,2,...,n) be a collection of the ITrFLNs. The
intuitionistic trapezoid fuzzy linguistic ordered weigit
average (ITrTFLOWA) operator can be defined as follows,
and ITFFLOWA: Q" — Q:

M s

n
W) < lejamx
=1 =

n
ITrFLOWA(EL &, ... 80) = 3 Widp()  (15)
=1

where Q is the set of all intuitionistic trapezoid fuzzy
linguistic numbers, andw = (wy,Wo,...,Wn)T is an
associated weight vector with ITrFLOWA, such that

wj € [0, (j = 12,..n), Z?:lwi = 1.
(0(1),0(2),...0(n)) is a permutation of1,2,...,n) such
that as(j_1) > ag(j) for all j = 2,3,...,n. w; is decided

only by the j-th position in the aggregation process.
Therefore,w can also be called the position-weighted
vector.

According to the method of determining
position-weighted vector proposed ir24], w can be
calculated by the combination number. The calculation
formula is as follows:

|

Ch .
Wit = oo 1,(l =0,1,..,n—-1) (16)

where the combination numbef, ; can be denoted as
o .= (n=1)!
n—1" il(n—i—-1)!

Theorem 3.5. (Monotonicity) Let (a;,ay,..

.,a) and

(&,,@,,...,a,) be two collections of ITrFLNs. For all
j=12,..,nif & < gj, then
ITrFLOWA(&,,a,...,a,) < ITTFLOWA(a1, &, ..., a,)
(17)
Theorem 3.6. (Idempotency) Letd; = & for all
i=12,..,nthen
n
ITTFLOWA(&, 8y, ...,an) = Z a=a (18)

Theorem 3.7.(Boundedness) Ledyin = 1r<n_ig {g;} and
<j<n

Amax = th
Amax = lrgjax{aj} en

amin < ITrFLOWA(&1, 32, ...,3) < amax  (19)

Theorems 3.5-3.7 can be easily proven similar to
Theorems 3.2-3.4, so the proofs are omitted.
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Theorem 3.8. (Commutativity) If (&),8,,...,d,) is any

permutation ofaz, @y, ..., &), then
ITrFLOWA(@1, 32, ...,8n) = ITrFLQNA(éH,ﬁZ,...,ﬁn)
(20)
Proof. Since (&,,a,,...,a,) is any permutation of
(21,8, ...,a), then
n " n
Z Wj X a(aa(j)) = Z Wj X a(éja“))
=1 =1
n N n
Wj X B(aa(])) = Wwj X B(ga(]))
j=1 j=1
n 5 n
=1 =1
n N n
Wj X T(8g(j)) = z Wj X r(ﬁ’a(”)
=1 =1
n " n
1 [](1— @)™ = 1 [](L— (@)™
= =
n n
(V@)™ = [] (V@)™
JI:II o(j) JI:L o(j)
thus,
ITrFLOWA(@y, 8, ...,8) = I TTFLOWA(&,, &, ..., &,).
Definition 3.3. Let
a = ([sa@) () Se(@) St (U(@)), v(@j)))

(j = 1,2,...,n) be a collection of the ITrFLNs. The
intuitionistic trapezoid fuzzy linguistic hybrid weighte
average (ITTFLHWA) operator can be defined as follows,

and ITrTFLHWA: Q" — Q:

n ~
ITrFLHWAEL, &, ., 80) = 5 Wibo()  (21)
=1

1.Whenw = (%1 1)T the ITrFLHWA operator
reduces to the ITrFLWA operator in EALQ).

2Whenw = (3,1 1T the ITTFFLHWA operator
reduces to the ITTFLOWA operator in EQ.5).

4 Two approaches for multi-attribute group
decision making based on intuitionistic
trapezoid fuzzy linguistic aggregation
operators

For the multi-attribute group decision making problems in
this paper, weights of both the attribute and the decision
makers take the form of real numbers, and the attribute
preference values take the form of intuitionistic trapdzoi
fuzzy linguistic variables. Therefore, we shall develop

approaches to group decision making based on
intuitionistic trapezoid fuzzy linguistic preference
information.

Let A = {A,As,...,Am} be a discrete set of
alternativesC = {C;,Cy, ...,Cy} be a set of attributes, and
w = (W, wy,...,an)" be the weight vector of the
attributes, such thatw; € [0,1] (j = 1,2,...,n), and
Y1 1w = 1. DM = {DM;,DMp,...,DM} is the set of

decision makersR; = [aj-ﬂ-]mxn (f =1,2,...,k) is the
decision matrix given by the decision makai¢, where
~f ~f ~f

& = <[Sa(5ij)asﬁ(5ij)759(5ifj)asr(gifj)}v(u(aij)vv(aij)»
denotes the evaluation on alternatie with respect to
attributeC; given by the decision mak&Mys, and it takes
the form of intuitionistic trapezoid fuzzy linguistic
number.

Approach 1
If the weight vector of the decision makers is known
and defined asv = (wl,wz7...,wk)T, we select the best

where Q is the set of all intuitionistic trapezoid fuzzy gjternative by the following steps.

linguistic numbersy = (W, Wy, ...,wq)" is an associated

weight vector with ITTFLHWA, such that; < [0,1] and
2?=1Wj = 1 Bj = Nnw;g; i = 12..n,
(50(1),50(2),...,50<n)) iS a permutation 0(51,52,...,Bn),
such that byj_1) > by for j = 23.n.
w = (W, wp,...,an)" is the weight vector of g;
(i=12..n), w01, 3] ;0 =1 andn is the
balancing coefficient.

According to the operations of ITrFLNs, EQR1) can
be transformed into the following form.

ITrFLHWA(3y, &, ..., an) (22)
- <[SZ?:1WJX‘J'(ch'))’SZ?zl""iXﬁ(Ba(J'))7

SZT:1WJ Xe(Ea(j))’SZTzlwi XT(Ba(j))]’
(1- ]1(1 = u(bg(j))))™, ]_!(V(bcru)))w’ )

1= 1=

Step 1: For each decision makbM; (f =1,2,....k) ,
utilize the weight vector of the attributes
w = (W, wp,...,an)" and ITrFFLWA operator in Eq.10)

to calculate the comprehensive attribute preference value

51-f of each alternative determined by tHeth decision
maker, respectively.

n

af s 5f af s

a :ITrFLWA(ql,qz,...,ain):lejaij,(lzl,z,...,m)
J:

(23)
Step 2: For each alternative, calculate the collectiveailver

preference valueg; of each alternative determined by all
decision makers by Eq24).

k
Zi:(ZWfaf7(i:1,2,...,m) (24)
=1

Two special cases of the ITTFLHWA operator are asStep 3: Utilize the expected function in Eq7)(to

follows:

calculate the expected valug$z) (i = 1,2,...,m) of the
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collective overall preference valueg. If there is no  shown in the following, respectively.
difference between two expected vall&Z;) andE(Z;), 1 ]
then we need to calculate the accuracy valdé®) and 1 = ([S18:Ss.4,%45,%5], (0.6378 0.3051);

H(Z) of valuez; andZ; by Eq. @). a2 = ([s1.3,%2.3, 4.4, S5.4], (0.6536 0.2408));

[ )
[ J )
[S0.8:52.2:53.9,S5.1], (0.6607,0.2048));
[S1.4,52.8,53.8:S5.1], (0.61020.1762);
[S15:525, 545,55/, (0.6378 0.2521));
[S1.1,52.1,%4.4,S5.4],(0.60050.3170));
[$2.1,3.2,545,55.7], (0.5837,0.2844));
[S0.7,51.7, 4.6, S5.6), (0.6536 0.2169)),;
[S1.5,%3.3,S4.6, 5.6/, (0.6969 0.2564));
[S1.8,3.1,%4.3,S5.3], (0.6536 0.2479));
[ ] )
[ ] )
[ ] )
[ J )
[ ] )
[ ] )
[ ] )
[ ] )
[ )

Step 4: Rank these alternatives and select the best one baé
the values oE(Z;) andH(Z).

Approach 2
If the weight vector of the decision makers is unknown
we select the best alternative by the following steps.

Step 1: See Step 1 in Approach 1.

Step 2: Calculate the weight vectar= (wy,wa, ..., Wn)"
of the decision makeDMs (f =1,2,...,k) by Eq. (L6) at
first. Then utilize ITTFLOWA operator to calculai by
Eq. @9

S1.4,92.4,54.4,5.7],(0.6536 0.1231));
SL.5,53.1,4.7,S5.9], (0.6751 0.2024));
S1.6,%2.7,%4.1,S5.5], (0.6536 0.2048));
S1.7,%2.7,%4.1,%5.1), (0.5557,0.2885));
$1.7,92.9, 4.0, S5.4), (0.6534 0.2334));
15,525, %4.5,S5.5), (0.64350.2352);
S1.6,%2.8,%4.2,5535,(0.6634 0.1712));
S1.2,51.8,4.5,5.5], (0.6098 0.2595));
S1.8,52.8,S4.4,%5.5), (0.6212 0.3092));
= ([s1.4,%.7,%3.0,5.3), (0.6534 0.2319)).

Step 2: Calculate the collective overall preference value
A serious public health event happens in one city ofZ of each alternative by Eq2(_l). The Colle_ctive overall
China recently, emergency management center of th@reference valueg are shown in the following.
government wants to select a most appropriate emergen :
logistics supplier in order to implement rescue activities = ([SL465 2615, %4.450, S5.540], (0.6370 0'2194)>i
immediately, reducing the economic losses and rescugZ— [S1.505, S2.845, S4.460, S5.635], (0.65000.2170));
cost maximally. There are five suppliers in the city: Zz = {[S1.120, 52.400, $4.250, S5.420], (0.6449 0.2198));
{A1,A2,A3,A4,As}. The emergency management centerz, = ([Sv.610, S2.870, S4.200 S5.300], (0.6172 0.2535)):

must make a decision according to the following four
attnbutes with  the attribute  weight  vector Zs = {[s1.505, %2.700, %4160, 5.380] (0.6496 0.2404))..

=(0.3,0.4,0.2,0.1): (1) Cy is the emergency resource Step 3: Utilize the expected function in Eq7)(to

supply capacity; (2L is the transportatlon speed; @} calculate the expected valug{z) (i = 1,2,3,4,5) of
is the transportation distance; (@) is the transportation  qjiective overall preference valugs

risk.
Four experts(DM;, DMz, DMz, DMy) are invited to  E(Z1) = S2.49031 E(Z2) = S2.6036 E(Z3) = S2.3498
evaluate the suppliers with respect to each attribute byE(Z4) = $;.3832 E(Z5) = Sp.4500
using the predefined linguistic term se = {5
(extremely low);s; (very low); s, (low); sz (medium);sy Step 4: Rank these alternatives and select the best one by
(high); ss (very high); ss (extremely high), and the the value ofE(Z).
weight vector of the decision makers is
w :g(0.25, 0.20,0.30,0.25)". The intuitionistic trapezoid Aam P Ao P hs .
fuzzy linguistic decision matricesRy = [&fj]5x4 Therefore, the best alternativeAs.
(f =1,2,3,4) are constructed as shown in [Tabled]. If the weight vector of the decision makers is unknown,
Step 1: Utilize the weight vector of the attributes W€ select the best alternative by the following steps.

w = (0.3,0.4,0.2,0.1)T to calculate the comprehensive Step 1: See Step 1 in above example.

attribute preference values 5: Step 2: If the weight vector of the decision makers is

(i=12345;f =1234) by Eq. 3), which are unknown, it is necessary to calculate the weight vector

k
Z :{waafm,(i:l,Z,...,m) (25)
=1

where (37" a°?,..a°%) is a permutation of

(3t,32,...,a), such thag” "™V > a%" (f =23 .. k).
Step 3: See Step 3 in Approach 1.

Step 4: See Step 4 in Approach 1.

(
(
(
(
(
=
(
(
(
=
(
(
(
(
(
(
(
(

J%L AL EL SR AL & & &% 8% .E"w B & & .\%"N B BB
I

5 An illustrative example

/\/\/\/\
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Table 1: Intuitionistic trapezoid fuzzy linguistic decision matiig given byDMy
Alternatives C C Cs Cy
A ([s2,53,54,55],(0.6,0.3))  ([s2,54,5,56],(0.7,0.3))  ([s1,53,54,55],(0.5,0.4))  ([s2,%3,%5,%],(0.7,0.2))
A ([s1,%2:54,55],(0.7,0.3))  ([s2,83,5,5],(0.6,0.3))  ([s0,51,%4,55],(0.7,0.1)) ([, 53,54,55],(0.6,0.3))
As ([s0,%2,%4,55],(0.7,0.2))  ([s1,%,%4,55],(0.5,0.3))  ([s1,%,%3,55],(0.8,0.1))  ([s2,54,%5,%],(0.7,0.2))
Aq ([s1,%2,%3,%],(0.5,0.2))  ([s1,83,%,55],(0.7,0.1))  ([s,S3,%4,55],(0.6,0.3))  ([s3,%4,%5,5],(0.5,0.4))
As ([s2,53,55,56/.(0.6,0.2)) ([s,53,54,%5],(0.7,0.3))  ([0,51,%5,%],(0.5,0.4))  ([s1.%.54,%],(0.7,0.1))
Table 2: Intuitionistic trapezoid fuzzy linguistic decision matiiR given byDM>
Alternatives C1 (073 C3 Cy
At ([s0:51,%5,%],(0.7,0.2))  ([s1,%2,%4,55),(0.6,0.4))  ([s,S3,%4,55],(0.5,0.5))  ([s3,%4,5,5],(0.4,0.2))
A ([s2,58,55,56]:(0.5,0.3))  ([s3,54,%5,56],(0.5,0.4))  ([s1,%,%3,55],(0.8,0.1))  ([s1,%3,54,5],(0.5,0.5))
Ag ([s0,51,%4,55],(0.6,0.2))  ([s0,51,%5,5],(0.7,0.2))  ([s3,%,%5,5],(0.6,0.3))  ([s1,%,%4,55],(0.7,0.2))
Ay ([s1,58,%4,55].(0.6,0.4))  ([s2,54,%5,5],(0.8,0.2))  ([s,53,%5,%],(0.6,0.2))  ([s0,%2.54,%5],(0.6,0.3))
As ([s2,54,%5,%], (0.7,0.3))  ([s2,53,54,%],(0.6,0.3))  ([s1,%2,%4,%5],(0.7,0.1))  ([s2. 53, %4, 5], (0.6,0.4))
Table 3: Intuitionistic trapezoid fuzzy linguistic decision matiig given byDM3
Alternatives C C Cs Cy
At ([s0,51,%4,56/:(0.7,0.1))  ([s3,54,%5,56],(0.6,0.1))  ([s1,,54,55],(0.7,0.2))  ([s0,51,4,%5],(0.6,0.2))
A ([2,%4,55,%/,(0.8,0.2))  ([s,53,%5,5],(0.6,0.2))  ([s0,%,54,%],(0.6,0.3))  ([s1,%3,54,%],(0.6,0.1))
As ([s2,53,54,55],(0.6,0.3))  ([s1,%,%4,5],(0.7,0.1))  ([s,53,54,%5],(0.6,0.4))  ([s2,54.%5,%],(0.7,0.3))
Aq (o1 52.54.%). (06,02))  ([52,50,5.55), (05.05))  ([s3.54.55.5]: (05,02)) ([50,51,5.54], (0.7.0.2))
As (s3,54,55,%].(0.5,04))  ([s1,%2,83,%5],(0.8,0.1))  ([s1,53,%4,55],(0.5,0.5)) ([s,3,5,5],(0.5,0.3))
Table 4: Intuitionistic trapezoid fuzzy linguistic decision matiiR given byDMg
Alternatives C C Cs Cs
A ([s1,52:54,%5],(0.7,0.2))  ([s3,%4,55,%],(0.6,0.3))  ([s0.51,4,55/,(0.6,0.2))  ([s0,51,S5,5],(0.7,0.2))
As (l50.52.50:55), (06.0.3))  {[52,5.%5.5],(06,02))  ([s1.53.54.5): (05,04))  ([52.54.55.). (0.8.0.2))
Aq ([s3,54,55,%]:(0.7,0.2))  ([s2,88,%,55],(0.5,0.5))  ([s0,51,%5,5]:(0.7,0.2))  ([s1,%,53,55],(0.6,0.4))
As ([s1,58,4,55].(0.5,05)) ([s1,%,53,55],(0.8,0.1)) ([p,53,55,%],(0.5,0.3))  ([s3,54.%5.%],(0.5,0.4))

W = (Wi, Wy, W, Wy)"

first.
0
C
Wy = 23 0.125 w; = ;g =0.375
2
W1 = 23 =0. 375 Wy = 23 =0.125

of decision makers by Eql6) at

Step 4: Rank these alternatives and select the best one by

the value ofE(Z;).
Ao - AL - As - Ay - Ag

Therefore, the best alternativeAs as well.

Then calculate the collective overall preference value6 Conclusions
Zl by Eqg. £5), and the results are shown in the following.

Step 3

Calculate
i =(1,2,3,4,5) of collective overall preference valu@s

= ([S1.5500, 52.7750, $4.4750, 55125, (0.63750.2483));
= ([S1.7375,52.9250, $4.4000, S5.6125 , (0.6358 0.2207));
= ([S1.0125,52.3000, $4.4125, S5.4875 , (0.6387,0.2287));
= ([S1.6000 S2.8500 S4.1625 S5.3125), (0.6201 0.2425));
= ([S1.6000, S2.7500, S4.2125, S5.4125), (0.6477,0.2419)).

the

expected

valuek(Z;)

In this paper, we study the multi-attribute group decision
making (MAGDM) problems in which the attribute
values provided by the decision makers take the form of
intuitionistic trapezoid fuzzy linguistic information. &V
have developed some new intuitionistic trapezoid fuzzy
linguistic aggregation operators, such as intuitionistic
trapezoid fuzzy linguistic weighted average (ITrFLWA)
operator, intuitionistic trapezoid fuzzy linguistic ordd
weighted average (ITTFLOWA) operator and intuitionistic

and

by Eq. (). trapezoid fuzzy linguistic hybrid weighted average
(ITrFLHWA) operator firstly. Then we have studied some

E(Z1) = s2.4855 E(Z2) = S2.5059 E(Z3) = S2.3288 desired properties of the developed operators, such as

E(Z4) = 23979 E(Z5) = Sp.4557. monotonicity, commutativity, idempotency
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