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Abstract: In actual decision making process, the final decision result is often af-
fected by decision maker’s psychological behavior, however, for the multiple attribute
decision making (MADM) problem in which attributes values are expressed with
trapezoidal intuitionistic fuzzy numbers, there are few literatures considering the de-
cision maker’s behavior factors in decision making process. For this case, this paper
first proposes a new distance measure of TTFNs and a new ranking method which
considers decision maker’s attitude behavior, and then develops an extended TODIM
decision making method. Finally an example is given to illustrate the validity and
practicability of the proposed method.

Keywords: TODIM method, trapezoidal intuitionistic fuzzy number, multiple at-
tribute decision making, ranking method.

1 Introduction

In recent years, with the increasing complexity of the managerial decision making envi-
ronment, many managerial decision-making problems contain qualitative properties which are
difficult to quantify. Zadeh’s fuzzy sets have been greatly successful in dealing with fuzzy manage-
ment decision making problems [3,4,18,20,22,35]. Zadeh’s fuzzy set is characterized by a single
scale (membership), which can only characterize the support and opposition of the two aspects
of the evidence. But some decision making problems have ambiguous hesitant phenomenon with
respect to evaluation of information, and Zadeh’s fuzzy set is hard or difficult to depict these sit-
uations. Therefore, many scholars developed Zadeh’s fuzzy set, and intuitionistic fuzzy (IF) set
is one of the most famous fuzzy sets among them. Originally proposed by Atanassov in 1986 [1],
IF sets can well describe the hesitation and uncertainty of judgment through the addition of a
non-membership parameters, which can describe the vague characters of things comprehensively.
Then IF sets have become a powerful and effective tool in dealing with uncertain or vague in-
formation in actual applications. In dealing with ambiguity and uncertainty, IF sets are more
flexible and practical than fuzzy sets, and thus they have been applied widely in decision making.

Because of the complexity and uncertainty of objective things and the limitation of decision
maker’s knowledge, membership and non-membership functions are sometimes difficult to repre-
sent by using the precise numbers. But interval number can be very useful to describe this kind

Copyright (©2019 CC BY-NC



Extended TODIM Method for MADM Problem under
Trapezoidal Intuitionistic Fuzzy Environment 221

of case, so Atanassov and Gargov [2] extended IF sets to interval-valued IF sets. Some scholars
put forward the concept of continuous IF numbers to describe an uncertain quantity or a difficult
quantification number on the basis of the concept of IF set. Grzegrorzewski [10] extended IF sets
to the continuous case of IF numbers . Nehi and Maleki [21] put forward trapezoidal intuition-
istic fuzzy number (TIFN), and defined the corresponding operation rules, which caused great
concern in the academic community. Shu [27] proposed the definition of triangular intuitionistic
fuzzy number, which is a special example of TIFN, and they put it to the application of fault
tree analysis, base on these research, Wang and Zhang [31] further expanded it and gave the
definition of a generalized TIFN. Different from the definitions of IF sets, TIFN is added to a
trapezoidal fuzzy number, which makes the membership degree and the non-membership degree
no longer be only a fuzzy concept Good or Excellent; then, the assessment information given by
the decision makers can be expressed exactly. Comparing with IF sets, they have more attractive
explanation, and are easy to be quantified and executed by the decision maker, and thus they
have more theoretical value in the field of decision science [8,14,16,29].

At present, the theory and application of fuzzy numbers, such as triangular intuitionistic
fuzzy number, trapezoidal intuitionistic fuzzy number, have been received great attention. But
most of the existing decision-making methods do not consider the influence of the behavior of
the decision-makers in the decision process, because they are assumed that the decision maker
is completely rational. However, the actual decision-making process is often accompanied by
the different psychological behavior of the decision-makers and the attitude of the risk and
other factors of behavior. Kahneman and Tversky [13] proposed the prospect theory, which can
describe the decision maker’s psychological behavior. Based on prospect theory, Gomes and
Lima ( [6,7]) developed a new MADM method named TODIM method, which has made many
successful applications, such as material evaluation [34], green supplier selection [26], logistics
outsourcing [30] etc. Fan et al. [5] proposed an extension of TODIM (H-TODIM) to solve the
hybrid MADM problems in which attribute values have three forms: crisp numbers, interval
numbers and fuzzy numbers. Qin [23] proposed a generalization of the TODIM method under
triangular intuitionistic fuzzy environment. Ren et al. [25] extended the TODIM method to
deal with the MADM problem in which attribute values are expressed with Pythagorean fuzzy
numbers. Zhang et al. [33| developed the TODIM method to solve the MADM problem in
which the attribute values are expressed with neutrosophic numbers. In this paper, we will
develop a new extension of TODIM method to solve the MADM problem in which attribute
values are expressed with TIFNs, and an application example is used to illustrate the validity
and practicability of the proposed method.

2 Preliminary knowledge

2.1 Definitions of TIFNs

Firstly, we recall the definition of the TIFN and the related theory. In order to use the
concept of IF sets to define an uncertain number or difficult to quantify the amount, Grze-
grorzewski [10] extended the IF sets to the continuous case of the IF sets, and gave the following
definition:

Definition 8. Let R be the set of real numbers, A is called an IF number in R , if its membership
function p(z) and non-membership function v4(z) are respectively defined as follows ( [10]) :
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O, r < ajl
falx), a1 <z<ao
pa(z) = 1, ax<z<as
ga(z), az3<x<ay
0, ag<z
and
1, z<b
hA($), bl <$<bz
va(z) = 0, by <x<bs
ka(z), by <xz<lby
1, ag<cz

where 0 < pa(z) + va(z) < by,a;,b; € R0 = 1,2,3,4, and they satisfy b < a; <
by < ap <bg <ag <by <ay. The four functions fa(z),ga(x),ha(x) and ka(x) are real
value aunctions defined in interval [0,1|. The functions fa(x) , ka(z) are non-decreasing
coctinuous functions and g4(z) , ha(x) are non-increasing continuous functions.

On the basis of Grzegrorzewski’s IF numbers, Nehi [21| developed the TIFN in 2005, which
is given in Definition 2.

Definition 9. Let by < a; < by < a9 < b3 < a3z <bgy <ag € R. A fuzzy number A is called
a TIFN, if its membership function p4(x) and non-membership function v4(x) are respectively
defined as follows( [21]):

( 0, x<ay

a1 < T <a
pa(z) = I, aa<z<as
tias 3 <w<ay

(0, mu<z

and
1, z<b

=b
bw27b11> bl S € S b2

va(x) = 0, bp<z<bs
by —
b:_[;ga b3 <z < b4
1, ap<czx

We denote A by A =< (ay,az2,as,aq), (b1,b2,b3,bs) >.

Definition 10. For two TIFNs A; =< (all,alg,alg,a14),(bn,bu,bw,bm) > and Ay =<
(a1, aze, ass,ass), (ba1, baz, bag, bag) > , the operational laws are defined as follows [2]:
(1) A1+As =< (a11+a21, a12+ag2, a13+ag3, a1a+az4), (br1+ba1, bia+baz, bi3+bas, bra+bas) >
(2) kAl =< (kan, kalg, ka13, ka14), (kbu, kblg, kblg, kb14) >, for k>0

Usually, a—cut set is a very effective tool for describing the number of fuzzy numbers [11],
and TTFNs have two classes a—cut sets: (A1), and (A7 ),.

Definition 11. Let A =< (a1, ag, a3, aq), (b1, b2, b3, bs) > be a TIFN, then the two classes a—cut
sets (A1), and (A7), are defined as follows, respectively:

(A")a = {z € Rlua(z) > a}

(AT )a={z € R|1 —va(z) > a}
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According to Definition 4, each a—cut set is a closed interval,thus they can be denoted as
(A+)oz = [(Az)w (Aﬁ)a] and (A7) = [(AZ)oca (A(_])Oé]a where

x) a}?
x) > at,

(A})a = inf{z € Rlpa(

(Ao = sup{z € Rlua(

(Ap)a =inf{z € R[1 —va(z) = af,

(A)a = supla € RIL - va(a) > a}.

Then, for a TIFN A =< (a1, a2,as, as), (b1,b2,b3,bs) > , we can easily derive the following
results:

(AT = [(A])as (Af)a] = a1 + (a2 — a1)a, as — (as — a3)al,
(A7)a =[(A])as (A )a] = [b1 + (b2 — b1)(1 — ), by — (bgy — b3)(1 — )],

2.2 A novel distance measure of TIFNs

In the follow we will develop a novel distance of TIFNs based on the following distance
measure between two fuzzy numbers proposed by Grzegorzewski in 1998.

Lemma 2.1. For two any fuzzy numbers A and B, and the corresponding a—cut sets are re-
spectively [(A])a, (Af)a] and [(A])a, (Af)a], then the distance measure between them is defined

as [9]. X X
d(A,B) = ( /0 (Ap), — (Br),)%do + /0 (Au),, — (By)y)2da) /2,

Inspired by the Lemma 1, we define the following distance measure for two arbitrary TIFNs

and as follows ) )
d(4,B) = (Jy (( —(B),)" + (A, — (B),) da)/?

1,/ 4— 82 _ —y 82
+3(Jo (A7), — (BD),)" + (A7), — (By),) da)'/?
It is easy to prove that the new distance measure can satisfy the non negativity, symmetry and
triangle inequality. By straightforward calculation, we can get Theorem 1.

Theorem 1. Let Al =< (au, aiz, a1s, a14), (bn, b12, b13, b14) > and A2 =< (a21, a2, a23, CL24),
(b21, ba2, bas, bay) > be two TIFNs,then the distance measure between A and Ag is defined as
follows:

1
d(Ay, Az) = 5 [(—71 + 12)1/2 + (Is + -74)1/2 (1)
Proof: Here
2

Il = f ((ATL)Q - (A;_L)og) do

= fol [(a21 — a11) +2(a22 — a1 — a2 + ai1)a)da

= J, [+ (y — )a] da

=a® +a(y—2) + 30y — o)’

= 3(a® +ay +y?)

= 2((a21 — a11)* + (az21 — a11)(az2 — a12) + (aze — a12)?)
where © = ao1 — a11,y = a2 — aq2. Similarly, we have

fo ~ (A;U)a)zda
3((a23 - a13)2 + (ag3 — a13)(az4 — a1a) + (a4 — a14)?)
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Iy = [y (Ar), — (45),) da
= %((521 —b11)% + (b21 — b11)(b2z — bi2) + (baz — b12)?)

I = fy (Arp), = (A5),)
= 1((ba3 — b13)? + (bog — b13)(b2a — b1a) + (boa — b14)?)

Then by lemma 1, we can derive the conclusion (1). O

3 A new ranking function of TIFNs

In actual decision making process, the final decision result is often affected by the different
attitudes of decision-makers, although many scholars have already considered the influence of
different attitude index for the MADM problems in which attributes values are expressed with
interval number and triangular fuzzy number [17,24,28]. However, for the MADM problem
in which attributes values are expressed with TIFNs, and there is no literature considering
the decision maker’s attitude in decision making process. Thus, we take the decision maker’s
mentality into the decision-making process, and put forward a new TIFN ranking method.

Definition 12. Let @ = [a”,a"] be an interval fuzzy number, M; = 0.5(a” + aV) and Dz =
0.5(a¥ —al). F3(\):[0,1] — @ is a function of parameter with the following form:

Fi(\) = Mz 4+ (2A —1)Dg = (1 — N)a” + AdY.
Here, the parameter \ is called attitude index of interval number a.

Remark 3.1. Apparently, F;(\) is a monotonic increasing function on interval[0, 1]. When an
attribute is a benefit type attribute, i.e. the value of it is the-larger-the-better. When A =
0,then F;(0) = a” = [a¥,a”] is smaller than the fuzzy number @ = [a, aV],thus for benefit
type attribute, the parameter A = 0 demonstrates a pessimistic attitude. Similarly, A = 1
demonstrates an optimistic attitude and A = 0.5 demonstrates a moderate attitude.

Lemma 3.1. Let a = (a’,a™,aV) be a triangular fuzzy number, and for any real number
a € [0,1], a — cut set of a can be easily derived as follows [15]:

i = [a*(@),a" (a)] = [a" + (@™ — a¥)a,a” — (" — aM)al]

Remark 3.2. For two arbitrary triangular fuzzy number & and b, a — cut sets are often used
to compare them. Considering the oo — cut sets of triangular fuzzy numbers are still interval
numbers, and « is an arbitrary value in interval [0, 1],to eliminate the arbitrariness and reflect
the decision maker’s attitude behavior, Ren and Liu [24]developed a new ranking function of
triangular fuzzy number considering with attitude of decision maker(s) motivated by Definition
5.

Definition 13. Let @ = (a”,aM,aV) be a triangular fuzzy number, then for any parameter
A € [0,1], the function F'(a, \) is a new ranking function of triangular fuzzy number considering
attitude of decision maker(s) with the following formula [24]:

1
F(a,\) = /0 (1 —Na*(a) + 1Y (a)da

Obviously, F'(a, A\) can be rewritten as the following form:

F(a,\) = fol (1 =X (ar + (a™ — aF)a) + M@V - (@Y — aM)a)da
=[(1 = Na* + a™ + \aY]/2
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Let r € [0,1], then according to Definition 6, Ren and Liu [28| gave the following rule for
comparing two triangular fuzzy numbers @ = (a”,a™,a") and b= (b=, M BY):
(i) For arbitrary A € [0,1], if F(a, \) < F(b, \),then @ is smaller than b, and noted & < b;
(ii)For arbitrary A € [0,1], if F(a, \) = F(b, \),then @ is equal to b, and noted & =
(iii)For arbitrary A € [0,7],if F(a,\) < F(b,\),while when A € [r,1], F(a,\) >
for the decision maker whose attitude is pessimistic, the ranking result is a < 5,
decision maker whose attitude is optimistic, the ranking result is a > b.

a
b;
F(b,\); then
which for the

Motivated by Definition 6, we will develop a new ranking function of trapezoidal intuitionistic
fuzzy number defined in Definition 7.

Definition 14. Let A =< (a1, az, a3, aq), (b1, b2, b3, by) > be a TIFN, and p(«) is a real function
defined on [0, 1] , then a new ranking function F'(A, \) including the attitude behavior of decision
maker is defined as follows:
1
FAN) = 4 J) (1= N(AD), + MAD)ad P(@)
+3 Jo (1= N(A7), + MAp)ad P(a)

r+1

Particularly, if P(a) = o™, then we can get

F(AN) = g(rlg) (1= A)(a1 +b1) + (r+ 1)(1 — A)(az + b2)
+(r + 1) A(az + b3) + Aag + by)]

Remark 3.3. If r = 0,A = 1/2, then F(A,\) is as same as that ranking function of Ye [32].
Similar discussion with Remark 1, the parameter A is the attitude index. Then the ranking
function F'(A, ) can reflect the attitude behavior, and thus it can better depict the actual
decision process with the help of different values of A than that ranking function of Ye [32].

Definition 15. For two given TIFNs A; and Ay , and r € [0, 1], the relationship of A; and A,
can be defined as follows:

(i) For any A € [0,1], if F(A1,\) < F(A2,\),then A; is smaller than A, and noted A; < Ay;
(ii)For any A € [0,1], if F/(A1,\) = F(A2,\),then A; is equal to Ag, and noted A; = As;
(iii)For any A € [0,7],if F(A1,\) < F(Aa, A),while when X\ € [r,1], F(A1,A) > F(A2,\); then
for the decision maker whose attitude is pessimistic, the ranking result is A; < As, while for the
decision maker whose attitude is optimistic, the ranking result is A; > As.

4 Extended TODIM method for MADM under TIFN environ-
ment

For a given MADM problem, let X = {z1, 22, -+ ,z,} be a possible alternatives set, and
O = {01,092, -+ ,0,} be the evaluation attribute set.D = {D1, Do, -+, Dy} is the expert set.
Suppose the rating of x; (i = 1,2,--- ,m)with respect to 0;(j = 1,2,--- ,n)given by expert
Dy (k=1,2,---,5s)is a linguistic term noted by §fj , which belongs to the linguistic terms
set { Absolutely low, Low, Fairly low, Fairly high, High, Absolutely high }. Then the
MADM problem can be expressed with matrices S* = (sfj)mxn, k=1,2,..s.
Let w = (w1, wy, ..., w,)" be the attribute weight vector, and each element w; represents
the degree of importance of attribute, which can be given by decision maker or deter-
mined by some weighting methods, such as AHP method or entropy weighting method.
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The calculation steps of the extended TODIM method considering the decision maker’s
attitude are given as follows:

Step 1. According to Table 1 [32],5}; can be transformed with TIFNs a;(k),i =
1,2,...,m,j=1,2,...nand k=1,2,....s

Table 1: Linguistic terms and corresponding TTFNs

Linguistic terms TIFNs
Absolutely low (AL) [< (0.001,0.001,0.001,0.001), (0.001,0.001,0.001,0.001) >
Low (L) < (0.0,0.1,0.2,0.3),(0.0,0.1,0.2,0.3) >
Fairly low (FL) < (0.1,0.2,0.3,0.4), (0.0,0.2,0.3,0.5) >
Medium (M) < (0.3,0.4,0.5,0.6), (0.2,0.4,0.5,0.7) >
Fairly high (FH) < (0.5,0.6,0.7,0.8),(0.4,0.6,0.7,0.9) >
High (H) < (0.7,0.8,0.9,1.0),(0.7,0.8,0.9,1.0) >
Absolutely high (AH) < (1.0,1.0,1.0,1.0),(1.0,1.0,1.0,1.0) >

The linguistic terms decision matrices Sk = (sfj)mxn are transformed into trapezoidal

intuitionistic fuzzy decision matrices A* = (@5 )mxn (k=1,2,...,5).
Step 2. Let 5;; be the total score of alternative ; with respect to attribute o; given

by all decision makers, and it is defined as
ak.. (2)

Step 3. Determine the weights of evaluation attributes. Using the Definition 7
and P(a) = o't we can get the intuitionistic fuzzy sorting function matrix F()\) =
(F(@ij, A))mxn,where F'(a;j, \) is the ranking function of fuzzy number a;; considering with
the attitude of decision maker. For the maximum TIFN a* =< (1,1,1,1),(1,1,1,1) >
F(a*,\) =

Now, we will propose a new weighting method by means of the proposed ranking
function. The reasonable weight should be the minimum of the total deviation of the
alternative z;(i = 1,2,---,m) and the positive ideal solution a*. Therefore, we can
establish the following optimization model:

j=1li=1
weH
n (3)
s.t. Z wj =1

By solving the Eq. (3), the optimal solution w* = argmax .S is chosen as the optimal
attribute weights.

Step 4. Calculate TODIM score as follows:
(i) Calculate w,, = “’: where the value w,. represents the weight value of criteria r divided

by the weight of the reference point ¢,and w, = max {wc}.
[N 1
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(ii) For given value of attitude index A ,calculate

VEZL P, ) = F(zj\) > 0

gbc(l'i, IL‘j) = 0 F([L’ic, )\) — F(l’jc, )\) =0
K2i) P30, \) — F@je, A) < 0

1
0

n
Here d(z;,x;) = Z Wyed(@je, @j.). Here the parameter # is an important parameter in

prospect theory, and 6 > 1 shows that the individual is losses aversion, and ¢ < 1 shows
the individuals are attenuated when facing the losses [19]. Here we set § = 2.25 , which
is the most often used value of € in prospect theory.

(iii) Let 6(A;, Aj) = > ¢c(Ais Aj), 4,5 = 1,2, ..., m, calculate the comprehensive evalua-
c=1

tion index value:

f}a(Ai,Aj) ~ min 3 6(AnAy)

1<z<m]
gi: ai:1727”'7m'
max Z 0(A;, Aj) — mln Z d(A;, Aj)
1<z<mj 1<i< m
Step 5. Rank the alternatives according to &;(: = 1,2,--- ;m) in decreasing order.

5 Applied example

Suppose that a company wants to invest a large amount of money in the best op-
tions(Herrera and Herrera-Viedma [12[; [32]). There are four parallel alternatives: x; (a
car company), s (a food company), z3 (a computer company), x4 (an arms company)
and three evaluation attributes o (the risk analysis), 0, (the growth analysis), and o3 (the
environmental impact analysis). The risk investment company now employs four experts
to evaluate these four alternative enterprises. The evaluation values are expressed with
linguistic terms, and the corresponding trapezoidal intuitionistic fuzzy evaluation decision
matrices are listed in Table 2 to Table 4. Our task is to choose the best investment plan
by the method presented in this paper.

Table 2: Linguistic evaluation values given by expert 1

Alternatives| o1 | 09 | 03
1 M| M |FL
o FH|FH| M
T3 M |FH| M
T4 H | M |FL

The specific calculation steps of the proposed decision making method considering
with the psychological behavior of the decision makers are given below:

Step 1. The linguistic terms decision matrices S* = (sfj)mxn are transformed into
AR = (@5)mxn (k=1,2,...,s) and given in Table 5 to Table 7.

Step 2. The evaluatlon information of the expert group is gathered and expressed

with decision matrix A = (@ij)mxn , which is shown in Table 8.
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Table 3: Linguistic evaluation values given by expert 2

Alternatives| 01 | 09 | 03
1 FL| M| L
T FH|H |M
T3 M |FH|FL
T4 H |FH|FL

Table 4: Linguistic evaluation values given by expert 3

Alternatives| o1 | 09 | 03
1 M |FH|FL
9 M |FH| M
T3 FH|FH| M
T4 H|H | M

Table 5: Trapezoidal intuitionistic fuzzy decision matrix given by expert

Alternatives

01

02

03

x1

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

<(0.1,0.2,0.3,0.4),
(0.0,0.2,0.3,0.5)>

(0.7,0.8,0.9,1.0)>

(0.2,0.4,0.5,0.7)>

2 <(0.5,0.6,0.7,0.8), |<(0.5,0.6,0.7,0.8), | <(0.3,0.4,0.5,0.6),
(0.4,0.6,0.7,0.9)> |(0.4,0.6,0.7,0.9)> |(0.2,0.4,0.5,0.7)>
T3 <(0.3,0.4,0.5,0.6), |<(0.5,0.6,0.7,0.8), | <(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)> |(0.4,0.6,0.7,0.9)> |(0.2,0.4,0.5,0.7)>
74 <(0.7,0.8,0.9,1.0), |<(0.3,0.4,0.5,0.6), | <(0.1,0.2,0.3,0.4),

(0.0,0.2,0.3,0.5)>

Table 6: Trapezoidal intuitionistic fuzzy decision matrix given by expert 2

Alternatives

01

02

03

x1

<(0.1,0.2,0.3,0.4),
(0.0,0.2,0.3,0.5)>

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

<(0.0,0.1,0.2,0.3),
(0.0,0.1,0.2,0.3)>

Z2

<(0.5,0.6,0.7,0.8),
(0.4,0.6,0.7,0.9)>

<(0.7,0.8,0.9,1.0),
(0.7,0.8,0.9,1.0)>

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

3

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

<(0.5,0.6,0.7,0.8),
(0.4,0.6,0.7,0.9)>

<(0.1,0.2,0.3,0.4),
(0.0,0.2,0.3,0.5)>

T4

<(0.7,0.8,0.9,1.0),
(0.7,0.8,0.9,1.0)>

<(0.5,0.6,0.7,0.8),
(0.4,0.6,0.7,0.9)>

<(0.1,0.2,0.3,0.4),
(0.0,0.2,0.3,0.5)>

Step 3. In order to facilitate the comparison with the results of Ye [32], here we
also assume that the attribute weights are known with w; = 0.3490, w, = 0.3020 and
w3 = 0.3490.

Step 4. For given attitude index value A = 1/2 and r = 0 , the comprehensive evaluation
values of the extended TODIM method are calculated as

€ =0,& = 1.0000, & = 0.7421, & = 0.4370,
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Table 7: Trapezoidal intuitionistic fuzzy decision matrix given by expert 3

Alternatives 01

02

03

x1

<(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)>

<(0.5,0.6,0.7,0.8),
(0.4,0.6,0.7,0.9)>

<(0.1,0.2,0.3,0.4),
(0.0,0.2,0.3,0.5)>

(0.7,0.8,0.9,1.0)>

(0.7,0.8,0.9,1.0)>

T2 <(0.3,0.4,0.5,0.6), |<(0.5,0.6,0.7,0.8), | <(0.3,0.4,0.5,0.6),
(0.2,0.4,0.5,0.7)> |(0.4,0.6,0.7,0.9)> |(0.2,0.4,0.5,0.7)>
73 <(0.5,0.6,0.7,0.8), |<(0.5,0.6,0.7,0.8), | <(0.3,0.4,0.5,0.6),
(0.4,0.6,0.7,0.9)> |(0.4,0.6,0.7,0.9)> |(0.2,0.4,0.5,0.7)>
Z4 <(0.7,0.8,0.9,1.0), |<(0.7,0.8,0.9,1.0), | <(0.3,0.4,0.5,0.6),

(0.2,0.4,0.5,0.7)>

Table 8: Evaluation information of the expert group

Ly

01

02

03

T

<(0.2333,0.3333,0.4333,
0.5333),(0.1333,0.3333,
0.4333,0.6333) >

<(0.3667,0.4667,0.5667,
0.6667),(0.2667,0.4667,
0.5667,0.7667) >

<(0.0667,0.1667,0.2667,
0.3667),(0.0000,0.1667,
0.2667,0.4333) >

1.0000),(0.7000,0.8000,
0.9000,1.0000)>

0.8000),(0.4333,0.6000,
0.7000,0.8667)>

x2|<(0.4333,0.5333,0.6333, <(0.5667,0.6667,0.7667, <(0.3000,0.4000,0.5000,
0.7333),(0.3333,0.5333, 0.5667),(0.5000,0.6667, 0.6000),(0.2000,0.4000,
0.6333, 0.8333)> 0.7667, 0.9333)> 0.5000,0.7000)>

x3|<(0.3667,0.4667,0.5667, <(0.5000,0.6000,0.7000, <(0.2333,0.3333,0.4333,
0.6667),(0.2667,0.4667, 0.8000),(0.4000,0.6000, 0.5333),(0.1333,0.3333,
0.5667,0.7667) > 0.7000,0.9000)> 0.4333,0.6333)>

x4|<(0.7000,0.8000,0.9000, <(0.5000,0.6000,0.7000, <(0.1667,0.2667,0.3667,

0.4667),(0.0667,0.2667,
0.3667,0.5667)>

Step 5. Based on the values of & (i = 1,2,3,4), the ranking order of the alternatives is
obtained as
To>x3>T4>T1,

and x is the best alternative.This result is in agreement with the one obtained in (Ye [32]).

6 Conclusion

Interactive multiple criteria (TODIM) decision method is developed on the basis of the
prospect theory, which can describe the psychological behavior of human under uncertain envi-
ronment, and has been successfully applied to many MADM problems. TODIM method is easier
than prospect theory in processing fuzzy numbers, and some authors have already developed it to
solve MADM problems in which the attributes values are expressed with crisp numbers, triangu-
lar fuzzy numbers, intuitionistic fuzzy numbers, Pythagorean fuzzy and neutrosophic numbers.
However, there is no research on the trapezoidal intuitionistic fuzzy environment, and the main
work of this paper is to extend TODIM method to solve MADM problems under TIFN environ-
ment. First, the article proposes a new class of distance measure of TIFNs, the distance measure
can better measure the difference between two TIFNs. Then a new ranking function of TIFNs
is introduced, which can take into account the decision-makers’ attitude with an attitude index.
Finally, the extended TODIM method is put forward to solve the MADM problem in which
the attribute evaluation values are expressed with TIFNs. The advantage of this method lies
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in the decision making process which can take into account the decision maker’s mentality and
the decision maker’s perceived value of the gain and loss, so that the decision-making process is
more consistent with the objective reality. The proposed distance measure and ranking function
can also be used to other MADM methods when the attribute values are expressed with TIFNs.
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