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Multi-criteria Group Decision Making Based on
the Multiplicative Consistency of Intuitionistic
Fuzzy Preference Relation

Tao Li, Liyuan Zhang and Ziyu Yang

Abstract—During the process of decision making with in-
tuitionistic fuzzy preference relation (IFPR), the underlying
normalized intuitionistic fuzzy priority weight vector can be
obtained by a mathematical programming model. In the multi-
criteria group decision making (GDM) problem, it is reasonable
to assume that different decision makers have different criteria
weights, this is because that each decision maker has his/her
own opinions and preferences, and the importance of criteria
should not be the same for different decision makers. The aim
of this paper is to develop two techniques for multi-criteria
GDM with IFPRs based on the multiplicative consistency.
In the first case where the decision maker acts as separate
individual, the individual priority weight vector can be derived
from the IFPR established by each decision maker with respect
to each criterion, after that an overall priority weight vector
can be obtained by synthesizing these priority weight vectors
together. When the decision makers are taken as a group, the
normalized overall intuitionistic fuzzy priority weight vector
can be generated directly by building a fractional programming
model without using the aggregation operator. An example is
given to illustrate the validity and applicability of the proposed
methods.

Index Terms—multi-criteria, group decision making, multi-
plicative consistency, intuitionistic fuzzy preference relation.

I. INTRODUCTION

Group decision making (GDM), where some decision
makers are involved to select the best alternative, takes
place widely in various fields of operations research and
management science. For a GDM problem, decision makers
may express their preferences by comparing each pair of
alternatives and establish some preference relations. It is
known that pairwise comparison methods are more accurate
than non-pairwise comparison methods [1]. Many preference
relations have been studied by scholars, such as multiplica-
tive preference relation [2], fuzzy preference relation (FPR)
[3], interval-valued fuzzy preference relation [4] and triangu-
lar fuzzy preference relation [5]. Although these preference
relations have some advantages, each element of them only u-
tilizes a membership to describe the degree of one alternative
preferred to the other, which means the experts’ hesitations
or indeterminacies are neglected. To circumvent this issue,
Szmidt and Kacprzyk [6] introduced the intuitionistic fuzzy
preference relation (IFPR) whose elements are intuitionistic
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fuzzy values, which can express the membership degree, non-
membership degree and hesitant degree jointly. As a result,
it is more natural to use the IFPR to describe the uncer-
tainties of pairwise comparisons between the alternatives.
Inspired by the interval-valued fuzzy preference relation, the
interval-valued IFPRs [7], [8] were also considered by some
researchers.

In recent years, GDM with IFPRs has become a hot
research topic. Since the lack of consistency of preference
relations in a decision making problem may lead to unrea-
sonable conclusions, the consistency of IFPRs has attract-
ed many scholars’ attentions. From the existing research
achievements, there are two main types of consistency:
additive consistency and multiplicative consistency. Wang
[9] developed a method for GDM with IFPRs based on the
additive consistency, and some mathematical programming
models were constructed to obtain the priority weights of
alternatives. Liao and Xu [10] pointed out that the additive
consistency has some disadvantages, because it is conflic-
t with the [0,1] scale used for providing the preference
values, but the multiplicative consistency does not have
this limitation. Thus, the multiplicative consistency is more
appropriate than the additive consistency in expressing the
decision maker’s preferences. Inspired by the definition of
additive consistency [9], Liao and Xu [10] introduced the
concept of multiplicative consistent IFPR. Then, based on
this multiplicative consistency, Liao and Xu [11] provided
three algorithms for intuitionistic fuzzy GDM from two
aspects: aggregating individual intuitionistic fuzzy priorities
and aggregating individual intuitionistic fuzzy judgments.
The framework of intuitionistic fuzzy GDM was proposed
by Liao et al. [12], and this complex GDM can be divided
into three subproblems, which are the consistency checking
and inconsistency repairing process, the consensus checking
and reaching process and the selection process. More studies
about IFPRs with multiplicative consistency can also be
found in [13]-[16].

In our daily life, some decision making problems are
involving various criteria, and multi-criteria decision making
(MCDM) is pertaining to structure and solve these problems
[17], [18]. A lot of intuitionistic fuzzy MCDM methods
have been developed, readers can refer to [19]-[21]. In these
literature, the weights of the criteria are assumed to be the
same for all decision makers. Nevertheless, since each expert
has his/her own opinions and preferences, it is reasonable to
suppose that different decision makers should have different
criteria weights in a real decision making problem. Thus,
in this paper, based on the multiplicative consistency of
IFPR given by Liao and Xu [10], we consider a multi-
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criteria GDM problem, where the weights of criteria for
different decision makers can be different. By comparing
each pair of alternatives, a decision maker can construct an
IFPR with respect to each criterion. Inspired by the trans-
formation formula in [10], we first give a similar formula
to convert the normalized intuitionistic fuzzy weights into
a multiplicative consistent IFPR. Then, by minimizing the
absolute deviation between the original judgment and the
converted multiplicative consistent IFPR, the priority weight
vector can be derived by a fractional programming model.
When the decision maker acts as separate individual, an
aggregation operator is used to synthesize all individual
priority weight vectors together, then an overall priority
vector is obtained. When the experts act as one individual,
the overall intuitionistic fuzzy priority weight vector can
be generated directly by building a fractional programming
model without using the aggregation method.

By considering the hierarchal structure of a decision
making problem, Xu and Liao [22] proposed the intuitionistic
fuzzy analytic hierarchy process, where a decision maker also
constructs an IFPR by comparing each pair of alternatives
with respect to each criterion. Compared with Xu and Liao’s
approach [22], our method still have some advantages.

(1) The multiplicative consistency condition used by Xu
and Liao [22] is based on the concept given by Xu et al.
[23]. However, Liao and Xu [10] have pointed out that the
multiplicative consistency condition in [22], [23] may be
too strict for an IFPR, and it loses the original foundation
of multiplicative consistency. The multiplicative consistency
used in this paper is based on the membership and nonmem-
bership degrees of the intuitionistic fuzzy judgments directly
[10], it can reflect the original information of the decision
maker. Moreover, we also prove that the definition we used
is robust to the permutations of decision maker’s judgments
and independent of alternative labels. Thus, based on this
multiplicative consistency, our priority weights will be more
reasonable than that obtained by Xu and Liao’s approach
[22].

(2) Xu and Liao [22] generated the interval priority weight-
s by transforming an IFPR into an interval-valued preference
relation, sometimes the original information losing may take
place if the number of alternatives is too large. Although
the derived interval priority weight [w;,v;] in [22] can be
equivalently considered as an intuitionistic fuzzy number
(IFN) (w;,1 — v;), we can not guarantee that the converted
intuitionistic fuzzy priority weight vector is still normalized.
In our method, based on the original IFPR, we use a fraction-
al programming model to obtain the normalized intuitionistic
fuzzy priority weights.

(3) Compared with Xu and Liao’s approach [22], where
only one decision maker is involved to construct IFPRs, our
proposed method is for a GDM problem, which will be more
useful and powerful. And two cases are studied, the decision
makers act as separate individuals or one individual. More-
over, since each decision maker has his/her own opinions
and preferences, we also assume that the weights of criteria
can be different for different decision makers, which is more
appropriate for a real decision making problem.

The rest of the paper is organized as follows. Section
IT presents some basic knowledge about IFPRs and IFNs.
Based on the multiplicative consistency condition, Section

IIT gives a transformation formula to convert the normalized
intuitionistic fuzzy weights into a multiplicative consistent
IFPR. Using the fractional programming model, Section
IV proposes a method for multi-criteria intuitionistic fuzzy
GDM which takes the decision makers as separate individu-
als, the method for the second case where the group acts as
one individual is provided in Section V. Finally, Section VI
makes a comparative analysis and Section VII gives some
conclusions.

II. PRELIMINARIES

For a decision making problem, let X = {x1, 29, -+ ,z,}
be the set of alternatives, and a decision maker is asked
to provide his/her preferences by comparing each pair of
alternatives. A FPR on the set X is represented by a com-
plementary matrix R = (rij)an with 735 > 0, 7 +7rj = 1,
ri; = 0.5, where r;; indicates the degree to which the
alternative x; is preferred to x;.

Definition 1: ([24]) A FPR R = (74 )nxn is called multi-
plicative consistent if the following multiplicative transitivity
is satisfied:

Tij *Tik *Tki = Tik " Tkj " Tji, i7jak = 172a" cy N (])

Letw; (i =1,2,---,n) be the underlying priority weights
of the alternatives and satisfies 0 < w; < 1, Y | w;, then
a multiplicative consistent FPR R = (r;;)nx» can be shown
as [25]:

wj ..
ij — ) 9 :1327"'7 . 2
rzj w; +wj [2%i n ( )

Since the elements in FPRs only describe the intensities of
preferences but cannot depict the degrees of non-preferences,
it is effective and suitable to describe the decision maker’s
judgments in the intuitionistic fuzzy set, then an IFPR on
the set of alternatives X can be constructed. The concept of
IFPR is given as follows:

Definition 2: ([26]) An IFPR on the set X =
{1,229, ,x,} is defined as a matrix R = (ri;)  with
rij = (pij,vij), where pj,vi; € [0,1], pij + vij < 1,
Hij = Vji, Vij = [j4 and His = Vi; = 0.5. g indicates the
degree to which the object x; is preferred to the object z;,
v;; means the degree to which the object x; is not preferred
to the object x;, and m;; = 1 — pi;; — v;; is explained as an
indeterminacy degree or a hesitancy degree.

For any two IFNs r;; = (wij,vij) and me = (pwt, Vei),
Xu [26] introduced the following operations:

Tij © rre = (Wi + [kt — ij bkl VijVkl) 3
Tij @ Tk = (Wij ks Vij + Vil — VijVil); “4)
Arig = (1= (1= i) vy), A>0; 5)
ryy = (uy, 1= (L—wvi;)"), A>0. (©6)

In order to rank IFNs, some methods have been proposed.
For an IFN «; = (u;,v;), Xu [26] defined an accuracy
function H(oy;) = w; + v4;, Zhang and Xu [27] introduced a
similarity function L(«;) = ijﬂ’f . Then, a total order method
for ranking any two IFNs «; = (u;,v;) and o = (p,v;5)
can be given as follows [27]:

If L) > L ), then a; > .

If L(O[,L) = L(Oéj), and

if H(o;) > H(aj), then oy > a3
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if H(Ozi) = H(Oéj), then a; = a;.

Liao and Xu [10] have pointed out that the ranking method
in [27] is reasonable, since it not only obtain a consistent
result when little changes of the parameters of IFNs take
place, but also generate a total order of IFNs. Thus, in this
paper, we will use Zhang and Xu’s ranking method [27] to
compare [FNs.

Let o; = (p4,v3) (i = 1,2,- -+ ,n) be a collection of IFNS,
(0(1),0(2), - ,0(n)) be a permutation of (1,2,---,n),
such that a, ;1) > au(; for any 4, w = (wy, wa, - ,wp) T
be the aggregation-associated vector with w; € [0,1] and
Z?:l w; = 1. Based on the above operational laws (3)-(6),
some important aggregation operators have been introduced
[28], [29].

An intuitionistic fuzzy weighted averaging (IFWA) oper-
ator is a mapping such that

s an) = Plwics)

=1
:(1—ﬁ (1— p)® Hu“”)
=1

An intuitionistic fuzzy weighted geometric (IFWG) oper-
ator is a mapping such that

IFWAw(Oq,OéQ,“'

n

»Oén) = ®(wiai)

=1

(Hu“ff 1*1_[ 1fyi)wi).

An intuitionistic fuzzy ordered weighted averaging (I-
FOWA) operator is a mapping such that

IFWGw(()él,Ck27"‘

n

,Oén) = @(wiao’(i))

i=1
l/a(li)> .

n n
i=1

= (1 =TI = o)™

=1

IFOWAU,(OQ,OQ, ce

An intuitionistic fuzzy ordered weighted geometric (I-
FOWG) operator is a mapping such that

TFOW Gy (a1, az, -+, an) = R)(wicne(s))
=1

(HMU”), s _Va(i))wi)'

Clearly, when w = (1/n,1/n,---,1/n)T, the IFWA
operator and IFOWA operator both reduce to an intuition-
istic fuzzy averaging (IFA) operator, the IFWG operator
and IFOWG operator both become an intuitionistic fuzzy
geometric (IFG) operator.

III. RELATIONSHIP BETWEEN THE MULTIPLICATIVE
CONSISTENT IFPR AND A NORMALIZED INTUITIONISTIC
Fuzzy WEIGHT VECTOR

In the course of decision making with IFPRs, how to
generate the underlying priority weights is a significant issue.
Moreover, when the preference relation is an IFPR, it is rea-
sonable to use the intuitionistic fuzzy priority weight vector
to reflect the importance of alternatives. Recently, many ap-
proaches have been proposed to derive the intuitionistic fuzzy

priority weights, such as additive consistency based method
and multiplicative consistency based method. Consistency
is the basic property for any preference relation and the
lack of consistency may lead to unreasonable conclusions.
Since additive consistency is in conflict with the [0,1] scale
used for providing the preference values [10], more and
more researchers have paid attentions to the multiplicative
consistency. Liao and Xu [10] gave a general definition of
multiplicative consistent IFPR, shown as follows:

Definition 3: ([10]) An IFPR R = (7;)nxn With 7;; =
(tij,vi;) is called multiplicative consistent if the following
multiplicative transitivity is satisfied:

Hij = Wik - Pki = Vij - Vik - Ve, &0,k =1,2,--- ,n. (7)
If IFNs Tij = (/féij; Vij) satisfy Wij +Vij = 1foralli,j=
1,2,--- ,n, then the IFPR R is equivalent to a FPR R =
(tij)nxn and Eq. (7) is degraded to Eq. (1).
Theorem 4: ([14]) Let R = (r;j)nxn be an IFPR with

ri; = (Wij, vi;), the following statements are equivalent:
l) Hij = Wik - Hki = Vij * Vijk * Vki, iaj7k. = 1727"' , T,
i) fuij - Mk - ki = Vij - Vik * Vki, 1< J <Kk.
Based on the above Theorem, the following corollary can
be obtained.

Corollary 1: Given an IFPR R = (r;;)pxn With 7; =
(1ij,vi;), the following statements are equivalent:

1) R is multiplicative consistent,

2) Wij - Wik - ki = Vij - Vik - Vkis 3,0,k =1,2,--- . n,
3) Mij - Mk - Mk = Mk - kg - Mg, G0k =1,2,-+,

4) Vij Vjk - Vi = Vi - Vij - Vji, 4,5, k=1,2,---,n

5) Mij - Mk - ki = Vij - Vjk - Vki, <] <Kk,

6) frij - Mjk - Hri = Mk kg - Mg, 1< J <k,

7) Vij - Vjk - Vki = Vi - Vkj - Vji, © <] <k.

Let R® = (r))nxn be an IFPR with r), =
(,u?j,yfj) = (Us(i)5(j)» Vs(i)s(j))» Where 0 is a permutation
of {1,2,--- n}.

Theorem 5: Given an IFPR R = (7i;)nxn With r;; =
(i, vi;), then R is multiplicative consistent if and only if
R? is multiplicative consistent for any permutation ¢.

Proof: Necessity. Assume IFPR R = (7i;)nxn 18
multiplicative consistent, then from the Definition 3, we have
Wij * Wik Bki = Vij - Vii - Vg for all 4,5,k = 1,2,--- ,n.

Thus, we can get ul; - pu3y - pj; = Ha@)a() * Fo(g)sth) -
Ma(k)a(@) = V5(Z)5(J) Vs(i)s(k) ~ Vs(k)s(i) = Vij " Vik " Vki
for all 7,5,k = 1,2,--- ,n. By means of the Definition 3,
IFPR R‘S (r ])nxn is multlpllcatlve consistent.

Sufﬁcwncy If R® is multiplicative consistent, we have .- i
Hik Bha = Vi) Vi Vi 185 la(0)6() * Fo(i)atk)  Ba(ks(i) =
Vs(i)s(5) " Vo(5)6(k) " Vs (k)d (i) for all i,j, k= 1,2,--- n. Since
d is a permutation of {1,2,---,n}, if we denote 6(i) = ¢,
d(j) = 7' and 6(k) = k', one can obtain p;/ ;s - pjrps - firir =
Virjr - Vi - Ve for all @/, §' k" = 1,2, -+ n. According to
the Definition 3, IFPR R is multiplicative consistent. [ |

For a decision making problem with n decision al-
ternatives, the decision maker’s pairwise comparison can
yield n! IFPRs by differently labeling the n alter-
natives, and these IFPRs can be denoted by a set
{R?|6 is a permutation of {1,2,---,n}}. Theorem 5
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reveals that the multiplicative consistency given in Definition
3 is robust to the permutations of decision maker’s judg-
ments and independent of alternative labels. Therefore, the
Definition 3 gives a good measurement for the multiplicative
consistency of IFPR.

In the process of decision making with IFPRs, an
important thing is to obtain the underlying intuitionistic
fuzzy priority weights. Let w = (w,wo e wy)T =
(W, wy), (Wh,wh), - ) be the intuitionistic
fuzzy priority weight Vector of the IFPR R = (7ij)nxn,
where w; = (W w?) (i = 1,2,---,n) is an IFN, which
satisfies w!',w? € [0,1] and w!' + w} < 1. The intuitionistic
fuzzy weight vector w is said to be normalized if it also
satisfies the following conditions [9]:

n

>

j=1.j#i

n
wh+n—2> Z wi, i=12,---,n
=L

wéLSw”

With the normalized intuitionistic fuzzy weight vector
w = (wy1,ws, -+ ,wy)T, some transformation formulas have
been given to construct a multiplicative consistent IFPR
P = (ij)an

(D Liao and Xu [10] proposed the following formula to
establish a multiplicative consistent IFPR P = (p;;)nxn.
where

Pbij = (Pfjapiyj)

(0.5,0.5), i=j,
2wt
v 8
— (wf—w;’—i-w?—w;’—i-Q’ ®
2w '
w“—wi”+w§4‘—wj”-+2)’ 17

(ID) Jin et al. [15] and Lin and Wang [16] both introduced
the following formula to build a multiplicative consistent
IFPR P = (pij)nxn, Where

pi; = (P35, p3;)

(0.5,0.5),
(1 /w“w;’, \ /w”w”)
Although the IFPR P = (p;;)nxn constructed by Eq. (9)
satisfies the multiplicative consistency condition Eq. (7), it
still has some drawbacks. If the intuitionistic fuzzy weights
reduce to the traditional fuzzy weights, i.e., w!' +w? =1 for
alli =1,2,---,n, then IFPR P = (p;;)nxn constructed by
Eq. (8) degenerates to a FPR P = (p”)nxn, this is because
that p” +pf; = 1. And in this case, pj; = wi'/(w}’ +wf),
which is equlvalent to the multiplicative consistency con-
dition for a FPR given in Eq. (2). However, the IFPR
P = (pij)nxn constructed by Eq. (9) does not have this
property.
Motivated be the transformation formula provided by Liao
and Xu [10], we present the following formula to generate
a multiplicative consistent IFPR P = (p;;)nxn, Where

=], 9

pij = (D3> %)

(0.5,0.5), i= 7,
nw H

w; W
7 J . -
( v > V), L F 7
— W

— _V’_
2 — wj wj2 wy

(10)

n
Y, wy +

and wf',w? € [0,1], wi' +wf < 1,370, o wf <w
n—2>3" i wf foralli=1,2,- n.

Theorem 6: The preference relation P = (pi;)nxn 1S @
multiplicative consistent IFPR, where p;; = (pfj, py;) is
defined in Eq. (10).

Proof: It is obvious that pi-‘j = pY; for all i,j =

1,2,---,n. Since w!,w? € [0,1] and ! + w! < 1, we
can easily get

w I3
0< —o Y <,
2 —wy w}’ w4 w
I3 I3
0< J < ij 7 <1,
2 —wy —wy w; +w
J
I H w K
Wy wij Wi wj -1
v | N H H pe
2 —wy — 2 —w; w¥ w; + w; w; + wj

which means P = (p;j)nxn is an IFPR. Moreover, when
1 < j < k, we have

“w
wy' wj wi
/J‘ZJM]]TM]“: v v v v v v?
2—wi—wj2—wj—wk2—wk—wi
i
w w’“f wH
Vii Uik * Uki = J k i
(¥ J v 22 T N 2
2 —w; wj2 w¥ wy 2 —wy — w;

Clearly, pi55 - pjk - ks = Vij - Vjk - Vks. Then, according to
the Definition 3 and the Theorem 4, IFPR P = (p;;)nxn is
multiplicative consistent. [ |

IV. MULTI-CRITERIA INTUITIONISTIC FUZZY GROUP
DECISION MAKING WITH INDIVIDUAL PRIORITIES

Consider a GDM in which X = {x1,z9, - - ,z,} is
the set of alternatives, D = {dy,ds, - ,d;,} is the set
of decision makers and C' = {c1,¢2,--- ,¢p} is the set of
criteria. Let A = {\1, Ao, -+, \u }T be the weight vector of
the decision makers, such that A\, > 0 for k =1,2,--- ,m,
and > /", A = 1. Since each decision maker has his/her
own opinions, he/she may believe that the importance of
these criteria is not the same, and it is reasonable to assume
that different experts should have different criteria weights.
For the decision maker di, let dx = {0k1,0k2, - ,5kp}T
be the weight vector of the criteria, such that d;; > 0
for t = 1,2,---,p, and Y 7, & = 1. Make pairwise
comparisons for all alternatives, the expert dj can
establish an IFPR R(k) (r (;t))nxn with respect to
each criterion c;, where r(f) = (Mz(‘;?t),vi(f t)) is the
preference information in IFN. However, in a practical
decision making problem, it is almost impossible for
decision makers to give multiplicative consistent IFPRs.
And in this case, we turn to find a normahzed intuitionistic
fuzzy priority weight w*? = (w (k) o w(kt))T =

k kt)v k k k )
((wg t)u7w£ Y )v(wé t)M’wé R )7 7( T(lt)M 7(1 o )) >

(k)

(kt)p .
(,ml,) is close to
“j

such that (
2

(,ul(-;t), Vl(Jk t)) which means the deviation between each IFPR

R = (r z(jkt))nm and the corresponding multiplicative
consistent IFPR Pt = (pgft))nxn established by Eq. (10)

should be as small as possible. Then, we can introduce the

3 J
7w£kt)u7w§kt)u " g F
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following deviation variables:

(kt)p

Skt _ w; B ,Lt(kt)
” 2 wz(kt)v j(kt)y ij
(kt)p

g0 e _

Y 9 — Wk _ (k) R

i J
i#j, i, j=1,---.n k=1,---,m, t=1,---,p.

We can easily check that s(ft) £(kt) and g(kt) g’:t)_

Moreover, the smaller the absolute dev1at10n the more exact
results will be obtained. Thus, we can give the following
objective function for the decision maker dj with respect to
the criterion ¢;:

n—1 n
Min f=>" Y {

(157 + 16559, (an
i=1 j=i+1
k:1727"' , 1, t:1727 ,D-
(kt) (kt) (kt)|_ _(kt)
Let E+(kt) I ) ;j(kt) _ ey lmey ’g;;(kt) _
(kt) (Ict) . (1?-,45) . ().ﬁ)
€35 |2+£ Z;(kt) _ & \2 i . then g(kf) +(kt)
€ —(kt) e (;ct | = Ej( )+€f(kt) g(kt —§ 5 (kt)
|§(kt)| _ §+(kt) Jrg (kt), where €+(kt) >0, (kt) >0

fz‘j( Y >0, 5ij(kt) >0, Ez'j(kt) m(kt)‘oa d§ kt)'fz'j
Therefore, a fractional programming Model 1 can be con-
structed to derive the normalized intuitionistic fuzzy priority
weight vector w(?),

Using some optimization computer packages, such
as Lingo or Matlab, to solve the Model 1, we
can get the optimal objective function value f and

the optimal normalized intuitionistic fuzzy priority

weight vector w®D = (WF) L Lo )T
s T
(w%kt)u,wq(llkt) ))

((wgkt)y’wgkt)u), (wékt)u, Wékt)y>7 L

Suppose all the normalized intuitionistic fuzzy pri-
ority weight vectors w*) (kK = 1,2,--- . m, t =
1,2,--- ,p) are obtained, using the aggregation operators
in Section II (take the IFWG operator as an example),

we first derive the individual intuitionistic fuzzy prior-

)

ity weight vectors wk = (w §k),w( ),"' 7wr(Lk))T =
((w§) wgk)u) (wék)u wék)V) v (W (k)# T(Lk)l/))T (k
1,2,--+,m), where
(k k2 k
U_[FWG LW WD) Ry
p p
= ([T@*myo =TT -wfype). a2
t=1 t=1

Then, fuse these individual intuitionistic fuzzy g)rl-
ority weight vectors w(®) (W Wi
(k = 1,2,---,m) into an overall intuitionistlc fuzzy
priority weight vector w = (wj,wo, - ,wy)l =
(Wi, wh), (Wh,ws), - ,(wt{,w%))T, using the IFWG op-
erator, we have

w; = IFWGA(wgl),wZ@), e ,w(m))

- ( ﬁ@kw)xk, 1- ﬁu - wgkww).

k=1 k=1
Calculate the similarity values (or accuracy values if the
similarity values are equal) of the overall intuitionistic fuzzy

13)

priority weights wi,ws, - ,w,, the ranking order of the
alternatives can be given via the comparison law for IFNs.

In the following, an algorithm is proposed to handle this
multi-criteria GDM problem with IFPRs, where the decision
makers are taken as separate individuals.

Algorithm I:

Step 1. Make pairwise comparisons for all alternatives,
decision makers construct some IFPRs R(Ft) = (r (ft))nxn
(k= 1,2~ ,m; t = 1,2, ,p), where 0" (i,j =
1,2,-+- ,n) is the preference information in IFN given by
the expert dj with respect to the criterion c¢;. Go to the next
step.

Step 2. For each IFPR R(*t) = nxn. €stablish a
fractional programming model according to the Model 1. Go
to the next step.

Step 3. Solve these fractional programming models to
derive the normalized intuitionistic fuzzy priority weight

(r&)

vectors w(Ft) = (wgkt)7w§kt), . ,wy(lkt))T from the IFPRs
Rkt — (rgft))nm. Go to the next step.

Step 4. Synthesize the priority weight vectors w(?)

(k = 1,2,---,m; t = 1,2,---,p) to get the indi-
vidual intuitionistic fuzzy priority weight vectors w*) =
(wgk), wék), e ,w,(Lk))T by using the operators in Section II.
Go to the next step.

Step 5. Fuse the individual intuitionistic fuzzy prior-
ity weight vectors w® (k = 1,2,---,m) into an
overall intuitionistic fuzzy priority weight vector w =
(w1, ws, - ,wn)T. Go to the next step.

Step 6. Compare the overall intuitionistic fuzzy priority
weights wi,ws, -+ ,w, to obtain the ranking order of the
alternatives. Go to the next step.

Step 7. End.

Here we give a simple example concerning the selection
of cars to illustrate the procedure for this multi-criteria
intuitionistic fuzzy GDM problem.

Example 1. Suppose that there is a family with three
members (decision makers), the father (d;), the mother (ds)
and the son (d3), they want to select a new car from four
candidate alternatives x; (¢ = 1,2,3,4). Four criteria are
determined to complete this process including price (cy),
driving comfortability (c2), hundred kilometers acceleration
(c3) and color (cyq). The weights of the decision makers
are assumed to be A\;=0.4, A\2=0.4 and A\3=0.2, respectively,
because the money is provided by parents. Furthermore,
since the father usually drives the car, he believes that the
criteria ¢; and co are more important than the other criteria
cs3 and cy4, and he gives his weight vector of the criteria

= {0.4,0.3,0.1,0.2}7. The mother’s weight vector of
the criteria is supposed to be d; = {0.7,0.1,0.1,0.1}%,
because she can not drive a car and she mainly cares
the price of the car. For the son, he pays attention to a
car’s speed, which means the weight of the criterion c3 is
the biggest, and he gives his weight vector of the criteria
83 = {0.1,0.2,0.5,0.2}7. Make pairwise comparisons for
these four alternatives, decision maker dj (k = 1,2,3) can
establish an IFPR R(Ft) = (rfft))4x4 with respect to each
criterion ¢; (t = 1,2,3,4), which is given as follows:

(0.50,0.50)  (0.45,0.15)  (0.55,0.10)  (0.50,0.05)
ROD _ ( (0.15,0.45)  (0.50,0.50) (0.70,0.10)  (0.75,0.05) )
= | (0.10,0.55) (0.10,0.70) (0.50,0.50) (0.30,0.30) |’

(0.05,0.50)  (0.05,0.75) (0.30,0.30) (0.50,0.50)
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n—1 n
Min f _ Z Z (gj-j(kt) +€i—j(kt) +£:]-(kt) +é.Z—J(kt))

Model 1
i=1 j=i+1
wikOr k +(k k . .
2_w’(ktl)u_w](.kt)u ngt)_ (t)-f—f (kt) — =0, i =12,---,n—-1,j=i+1--,n
Wk
ot vy G M =0 =2 i
s.t. l(kt)“ w(kt) € 10,1], wf O —|—w£ <1, i=12,-
(kt) L (kt)v (kt)p (kf)u .
ZFL# <w,™" w™ 2>Z] LWy s =12, n
er) > o, elj(kt) >0, ¢ 20, §ij ") >0, i=1,2,---,n—1, j=i+1,---,n
+(kt) _—(kt) _ +(kt)  —(kt) _ . .
g5 gy =0,&§,"-§; =0, i=12,---,n—-1 j=i+1,---,n
1,2,3,4). Taking R'Y as an example, we first establish a
(0.50,0.50)  (0.40,0.30) (0.55,0.15) (0.60,0.10) fractional programming Model 2.
RO = ( Eg:?g:gég; Eg:‘;’g:g:gg; Eg:gg:g:égg Eg:gg:g:?gg ) ) Solving the Model 2 with Lingo software, we can get
(0.10,0.60)  (0.05,0.70)  (0.10,0.60)  (0.50,0.50)
(0.50,0.50)  (0.45,0.20)  (0.40,0.30)  (0.65,0.10) W = (w§11)’wéll)’wéll)’will))T
1: 0.20,0.45)  (0.50,0.50) (0.40,0.25) (0.60,0.10
R = ( E0.30,0.40g 50.25,0.403 E0.50,0.5og E0.40,0.3og ) . = ((0.3511,0.4867), (0.3928, 0.5639),
(0.10,0.65)  (0.10,0.60)  (0.30,0.40)  (0.50,0.50) (0.0638, 0.8749), (0.0300, 0 9123))T
(0.50,0.50)  (0.20,0.70)  (0.40,0.40)  (0.70,0.10)
R4 _ [ (0.70,0.20)  (0.50,0.50) ~(0.20,0.55) (0.70,0.20) [
~ | (0.40,0.40) (0.55,0.20) (0.50,0.50) (0.60,0.10) Similarly, from R('?) — R34 we can obtain
(0.10,0.70)  (0.20,0.70)  (0.10,0.60)  (0.50,0.50)
(0.50,0.50)  (0.40,0.30) (0.35,0.25) (0.45,0.35) w12 — ((0 3559,0.4772), (0.3640, 0.5176),
ROV = | (035,035 (010,055 (050.050) (0.80.020) T
(0.35,0445)  (0.20,0.60) (0.20,0.50) (0,50, 0.50) (0.0971,0.8758), (0.0162,0.9624))",
((0 3627,0.5384), (0.2646, 0.6555),
(0.50,0.50)  (0.40,0.45) (0.55,0.10)  (0.50,0.15) T
R(22) _ ( (0.45,0.40)  (0.50,0.50)  (0.60,0.10) (0.55,0.15) ) (0.1653,0.6831), (0.0558, 0. 9035))
= | (0.10,0.55) (0.10,0.60) (0.50,0.50) (0.45,0.30
E0.15,0.50§ E0.15,0.55§ E0.30,0.45§ E0.50,0.50§ w) = ((0 2873,0.6750), (0.2714,0.6978),
T
(0.50,0.50)  (0.40,0.20)  (0.30,0.45) (0.60,0.15) (0.2873,0.6066), (0.0479, 0. 9145))
R(9) _ ( (0.20,0.40)  (0.50,0.50)  (0.55,0.25)  (0.65,0.10) ) ((0 2675,0.5364), (0.2590, 0.6992),
(0.45,0.30)  (0.25,0.55)  (0.50,0.50) (0.60,0.05) |’
(0.15,0.60) (0.10,0.65) (0.05,0.60) (0.50,0.50) (0 19117 06992>7 (0 0863 0. 8691)>T
(0.50,0.50)  (0.30,0.60) (0.60,0.15) (0.45,0.35) = ((0.3247,0.6033), (0.3653, 0.5849),
0.60,0.30)  (0.50,0.50) (0.70,0.10)  (0.60,0.20
ROV = ( 50.15,0.60; 50.10,0.70; E0.50,0.50; E0.60,0.15g ) ’ (0.0609, 0.8063), (0.0996, 0. 7509))T
(0.35,0.45)  (0.20,0.60) (0.15,0.60)  (0.50,0.50) L(23) _ ((0 2017,0.7479), (0.3277,0.5798)
(0.50,0.50)  (0.30,0.55) (0.40,0.30) (0.55,0.15) (0 3025, 0.5798)7 (0 0504, 0. 9160))T
R _ [ (0.55,0.30)  (0.50,0.50) (0.70,0.15) (0.75,0.05) |
(0.30,0.40)  (0.15,0.70)  (0.50,0.50) (0.55,0.10) |~ ((0 2270,0.7568), (0.4540, 0.4865),
(0.15,0.55)  (0.05,0.75)  (0.10,0.55)  (0.50,0.50) .
(0.0649,0.8649), (0.1535, 0. 7459))
(0.50,0.50)  (0.40,0.35) (0.30,0.45)  (0.50,0.25)
g2 _ [ (0.35,0.40)  (0.50,0.50) (0.40,0.20) (0.55,0.10) wBl = = ((0.2115,0.6875), (0.4958, 0.4111),
= | (0.45,0.30) (0.20,0.40) (0.50,0.50) (0.60,0.10) T
(0.25,0.50)  (0.10,0.55)  (0.10,0.60)  (0.50,0.50) (0.1587,0.7837), (0.0331, 0. 9279))
((O 1716, 0.7569), (0.3356, 0.4900),
(0.50,0.50)  (0.40,0.20) (0.55,0.15)  (0.45,0.30) T
R(® _ ( (0.20,0.40) (0.50,0.50) (0.50,0.25) (0.45,0.35) ) (0 2574 0.6711) (0 0610, 0. 8999))
(0.15,0.55)  (0.25,0.50) (0.50,0.50) (0.40,0.40) ’ ’
(0.30,0.45) (0.35,0.45) (0.40,0.40) (0.50,0.50) ((0 3066, 0.5388)7 (0.2366, 0.6946),
T
(0.50,0.50)  (0.40,0.40)  (0.60,0.20)  (0.35,0.45) (0.1183, 0.8323), (0.1840, 0. 7798))
0.40,0.40)  (0.50,0.50)  (0.45,0.20) (0.55,0.15
ROV = ( E0.20,0.60§ E0.20,0.45§ 50450,0.503 50440,0.303 ) ‘ w®) = = ((0.3234,0.6418), (0.3250, 0.5458),
(0.45,0.35)  (0.15,0.55) (0.30,0.40)  (0.50,0.50) (01270, 0.8192), (0.0952, 0. 8633))T

According to the Model 1, using Lingo software, we can
generate the normalized intuitionistic fuzzy priority weight
vector w*) from the IFPR R(*!) constructed by decision
maker dj, (k =1,2,3) with respect to each criterion ¢; (t =

Next, using Eq. (12), we can derive the individual intu-
itionistic fuzzy priority weight vector for each decision maker
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Model 2 Min f — (=51 o0 4 gD | =) L (D | —(D) | (1) 4 = (11)y
11 11 (11 (11 11 (11 11 11)
+(514( )+514( )+§14 )+f14 )) + (&2 3( )+ ex 23 )+52( )+523( )
+(11 —(11 +(11 —(11 11 11
+ (e 2( )+524( )+524( )+524( )) (534( tes, 34 +f3( )+534 )
w045 — e HD D wy U 0.15 S0 g
o gll)u ;11)1/ €12 + €19 =Y 5T ill)r ;11>V —U.lo — 512 "‘512 =Y,
WwIhn 11 —(1 w{DH 11 (11
— 8o — 0.55 - 613( "ty =0, sy — 010 - g5 &Y =0,
lw(ll)u 3 ( ) (11) “1 (11)M 8 _
2_w(111)1/_w(11)1/ —0.50 — +e €14 =0, 2_w(11)u_w(11)u —0.05 - 514 + 514 =0,
1 4 1 4
w{tHs 11 11 witDk 11 —(11
27w;112)u7w(11)u 0.70 — 523( ) + 23( ) = 0, 27w§11:§1/7w(11)1/ —0.10 — 5;3( ) + 523( ) = 0,
WwHn 11 - Withr 11 —(11
st — 075 {1 45V =0, s — 005 - 600 16,00 =0,
Wit 11 11 Wit (11) —(11
2 (lliu w(ll)u —0.30 - 534( ) + 834( ) = - O, 9 (11)1/ w(u)u —0.30 — {;Z + 534( ) = 0,
Og‘w( D <10 < WY < 1,0t 4 (10 <10<w(“)“<10< S W S SO
s.t. 0< w:gll)# < 170 < éll) < 1 (11):” (11)1’ < 1 0< w(ll)ﬂ < 1 0<w (11)1’ < 1 (11):” (11)V < 1
wgll)u +w§11)u +will);t < gll)l/7 gll),u, + éll)u + ill)u < éll)u’

L O T e o

(11)u +W(ll)u +w(11)” <w!

(11)v

w%ll)“+22w§”)"+ (11)v +w(11)u ( );A+2>w(11)u+w§11)u+will)u7
w:(,)ll)“+2> (11)"+ (11)”+w(11)” (11);L+2>w(11)u+ (11)u+ (11)1/,

612(11) >0,e (11 >0 5+(11) >0 € (11) >0.¢ +(11) >0,c (11) > 0,68 +01) 5 0,51_3(11) >0,

14(11) >0, ( >0 5+(11) >0 E >0.¢ +(11) >0.c (11) > 0,65, (11) > 07553(11) >0,

;—4(11) > 0’5 (11) > 0 5;-(11) > 0 é. (11) > O +(11) > 0 (11) > 0 5 (11) > 0 é.—(ll) > 0

61}-2(11)61—2(11) 707512 11)512(11) 0 +(11) (11) -0 §+(11£ (11) 0 (11) —(11 -0 €+(11)§ (11) 07
5;%(11)5273(11) :0@%(11)5;3(11 —0.¢ +(11) - 11 -0 § f 1) _0.c (11) 7(11 07531(11)%4(11) _

dr, (k=1,2,3), which is given by
w® = ((0.3398,0.5339), (0.3428,0.5920

)
0.1075,0.8277), (0.0291, 0.9317)
0.2608, 0.5974), (0.2903, 0.6611)
( )
( );

(

( )

( )
(0.1602,0.7253), (0.0879,0.8573
( )

( )

)T
w® = ( ,
)T
= ((0.2659,0.6290), (0.2911,0.6088
0.1444,0.8002), (0.1089, 0.8471))

Finally, from Eq. (13), the overall intuitionistic fuzzy
priority weight vector is derived as

W = (w17 w2, w3, w4)T
— ((0.2910,0.5800), (0.3104, 0.6244),

(0.1338,0.7861), (0.0590, 0.8922)) "

Since L(w1)=0.3720, L(w3)=0.3526, L(ws3)=0.1980,
L(w,4)=0.1028, which means L(w;) > L(w2) > L(ws) >
L(wy), then from Zhang and Xu’s ranking method [27], we
have w1 > ws > ws > wy. Thus, the family’s best choice is
the first car ;.

V. MULTI-CRITERIA INTUITIONISTIC FUZZY GROUP
DECISION MAKING WITH OVERALL PRIORITY

In the above section, we have studied a multi-criteria
GDM problem, where the decision maker acts as separate
individual. In this section, we continue to consider the
same GDM in which X = {z1, 29, -+ ,x,} is the set of
alternatives, D = {dj,da, -+ ,d,,} is the set of decision

makers and C' = {c1,¢2, -+ ,¢p} is the set of criteria. In
this case, the decision makers are taken as a group, and
the overall intuitionistic fuzzy priority weight vector w =
(wi,wa, 7w7l)T = ((wiLawf)? (wngg)a T (WﬁaWZ))T
can be obtained directly from a building fractional program-
ming model.

In a practical decision making problem, it is hard for
decision makers to give absolutely identical IFPRs. However,
if the intuitionistic fuzzy decision making has a solution, i.e.,
the underlying overall intuitionistic fuzzy priority weights
w1,ws, - ,wy, exist, then a multiplicative consistent IFPR
P = (pij)nxn can always be established from Eq. (10).
It is natural and expected that the deviation between each

IFPR Rt = (rg.“t Jnxn given by the decision maker dy
(k = 1,2,--- ,m) with respect to the criterion ¢; (t =
1,2,-+- ,p) and the corresponding multiplicative consistent

IFPR P = (pi;)nxn should be as small as possible. Since
the weight of the decision maker dj is A; and the weight
of the criterion ¢; is Jp; with respect to dj, the overall
deviation between the group’s intuitionistic fuzzy preference
values and the constructed multiplicative consistent IFPR

P = (pij)nxn can be given as
m P n—1 n
Ak (k
F=Y"0 0 0 3 (5 + €57, a9
k=1 t=1  i=1j=it1l
where

s _ W k) gtk _ Wi e
4 2 —wy —wy 2—wy —wy Y
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It can be checked that Eq. (14) is equivalent to

m p
=2 M)
k=1 t=1

n—1

i=1 j=i+41
(kt) | (kD) (kt))_ A(kt)
~+(kt +e ~—(kt £ é
where i) — [ rtuo oo _ u T
c(kt) £(kt) £(kt) £(kt)
o (Kt &7 1HES o—(kt & 1€
g;;( ) %, l.j( ) = 18y . Therefore, a

fractional programming Model 3 can be established for this

multi-criteria 1ntu1t10nlst1c fuzzy GDM problem.
(kt) _ at(kt) | A—(kt)

Since 2:)7“}” i — Eij + € =0(0G¢ =
172a"' -1 ]_Z+]- 1n7t:1327"'1p7k:
1,2, 7m), and > 7 0k =1, >0, A = 1, we can get

m m

ﬁ - Z)\k Z%ﬁu” Z)\k Z(Skt o+ (K2)
+ Z Ak Z dré M = 0.
k=1 t=1

Similarly, we can also have

m p
ﬁ _ Z Ak Z 5“% zZ: g +(kt

+ Z Ak Z ol ™ =0,
k=1 t=1

Let A+ = Zk 1 Ak Zt 1 6kté , é_ =
Zk 1 Ak Zt 1 §kt _(kt) E'j]_ Zk 1 /\k Zt 1 5ktf+(kt)
and 51- Do Ak Zt 1 (Sktfm , then the Model 3 can
be transformed into a fractional programming Model 4.

Using Lingo or Matlab to solve Model 4, the normal-
ized overall intuitionistic fuzzy priority weight vector w =
(wlvw27 T 7wn)T = ((wf7wlll)7 (wgv(“)S)v T (wﬁawvyz))T
can be generated without using the aggregation operator.
Then the ranking order of the alternatives can be given via
the comparison law for IFNs.

For the convenience of application, the procedure of this
method can be clarified as the following algorithm.

Algorithm II:

Step 1. See step 1 in Algorithm I.

Step 2. Establish a fractional programming model accord-
ing to the Model 4. Go to the next step.

Step 3. Solve the constructed fractional programming
model to derive the normalized overall intuitionistic fuzzy
priority weight vector w = (wi,ws,  * ,wyp)?. Go to the
next step.

Step 4. Compare the overall intuitionistic fuzzy priority
weights wi,ws, -+ ,w, to obtain the ranking order of the
alternatives. Go to the next step.

Step 5. End.

Example 2. Below we use Algorithm II to solve the
Example 1 again, and a fractional programming Model 5
can be generated from the Model 4.

Solving Model 5 with Lingo software, the normalized
overall intuitionistic fuzzy priority weight vector is given by

w = (w1,w27w37w4)T
= ((0.31257 0.5261)7 (O.Z’)OOO,O.6563)7
(0.1525, 0.7902)7 (0.0736, 0.8660))T.

Z Z A-i;(kt)Jréi—j(kt)+£:;(kt)+éi;(kt)),

Since L(wy) = 0.4080 > L(wz) = 0.3293 > L(ws) =
0.1984 > L(w4) = 0.1264, then from Zhang and Xu’s
ranking method [27], we have w; > wy > w3 > wy, which
means the family’s best choice is still the first car x;.

VI. COMPARATIVE ANALYSIS

To verify the validity of the developed GDM approach
with IFPRs, we use different transformation formulas to
solve the same example again, the overall priority weight
vectors and the ranking orders are presented as shown in
Table I, where the decision makers are taken as a group.

From Table I, we can see that the same ranking order
x1 > xy > x3 > x4 can be obtained by our transformation
formula and Liao and Xu’s formula [10], which validate the
effectiveness of the proposed Algorithm II, because these two
formulas are similar. However, if we use the transformation
formula Eq. (9), different ranking order xo > x1 > 3 > 24
is derived, and the family’s best choice becomes the second
car xo. In the Section III, we have showed that the Eq.
(9) used to construct a multiplicative consistent IFPR is
unreasonable, which means the theory established by Eq. (9)
will be inappropriate and the final result xo > z; > 23 > 24
is not convincing.

In this paper, we assume that different experts have d-
ifferent criteria weights. In order to illustrate the effect of
criteria weights, we suppose the weights of criteria to be
81 = 6 = 03 = {0.7,0.1,0.1,0.1}7 in the Example 1, and
the overall priority weight vectors and ranking orders are
obtained as shown in Table II.

From Table II, we can see that the final ranking order
becomes x5 > x1 > x3 > x4 for §; = {0.7,0.1,0.1,0.1}T
(i = 1,2,3), which is different from the ranking order
r1 > T9 > x3 > x4 derived in our previous two examples.
Thus, in a real decision making problem, one can not always
suppose that the experts have same criteria weights, and it
is reasonable and useful to assume that different decision
makers should have different criteria weights. If we compare
the priority weights obtained by the two methods, we can
find that the results of them are similar. However, since
the operators may loss some information in the process of
aggregation, the Algorithm II will produce a more convincing
result than the Algorithm I. Moreover, we can not guarantee
the final overall intuitionistic fuzzy priority weight vector
synthesized in Algorithm I is still normalized, while the
Model 4 always generate a normalized intuitionistic fuzzy
priority weight vector. The drawback of Algorithm II is that
it can only handle the case where the decision makers are
taken as a group and it can not deal with the first situation
when the experts are seen as separate individuals.

VII. CONCLUSION

In this paper, decision makers establish some IFPRs to
express their preferences by comparing each pair of alter-
natives with respect to each criterion, and the weights of
criteria can be different for different experts, then we propose
two algorithms for multi-criteria GDM based on the multi-
plicative consistency of IFPR. In the first scenario, decision
makers’ individual intuitionistic fuzzy priority weights with
respect to each criterion are obtained from some fractional
programming models, and using the aggregation operator, the
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Model 3 Min f = ZAk25ktZ Z (D e + £500 4 &0

i=1 j=i+1
o — Mff“—éjj(“)+é;j““>:o, i=12 - n—1 j=i+1l-,n t=12-,p k=12 m
ﬁ yI R e — 0 =12 n -1, =it L m, t=1,2p, k=12, ,m
st dwiwlel0,1], wf+wy <1, i=1,2,---,n
Z;-l:l,#iw;-‘gw;’, wf—i—n—?ZZ?:Lj#w;, i=1,2,---,n
L0 >0, 600 >0, ¢80 >0, M >0, i=1, n—1, =it n t=1 p k=1, ,m

é+(kt)é7(kt> O §+(kt gzj(kt _07i:1727"'7n_15j:i+1a"'7nat:1a2a"'apak:152,"'7m

n—1 n
. _ IS
Model 4 Mmf—z Z (&5 &5 &5 + &)
i=1 j=i+1
m Dk Ak D 15ktuu —&i+e; =0, =12 n-1 j=it1-n
wH
p w,"tw Zk 1)‘th 1(5ktV :;‘Ffz;:Oa i=12---n-1 j=i+1,---,n

s.t. w“w-E[Ol] wh+wr <1, i=1,2,--,

ZJ 1]751(.0 <wl,w +n72>ZJ 1t W ”, 1=1,2,---,n
€L >0, € >05 05”>0 i=1,2,--,n—1,j=i4+1,---,n

Model 5 Min f= (&), + &5+ &b + &) + (6 + 5 + & + &) + (6 +én + & + &)
+ (s téptih+in) +ELtén +E6L+60) + (6 +é5, + &5 + &)

e 0388~y +Ep =0, i —0.319— £ +E, =0,
oy — 0457 — e + 65, =0, sy — 0223 — &+ £ =0,
%—0.512-5&%1—4:0, %—0.217—éﬂ+5;4:0,
%—0.542-@33%;3:0, %—0.178—5:2*3—&-5:5320,
%—0.628—52*4%;4:0, %éﬁ—OIM—SL—&-&Q]:Q
st gror — 0481 — &y + 65, =0, 50y — 0214 — &) + 65, =0,

0<wh <1,0<w! <1,0<wh <1,0<wy <1,0<wh <1,0<wf <1,0<wt <1,0<wy <1
Wi +wf <1wh + w8 <1wh +wf <1w) +w] <1,

Wi+ wh + wh < w wl +wh + Wl <w w4+ wh 4+ Wi < Wl wh + Wi + Wl <l

P 4+2>wh +wf +wf,wh +2>wf +w§ +wi,wh +2>wf +ws +wf,wh +2>w! +wf +ws,
el > 0,65 20,65 > 0,6 > 0,655 > 0,655 > 0,65 > 0,655 > 0,6, > 0,67, > 0,6, > 0,6, >0,
€33 > 0,855 > 0,685 > 0,653 > 0,68, > 0,85, > 0,85, > 0,85, > 0,89, > 0,65, > 0,58, > 0,85, > 0.

TABLE I
OVERALL PRIORITY WEIGHT VECTORS AND RANKING ORDERS WITH DIFFERENT TRANSFORMATION FORMULAS.
Transformation formula Method Overall priority weight vector (w1, ws,ws,w4) T Ranking order
Formula Eq. (8) in [10] Algorithm 11 ((0.2690, 0.4529), (0.2583,0.6664), (0.1313,0.7700), (0.0633,0.8326))T T1 > T2 > T3 > T4

Formula Eq. (9) in [15], [16] Algorithm II ((0.27927 0.5452), (0.3928,0.4317), (0.0912, 0.7479), (0.0612,0.9388))T To > X1 > X3 > T4
Formula Eq. (10) in this paper  Algorithm II ((0.31257 0.5261), (0.3000, 0.6563), (0.1525, 0.7902), (0.0736,0.8660))T T1 > T > X3 > X4

TABLE I
OVERALL PRIORITY WEIGHT VECTORS AND RANKING ORDERS WITH DIFFERENT CRITERIA WEIGHT VECTORS.

Method Weight vector §; (2 =1, 2, 3) Overall priority weight vector (w1, w2, w3, w4)T Ranking order

Algorithm I 61,02, 65 in Example 1 (0.2910,0.5800), (0.3104, 0.6244), (0.1338,0.7861), (0.0590, 0.8922
Algorithm II 51,082, 33 in Example 1 (0.3125,0.5261), (0.3000, 0.6563), (0.1525,0.7902), (0.0736, 0.8660

( 1 > T2 > X3 > X4
( ( ) ( ) (

Algorithm I é; =4{0.7,0.1,0.1, 0.1}T ( (0.2833,0.5850), (0.3418,0.5983), (0.1240,0.7924), (0.0513,0.8964
(( ( ), ( ), (

T1 > T2 > X3 > X4
XTo > XT1 > XT3 > T4

Algorithm I §; = {0.7,0.1,0.1,0.1}T (0.2859,0.5522), (0.3498, 0.5885), (0.1388, 0.8111), (0.0636, 0.8862 Ty > T > T3 > T4

)"
)"
N"
)"
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overall priority weight vector can be synthesized. While for
the second case, the decision makers are taken as a group,
and the normalized overall intuitionistic fuzzy priority weight
vector can be derived directly from one building fractional
programming model. Finally, we have applied the proposed
two methods to select an optimal car for a family.

Although this paper develops two techniques for multi-
criteria GDM with IFPRs, there are still some problems that
need further study. In a real decision making problem, it is
almost impossible for decision makers to give multiplicative
consistent IFPRs. Thus, how to repair the inconsistent IFPRs
to be of acceptable consistency becomes a critical problem.
For a GDM problem, how to measure the consensus degree
and how to reach the consensus are also important. Moreover,
in our model, the weights of decision makers and the
weights of criteria are determined beforehand, how to get
the corresponding objective weights can also be analyzed in
the future.
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