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Abstract—Aiming at the ambiguity and uncertainty in subjective group decision-making of supply chain
quality performance evaluation, the traditional preference ranking organization methods for enrichment
evaluation (PROMETHEE) is extended to a fuzzy environment, and a new intuitive fuzzy PROMETHEE
model is proposed. The model uses intuitionistic fuzzy numbers to express the decision-maker's semantic

evaluation information, and establishes a trust function based on the evaluation information to determine the
decision-maker's weight. Then, use the method of maximizing the net flow to obtain the attribute weight.
Finally, gather the evaluation information to obtain the decision group's pros and cons. The validity and

feasibility of the model is verified by an example.

1 Introduction

As the process of economic globalization is accelerating,
the professional division of labor is becoming more and
more detailed, and the manufacturing of most parts of
products is shifting to supporting enterprises. The
proportion of outsourced products in the supply chain
has increased, supply bodies have become increasingly
diversified, and various quality risks implied in the
supply chain have been increasing. Establishing a
scientific and effective supply chain quality performance
evaluation system and method, and systematically
evaluating the quality performance of the supply chain,
are of great significance for the identification of potential
problems in the supply chain, optimization of the
structure, improvement of operating efficiency, and
realization of quality goals. Quality performance is a
qualitative evaluation and quantitative characteristic
quantity that an organization uses to represent its
products/services, systems, processes, and operations in
its quality operations and results [1]. In actual evaluation,
in order to accurately describe the uncertainty in the
supply chain system, according to actual needs, decision
makers often use semantic variables or fuzzy numbers to
express their evaluation information. Different
evaluation information will be aggregated to obtain
credible group decision information. On the one hand,
whether the information of different decision makers can
be reasonably expressed and aggregated will directly
affect the data foundation of the evaluation model
implementation; on the other hand, whether the
importance of different evaluation indicators can be

effectively determined will greatly affect the
effectiveness of the evaluation model.

The preference ranking organization methods for
enrichment evaluation (PROMETHEE) is a new multi-
attribute  decision-making  method  which can
scientifically and reasonably evaluate the quality
performance of the supply chain. reference [2] enhances
the PROMETHEE by integrating with a conflict analysis
to solve general multiple-criteria decision-making
problems with both quantitative and qualitative criteria.
Reference [3] develops a novel PROMETHEE using a
Pythagorean  fuzzy  combinative  distance-based
precedence approach under complex uncertainty based
on Pythagorean fuzzy sets. Reference [4] proposes a
preference of green suppliers using the PROMETHEE
under the usual criterion preference functions. Because
intuitionistic fuzzy sets take into account both
membership, non-membership and hesitation, its
advantage over traditional fuzzy sets is that it can better
characterize the wuncertainty in decision makers'
evaluation. First, this paper introduces the intuitionistic
fuzzy set theory into traditional PROMETHEE, and
establishes a decision weight model that takes the
difference and uncertainty of decision information as the
objective function to determine the objective decision
weights of different decision makers. The sum of the net
flow gap of the decision maker is maximized to solve the
attribute weights. Finally, the pros and cons of different
evaluation schemes are obtained by aggregating group
decision information and attribute weights.
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2 Intuitionistic Fuzzy PROMETHEE
Group Decision Model

Preference ranking organization methods for enrichment
evaluation (PROMETHEE) is a more commonly used
multi-attribute decision-making method proposed by
Brans. According to the evaluation value, attribute
weight and preference function given by the decision
maker, this method obtains the inflow, outflow and net
flow of each scheme by pairwise comparison of the
attribute values under each attribute between two
schemes, and the order of pros and cons of the scheme is
obtained according to the order of the net traffic. The
traditional PROMETHEE method is mainly used for
single-person decision-making, and there is no objective
calculation method for attribute weights and decision-
maker weights. Therefore, this article will extend the
traditional PROMETHEE method.

2.1 Flow measurement method

In order to better reflect the hesitation and uncertainty of
decision makers in the evaluation, the intuitive fuzzy set
theory is introduced in the first place, which is defined as
follows:

Definition 1. Let X be a non-empty
set, A={(xt,(x).f,(cMpxeX} is called an intuitionistic fuzzy
set, t4(x) and fi(x) are the membership and non-
membership degrees of the elements x in X, and
0<t,(x)<1,0< f,(0)<1.7,(x)=1-t,(x)- f,(x) is defined as
the hesitation of elements x in the intuitionistic fuzzy set
X belonging to X. The entire intuitionistic fuzzy set X on
the non-empty set X is denoted as @ . In particular,
a=(t,, [, 7,) is called intuitionistic fuzzy number (IFN).

Definition 2. Let & =(t,, f,,7,) be an IFN on the non-

empty set X, then its scoring function and exact function
are calculated as:

So? lg = f a (1)
H,=t,+ /. a (2)

Definition 3. Let the intuitionistic fuzzy
sets @, =(t,.f;.7,) (i=12) be two sets of intuitionistic

fuzzy numbers, the size relationship and collation are as
follows:

1) If tay 2ts and fz < fz ,then &1 > &> .

2) If tz=1t5 and fa=fz ,then a1 = .

3) If Sz > Sa ,then & > &> .

4) If S5=3Ss and Hz =Hz ,then & =& .

5) If Se=3S8s and Hz <Hjz ,then ot < &> .
Definition 4. Let a,=(t,,f, .7, )i=12)be two sets

of intuitionistic fuzzy numbers, 1 >0, then
]) dl ® 072 = (Zd, +tdz _td,tdz af&,f&z ,(1 _t&, ) _taz ) _fd,f&z)

2) &1 ®072 = (td‘tdz’f;i, +J‘;13 _fd,fdz’(l_f;;, )(l_faz)_tdlf{zz)

3) Aaq =(1-(-1,)" f7.(0=1,)" = f7)

Definition 5. The Hamming distance between two
intuitionistic fuzzy numbers &, =(t, , f, .7, )i =12) is

+

A ) ®

There are s decision makers D, (h =1, 2, ..., S) to
evaluate the solutions in the solution set X = {xi, x2, ...,
Xm}, and the evaluation attribute set is F' = {f1, f>, ..., fu}-
The evaluation matrix expression given by decision
maker Dj is as follows:

Jr‘;rg.(1 =7

d(@,,&,) =%(\t&| -1,

Iih :[dh

i ]mxn

where @, represents the evaluation value in the form of

an intuitive fuzzy number given by the decision maker
Dj to the attribute f; of the scheme x;.

Given the preference function in PROMETHEE as
follows:

Y79 (benefit criteria) (4)

h h h
Pl(a;,a) = , \
a; sy

J i

{d(a!;,a,z.) a'>al

P, al) =

h
k] . .
ey, ey ) (cost criteria) (5)

h
a, > ay,

{d(ai’;,ak’;) a; <a

where d(a},a,) is the Hamming distance between the

two attribute values. The preference function indicates
the degree to which the decision maker D; believes that
the scheme x; is better than x; in the attribute f;.

Assuming w; is the weight of the attribute f, the
weighted preference value of the decision maker Dj for
the scheme x; over x; can be obtained as

h N h h
7' (xi,x) =Y 0P (i, aly) (6)
j=1
Furthermore, comparing all alternatives with x;, the
inflow ®!* and outflow ®! of scheme x; are obtained as
O =) 7" (% x) =) ) @ Pl (e, aly) (7
k=1

k=1 j=1
O =Y ' (xi,x) =) Y @ P (ak,ai) (8)
k=1 k=1 j=1

where ®/* represents the extent of decision maker D
thinks x; better than other alternatives, ®!- indicates that
decision maker D, believes x; inferior to other
alternatives. Therefore, the larger the inflow and the
smaller the outflow, the better the alternative is over the
other schemes. Consider both the inflow and outflow,
and compare the pros and cons of the all alternatives
through the net flow. The net flow calculation formula is

as follows:
Df =D —Df” ©)

2.2 Decision weight determination

How to determine decision weights has always been an
important content in  group  decision-making.
Considering that the greater the degree of deviation of
expert evaluation information from group decision-
making information, the greater the individual cognitive
bias, the smaller the decision weight. Since the
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evaluation information of experts is in the form of
intuitionistic fuzzy numbers, the degree of uncertainty in
expert evaluation can be reflected by the hesitation in
intuitionistic fuzzy numbers. The Hamming distance
function is introduced to represent the cognitive bias of
different decision makers by calculating the Hamming
distance between different decision matrices. By
definition 4, the Hamming distance between the two
decision matrices 4" and A* is:

m

du =2 d(@,d;) (10)
i=1 j=1
Calculate the group decision matrix 4° by:
~ 1 . - o
A =[5 nn =[E(a5+a§+---+a;-)]mxn (11)

Then the deviation distance of the decision matrix

A" of the decision maker D, relative to the group
decision matrix A" is
A=) Y d(a,d) (12)
i=1 j=1
Considering the consistency requirements, the
smaller the deviation distance is, the more reliable its
decision information is, and its decision weight should
be greater. In order to calculate the expert weights, the
normal distribution function is constructed using the
deviation and uncertainty of the expert decision matrix,
and the variance is:
=Y (13)
§ h=1
the decision maker D, weight probability distribution
function is

1 d
P = ECXP(—?) (14)
after normalization, the expert weight is
= \’i
S o (15)
k=1

the objective expert weight vector is r=(r1,7,...,7,) .

2.3 Attribute weight determination model

Because the attribute weights in the evaluation are
completely unknown, in order to get the net flow of the
solution, the attribute weights must be solved. For the
decision maker Dy, if the difference in net flow between
different alternatives are larger, the advantages and
disadvantages between the schemes are more obvious.
Therefore, the calculation formula of the total net flow
gap @, given by D; is as follows:

@, = ii\@ﬁ ~of

(16)
i=1 j>i

Consider the maximum sum of the net flow gap
given by each expert in group decision-making to solve
the attribute weight value. We can build a multi-
objective programming model as follows:

max @,

max @,

n . :1
s.t. ]Z:;mj

w;20,j=12,---,n. (17)
Based on the decision  weight  vector
r=(11,72,...,7s) being known, the expert weight vector

can be wused to transform the
programming model into a
programming model as follows:

max z = 1D, + 7,Ps + -+ + 75Ds

n . :1
s.t. ;w,

w;20,j=12,--,n. (18)

multi-objective
single-objective

By solving the single-objective programming model,
the weight vector of the evaluation attribute set
o=(w,m,--,w,) can be obtained. The final net flow

value of each scheme to be evaluated
O =®] + 207+ +7,0},i = 1,2, ,m. (19)

3 Case Anaylsis

Taking the evaluation of the supply chain quality
performance of an electronic product as an example, in
order to select a suitable supply chain partner, it is
necessary to select a supplier with a good supply chain
quality performance and a sustainable development
strategy. There are 3 suppliers to choose from, denoted
as X = {xi, x», x3}, and evaluated by 4 evaluation
indicators F' = {fi, f2, f3, fa}, which are supply chain
competitiveness (fi), supply chain Service quality (f2),
supply chain quality control capability (f3), supply chain
response capability (f3). These indicators are all benefit-
oriented. Use the intuitionistic fuzzy PROMETHEE
model to evaluate the supply chain quality performance.
First, three decision-making experts {D;, D,, D3} are
invited to judge the three suppliers based on their own
knowledge and experience, as shown in Tables I-I1I.

TABLE I. EVALUATION MATRIX GIVEN BY EXPERT D

Attrib | Evaluation value of suppliers

-utes | x1 x2 x3

i (0.5,0.3,0.2) | (0.5,0.4,0.1) (0.7,0.3,0.0)
2 (0.4,0.3,0.3) | (0.6,0.4,0.0) (0.2,0.5,0.3)
3 (0.8,0.2,0.0) | (0.7,0.3,0.0) (0.4,0.6,0.0)
14 (0.5,0.4,0.1) | (0.6,0.2,0.2) (0.5,0.2,0.3)

TABLE II. EVALUATION MATRIX GIVEN BY EXPERT D;

Attrib | Evaluation value of suppliers

-utes | x1 x2 x3

i (0.4,0.3,0.3) | (0.5,0.3,0.2) (0.6,0.3,0.1)
2 (0.4,0.6,0.0) | (0.7,0.3,0.0) (0.3,0.4,0.3)
3 (0.7,0.3,0.0) | (0.6,0.3,0.1) (0.4,0.6,0.0)
14 (0.7,0.2,0.1) | (0.5,0.4,0.1) (0.9,0.1,0.0)
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TABLE III. EVALUATION MATRIX GIVEN BY evaluated by subjective group decision making. This
EXPERT D3 paper proposes a multi-attribute group decision model
Attrib | Evaluati lue of i based on intuitionistic fuzzy PERMETHEE by
n valuation value ol Supplers improving traditional PERMETHEE. The use of
-utes | x1 x2 x3 intuitionistic fuzzy sets to process the expert's semantic
A (0.6,0.3,0.2) | (0.5,0.4,0.1) (0.5,0.2,0.3) evaluation information makes the subjective evaluation
information more scientific and reasonable. The
2 (03,0304 | (0.6,04,0.0) (0.2,0.7,0.1) objective method of solving expert weights and
13 (0.9,0.1,0.0) | (0.7,0.3,0.0) (0.4,0.4,0.2) evaluation attribute weights reduces the subjectivity of
the evaluation process. It provides a scientific and
/A (0.6,02,0.2) | (07,0.3,0.0) (0.4,03,0.3) effective method for the supply chain quality

According to the formula (11) the expert group

decision matrix A" is

(0.523,0267,0210) (0.500,0.367,0.133) (0.622,0.246,0.132)
(0.347,0.420,0.233)  (0.533,0.367,0.100) (0.256,0.533,0.211)
(0.780,0220,0.000) (0.637,0.273,0.090) (0.432,0.522,0.046)
(0.644,0.253,0.100) (0.563,0.356,0.810) (0.652,0.265,0.083)

A=

According to formula (12), the deviation distances of
the decision matrices of different experts and expert

groups can be calculated as
Ay =1.6333; A, =2.7000; A3 =2.5333

Afterwards, according to the formula (13) ~ (15), the
final expert weight vector can be obtained as
7=(0.4343,0.2725,0.2931) . Substituting the expert weight

vector into the formula (18) can get the attribute weight
vector as ®=(0.1375,0.3431,0.2564,0.263) . Combining the

expert weight vector and the attribute weight vector to

obtain the net flows of the three evaluation objects are
©,=0.573 ; D,=0.653 ; D3=0.396

Obviously @, >®; >®;, so the final result is that
supplier x; has the best quality performance in the supply
chain, x; is the second, and x3 has the worst performance.
Both the attribute weight and the expert weight are
solved by objective methods, making the final evaluation

result more objective and reliable.

4 Conclusion

There are many uncertain and fuzzy indicators in supply
chain quality performance evaluation that can only be

performance evaluation.
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