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Facing serious environmental and traﬃc problems, urban rail transit companies, with the features of large capacity and high
eﬃciency, have become an important choice for many large cities that are prioritizing public transportation and encouraging
green travel options. As the construction speed of rail transit projects accelerates, the demand for materials and devices required
for construction and operation is also increasing for urban rail transit companies. Therefore, the scientiﬁc selection of suppliers to
meet construction and operation demands has become a problem that must be addressed. This paper presents an intuitionistic
fuzzy factorial analysis model in a random environment, where correlative phenomena among each of the indicators and a
random decision-making environment are considered. The evaluation indicator system of rail suppliers is established by
considering the inﬂuencing factors. The extracted common factors indicate the nature of the studied object in a most direct way.
The suppliers are evaluated from the perspective of the number of intuitionistic fuzzy factors and are ranked by their scores.
Finally, the Tianjin urban rail transit company is used as a case study to illustrate the validity and feasibility of the method. The
results can help urban rail transit companies improve their existing supplier selection method.

1. Introduction
In recent years, China has accelerated the urbanization
process, which has led to urban population growth. This has
raised people’s living standards on the one hand, but on the
other hand, the expansion of cities will increase bus service
usage, the average travel distance, and commuting time. As
they are facing increasingly serious environmental and
traﬃc problems, urban rail transit companies, with the
features of a large capacity, high eﬃciency, low-carbon
emissions, and a lack of restrictions in terms of aboveground
land rights, have become an important choice for many large
cities for prioritizing public transportation and encouraging
green travel. In the past 10 years, 29 cities in China have
opened urban rail transit systems, and the total mileage has
quadrupled. Urban rail transit construction in China has

already reached a climax. As of June 2020, 37 cities in China
have been successfully served by underground railways, and
the total length of the underground railways is over 4600
kilometres. Most of them are still extending their networks.
As the demand for materials and devices required for
construction and operation increases, purchasing management will face new and greater challenges. For example,
urban rail transit projects are susceptible to unforeseen
factors such as aboveground objects, uncontrollable weather,
and changeable policies that aﬀect the process of construction. These factors will cause a large deviation between
purchase planning and the actual situation, increasing the
diﬃculty of analysing the purchase demand and creating and
implementing a plan. Therefore, the traditional purchasing
pattern and purchase conception of urban rail transit are far
from suﬃcient to satisfy increasing needs. Moreover,
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compared with other urban transit projects, urban rail
transit projects are more complex, involving large construction scales, long construction periods, more stringent
technology requirements, and susceptibility to environmental factors. Therefore, such rail projects have higher
requirements for product quality and reliability.
Compared with other supplier selection issues, subway
equipment suppliers have certain characteristics. (1) Large
quantities: there are many types of subway equipment, involving vehicle systems, signal systems, communication
systems, and power supply systems, resulting in a much
higher number of suppliers than ordinary project suppliers.
(2) Multiple components: although the localization rate of
subway equipment has increased signiﬁcantly, some core
system equipment still needs to be purchased from foreign
companies. Therefore, the composition of subway equipment suppliers is higher than the ordinary project suppliers.
(3) High cost: the subway system is a high-tech industry. The
subway equipment production system is diﬃcult to adapt to
the equipment production of other projects, resulting in the
overall cost of subway equipment suppliers higher than
ordinary project suppliers. (4) High complexity: the subway
project has long lines, complex underground operating
environment, and strong cross-specialization of subway
equipment. The combination of multiple professional
equipment and multiple systems makes subway projects far
more complex than ordinary projects.
The appropriate supplier needs to deliver high-quality
and high-tech equipment within the given time. The appropriate supplier is a necessary condition for the success of
a subway project. The diﬃculties in the selection of subway
suppliers are summarized as follows. (1) High complexity of
evaluation: there are a large number of evaluation indicators
for subway suppliers, and there are some similarities and
contradictions among the indicators. Due to the large
number of types of subway project equipment and wide
cross-disciplinary scope, the expert group who evaluates
subway suppliers is aﬀected by the knowledge level, historical experience and personal preference, and other inﬂuences. It is impossible for the expert group to make a
completely accurate evaluation of suppliers. (2) Uncertain
environment: before the equipment procurement is completely completed, the external environment of the subway
and the supplier is constantly changing. The subway project
is vulnerable to uncontrollable weather factors, market
economy, and policy changes during the construction
process. On the one hand, the dynamic changes of the
external environment will aﬀect the performance of suppliers and equipment and further aﬀect the evaluation of
indicators and supplier selection. On the other hand, it will
also lead to a large diﬀerence between the original plan and
the actual situation, which will increase the project of
subway companies.
From the above analysis, we can see that the process of
supplier selection is complicated and uncertain. With the
rapid development of the subway system, the diﬃculty of
supplier selection is increasing, and the traditional supplier
selection method of the subway company is no longer
suitable for the new environment. Therefore, how to reduce
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the impact of these uncertainties and complexity for the
selection of subway equipment suppliers, use suitable tools
to describe the evaluation information, and construct a
model suitable for subway equipment suppliers is very
valuable for subway companies.
To cope with these problems, this paper builds a scientiﬁc evaluation indicator system for urban rail transit
projects and introduces an intuitionistic fuzzy factorial
analysis model within a random environment. This model
uses intuitionistic fuzzy numbers to handle uncertain information, eliminates overlapping information, and considers the random environment, which aﬀects the
performance of the product. The innovation of this paper is
as follows: (1) it selects the appropriate forms of data to
handle the problem of the cognition levels of decisionmakers. (2) In view of the complexity and variability of the
decision-making environment, we introduce the environmental factors. The evaluation information of the decisionmaker is processed through the calculus function which can
convert the ﬁxed intuitionistic fuzzy number into the dynamic intuitionistic fuzzy number. (3) We change the value
of environmental variables and get the selection results in
diﬀerent decision-making environments, because the evaluation results are dynamic and time-eﬃcient, which are
more in line with the actual situation of supplier selection.
The rest of this paper is organized as follows. In Section
2, we summarize the related literature on supplier selection.
In Section 3, we introduce the intuitionistic fuzzy factorial
analysis model within a random environment. In Section 4,
we provide a real-life case study. The ﬁnal conclusions are
presented in Section 5. The diagram ﬂow of the paper is
shown Figure 1.

2. Literature Review
2.1. Methods for Supplier Selection. The development of the
societal economy enhances the complexity, uncertainty, and
strategy of supplier selection. The simple method of competitive bidding is no longer applicable. Therefore, urban rail
transit needs new methods to address the complexity of
supplier selection. Scholars have conducted a wide range of
research on this topic.
Gabriella et al. proposed a generalized net model that
could address multiperson, multicriteria decision-making
problems [1]. Liao and Rittscher indicated that supplier selection is a typical multicriteria decision problem. They also
considered demand quantity and timing uncertainties comprehensively, which extends the measurement of supplier
ﬂexibility [2]. Ho et al. reviewed the literature on multicriteria
decision-making approaches for supplier selection in international journals from 2000 to 2008. The result indicates that
the multicriteria decision-making methods are better than the
traditional cost-based methods [3]. Govindan et al. used the
Simos procedure and Preference Ranking Organization
Method for Enrichment Evaluation (PROMETHEE) method
to evaluate suppliers. The advantage of this combination
method is to reduce the gap between individual evaluation
results and group evaluation results [4]. Banaeian et al.
compared the application of popular multicriteria supplier
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Figure 1: The diagram ﬂow of the paper.

selection methods. The result shows that the Technique for
Order Preference by Similarity to an Ideal Solution (TOPSIS),
VIšekriterijumskoKOmpromisnoRangiranje (VIKOR), and
Grey Relational Analysis (GRA) methods produce identical
supplier rankings. However, fuzzy GRA requires less computational complexity [5]. Girubha et al. proposed two approaches involving hybrid multicriteria decision-making
methods (ISM-ANP-ELECTRE II and ISM-ANP-VIKOR)
[6]. Ghoushchi et al. combined target planning and Data
envelopment analysis (DEA) model to solve the problem of
multiobjective supplier selection. Luan et al. used a hybrid
algorithm of genetic algorithm and ant colony algorithm to
solve the linear programming model of the supplier selection
problem [7]. Wu et al. proposed a novel decision framework
within a mixed information environment to address some
deﬁciencies, such as information loss, weight deviation, and
the lack of psychological characteristic analysis in supplier
selection. The result demonstrates that psychological characteristics such as reference dependence and loss aversion
greatly aﬀect the ranking [8].
Reviewing the literature, it can be found that scholars
have used diﬀerent methods to study the problem of supplier
selection problem. In the early research literature, scholars
are accustomed to using a single decision-making method,
such as analytic hierarchy process (AHP), DEA, Linear
Programming (LP), and Artiﬁcial Intelligence (AI) methods.
With the in-depth studying of the problem, scholars have
added diﬀerent theories to the original single method and
combined two or more methods into a new method, which
overcomes the defects of the original single method. Although the new evaluation method tends to integrate
multiple methods, it still has certain shortcomings and

cannot well support the following points: (1) reﬂect evaluation information: the professional knowledge and practical
experience of each decision-maker are diﬀerent. They are
limited by subjective and objective factors. They do not have
complete knowledge and cannot accurately recognize alternatives. Therefore, the evaluation information is incomplete and the existing methods cannot describe the
evaluation information very well. (2) Measure supplier
performance under a dynamic environment: the performance of the alternatives is aﬀected by the decision-making
environment. Decision-making environment is dynamically
changing. The evaluation information given by the decisionmaker may not be consistent with the performance of the
alternatives after a period of time. Therefore, we introduce
fuzzy set theory in this paper to allow decision-makers to
evaluate suppliers more robustly.
2.2. Fuzzy Multiattribute Decision-Making. Zadeh ﬁrst introduced the fuzzy set, which better describes vague information and considers the membership degree [9].
However, in reality, the complexity of problems, the use of
incomplete and fuzzy information, and the uncertain decision environment all make decision-making judgements
more diﬃcult. To overcome this limitation, Atanassov used
the conceptual deﬁnition of the intuitionistic fuzzy set,
which is capable of providing a comprehensive description
for decision information. This set considers the membership
degree, nonmembership degree, and the degree of hesitation
[10]. Yager proposed the concept of fuzzy multisets or fuzzy
bags, which is a collection. The set contains repeated elements from all with degrees of membership. The
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development of fuzzy sets has promoted the expansion of
related academic research [11]. Scholars conducted research
from three perspectives: operators, score functions, and
decision-making methods.
The ﬁrst is the research on operators: Xu and Yager
deﬁned the dynamic intuitionistic fuzzy weighted average
(IFWA) operator. They also proposed a dynamic intuitionistic fuzzy multiattribute decision-making method. Finally, they extended the method to uncertain dynamic
intuitionistic fuzzy environments [12]. Xu and Yager proposed the intuitionistic fuzzy Bonferroni average operator
[13]. Xia et al. combined Bonferroni mean and geometric
mean, proposing the Bonferroni geometric mean operator
[14]. Qin and Liu extended the Maclaurin symmetric mean
(MSM) operator to the intuitionistic fuzzy environment,
which can better reﬂect the correlation between attributes
[15]. Liu extended the Hamacher average operator to the
interval intuitionistic fuzzy environment [16]. Verma and
Sharma extended the geometric Heronian mean to the
hesitant fuzzy environment, proposing some new geometric
mean operators [17]. Based on the q-order neighbor pair
fuzzy set, Krishankumar et al. proposed a new operator to
calculate the weight of attributes, extending the VIKOR
method to the q-order neighbor pair fuzzy environment
[18]. Papers [19, 20] proposed some new operators to determine attribute weights.
The second is the research on score function: based on
the intuitionistic fuzzy point operator and evaluation
function, Liu and Wang proposed some new score functions
and applied them to multiattribute decision-making
methods [21]. Wang and Yan proposed a new score function
for multiattribute decision sorting based on the study of set
pair analysis theory [22]. According to the characteristics of
interval intuitionistic fuzzy sets, Tian constructed a new
comprehensive weighted mentality function for ranking
evaluation results [23]. Zeng et al. proposed a new score
function to improve the VIKOR method [24].
The third is the research on decision-making methods:
Boran et al. extended the TOPSIS method to the intuitionistic fuzzy environment [25]. Li proposed an improved
GRA model based on fuzzy Decision Making Trial And
Evaluation Laboratory- (DEMATEL-) Analytical Network
Process (ANP), which solved the inconsistency between
quantitative results and qualitative analysis results to a
certain extent [26]. Chen et al. proposed an intuitionistic
fuzzy factorial analysis model that considers the correlative
phenomenon among attributes [27]. Jain and Singh proposed a two-stage decision-making model based on the
Fuzzy Interference System (FIS). It used the Kano fuzzy
concept clustering index on the ﬁrst stage and ranked
suppliers by the FIS system [28]. Chen et al. proposed a
hybrid rough-fuzzy DEMATEL-TOPSIS method for sustainable supplier selection. This method uses the advantages
of fuzzy sets and rough sets in dealing with internal and
external uncertainties [29]. Ali et al. proposed a rough-fuzzy
multicriteria decision-making model. This model integrates
Fuzzy PIvot Pairwise RElative Criteria Importance Assessment and Interval rough Simple Additive Weighting
methods [30]. Xiao et al. proposed a new intuitionistic fuzzy
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multiattribute decision-making method. Firstly, the attribute weight is determined by the intercorrelation between
attributes. Secondly, the Taxonomy method is extended to
the intuitionistic fuzzy environment. Finally, get the supplier’s score [31]. Zavadskas et al. applied the fuzzy AHP to
the selection of suppliers [19]. Papers [32, 33] introduced the
distance formula into the supplier selection model. Mishra
et al. proposed a multiattribute decision-making method
based on distance and intuitionistic fuzzy sets [34].
Scholars have performed much research on multiattribute decision-making methods for operators, score
functions, and evaluation methods. The supplier selection
problem has the following characteristics: (1) there are lots of
evaluation indicators. There is a certain degree of overlap
and contradiction between the indicators. (2) The evaluation
of qualitative evaluation indicators is easily aﬀected by the
professional knowledge and historical experience of decision-makers. (3) The decision-making environment is
complex and changeable. The performance of suppliers and
product is aﬀected by the rapidly changing economic environment and policy environment, so decision-makers
cannot make accurate evaluations. Based on the above
problems, we know that the supplier selection process is
ﬁlled with ambiguity and uncertainty. Therefore, this paper
introduces an intuitionistic fuzzy factor analysis model to
deal with the above problems. In this model, (1) intuitionistic fuzzy sets handle the uncertainty and ambiguity of
the evaluation information. (2) Factor analysis method
eliminates the overlap between related indicators. (3) Environmental factors deal with the evaluation information of
decision-makers through calculus functions, converting
ﬁxed intuitionistic fuzzy numbers into dynamic functions of
environmental variables. Finally, we determine the selection
results in diﬀerent decision-making environments by
changing the values of environmental variables. Therefore,
the evaluation results are dynamic, time-eﬃcient, and more
in line with the actual situation of supplier selection.

3. Methodology
In this paper, the multicriteria decision-making problem of
suppliers of subway projects can be described as follows:
there are n suppliers A � A1 , A2 , . . . , An  (i � 1, 2, . . . , n)
and p attributes C � C1 , C2 , . . . , Cp  (j � 1, 2, . . . , p). The
evaluation value of supplier Ai about attributes Cj is αij ,
where αij is an intuitionistic fuzzy number. Let ξ 1 , ξ 2 , . . . , ξ p
be p random intuitionistic fuzzy vectors, ξ j � α1j , α2j , . . . ,
αnj }T .
3.1. Basic Concepts
Deﬁnition 1. Let X be a nonempty set. An intuitionistic
fuzzy set is described as follows:
A � x, uA (x), vA (x)|x ∈ X,

(1)

where x ∈ X, uA (x) ∈ [0, 1], vA (x) ∈ [0, 1], and
0 ≤ uA (x) + vA (x) ≤ 1. The numbers uA (x) and vA (x)
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represent the membership degree and nonmembership
degree of the element x for A, respectively.
Deﬁnition 2. Let α1 � (u1 , v1 ), α2 � (u2 , v2 ) represent two
intuitionistic fuzzy numbers, so four operational rules are
described as follows:
(1)
(2)
(3)
(4)

α1 ⊕ α2 � (u1 + u2 − u1 u2 , v1 v2 )
α1 ⊗ α2 � (u1 u2 , v1 + v2 − v1 v2 )
λα1 � (1 − (1 − u1 )λ , vλ1 ), λ > 0
αλ1 � (uλ1 , 1 − (1 − v1 )λ ), λ > 0

cov(ξ, η) �

1 n
 diff αi , E(ξ) diff βi , E(η).
n − 1 i�1

(6)

Deﬁnition 9. Let ξ � α1 , α2 , . . . , αn  and η � β1 , β2 , . . . , βn 
be two random intuitionistic fuzzy variables. The correlation
coeﬃcient of ξ and η is described as follows:

Deﬁnition 3. Let α � (u, v) be an intuitionistic fuzzy
number. The corresponding score function and accuracy
function can be denoted by S(α) � u − v, T(α) � u + v. Two
intuitionistic fuzzy numbers have been given: α1 � (u1 , v1 ),
α2 � (u2 , v2 ).
(1) If S(α1 ) < S(α2 ), then α1 < α2
(2) If S(α1 ) � S(α2 ), T(α1 ) < T(α2 ), then α1 < , α2
(3) If S(α1 ) � S(α2 ), T(α1 ) � T(α2 ), then α1 �, α2
Deﬁnition 4. Let αi � (ui , vi ), (i � 1, 2, . . . , n) represent n
intuitionistic fuzzy numbers. The linear combination of αi is
described as follows:
n

l_ �  ⊕ λi αi � (u, v),

(2)

i�1

where
u � 1 − (1 − un)λn + nr�2 [ni�r (1 − ui)λi [1 − (1−
λr− 1
ur − 1)
]] and v � ni�1 viλi .
Deﬁnition 5. Let αi � (ui , vi ), (i � 1, 2, . . . , n) represent n
intuitionistic fuzzy numbers. The IFWA operator of αi is
described as follows:

ω

n

cov(ξ, η)
ρ(ξ, η) � ����������.
D(ξ) D(η)

(7)

Deﬁnition 10. The value of αi � (ui , vi ) is easily aﬀected by
the random vector Y � Y1 , Y2 , . . . , Yt  in the random environment. ui and vi are no longer certain values but obey
the speciﬁc distributions ui (y) and vi (y), respectively,
where y is the value of Y. For example, α � (u, v) is used to
describe commodity prices, and the value of α is aﬀected by
three random factors: the demand y1 , the supply y2 , and the
prices of substitutes y3 . With high demand, low supply, and
high prices of substitutes, α � (0.2, 0.7). With low demand,
high supply, and low prices of substitutes, α � (0.8, 0.1).
Deﬁnition 11. Let α1 � (u1 (y1 ), v1 (y1 )) and α2 � (u2
(y2 ), v2 (y2 )) represent two intuitionistic fuzzy numbers. The
diﬀerence between α1 and α2 is described as follows:
diff α1 , α2  � diff u1 y1 , u2 y2  − diff v1 y1 , v2 y2 ,
(8)
where
diff(u1 (y1 ), u2 (y2 )) �  y1 u1′(y1 )dy1 − Jy1 y2 u1′
(y1 )u2′(y2 )dy1 dy2 ,
diff v1 y1 , v2 y2  �  y1 v1′ y1 dy1

(9)

IFWAw α1 , α2 , . . . , αn  � ω1 α1 ⊕ ω2 α2 ⊕ · · · ⊕ ωn αn
n

Deﬁnition 8. Let ξ � α1 , α2 , . . . , αn  and η � β1 , β2 , . . . , βn 
be two random intuitionistic fuzzy variables. The covariance
of ξ and η is described as follows:

− By1 y2 v1′ y1 v2′ y2 dy1 dy2 .

ω

⎝1 −  1 − u  i ,  v i ⎞
⎠,
�⎛
i
i
i�1

i�1

(3)
T

where ω � (ω1 , ω2 , . . . , ωn ) is the weight vector of
α1 , α2 , . . . , αn and ωi ∈ [0, 1], ni�1 ωi � 1.
Deﬁnition 6. The mean of ξ j is described as follows:
E ξ j  �

1 n
 ⊕ αi � (u, v),
n i�1

(4)

where
u � 1 − (1 − un )(1/n) + nr�2 [ni�r (1 − ui )(1/n) [1 −
(1/n)
(1 − ur− 1 )
]] and v � ni�1 v(1/n)
.
i
Deﬁnition 7. The variance of ξj is described as follows:
D ξ j  �

1 n
2
diff αi , Eξ j  .
n − 1 i�1

(5)

3.2. Description of the Model. British psychologist Charles
Edward Spearman ﬁrst proposed the factor analysis model
for correlation of student grades to verify whether there are
potential common factors that aﬀect student performance.
This model can decrease the number of factors and then use
the common factor to scientiﬁcally evaluate the analysed
objects. The model which we introduce inherits the advantages of the original model which could deal with the
incomplete evaluation information and overlapping eﬀects
between indicators. It also has the following advantages: (1)
considering the weight of original indicators and experts to
improve the rationality of the selection results and (2)
considering the impact of environmental factors on the
performance of suppliers and products. Fixed evaluation
information is transformed into dynamic evaluation information to improve the timeliness of the selection results.
The decision model mainly includes eight steps.
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Step 1. Obtain the intuitionistic fuzzy decision matrix
M:
α11 . . . α1p
⎢
⎥⎥⎥⎤
⎡
⎢
⎢
⎢
⎥⎥⎥.
⎢
⋮
⋱
⋮
M �⎢
⎢
⎥⎦
⎣
αn1 · · · αnp

(10)

Step
2.
Find
the
environmental
factors
Y � Y1 , Y2 , . . . , Yt ,deﬁne the distribution functions
of the random environmental factors αij (y), and
produce the intuitionistic fuzzy decision matrix within
the random environment M∗ :
⎢
⎡
⎢
⎢
⎢
M∗ � ⎢
⎢
⎣

α11 (y) . . . α1p (y)
⋮

⋱

⋮

⎤⎥⎥⎥
⎥⎥⎥.
⎥⎦

Step 5. Rotate the load matrix ∧ and the common
factors matrix F. Obtain the rotated common factor
 and the load matrix B, where B � ∧Q,
matrix F
 � QT F, and Qis an orthogonal matrix that maximizes
F
the variance of ∧.
Step 6. Based on the load matrix B, calculate the score
coeﬃcient matrix E � (BT D− 1 B)− 1 BT D− 1 , where
D � diag(σ −1 2 , σ −2 2 , . . . , σ −p2 ), and σ 2j is the variance of
the special factor θj .
e11 . . . e1m
⎤⎥⎥⎥
⎡⎢⎢⎢
⎢
E � ⎢⎢⎢⎣ ⋮ ⋱ ⋮ ⎥⎥⎥⎥⎦.
ep1 · · · epm

(11)

αn1 (y) · · · αnn (y)
Step 3. Based on the intuitionistic fuzzy decision matrix
within the random environment M∗ and Deﬁnition 9,
calculate the correlation matrix of the attributes R.
r11 . . . r1p
⎢
⎡
⎤⎥⎥
⎢
⎢
⎢
⋮ ⋱ ⋮ ⎥⎥⎥⎥⎥,
R �⎢
(12)
⎢
⎢
⎣
⎦
rn1 · · · rnp
����� �����
where rij � (cov(ξ i , ξ j )/ D(ξ i ) D(ξ j ) ).
Step 4. Based on the correlation matrix R, calculate the
factor loading matrix ∧ and common factors
Fo � F1 , F2 , . . . , Fm .
(1) Get the eigenvalue δo and the corresponding eigenvector (r1o , r2o , . . . , rpo )T of the correlation
matrix R. ��
(2) Let αko � δo rjo ; then the factor loading matrix ∧
can be expressed as

Step 7. Based on the score coeﬃcient matrix E, calculate
the normalized score coeﬃcient matrix E′ � (ejo″)p×m .
In real problems, there are always some negative
numbers ejo < 0 in the score coeﬃcient vector
eo � (e1o , e2o , . . . , epo ),
(j � 1, 2, . . . , p; o � 1, 2, . . . ,
m). To address these problems, we transform eo.
If the original variable ξ j (ejo < 0) has a smaller factor

loading on Fo,
ejo′ � ejo − minejo .

ejo′ � maxejo  − ejo ,

m

ξ j �  ⊕ roj Zo + θj .

(14)

o�1

��
(4) Let Fo � (Zo / δo ) and bij represent the correlation
coeﬃcient between ξ j and Fo . Then the variance
contribution of Fo is calculated byv2o , and the weight
vector is described as ωFo .
p

v2o �  b2jo ,

(15)

i�1

ωFo �

v2o
.
m
o�1 v2o

(16)

(5) According to the selection standard (δo > 1 and
v2o >90%), reserve the ﬁrst m common components.

(19)

p

then ejo″ � (ejo′/ j�1 ejo′) and E′ � (ejo″)p×m .
Step 8. Calculate the score matrix S, S � ξE′ :
s11 . . . s1m
⎤⎥⎥⎥
⎡⎢⎢⎢
S � ⎢⎢⎢⎢⎣ ⋮ ⋱ ⋮ ⎥⎥⎥⎥⎦.
sp1 · · · spm

(13)

(3) Denote ξj by the common component
Zo (o � 1, 2, . . . , m) and the special factor θj:

(18)

If the original variable ξ j (ejo < 0) has a larger factor

loading on Fo,

α11 . . . α1m

⎢
⎤⎥⎥
⎡
⎢
⎢
⎢
⋮ ⋱ ⋮ ⎥⎥⎥⎥⎥.
∧ �⎢
⎢
⎢
⎦
⎣
αp1 · · · αpm

(17)

(20)

4. Case Study
4.1. Project Overview. With the rapid development of industry and increasing numbers of people and vehicles,
problems caused by traﬃc jams and pollution are getting
worse. Therefore, the government of Tianjin would like to
promote the construction of an urban rail transit system to
alleviate these problems. As of December 2018, there were 6
lines (Line 1, Line 2, Line 3, Line 5, Line 6, and Line 9) with a
total length of 219 km. The Tianjin urban rail transit limited
liability company (Tianjin Metro) is responsible for diﬀerent
functions, including rail transit planning, investment, ﬁnancing, implementation management, operations management, management, and development. At present, the
procurement of materials in the operation stage for the
Tianjin urban rail transit is uniformly performed by the
relevant departments, gaining certain scale beneﬁts.
The urban rail transit system is complex, including ticket
autosale systems, elevator systems, screen door systems,
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illumination systems, environmental control systems, and
water supply and draining systems. Equipment is an important part of this system. It plays a very important role in
the construction and subsequent operations of the subway.
The investment in equipment accounts for 70% of the total
investment of subway projects. It also has the characteristics
of high quality, high technology, and high reliability. In
addition, some equipment has poor universality and compatibility attributes due to brand protection. This results in
the models of the equipment in the same system being
diﬀerent.
Currently, when the purchased money of materials is
between a half million RMB and 2 million RMB, Tianjin
urban rail transit uses the comparative method to select
suppliers; when the purchased money of materials exceeds 2
million RMB, the urban rail transit company uses public
bidding to select suppliers. During the evaluation process,
the staﬀ of the operation centre and external experts score
the bids together. Finally, the results are based on simple
weighted averages. The indicators include credit (10%),
technology (30%), and business (60%). This method is easy
to understand and highly operable.
The advantage of this method is easy to understand and
operate. The disadvantage is that there may be black box
operation. Moreover, when using the inquiry ratio procurement method or the public bidding method for supplier
selection, the ﬁnal selection result is mostly the supplier
which has the lowest price. However, the following problems
often occur in the subsequent execution of the contract: (1)
when the company reviewing the bid-winning supplier, it
usually ﬁnds that its scale is small and the quality of
equipment is relatively average. (2) During the bidding
process, the supplier gives much low price. After signing the
contract, it does not actively implement the contract,
delaying the delivery time to let the company increase price
or reducing equipment quality to save costs.
However, supplier selection is a complex decisionmaking problem. The incomplete evaluation value, various
personal preferences, lots of indicators with overlapping
eﬀects, and random environment all aﬀect the results. To
solve these problems, this paper uses an intuitionistic fuzzy
factor analysis model under a random environment. This
model eﬀectively resolves the overlapping eﬀects between
indicators and considers random environments. This model
is also used to determine some common factors with good
interpretability for suppliers. The suppliers are selected and
sorted by calculating the score of the factors.

4.2. Building the Indicator System. The equipment suppliers
of urban rail transit are diﬀerent from those of traditional
industries. The need for equipment with high-quality and a
timely and stable supply determines which suppliers are
eligible based on the following characteristics:
(1) In terms of high quality, the use of urban rail transit
equipment necessitates high-quality requirements
(2) In terms of high reliability, reliability deﬁnes the
capability to supply equipment in a timely and
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(3)

(4)

(5)

(6)

dependable manner under speciﬁc conditions and
within a limited time period
In terms of unconventionality, there are many kinds
of urban rail transit equipment that cover a wide
range of applications, so the equipment has great
variety and low volume to reduce the management
costs and form economies of scale
In terms of the supply cycle, shorter supply cycles
will reduce the risks of supply disruption and the
tying-up of funds
For high technology, the supplier must be able to
meet new equipment needs or improve existing
accessories
Price has always been an important criterion for
evaluating suppliers

The determination of supplier evaluation indicators
plays an important role in selecting the appropriate suppliers. With the development of society, companies have
paid increasing attention to indicators such as environmental friendliness, social responsibility, and customer
satisfaction. Considering the characteristics of subway
equipment, this paper combines the relevant literature of the
supplier evaluation index system and selects representative
indicators from it. Then communicating with relevant experts, we get the ﬁnal evaluation indicators system of subway
equipment suppliers. And we organize it into Table 1.
4.3. Supplier Selection. In this paper, ﬁve suppliers
(A1 , A2 , A3 , A4 , A5 ) were selected as alternatives from a 2019
list of Tianjin urban rail transit equipment suppliers.
Three groups of experts from Tianjin urban rail transit
evaluated the alternatives. Tables 2‒4 are the decision matrix
obtained from each group of experts. For example, expert
group 1 invited 10 experts to evaluate the indicators of these
5 suppliers. For attribute C2 for company A1 , if seven experts
think C2 is strong, two experts think C2 is weak, and one
expert cannot judge whether C2 is strong or weak, then the
evaluation value of A1 for attribute C2 will be the intuitive
fuzzy number (0.7, 0.2). A comprehensive intuitionistic
fuzzy decision matrix is shown in Table 5 according to
Tables 2‒4.
In this paper, we assume that the alternatives are aﬀected
by two environmental factors: the economy environment
Y1 (Y1 ∈ [− 1, 1]) and policy environment Y2 (Y2 ∈
[− 1, 1]).Y1 ∈ (0, 1] indicates that the economy is heated, and
Y1 ∈ [− 1, 0) indicates that the economy is depressed.
Y2 ∈ (0, 1] indicates that the policy plays a positive role,
while Y2 ∈ [− 1, 0) indicates that the policy plays a negative
role. Y1 � Y2 � 0 indicates that the alternatives are not affected by these factors. It is assumed that two environmental
factors have the same eﬀect on the alternatives, such as
αij � αj (y). Indicators C1 − C6 are positively aﬀected by Y2 ,
and indicators C7 − C9 are negatively aﬀected by Y1 . That is,
the policy has a positive eﬀect on C1 − C6 , and rapid economic development is conducive to reducing the price of the
rejection rate and the inability to meet future requirements
for products.
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Table 1: Evaluation indicators for suppliers of urban rail transit.
Indicator
Quality
Technology
Delivery
Response
Comprehensive strength
Willingness
Price
Rejection rate
Inability to meet future requirements

References
[27, 35–40]
[27, 35, 37–40]
[27, 37–40]
[29]
[28, 39]
[27, 37]
[28, 37–40]
[27, 39]
[27, 38]

The deﬁned distribution function is as follows:
αi1 (y) � 1 + Y2 αi1 � 1 − 1 − ui1 

1+Y2

, vi1

1+Y2

,

αi2 (y) � 1 + Y2 αi2 � 1 − 1 − ui2 

1+Y2

, vi2

1+Y2

,

αi3 (y) � 1 + Y2 αi3 � 1 − 1 − ui3 

1+Y2

, vi3

1+Y2

,

αi4 (y) � 1 + Y2 αi4 � 1 − 1 − ui4 

1+Y2

, vi4

1+Y2

,

αi5 (y) � 1 + Y2 αi5 � 1 − 1 − ui5 

1+Y2

, vi5

1+Y2

,

αi6 (y) � 1 + Y2 αi6 � 1 − 1 − ui6 

1+Y2

, vi6

1+Y2

,

αi7 (y) � 1 − Y1 αi7 � 1 − 1 − ui1 

1− Y1

1− Y
, vi7 1 ,

αi8 (y) � 1 − Y1 αi8 � 1 − 1 − ui8 

1− Y1

, vi8

αi9 (y) � 1 − Y1 αi9 � 1 − 1 − ui9 

1− Y1

, vi9

1− Y1

,

1− Y1

.

(21)

Then select alternatives according to the model built in
Section 3. The calculation steps are as follows: :
Step 1. Based on the comprehensive intuitionistic fuzzy
decision matrix, use the environment distribution
function deﬁned above to obtain the comprehensive
intuitionistic fuzzy decision matrix under random
environment, as shown in Table 6.
Step 2. According to the random intuitionistic fuzzy
decision matrix and Deﬁnition 7, the correlation matrix
of the indicators is calculated in Table 7.
Step 3. Based on the correlation coeﬃcient matrix,
Table 8 is obtained. According to the selection criteria
(an eigenvalue larger than 1 and a cumulative contribution rate higher than 90%), we can extract two
common factors.
Step 4. The factor load matrix is rotated to obtain
Table 9 The factor loads in Table 9 indicate that the
results are reliable. The factor loads of attributes C1 −
C6 for factor 1 are higher than 0.85. These attributes are
related to the urban rail transit company itself. The

factor loads of attributes C7 − C9 for factor 2 are higher
than 0.80. These factors are greatly aﬀected by external
factors. Finally, according to formula (16), the weights
of
the
two
factors
are
calculated
as
ω � (0.8657, 0.1353).
Step 5. The score coeﬃcient matrix is calculated to
produce Table 10. Then, Table 10 is normalized to
obtain Table 11.
Step 6. Letting Y1 � Y2 �0, according to Table 11, the
score of the two factors is summarized to obtain
Table 12.
Step 7. Based on Table 12 and Deﬁnition 3, we rank the
alternatives in Table 13. After scoring the suppliers, the
ﬁnal ranking result isA5 > A1 > , A4 > A2 > A3 .A5 is the
electromechanical equipment supplier that is the best
choice for Tianjin urban rail transit.
Step 8. By changing the values of Y1 and Y2 , we
recalculate the scores of the two factors to obtain the
comprehensive scores of the alternatives under different environmental conditions in Tables 14–17, where
Y1 � − 0.5 means that the economy is recovering, while
Y1 � − 0.5 means that the economy is declining. Y2 �
0.5 means that the policy is playing a positive role, while
Y1 � − 0.5 means that the policy is playing a negative
role.
The data in Tables 13 to 17 show that when environmental factors change, the score and ranks of suppliers will
change.
(1) When Y2 � − 05, regardless of the state of the economic environment, the supplier’s scores appear
negative. Therefore, there is a conclusion: the
technological environment has an inﬂuence on
subway equipment suppliers.
(2) When Y1 � − 0.5 and Y2 � − 0.5; Y1 � 0.5 and Y2 � 0.5;
Y1 � 0.5 and Y2 � − 0.5; or Y1 � 0 and Y2 � − 0.5, the
company’s optimal supplier changes from A5 to A1.
The reason for this phenomenon is that A1 is more
sensitive to the change of environment. When environmental factors change, the score of A1 increases
more or the score decreases more, so the optimal
solution is A1.
(3) When Y1 � 0.5, Y2 � 0.5, the overall score of the
supplier has risen, the overall performance of the
supplier becomes better, and the diﬀerence between
the suppliers gradually shrinks.
To sum up, the subway company must consider the
impact of environmental changes when selecting equipment
suppliers. The optimal solution under diﬀerent decisionmaking environments is diﬀerent, and there may even be a
situation where all suppliers’ scores are negative. In this
extreme situation, the company can even reselect alternative
suppliers for reevaluation until a choice that meets the
company’s decision is selected.
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Table 2: Intuitionistic fuzzy decision matrix of EG1.
A1
A2
A3
A4
A5

C2
(0.7, 0.1)
(0.4, 0.5)
(0.6, 0.3)
(0.7, 0.2)
(0.8, 0.1)

C1
(0.8, 0.2)
(0.7, 0.2)
(0.3, 0.5)
(0.7, 0.2)
(0.8, 0.1)

C3
(0.8, 0.1)
(0.6, 0.3)
(0.7, 0.2)
(0.7, 0.1)
(0.8, 0.2)

C4
(0.7, 0.1)
(0.6, 0.3)
(0.6, 0.2)
(0.7, 0.2)
(0.8, 0.2)

C5
(0.6, 0.3)
(0.5, 0.3)
(0.5, 0.4)
(0.5, 0.2)
(0.7, 0.1)

C6
(0.7, 0.2)
(0.6, 0.3)
(0.6, 0.2)
(0.4, 0.5)
(0.8, 0.1)

C7
(0.1, 0.8)
(0.5, 0.3)
(0.4, 0.5)
(0.2, 0.7)
(0.1, 0.8)

C8
(0.2, 0.7)
(0.4, 0.3)
(0.5, 0.5)
(0.6, 0.3)
(0.8, 0.1)

C9
(0.2, 0.7)
(0.3, 0.6)
(0.5, 0.4)
(0.3, 0.5)
(0.1, 0.8)

C7
(0.2, 0.7)
(0.5, 0.4)
(0.3, 0.5)
(0.2, 0.6)
(0.1, 0.7)

C8
(0.1, 0.8)
(0.6, 0.3)
(0.3, 0.6)
(0.2, 0.6)
(0.1, 0.7)

C9
(0.2, 0.7)
(0.3, 0.6)
(0.4, 0.5)
(0.3, 0.5)
(0.2, 0.6)

C7
(0.2, 0.8)
(0.4, 0.5)
(0.3, 0.5)
(0.2, 0.7)
(0.3, 0.6)

C8
(0.3, 0.6)
(0.4, 0.4)
(0.5, 0.3)
(0.3, 0.6)
(0.1, 0.8)

C9
(0.2, 0.8)
(0.3, 0.5)
(0.4, 0.4)
(0.4, 0.5)
(0.1, 0.8)

Table 3: Intuitionistic fuzzy decision matrix of EG2.
A1
A2
A3
A4
A5

C1
(0.8, 0.1)
(0.6, 0.3)
(0.4, 0.5)
(0.6, 0.2)
(0.8, 0.2)

C2
(0.8, 0.1)
(0.5, 0.4)
(0.5, 0.3)
(0.6, 0.3)
(0.7, 0.1)

C3
(0.7, 0.2)
(0.5, 0.3)
(0.6, 0.3)
(0.7, 0.1)
(0.8, 0.2)

C4
(0.8, 0.1)
(0.5, 0.3)
(0.6, 0.3)
(0.6, 0.2)
(0.7, 0.2)

C5
(0.7, 0.2)
(0.5, 0.2)
(0.4, 0.4)
(0.6, 0.2)
(0.8, 0.1)

C6
(0.8, 0.1)
(0.6, 0.2)
(0.6, 0.2)
(0.3, 0.6)
(0.7, 0.3)

Table 4: Intuitionistic fuzzy decision matrix of EG3.
A1
A2
A3
A4
A5

C1
(0.7, 0.2)
(0.5, 0.3)
(0.3, 0.5)
(0.4, 0.5)
(0.6, 0.3)

C2
(0.7, 0.2)
(0.4, 0.5)
(0.4, 0.5)
(0.5, 0.4)
(0.6, 0.2)

C3
(0.7, 0.2)
(0.5, 0.3)
(0.4, 0.5)
(0.6, 0.3)
(0.7, 0.2)

C4
(0.7, 0.2)
(0.5, 0.3)
(0.4, 0.3)
(0.6, 0.3)
(0.7, 0.2)

C5
(0.6, 0.3)
(0.5, 0.3)
(0.4, 0.4)
(0.6, 0.3)
(0.8, 0.1)

C6
(0.7, 0.1)
(0.5, 0.3)
(0.6, 0.3)
(0.4, 0.5)
(0.8, 0.1)

Table 5: Comprehensive intuitionistic fuzzy decision matrix.

A1

C1
(0.7667,
0.1667)

A2 (0.6, 0.2667)

C2
(0.7333,
0.1333)
(0.4333,
0.4667)

C3
(0.7333,
0.1667)

(0.6, 0.3)

C5
(0.6333,
0.2667)

(0.5333, 0.3) (0.5333, 0.3) (0.5, 0.2667)

A3 (0.3333, 0.5) (0.5, 0.3667)
A4 (0.5667, 0.3)

C4
(0.7333,
0.1333)

(0.5667,
0.3333)
(0.6667,
0.1667)

(0.5333,
0.2667)
(0.6333,
0.2333)

C6
(0.7333,
0.1333)
(0.5667,
0.2667)

C7
(0.1667,
0.7667)

A5 (0.7333, 0.2) (0.7, 0.1333) (0.7667, 0.2) (0.7333, 0.2) (0.7667, 0.1)

(0.3667,
0.5333)
(0.7667,
0.1667)

C9

(0.2, 0.7)

(0.2, 0.7333)

(0.4667, 0.4) (0.5, 0.3667) (0.3, 0.5667)

(0.4333, 0.4) (0.6, 0.2333) (0.3333, 0.5)
(0.5667,
0.2333)

C8

(0.3667,
0.4667)

(0.4333,
0.4333)

(0.2, 0.6667) (0.2667, 0.6) (0.3333, 0.5)
(0.1667, 0.7) (0.1, 0.7667)

(0.1333,
0.7333)

Table 6: Random intuitionistic fuzzy decision matrix.

C1
C2
C3
C4
C5
C6
C7
C8

A1
(0.23331+Y2,
0.16671+Y2)
(0.26671+Y2,
0.13331+Y2)
(0.26671+Y2,
0.16671+Y2)
(0.26671+Y2,
0.13331+Y2)
(0.36671+Y2,
0.26671+Y2)
(0.26671+Y2,
0.13331+Y2)
(0.83331− Y1,
0.76671− Y1)
(0.81− Y1, 0.71− Y1)

A2

A3

A4

A5

(0.41+Y2, 0.26671+Y2) (0.66671+Y2, 0.51+Y2) (0.43331+Y2, 0.31+Y2) (0.26671+Y2, 0.21+Y2)
(0.56671+Y2,
0.46671+Y2)
(0.46671+Y2, 0.31+Y2)
(0.46671+Y2, 0.31+Y2)

(0.51+Y2, 0.36671+Y2)

(0.41+Y2, 0.31+Y2)

(0.43331+Y2,
0.33331+Y2)
(0.46671+Y2,
0.26671+Y2)

(0.33331+Y2,
0.16671+Y2)
(0.36671+Y2,
0.23331+Y2)
(0.43331+Y2,
0.23331+Y2)
(0.63331+Y2,
0.53331+Y2)

(0.51+Y2, 0.26671+Y2) (0.56671+Y2, 0.41+Y2)
(0.43331+Y2,
0.26671+Y2)

(0.41+Y2, 0.23331+Y2)

(0.31+Y2, 0.13331+Y2)
(0.23331+Y2, 0.21+Y2)
(0.26671+Y2, 0.21+Y2)
(0.23331+Y2, 0.11+Y2)
(0.23331+Y2,
0.16671+Y2)

(0.53331− Y1, 0.41− Y1) (0.66671− Y1, 0.51− Y1) (0.81− Y1, 0.66671− Y1) (0.83331− Y1, 0.71− Y1)
(0.51− Y1, 0.36671− Y1)

C9 (0.81− Y1, 0.73331− Y1) (0.71− Y1, 0.56671− Y1)

(0.63331− Y1,
0.46671− Y1)
(0.56671− Y1,
0.43331− Y1)

(0.73331− Y1, 0.61− Y1) (0.91− Y1, 0.76671− Y1)
(0.66671− Y1, 0.51− Y1)

(0.86671− Y1,
0.73331− Y1)

Sample mean
(0.37271+Y2,
0.26611+Y2)
(0.39041+Y2,
0.24661+Y2)
(0.33461+Y2,
0.22331+Y2)
(0.35551+Y2,
0.21851+Y2)
(0.40201+Y2,
0.23141+Y2)
(0.36891+Y2,
0.23631+Y2)
(0.72301+Y2,
0.59011+Y2)
(0.69931+Y2,
0.56011+Y2)
(0.71231+Y2,
0.58071+Y2)
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Table 7: Correlation matrix of indicators.

C1
C2
C3
C4
C5
C6
C7
C8
C9

C1
1
0.9708
0.9720
0.9762
0.9718
0.9425
0.6389
0.6346
0.6211

C2

C3

C4

C5

C6

C7

C8

C9

1
0.9886
0.9911
0.9715
0.9510
0.5676
0.5676
0.6729

1
0.9980
0.9821
0.9407
0.6588
0.6618
0.7502

1
0.9769
0.9565
0.6676
0.6701
0.7462

1
0.9402
0.6449
0.6278
0.6761

1
0.6919
0.6700
0.6818

1
0.9929
0.8360

1
0.8630

1

Table 8: Eigenvalues and cumulative contribution rates of common factors.
m�2
SS loadings
Proportion var
Cumulative var

Factor 1
7.5021
0.8336
0.8336

Factor 2
1.1641
0.1293
0.9629

Factor 3
0.2301
0.0256
0.9885

Table 9: Factor loadings and communities of extracted factors.
Indicator
C1
C2
C3
C4
C5
C6
C7
C8
C9

Factor 1
0.9248
0.9543
0.9099
0.9104
0.9200
0.8754
0.3304
0.3194
0.4301

h2
0.97
0.99
0.99
1.00
0.97
0.94
0.97
0.98
0.86

Factor 2
0.3369
0.2877
0.4028
0.4084
0.3563
0.4129
0.9255
0.9380
0.8220

Table 10: Score coeﬃcients of extracted factors.
Factor 1
Factor 2

C1
0.4009
− 0.3964

C2
1.2944
− 2.4954

C3
− 0.0771
0.3829

C4
− 0.0629
0.2895

C5
0.0985
0.0609

C6
− 0.5415
2.0874

C7
− 0.0982
0.2602

C8
− 0.1571
0.4162

C9
− 0.0293
0.0782

C7
0.0778
0.1191

C8
0.0674
0.1258

C9
0.0898
0.1112

Table 11: Normalized score coeﬃcients of extracted factors.
Factor 1
Factor 2

C1
0.1653
0.0907

C2
0.3220
0

C3
0.0815
0.1244

C4
0.0840
0.1203

C5
0.1123
0.1105

C6
0
0.1980

Table 12: Scores of common factors when Y1 � Y2 � 0.
A1
A2
A3
A4
A5

Factor 1
(0.6489, 0.2274)
(0.4862, 0.3674)
(0.4509, 0.3980)
(0.5396, 0.3178)
(0.6441, 0.2202)

Factor 2
(0.5945, 0.2770)
(0.5101, 0.3260)
(0.4757, 0.3608)
(0.4657, 0.3745)
(0.6170, 0.2838)

Comprehensive factor
(0.6971, 0.2335)
(0.5211, 0.3615)
(0.4810, 0.3928)
(0.5632, 0.3249)
(0.6975, 0.2279)

Table 13: Scores of alternatives when Y1 � Y2 � 0.
A1
A2
A3
A4
A5

Factor 1
0.4215
0.1188
0.0529
0.2218
0.4239

Factor 2
0.3175
0.1840
0.1148
0.0911
0.3332

Comprehensive factor
0.4636
0.1596
0.0882
0.2384
0.4696
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Table 14: Scores of alternatives when Y1 � 0.

Factor 1
A1
A2
A3
A4
A5

0.6743
0.3625
0.2946
0.4847
0.6768

Y1 � 0
Y2 � 0.5
Factor 2
Comprehensive factor
0.5779
0.4045
0.3386
0.3352
0.5971

0.7561
0.4212
0.3461
0.5240
0.7647

Factor 1
−
−
−
−
−

0.0380
0.2237
0.2766
0.1824
0.0388

Y2 � − 0.5
Factor 2
Comprehensive factor
−
−
−
−
−

0.1114
0.1246
0.1899
0.2483
0.1075

− 0.0276
− 0.1961
− 0.2533
− 0.1785
− 0.0277

Table 15: Scores of alternatives when Y2 � 0.
Y2 � 0
Factor 1
A1
A2
A3
A4
A5

0.4043
0.0483
− 0.0167
0.1832
0.4095

Y1 � 0.5
Factor 2
Comprehensive factor
0.2863
0.0796
0.0162
0.0235
0.3072

Factor 1

0.4421
0.0784
0.0097
0.1929
0.4521

0.4382
0.1838
0.1175
0.2584
0.4379

Y1 � − 0.5
Factor 2
Comprehensive factor
0.3473
0.2762
0.2031
0.1538
0.3581

0.4844
0.2348
0.1613
0.2817
0.4867

Table 16: Scores of alternatives when Y1 � 0.5.
Y1 � 0.5
Factor 1
A1
A2
A3
A4
A5

0.6649
0.3122
0.2453
0.4597
0.6691

Y2 � 0.5
Factor 2
Comprehensive factor
0.5589
0.3295
0.2661
0.2866
0.5818

Factor 1

0.7429
0.3608
0.2865
0.4924
0.7543

−
−
−
−
−

0.0694
0.3230
0.3719
0.2423
0.0658

Y2 � − 0.5
Factor 2
Comprehensive factor
− 0.1631
− 0.2710
− 0.3248
− 0.3430
− 0.1516

−
−
−
−
−

0.0635
0.3063
0.3576
0.2453
0.0582

Table 17: Scores of alternatives when Y1 � − 0.5.

Factor 1
A1
A2
A3
A4
A5

0.6853
0.4090
0.3420
0.5085
0.6844

Y1 � − 0.5
Y2 � 0.5
Factor 2
Comprehensive factor
0.5960
0.4709
0.4036
0.3802
0.6118

0.7689
0.4744
0.4018
0.5541
0.7747

5. Conclusion
In the past 10 years, urban rail transit construction in China
has already reached a climax. Therefore, the demand for
materials and devices required for construction and operation is also increasing. Unforeseen factors existing in
construction and operation, such as the uncontrollable
weather and incomplete decision information, increase the
purchasing management risk of urban rail transit projects,
which adds further to the complexity of supplier selection.

Factor 1
−
−
−
−
−

0.0075
0.1322
0.1883
0.1256
0.0125

Y2 � − 0.5
Factor 2
Comprehensive factor
− 0.0620
0.0043
− 0.0695
− 0.1607
− 0.0652

0.0073
− 0.0942
− 0.1564
− 0.1150
0.0020

The purchase of scientiﬁc materials or devices and the selection of suppliers have become some of the main problems
for urban rail transit. Currently, Tianjin urban rail transit
mainly uses the open tender and comparative method to
select suppliers. These methods are easily understood and
actionable. However, such methods do not address the
problems of personal preference, overlapping information,
weights of indicators, and uncertain environment. In contrast with the suppliers for traditional industries, the suppliers of products for the urban rail transit industry must
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meet higher requirements in terms of quality, technology,
and timely supply.
In view of the poor operating environment during the
construction phase of the subway project and the perennial
operation during the operation phase, we summarize the
characteristics of subway equipment and establish a supplier
evaluation indicator system suitable for subway equipment,
which can make up for the lack of research on the existing
subway supplier evaluation indicators. We also propose an
intuitionistic fuzzy factor analysis model in a random environment. This model inherits the advantages of the original
model and can deal with the overlapping eﬀects between
incomplete evaluation information and indicators. It also has
the following advantages: (1) considering the weight of the
original indicators and the opinions of experts, it improves the
rationality of the selection results; (2) consider the impact of
environmental factors on supplier and product performance.
Convert ﬁxed evaluation information into dynamic evaluation information to improve the timeliness of selection results. This model can help the company choose the best
supplier in diﬀerent decision-making environments, which is
conducive to the company’s rapid adaptation to the dynamically changing external environment, and further enhance the company’s competitiveness.
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