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This paper proposes a method of high-speed railway train operation diagram evaluation based on preferences of locomotive
operation, track maintenance, S & C, vehicles and other railway departments, and customer preferences. The application of rough
set-based attribute reduction obtains the important relative indicators by eliminating excessive and redundant evaluation indicators.
Soft fuzzy set theory is introduced for the overall evaluation of train operation diagrams. Each expert utilizes a set of indicators
during evaluation based on personal preference. In addition, soft fuzzy set theory is applied to integrate the information obtained via
expert evaluation in order to obtain an overall evaluation.The proposedmethod was validated by a case study. Results demonstrate
that the proposed method flexibly expresses the subjective judgments of experts while effectively and reasonably handling the
uncertainty of information, which is consistent with the judgment process of humans. The proposed method is also applicable to
the evaluation of train operation schemes which consist of multiple diagrams.

1. Introduction

The transportation and production activities of railways are
integrated into train operation diagrams which involve train
operation, locomotive operation, track maintenance, S & C,
vehicles, and other departments. This train operation dia-
gram is the basis of overall planning and train operation orga-
nization in railway transportation, as well as the primary tool
for coordination among various departments within the rail-
way network and maintaining a working order of production
activities. Train operation diagrams are compiled according
to the requirements of national economic development and
railway transportation capacity. The process reflects various
qualitative and quantitative indicators of railway operation.
The compilation quality of a train operation diagram directly
affects the safety and benefits of railway transportation, as
well as the adaptability of the railway system to social and eco-
nomic development. The transportation organization ability
of the railway system is reflected by the quality of high-speed

railway train operation diagrams, the evaluation of which
guides potential improvements to train operation diagrams.
Therefore, the evaluation of train operation diagrams is of
great importance in order to maintain operation safety, adapt
to market demands, and improve transportation capacity,
efficiency, and benefits.

Extensive studies have been conducted to evaluate high-
speed railway train operation diagrams, and many valuable
achievements have been reported. In foreign countries, train
operation diagrams are often cyclic with standardized struc-
tures; thus the related studies are relatively simple. Most
such studies have focused on the propagation and impacts
of train delays, which primarily involve indicators such as
the reliability and stability of diagrams. Carey [1, 2] utilized
probability theory to describe the propagation of train delays
and proposed a method to configure buffer time. Hansen
[3] identified associative delay as an indicator for the initial
evaluation of train operation diagrams. Goverde [4, 5] and
Delorme et al. [6] further refined the identified indicators.
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Börjesson and Eliasson [7] and Vromans et al. [8] proposed
the use of the average delay time and heterogeneity as
indicators to evaluate train operation diagrams. Goverde and
Yan [9] defined delay impact, delay sensitivity, and delay
propagation as indicators to analyze timetable stability and
robustness. In China, however, noncyclic train operation
diagrams are typical, which usually incorporate complex
structures without universal standards. Related studies have
focused primarily on analysis of the technical standards for
train operation diagrams, including evaluation indicators
for basic operation diagrams, quality of passenger service,
balance, adjustability, and adaptability. Yang and Hu [10] first
proposed a dynamic train operation diagram indicator index
to evaluate Chinese railway systems. Tian [11] proposed the
division of train operation diagram evaluation indicators into
two categories: static indicators and dynamic indicators. Peng
[12, 13] proposed the assessment of diagram balance via devi-
ation and bias and the description of diagram adjustability via
the recovery of train delay. Meng and Jia [14] evaluated the
quality of the timetable from the interior and exterior factors
affecting the timetable stability. Liu [15] proposed using the
train timetable structure and delay propagation in a railway
network as indices to evaluate the timetable robustness. Ma
et al. [16], Zhu et al. [17], and Bao [18] constructed relatively
complete train operation diagram evaluation indices from
various perspectives.

Max-plus theory and random simulation are common
methods for the evaluation of train operation diagrams
based on patterns of delay propagation and exploit the cyclic
characteristic of operation diagrams by utilizing the lines
within a cycle as a study unit. Carey [1, 2], Sipilä [19], and
Keiji et al. [20] performed a systematic study of train delay
propagation patterns via random simulation. Hansen [3],
Goverde [4, 5], and Vromans et al. [8] applied max-plus
theory to the stability evaluation of cyclic train operation
diagrams. Higgins andKozan [21] and Salido et al. [22] evalu-
ated the stability of train operation diagrams via experimental
simulations. In China, due to the structural complexity of
train operation diagrams, scholars have attempted fewer
analyses regarding the impacts of train delays. Most recent
studies have focused on evaluation of technical indicators of
train operation diagrams and interactions among indicators
by applying mathematical methods such as fuzzy synthetic
evaluation, grey theory, and random simulation. Tian [11] and
Zhu et al. [17] applied the fuzzy synthetic method to evaluate
the quality of train operation diagrams. Peng [12, 13] and Bao
[18] evaluated train operation diagrams via fuzzy decision-
makingmatrix theory and grey theory, respectively. Yang and
He [23] and Meng et al. [24] adopted random simulation
and max-plus theory to evaluate Chinese train operation
diagrams. Jiang et al. [25] presented a model based on time-
driven microscopic simulation to evaluate train timetable
from the viewpoint of big passengers’ data on rail transit lines.
Meng and Jia [14] defined the information entropy of the
exterior factors and the interior factors affecting the timetable
stability to evaluate the quality of the train timetable.

Due to significant differences in railway transportation
histories, diagram compilation systems, and diagram struc-
tures, studies of train operation diagrams in China differ

significantly from methods used abroad, particularly in
regard to indicator construction and method selection. Most
studies of train operation diagrams worldwide have focused
on the performance of technical indicators and relationships
among indicators. In particular, interference propagation and
stability evaluations of cyclic operation diagrams have been
extensively studied.

Multiple train operation diagrams for further selection
can be made in a short time with the aid of computers. The
evaluation of train operation diagrams requires the identifi-
cation of an optimal diagram from multiple options via the
coordination of multiple experts. Each diagram represents
a comprehensive plan for railway transportation including
train operation, locomotive operation, track maintenance, S
& C, vehicles, and other departments involved in a railway
system. Thus, a committee is responsible for the compilation
of train operation diagrams, and a workgroup is formed
consisting of representatives from the following departments:
the office of the chief engineer, transportation management,
passenger traffic, power supply, vehicles, track maintenance,
S & C, the dispatching station, and joint-venture railway
companies. The workgroup responds to technical problems
during diagram compilation, organizes investigations and
traction tests, inspects technical work and time standards,
verifies and reports compilation data, and is responsible for
the compilation, adjustment, and implementation of the train
operation diagram. However, each of the many departments
of a railway system and the customers participating in the
compilation and evaluation possess different knowledge,
experiences, and perspectives and thus may only focus on
the indicators representative of their own interests and/or
familiarity. If all evaluators were required to evaluate all
possible indicators, large differencesmay appear in evaluation
results, resulting in potential misjudgments in the final deci-
sion making. Therefore, this study constructed an evaluation
index for high-speed train operation diagrams based on the
preferences of different railway departments and customers.
Redundant indicators were reduced by applying the rough
set-based attribute reductionmethod to identify the relatively
important indicators. Soft fuzzy set theory was employed in
order to comprehensively evaluate the quality of operation
diagrams in consideration of the different preferences among
experts.

2. Preference-Based High-Speed Train
Operation Diagram Evaluation Indices

Thecompilation of train operation diagrams is a complex task
which requires collaboration across various departments.
In this study, existing studies of train operation diagram
evaluation were summarized, and a high-speed train oper-
ation diagram evaluation index was established based on
the preferences of the transportation department, passenger
traffic department, vehicles department, railway stations, and
passengers.

2.1. High-Speed Train Operation Diagram Evaluation Indi-
cators Based on Preferences of the Transportation Depart-
ment. The railway transportation department is the primary
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compilation agent for train operation diagrams and is ulti-
mately responsible for the compilation and management of
the diagrams. A panel of personnel is assigned to execute the
technical work standards for compilation and is responsible
for the compilation of train operation diagrams, database
maintenance, implementation of and adjustments to the
diagrams, and analysis of operation capacity and diagram
indicators. Indicators include the number of local-line trains,
cross-line trains, technical speed, travel speed, speed coeffi-
cient, electric multiple unit (EMU) usage, EMU turn-around
time, EMU connection time, EMU daily mileage, EMU
utilization balance, EMU utilization rate, stop time, number
of stops, average stop time, operation diagram balance, and
capability utilization.

2.2. High-Speed Train Operation Diagram Evaluation Indica-
tors Based on Preferences of the Passenger Traffic Department.
The primary duties of the passenger traffic department in the
compilation of train operation diagrams include proposing
line plans, providing product requirements and related data,
and performing product quality calculations and analysis.
During compilation, they also verify the related working
and timing standards. Their preferred indicators include
train service frequency, peak hour departure frequency,
reasonability coefficient of departure and arrival times, the
average number of stops, average stop distance, travel speed,
stop time, total number of stops, average stop time, service
station stop time, number of service station stops, nonservice
station stop time, number of nonservice station stops, stop
plan balance, profile passenger flow adaptability, travel time
loss, average number of transfers, accessibility coefficient,
average cross-line through speed, economic benefit, social
benefit, market benefit, average train buffer time, number
of backup lines, diagram balance, number of delayed trains,
delay time, probability of delay, delay recovery, and buffer
time utilization.

2.3. High-Speed Train Operation Diagram Evaluation Indi-
cators Based on Preferences of the Vehicles Department. The
vehicles department of the railway administration primarily
provides data, determines the deployment of EMUs, plans
maintenance, and formulates crew schedules and the EMU
routing scheme. Additionally, they review the technical
work and time standards during diagram compilation. Their
preferred indicators include EMU routing mileage, routing
time, number of drivers, number of crew members, EMU
usage, EMU turn-around time, EMU connection time, EMU
daily mileage, EMUutilization balance, EMUutilization rate,
average EMUmileage, total mileage, crew cost, working time,
and work intensity balance.

2.4. High-Speed Train Operation Diagram Evaluation Indica-
tors Based on Preferences of Railway Stations. Train stations
allow for safe travel and quick distribution of passengers,
ensuring that passengers can follow travel procedures with
speed and ease, and provide comfortable passenger waiting
environments as well as beneficial cultural and life services.
Train stations also accomplish the carrying, handling, hold-
ing, and delivery of luggage and packages. Train operation

diagrams and the technical work of train stations both
influence and constrain one another. High-quality train
operation diagrams influence the smoothness of work at train
stations, whereas the capacities of train stations constrain the
implementation of the train operation diagram.Thepreferred
indicators of train stations include the total number of train
pairs, the number of from-station pairs, the number of to-
station pairs, cost performance, the number of train pairs
at service transfer stations, the number of train pairs at
nonservice transfer stations, train service frequency, degree
of train delay, and train operation diagram balance.

2.5. High-Speed Train Operation Diagram Evaluation Indi-
cators Based on Preferences of Passengers. Passengers have
developed increasingly higher demands for quality of travel
with economic development and the parallel improvement
of general living standards. The departure times of intercity
and high-speed trains must be regular and cyclic in order
to serve fluctuating passenger traffic at various times. For
passenger traffic that cannot be processed by direct traffic,
the interchange must be carefully designed so as to result in
a reasonable transfer time. The preferred indicators of pas-
sengers include reasonability of departure time distribution,
direct traffic index, accessibility index, wait time satisfaction,
loss of travel time, travel speed, average number of transfers,
cost performance rating, train service frequency, and the
possibility of delay.

3. Soft Rough-Fuzzy Preference
Set-Based Evaluation of High-Speed
Train Operation Diagrams

Theproposed high-speed train operation diagram evaluation
index consists of a large number of indicators, many of which
are redundant. Additionally, expert evaluation is reasonably
subjective. In this study, rough set-based attribute reduction
was first applied to eliminate redundant indicators. Next,
the different preferences of various experts were processed
by applying soft fuzzy set theory. Results of evaluations
conducted by different experts were then integrated in order
to obtain an overall evaluation.

3.1. Rough Set Theory. Fuzzy set theory was first introduced
by Polish mathematician Pawlak in 1982, and it offers unique
advantages in the handling of incomplete and low-accuracy
data. The application of fuzzy set theory can eliminate
redundant information in data sets while maintaining the
inherent classification ability of the data [26, 27].

Definition 1. The two-element set (𝑈,R) is a knowledge base
in which 𝑈 is the domain, and R is a family of equivalence
relations on𝑈. If 𝑃 ⊆ R, then⋂𝑃 = ind(𝑃) is another equiv-
alent relation, known as an indiscernibility relation on 𝑃.

Definition 2. Let R be a family of equivalence relations, and
𝑅 ∈ R. If ind(R) = ind(R−{𝑅}), then𝑅 is unnecessary inR; if
not, it is necessary inR. If every𝑅 ∈ R is necessary inR, then
R is classified as independent. For𝑄 ⊆ 𝑃, if𝑄 is independent
and ind(𝑄) = ind(𝑃), then 𝑄 is a reduction of 𝑃.
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3.2. Soft Fuzzy Preference Set. Soft set theory was first pro-
posed by Molodtsov in 1999, and is commonly used as a
mathematical tool for analysis of uncertain objects, fuzzy
objects, or objects that cannot be precisely defined. Soft
set theory is often applied to decision-making, evaluation,
attribute reduction, soft algebra, prediction, and classification
[28, 29].

Definition 3 (soft set). Let 𝑈 represent the initial domain, 𝐸
the parameter set, and 𝑃(𝑈) the power set of𝑈. (𝐹, 𝐸) is a soft
set on 𝑈 if and only if 𝐹 is a mapping of 𝐸 to 𝑃(𝑈).

∀𝑒 ∈ 𝐸, 𝐹(𝑒) is the set of elements in 𝑈 that exhibit the
properties of attribute 𝑒; that is, 𝐹(𝑒) ⊆ 𝑈. Meanwhile, soft set
(𝐹, 𝐸) is an approximate set composed of multiple sets, each
of which exhibits the properties of the elements in 𝑈.

Definition 4 (soft fuzzy set). Let 𝑈 represent the initial
domain, 𝐸 the parameter set, 𝜉(𝑈) a fuzzy set defined on 𝑈,
and 𝐴 ⊆ 𝐸. Therefore, (𝐹, 𝐴) is a soft fuzzy set on domain 𝑈

if and only if 𝐹 is a mapping of 𝐴 to 𝜉(𝑈).

Definition 5 (“AND” operation). Let (𝐹, 𝐴) and (𝐺, 𝐵) repre-
sent two soft fuzzy sets on 𝑈. If, ∀(𝛼, 𝛽) ∈ (𝐴, 𝐵), 𝐻(𝛼, 𝛽) =

𝐹(𝛼) ∩ 𝐺(𝛽), then (𝐹, 𝐴) ∧ (𝐺, 𝐵) = (𝐻,𝐴 × 𝐵) represents the
“AND” operation of (𝐹, 𝐴) and (𝐺, 𝐵).

3.3. Representation of Uncertain Information in the Evalua-
tion of High-Speed Train Operation Diagrams. Let 𝑌𝑋𝑇 =

{𝑦𝑥𝑡
1
, 𝑦𝑥𝑡
2
, . . . , 𝑦𝑥𝑡

𝑛
} denote a set of train operation dia-

grams to be evaluated, where 𝑦𝑥𝑡
𝑖
(𝑖 = 1, 2, . . . , 𝑛) denotes

the 𝑖th operation diagram, 𝐶 = {𝑐
1
, 𝑐
2
, . . . , 𝑐

𝑚
} is the set of

evaluation indicators, and EX = {ex
1
, ex
2
, . . . , ex

𝑝
} represents

the set of experts. Considering the differences in knowledge,
experience, and perspectives of the various experts, the
evaluation indicator set of expert ex

𝑘
(𝑘 = 1, 2, . . . , 𝑝) is

denoted by 𝐶
𝑘

= {𝑐𝑘
1
, 𝑐𝑘
2
, . . . , 𝑐𝑘

𝑙𝑘
}, where 𝑐𝑘
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1, 2, . . . , 𝑙
𝑘
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𝑘
on evaluation
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𝑘
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=

(V𝑘
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)
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, where V𝑘
𝑖𝑗
denotes the value assigned by the expert to

indicator 𝑐𝑘
𝑗
for diagram 𝑦𝑥𝑡

𝑖
.

Certain indicators are difficult to describe qualitatively
or quantitatively, such as social benefit and wait time sat-
isfaction. Simple affirmation or negation cannot accurately
express expert opinions, while phrases such as “very good,”
“good,” and “fair” are useful, but ambiguous. In this study, the
expert evaluations of high-speed train operation diagrams are
scaled as𝐻 = {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0}.

3.4. Evaluation Procedure and Algorithm

3.4.1. Indicator Reduction. For the evaluation index 𝐶 of
high-speed train operation diagrams, the reduced indicator
set is calculated according to the formula ind(R) = ind(R −

{𝑅}). For convenience, the reduced evaluation index is still
denoted by 𝐶.

3.4.2. Description of Evaluation Matrix with Soft Fuzzy Set.
Based on the evaluation indicator set 𝐶

𝑘
and the evaluation

matrix𝑉
𝑘
of each expert ex

𝑘
, evaluations are converted into a

soft fuzzy set (𝐹
𝑘
, 𝐶
𝑘
) according to the following equations:
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(1)

3.4.3. Information Integration. Through “AND” operations,
the evaluations of each individual expert are integrated
to obtain an overall evaluation matrix. “AND” operations
are applied to sets (𝐹

1
, 𝐸
1
), (𝐹
2
, 𝐸
2
), . . ., and (𝐹

𝑚
, 𝐸
𝑚
); the

calculation result is denoted as (𝐺, 𝐸), and
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𝑚
) .

(2)

(𝐺, 𝐸) is also a soft fuzzy set, with parameters composed of
the evaluation indicator sets 𝐶

1
, 𝐶
2
, . . ., and 𝐶

𝑚
of the 𝑚

experts. Assuming that (𝐺, 𝐸) consists of 𝐿 parameters, let
𝐸 = {𝑒

1
, 𝑒
2
, . . . , 𝑒

𝐿
}. Thus, (𝐺, 𝐸) can be expressed as follows:

(𝐺, 𝐸) = {𝑒
1
= {

𝑠
1

𝜇
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,
𝑠
2

𝜇
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𝑠
𝑞

𝜇
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𝑠
1

𝜇
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,

𝑠
2

𝜇
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𝑠
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𝑠
2

𝜇
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}} .

(3)

If 𝐶
1
∩ 𝐶
2
∩ ⋅ ⋅ ⋅ ∩ 𝐶

𝑚
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𝑗
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𝑗

1
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𝑗

2
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𝑗

𝑚
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}.

If 𝐶
1
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2
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𝑚
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𝜇
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𝑥
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𝑡
},

𝜆
𝑡
= average

𝑘∈{𝑘1 ,𝑘2 ,...,𝑘𝑚}
{V𝑘
𝑡𝑝
},

where 𝜇
𝑖𝑗
indicates the degree to which the evaluated oper-

ation scheme 𝑠
𝑡
matches the synthesized parameter 𝑒

𝑗
(𝑗 =

1, 2, . . . , 𝐿).

3.4.4. Overall Evaluation. The comparison table CT =

(ct
𝑥𝑦
)
𝑞×𝑞

is computed, in which ct
𝑥𝑦

= ∑
𝑗
𝛾𝑗
𝑥𝑦
,

𝛾
𝑗

𝑥𝑦
=
{

{

{

1, 𝑢
𝑥𝑗
≥ 𝑢
𝑦𝑗
,

0, 𝑢
𝑥𝑗
< 𝑢
𝑦𝑗
,

(4)

and ct
𝑥𝑦

indicates the number of evaluation indicators that
are assigned higher values for diagram 𝑦𝑥𝑡

𝑥
than those

assigned to evaluation indicators for diagram 𝑦𝑥𝑡
𝑦
.
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Figure 1: Flowchart of the soft fuzzy preference-based evaluation of high-speed train operation diagrams.

According to the comparison table CT, the evaluated
score score(𝑦𝑥𝑡

𝑡
) for each train operation diagram can be

calculated by score(𝑦𝑥𝑡
𝑡
) = 𝑟

𝑥
− 𝑡
𝑥
, where 𝑟

𝑥
= ∑
𝑞

𝑦=1
ct
𝑥𝑦

and 𝑡
𝑦
= ∑
𝑞

𝑥=1
ct
𝑥𝑦
.

In the above equation, 𝑟
𝑥
represents the number of indi-

cators that were assigned higher evaluations for diagram𝑦𝑥𝑡
𝑥

than other members of 𝑌𝑋𝑇, 𝑡
𝑦
represents the number of

indicators that were assigned higher evaluations for diagram
𝑦𝑥𝑡
𝑦
than other members of 𝑌𝑋𝑇, and score(𝑦𝑥𝑡

𝑡
) describes

the superiority of 𝑦𝑥𝑡
𝑡
in 𝑌𝑋𝑇. Larger values of score(𝑦𝑥𝑡

𝑡
)

indicate that 𝑦𝑥𝑡
𝑡
is more optimal.

3.4.5. Algorithm

Step 1. Form the high-speed train operation diagram evalua-
tion index 𝐴.

Step 2. Reduce the indicators of 𝐴 by applying rough set-
based attribute reduction, and obtain the reduced indicator
set 𝐴󸀠.

Step 3. Apply soft rough set theory to integrate the evalua-
tions from all experts, and obtain a final evaluation.

3.4.6. Flow Diagram of the Algorithm. See Figure 1.

4. Case Study

Two-train operation diagrams shown in Figures 2 and 3
were compiled according to different decision-making
approaches, based on actual data reported by the Beijing-
Shanghai high-speed railway system. The two diagrams
are denoted by 𝑌𝑋𝑇 = {𝑦𝑥𝑡

1
, 𝑦𝑥𝑡
2
}. Administrative staffs

from the following departments were selected as experts:
transportation, passenger traffic, vehicles, and stations.
Based on their individual preferences, an evaluation index
𝐶 was established and then reduced via rough set-based
attribute reduction. Indicators of the index include operation
diagram balance (𝑐

1
), travel speed (𝑐

2
), EMU turn-around

time (𝑐
3
), train frequency (𝑐

4
), cost performance (𝑐

5
), and

possibility of delay (𝑐
6
). The evaluation index is denoted by

𝐶 = {𝑐
1
, 𝑐
2
, . . . , 𝑐

6
}. Four experts, EX = {ex

1
, ex
2
, ex
3
, ex
4
},

evaluated the compiled train operation diagrams based on
the established evaluation index.

Based on their knowledge and experience, each expert
provided personal evaluation sets 𝐶

1
= {𝑐
1
, 𝑐
2
, 𝑐
3
}, 𝐶
2

=

{𝑐
1
, 𝑐
2
, 𝑐
4
, 𝑐
6
}, 𝐶
3

= {𝑐
3
}, and 𝐶

4
= {𝑐
1
, 𝑐
4
, 𝑐
5
}, as well as

corresponding evaluation matrices 𝑉
1
, 𝑉
2
, 𝑉
3
, and 𝑉

4
, where

𝑉
1
=

𝑦𝑥𝑡
1

𝑦𝑥𝑡
2

𝑐
1
, 𝑐
2
, 𝑐
3

(
0.4 0.7 0.6

0.4 0.6 0.5
)
,

𝑉
2
=

𝑦𝑥𝑡
1

𝑦𝑥𝑡
2

𝑐
1
, 𝑐
2
, 𝑐
4
, 𝑐
6

(
0.6 0.6 0.7 0.8

0.5 0.7 0.7 0.6
)
,

𝑉
3
=

𝑦𝑥𝑡
1

𝑦𝑥𝑡
2

𝑐
3

(
0.7

0.6
)
,

𝑉
4
=

𝑦𝑥𝑡
1

𝑦𝑥𝑡
2

𝑐
1
, 𝑐
4
, 𝑐
5

(
0.6 0.7 0.7

0.5 0.6 0.8
)
.

(5)

Then,

(𝐹
1
, 𝐶
1
) = {𝑐

1
= {

𝑦𝑥𝑡
1

0.4
,
𝑦𝑥𝑡
2

0.4
} , 𝑐
2

= {
𝑦𝑥𝑡
1

0.7
,
𝑦𝑥𝑡
2

0.6
} , 𝑐
3
= {

𝑦𝑥𝑡
1

0.6
,
𝑦𝑥𝑡
2

0.5
}} ,

(𝐹
2
, 𝐶
2
) = {𝑐

1
= {

𝑦𝑥𝑡
1

0.6
,
𝑦𝑥𝑡
2

0.5
} , 𝑐
2

= {
𝑦𝑥𝑡
1

0.6
,
𝑦𝑥𝑡
2

0.7
} , 𝑐
4
= {

𝑦𝑥𝑡
1

0.7
,
𝑦𝑥𝑡
2

0.7
} , 𝑐
6

= {
𝑦𝑥𝑡
1

0.8
,
𝑦𝑥𝑡
2

0.6
}} ,

(𝐹
3
, 𝐶
3
) = {𝑐

3
= {

𝑦𝑥𝑡
1

0.7
,
𝑦𝑥𝑡
2

0.6
}} ,

(𝐹
4
, 𝐶
4
) = {𝑐

1
= {

𝑦𝑥𝑡
1

0.6
,
𝑦𝑥𝑡
2

0.5
} , 𝑐
4

= {
𝑦𝑥𝑡
1

0.7
,
𝑦𝑥𝑡
2

0.6
} , 𝑐
5
= {

𝑦𝑥𝑡
1

0.7
,
𝑦𝑥𝑡
2

0.8
}} .

(6)
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Figure 2: Beijing-Shanghai high-speed railway train operation diagram (𝑦𝑥𝑡
1
).
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Figure 3: Beijing-Shanghai high-speed railway train operation diagram (𝑦𝑥𝑡
2
).

Table 1: Parameters of 𝐸.

𝑒
𝑗

𝑒
1

𝑒
2

𝑒
3

𝑒
4

𝑒
5

𝑒
6

Parameters 𝑐
1
𝑐
1
𝑐
3
𝑐
1

𝑐
1
𝑐
1
𝑐
3
𝑐
4

𝑐
1
𝑐
1
𝑐
3
𝑐
5

𝑐
1
𝑐
2
𝑐
3
𝑐
1

𝑐
1
𝑐
2
𝑐
3
𝑐
4

𝑐
1
𝑐
2
𝑐
3
𝑐
5

𝑒
𝑗

𝑒
7

𝑒
8

𝑒
9

𝑒
10

𝑒
11

𝑒
12

Parameters 𝑐
1
𝑐
4
𝑐
3
𝑐
1

𝑐
1
𝑐
4
𝑐
3
𝑐
4

𝑐
1
𝑐
4
𝑐
3
𝑐
5

𝑐
1
𝑐
6
𝑐
3
𝑐
1

𝑐
1
𝑐
6
𝑐
3
𝑐
4

𝑐
1
𝑐
6
𝑐
3
𝑐
5

𝑒
𝑗

𝑒
13

𝑒
14

𝑒
15

𝑒
16

𝑒
17

𝑒
18

Parameters 𝑐
2
𝑐
1
𝑐
3
𝑐
1

𝑐
2
𝑐
1
𝑐
3
𝑐
4

𝑐
2
𝑐
1
𝑐
3
𝑐
5

𝑐
2
𝑐
2
𝑐
3
𝑐
1

𝑐
2
𝑐
2
𝑐
3
𝑐
4

𝑐
2
𝑐
2
𝑐
3
𝑐
5

𝑒
𝑗

𝑒
19

𝑒
20

𝑒
21

𝑒
22

𝑒
23

𝑒
24

Parameters 𝑐
2
𝑐
4
𝑐
3
𝑐
1

𝑐
2
𝑐
4
𝑐
3
𝑐
4

𝑐
2
𝑐
4
𝑐
3
𝑐
5

𝑐
2
𝑐
6
𝑐
3
𝑐
1

𝑐
2
𝑐
6
𝑐
3
𝑐
4

𝑐
2
𝑐
6
𝑐
3
𝑐
5

𝑒
𝑗

𝑒
25

𝑒
26

𝑒
27

𝑒
28

𝑒
29

𝑒
30

Parameters 𝑐
3
𝑐
1
𝑐
3
𝑐
1

𝑐
3
𝑐
1
𝑐
3
𝑐
4

𝑐
3
𝑐
1
𝑐
3
𝑐
5

𝑐
3
𝑐
2
𝑐
3
𝑐
1

𝑐
3
𝑐
2
𝑐
3
𝑐
4

𝑐
3
𝑐
2
𝑐
3
𝑐
5

𝑒
𝑗

𝑒
31

𝑒
32

𝑒
33

𝑒
34

𝑒
35

𝑒
36

Parameters 𝑐
3
𝑐
4
𝑐
3
𝑐
1

𝑐
3
𝑐
4
𝑐
3
𝑐
4

𝑐
3
𝑐
4
𝑐
3
𝑐
5

𝑐
3
𝑐
6
𝑐
3
𝑐
1

𝑐
3
𝑐
6
𝑐
3
𝑐
4

𝑐
3
𝑐
6
𝑐
3
𝑐
5

The information in𝑉
1
,𝑉
2
,𝑉
3
, and𝑉

4
was then integrated

by applying the soft fuzzy set theory, that is, performing
“AND” operations on the soft fuzzy sets (𝐹

1
, 𝐶
1
), (𝐹
2
, 𝐶
2
),

(𝐹
3
, 𝐶
3
), and (𝐹

4
, 𝐶
4
). Then,

(𝐺, 𝐸) = (𝐺, 𝐶
1
× 𝐶
2
× 𝐶
3
× 𝐶
4
)

= (𝐹
1
, 𝐶
1
) ∧ (𝐹

2
, 𝐶
2
) ∧ (𝐹

3
, 𝐶
3
) ∧ (𝐹

4
, 𝐶
4
) .

(7)

Assuming that the sets 𝐶
1
, 𝐶
2
, 𝐶
3
, and 𝐶

4
each provide a

parameter to form 𝐸 = {𝑒
1
, 𝑒
2
, . . . , 𝑒

36
}, then the parameters

of 𝐸 are as shown in Table 1.

Table 2: Tabular form of soft fuzzy set (𝐺, 𝐸).

𝑢
𝑖𝑗

𝑒
1

𝑒
2

𝑒
3

𝑒
4

𝑒
5

𝑒
6

𝑒
7

𝑒
8

𝑦𝑥𝑡
1

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
𝑦𝑥𝑡
2

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
𝑢
𝑖𝑗

𝑒
9

𝑒
10

𝑒
11

𝑒
12

𝑒
13

𝑒
14

𝑒
15

𝑒
16

𝑦𝑥𝑡
1

0.4 0.4 0.4 0.4 0.6 0.6 0.6 0.6
𝑦𝑥𝑡
2

0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
𝑢
𝑖𝑗

𝑒
17

𝑒
18

𝑒
19

𝑒
20

𝑒
21

𝑒
22

𝑒
23

𝑒
24

𝑦𝑥𝑡
1

0.6 0.6 0.6 0.7 0.7 0.6 0.7 0.7
𝑦𝑥𝑡
2

0.6 0.6 0.5 0.5 0.5 0.5 0.6 0.6
𝑢
𝑖𝑗

𝑒
25

𝑒
26

𝑒
27

𝑒
28

𝑒
29

𝑒
30

𝑒
31

𝑒
32

𝑦𝑥𝑡
1

0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
𝑦𝑥𝑡
2

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
𝑢
𝑖𝑗

𝑒
33

𝑒
34

𝑒
35

𝑒
36

𝑦𝑥𝑡
1

0.6 0.6 0.6 0.6
𝑦𝑥𝑡
2

0.5 0.5 0.5 0.5

Since 𝐶
1
∩𝐶
2
∩𝐶
3
∩𝐶
4
= ⌀, the soft fuzzy set (𝐺, 𝐸) can

be tabulated as shown in Table 2.
The comparison table CT = (ct

𝑥𝑦
)
2×2

is computed as
shown in Table 3.

The evaluation scores Score(𝑦𝑥𝑡
𝑡
) are computed as shown

in Table 4.
As shown in Table 4, Score(𝑦𝑥𝑡

1
) > Score(𝑦𝑥𝑡

2
); thus,

operation diagram 𝑦𝑥𝑡
1
is superior to diagram 𝑦𝑥𝑡

2
.
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Table 3: Comparison table.

ct
𝑥𝑦

𝑦𝑥𝑡
1

𝑦𝑥𝑡
2

𝑦𝑥𝑡
1

36 36
𝑦𝑥𝑡
2

14 36

Table 4: Evaluation scores.

𝑟
𝑥

𝑡
𝑥

Score(𝑦𝑥𝑡
𝑡
)

𝑦𝑥𝑡
1

72 50 22
𝑦𝑥𝑡
2

50 72 −22

5. Conclusions

This paper proposed a method for the evaluation of high-
speed railway train operation diagrams. The proposed
method allows experts to use individual, personalized sets of
evaluation indicators, thus allowing overlap among the indi-
cator sets. Excessive and redundant indicators are eliminated
via rough set-based attribute reduction, and the remaining
important indicators are evaluated. Expert evaluations of
train operation diagrams consist of indefinite information
in order to more flexibly express subjective judgments. Soft
fuzzy set theory is then applied to integrate the information
provided by the expert evaluations in order to obtain an over-
all evaluation. Expert evaluations of some indicators provide
uncertain, subjective, or incomplete information (i.e., experts
may not evaluate according to all indicators). Therefore,
ordinary evaluation methods such as simple weighting, an
analytic hierarchy process (AHP), and fuzzy evaluation are
not applicable. Soft fuzzy set theory, however, can flexibly
solve this problem. The proposed evaluation method is
currently applicable only to the evaluation of train operation
diagrams that are compiled for the same number of trains,
under identical conditions. Plans are underway to adopt
relative indicators in the future in order to evaluate train
operation diagrams for different numbers of trains or under
different conditions. Meanwhile, the proposed method can
also be used to evaluate train operation schemes consisting
of multiple operation diagrams.
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