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Abstract: Based on the analysis of the evaluation problems associated with the risk control scheme for major engineering 
projects, the evaluation method of the risk control scheme considering the irrational behavior of evaluation members in 
fuzzy random environment is proposed. Firstly, a maximum entropy model corresponding to any evaluation member is es-
tablished by using triangular fuzzy random variables and grey correlation coefficient in order to obtain the weight of each 
risk factor of the member. Secondly, a nonlinear programming model is established according to the principle of minimiz-
ing deviation to estimate the weight of different evaluation members on the evaluation of alternative risk control schemes. 
Lastly, the cumulative entropy model is used to calculate the weight of risk control schemes. Cumulative prospect theory 
obtains the comprehensive prospect utility value of each alternative to determine the optimal alternative.
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1. Introduction
The implementation of major engineering projects is a typical high-risk operation, therefore, the safety 
management of major engineering projects is exceptionally challenging [1]. The implementation unit of major 
engineering projects should actively carry out the construction of risk investigation and control system in 
accordance with the relevant national and local requirements. The evaluation of the risk control scheme is an 
important link in the process of risk investigation and control, and the selection of a reasonable risk control 
scheme is of great significance for enterprise security management.

The expert scoring method was used to represent the preference information of evaluation objects [2]. This 
method is easier to use, but in the actual operation process, evaluation members often prefer to give higher 
scores in risk evaluation, resulting in low accuracy of conclusions obtained by this method [3]. The analytic 
hierarchy process (AHP) was introduced to require evaluation members to make pound-to-pair comparisons 
of evaluation objects, which improved the consistency of evaluation conclusions [4]. However, there are many 
uncertain and complex information in the decision-making process of the risk control scheme, which increases 
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the difficulty of the popularization and application of AHP and network analysis [5]. Some scholars have 
introduced the fuzzy method and multi-attribute decision-making method to study the evaluation of risk control 
schemes [6]. The decision-making method based on fuzzy theory can better reflect the fuzziness of preference 
information, and the decision-making method based on multi-attribute is very consistent with the multi-factors 
of the evaluation of risk control schemes, and the conclusions obtained are more in line with the actual situation. 
These methods of evaluating risk control schemes are becoming new research topics. 

It should be further considered that empirical expectations are often present in the evaluation of risk 
control schemes of major engineering projects by evaluators. In the actual evaluation process of risk control 
schemes, the importance and relevance of each key indicator are the key factors affecting the determination 
of the weight of the indicator. In addition, the re-evaluation process is complicated by varying circumstances 
of different evaluation members with correspondingly distinct levels of importance, which increases the 
difficulty in forming the evaluation conclusion. However, the traditional expected utility theory cannot explain 
the reference dependence existing in the evaluation process of evaluators. Therefore, the prospect theory is 
applied in this paper to solve the above problems [7]. In this paper, by using triangular fuzzy random variable, 
we can accurately describe the relationship of redundancy, complementarity, and preference among evaluation 
indicators under different alternative schemes, and use the cumulative prospect theory to describe the different 
risk preferences and reference dependencies of evaluation experts, so as to select the best risk control scheme 
for major engineering projects.

2. Proposed approach
2.1. Estimating marginal expectation and variance decision matrix of alternative risk 
control schemes for major engineering projects
Assuming that the evaluation value of evaluation indicators of alternative risk control schemes by evaluation 
members is triangular fuzzy random variable, a decision matrix corresponding to evaluation members is 
constructed:
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The expectation and the variance of the triangular fuzzy random variable are determined by (2) and (3), 
respectively.
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According to the corresponding decision matrix, the expectation and the variance of the triangular fuzzy 
random variable are determined as E(xk

ij) and V(xk
ij), respectively. The expected mean value of alternative risk 

control schemes for major engineering projects can be obtained by (4):
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2.2. Obtaining the evaluation member weights of alternative risk control schemes for 
major engineering projects
The maximum entropy model based on the objective weight of the grey correlation coefficient is used to solve 
the weight of the evaluation members on different evaluation indicators.
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The grey correlation coefficient matrix corresponding to the weight of key indicators can be obtained by 
equation (5):
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According to the decision matrix of each evaluation members, the weight variance of evaluation members 
for alternatives is determined as:
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Assuming that the weight of the evaluation members for the alternative project is wk. According to the 
principle of the deviation minimization between the comprehensive expected value of each alternative and 
the mean of the comprehensive expected value of the evaluation team, a deviation minimization model is 
established as follows to determine the weight corresponding to each evaluation member:
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Through solving the above model, the weight vector of the key indicators of the risk control scheme of 
major engineering projects corresponding to the evaluation members is determined as πk = {πk

1,π
k
2,…,πk

N}.

2.3. Determining the combined marginal utility of alternative risk control schemes
According to the value function formula in prospect theory, the positive prospect value function and negative 
prospect value function of triangular fuzzy random variables are defined as:
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In (8) and (9), α and β represent the degree of perception of “gain” and “loss” of each index by members of 
the risk control scheme evaluation of major engineering projects, respectively.

According to the weight vector of key indicators, the marginal value of each alternative corresponding to 
the evaluation members is defined as:
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According to the decision weight of members, the comprehensive marginal utility of each evaluation 
member for alternative solutions can be obtained as follows:
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Lastly, each alternative scheme can be properly sorted to obtain the best alternative by the triangular fuzzy 
random variable order relation.

3. Steps of selecting the alternative risk control scheme
In order to make full use of water resources in a certain area of southwest China, a major project was approved 
by relevant government departments. An evaluation team including three safety management experts was set up 
to select the risk control scheme, which has preliminarily drawn up four alternative risk control schemes, and 
the evaluation team needs to select an optimal risk control scheme from the four schemes for risk management. 
The selection is according to four indicators: personnel allocation, personnel behavior habit, usage of 
equipment, and organization and management of project implementation.

Step 1: The evaluation members evaluated the performance of alternative risk control schemes on various 
evaluation indicators using triangular fuzzy random variables with real value random variables.

Step 2: By (2) and (3), the expectations and variances of the evaluation members for the four alternative 
risk control schemes are calculated respectively, then the expected mean for the evaluation team is available by 
(4) as follows.
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Step 3: In order to determine the subjective weights of the evaluation members on the four evaluation 
indicators of the project risk control scheme, the following nonlinear planning corresponding to the first 
evaluation member was established as follows by (5):
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Using the nonlinear programming software package of Matlab to solve the above model, the subjective 
weights of the evaluation members on the four evaluation indicators can be obtained as follows:

1 (0.2515  0.2500  0.2504  0.2481)π = , 2 (0.2506  0.2487  0.2551  0.2456)π = , 3 (0.2536  0.2485  0.2524  0.2455)π = .

Step 4: Based on the expectations and subjective weights of the above three assessment members, the 
comprehensive marginal expectation and the average comprehensive marginal expectation of the assessment 
members, and the four alternative risk control schemes were obtained as shown in Table 1.
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Table 1. The combined marginal expected value and the mean combined marginal expected value of the 
alternative

( )1
kM E ( )2

kM E ( )3
kM E ( )4

kM E ( )5
kM E

k = 1 0.6993 0.7337 0.7043 0.6815 0.7047

k = 2 0.7666 0.7322 0.7396 0.7011 0.7351

k = 3 0.7216 0.7175 0.7082 0.6944 0.7105

Step 5: According to the principle of the deviation minimization between the comprehensive expected 
value of each alternative risk control scheme and the mean of the comprehensive expected value of the 
evaluation team, a deviation minimization model is established to determine the evaluation weight of the 
evaluation members to the alternative risk control scheme.
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Using the nonlinear programming software package of Matlab to solve the above model, it can be obtained 
that the evaluation weights of each evaluation member on the alternative risk control schemes of water 
conservancy projects are w1 = 0.3833, w2 = 0.3325, w3 = 0.2843.

Step 6: According to the experience and preference of evaluation members, the psychological expectation 
reference point matrix of evaluation indicators of alternative risk control schemes for the project is determined 
as follows:
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By using the value functions (8) and (9) of the prospect theory, the prospect value function matrix of the 
triangular fuzzy random variable corresponding to the evaluation members’ key indicators of alternative risk 
control schemes is estimated as follows:
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Step 7: The marginal utility decision matrix corresponding to each evaluation member regarding the four 
alternative risk control schemes is determined by (10).

1 [ 0.0100  -0.0998  -0.0131  0.0358]U = − , 2 [ 0.1053  -0.0154  -0.0524  0.0499]U = − , 3 [ 0.0447  -0.0444  -0.0145  0.0116]U = − .

Step 8: The comprehensive prospect utility vector of the evaluation team for the four alternative risk 

control schemes is estimated by (11) as follows: [ 0.0532  -0.0533  -0.0267  0.0324]U = − .

From the comprehensive prospect utility ranking of the four alternatives, it can be seen that the fourth 
alternative risk control scheme has the highest comprehensive prospect utility value, and the comprehensive 
prospect value is greater than 0, indicating that the scheme can meet the expectations of the evaluation members 
on the whole.
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4. Conclusion
Aiming at the irrationality and fuzzy randomness of evaluation members, this paper proposes a risk control 
scheme selection method for major engineering projects based on cumulative prospect theory and triangular 
fuzzy random variables. Firstly, the triangle fuzzy random variables are used to describe the interrelation of 
each evaluation index, and the marginal expectation and variance decision matrix of alternative risk control 
schemes for major engineering projects are obtained. Secondly, a maximum entropy model corresponding to 
any evaluation member is established by using the grey correlation coefficient to obtain the evaluation index 
weight corresponding to the evaluation member. Thirdly, based on the principle of deviation minimization, 
a nonlinear programming model is established to estimate the weight of different evaluation members to the 
evaluation of alternative risk control schemes for major engineering projects. Lastly, the cumulative prospect 
theory is used to obtain the comprehensive prospect utility values corresponding to each alternative risk control 
scheme of the evaluation team to determine the optimal alternative.
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