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Enterprise Risk Assessment Model Based on Principal Component Regression and Hierarchical
Belief Rule Base
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1 College of Computer Science and Information Engineering, Harbin Normal University, Harbin 150025, China
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Abstract As a new intelligent expert system with the characteristics of expert system and data-driven model, the belief rule base
(BRB) plays an important role in risk assessment and health status assessment. BRB has the advantages of processing numerical
data and linguistic qualitative knowledge from heterogeneous sources, which can help enterprises conduct effective risk assess-
ments. However.in the actual enterprise risk evaluation system.,there are many types of indicators and redundancy. Traditional
BRB cannot select indicators and is easy to cause rule explosion, which leads to problems such as large calculation amount and low
model accuracy. In response to the above problems, this paper proposes a principal component regression and hierarchical confi-
dence rule base (Principal Component Regression, Hierarchical Belief Rule Base, PCR-HBRB) enterprise risk assessment model,
which saves calculation time by screening effective indicators,and combining qualitative with quantitative information to analyze
and evaluate,to obtain higher accuracy evaluation results. Firstly,the PCR method is used to screen out the main indicators that
affect the states of the company.,the hierarchical confidence rule base (HBRB) inference model of company status risk assessment
is established based on the selected indicators,and the model is reasoned by the evidence reasoning (ER). Then, the projection co-
variance matrix adaptive evolution strategy (P-CMA-ES) is used to optimize the model. Finally,the effectiveness of the model is
verified through a risk assessment case of a certain enterprise’s financial situation.

Keywords Principal component regression, Hierarchical belief rule base, Enterprise risk assessment, Evidential reasoning , Projec-

tion covariance matrix adaptation evolutionary strategies
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Fig. 1 Flow chart of corporate state risk assessment model
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Fig. 2 Inference process of HBRB model
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Table 1 Corresponding meaning of indicators
Num Meaning
g Ar 1 Liquidity ratio
A7 2 Asset management ratio
EER I Accounts receivable turnover rate
5 AT 4 Business cycle
$6 45 5 Debt ratio
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&5 BT o 7] I 45 T AR ) I B 15 A0 L R i A
WS EE, HPh&EMENSHEHEINRER 2—F 6 0o, Wi
AADLLBRB4 F 0] Hy AR PSS H5 45 1 FHE AR 2, X R Y
BRIy
Ric: 1wy is #6845 1 A, is $645 2
Then result is {(Ry ). (R, B,)} with rule
weight 0, ,++,0k and attribute weight ¢, ,**,0, (19)
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%2 BRB1 4545 1 S %M
Table 2 Reference value of index] in BRBI1
Reference point vl [ m h vh

Reference value 0.222  0.373 0.81 1.048  1.748

# 3 BRBL THif5 2 (92 % H
Table 3 Reference value of index2 in BRBI

Reference point ol l m h vh
Reference value 0.148 0.364 0.531 0.668 1.678

# 4 BRB2 k5 3 S HH
Table 4 Reference value of index3 in BRB2

Reference point ol 1 m h vh
Reference value 0.002 0.015 0.037 0.059 0.193

# 5 BRB3 W85 4 S H M
Table 5 Reference value of index4 in BRB3

Reference point ol l m h vh
Reference value 0.222  0.373 0. 81 1.048  1.748

# 6 BRB4 TR 5 IS HHE
Table 6 Reference value of index5 in BRB4

Reference point ol [ m h vh
Reference value 0.222  0.373 0. 81 1.048 1. 748

4.2 EWBERDIW

TEA) By IS ST 4SS 8 v 7 A1 30 DR 38 % A8 Y 4 2 o) il
540 By A PR D0 g T R AL T S R T DA A R Y o
Btk T DX A TR AR RS 3 9T b B A A R 9 X
WGz DT A5 R ) S5 44 [ i 7R 2R AR R AT A S 8, AR P L
BRB1 il , HAR AL G B S Bon sk 7 B 5l .

# 7 BRB1 WLAL)E M 24
Table 7 Optimized attributes parameters of BRB1

A B b Bl oA

BRBi W& E (R, Ry .Ry.R,.R;.Ry)
BRBI  0.8908 ol ol {0,0,0,0.0.1,0.9}
BRBI  0.6308 ol l {0,0,0,0,0.2,0.8}
BRBI  0.9287 ol m {0,0,0,0,0.25,0.75}
BBR1  0.3327 ol h {0,0,0,0,0.25,0.75}
BRBI  0.4616 ol  oh {0,0,0,0,0.3,0.7}
BRBI  0.5068 1 ol {0,0,0,0.0.1,0.9}
BRB1  0.6302 l l {0,0,0,0,0.2,0.8}
BRBI  0.4932 l m {0,0,0,0,0.25,0. 75}
BRBI  0.6685 1 h {0,0,0,0,0.3,0.7}
BRB1  0.1299 / oh {0,0,0,0,0.3,0.7}
BRBI  0.6052 m ol {0,0,0,0.0.1,0.9}
BRB1  0.1480 m l {0,0,0,0,0.15,0. 85}
BRBI  0.4995 m m {0,0.,0,0,0.35,0. 65}
BRBI  0.4146 m h {0,0,0,0.2,0.2,0.6}
BRB1  0.1929 m vh {0,0,0.1,0.2,0.2,0.5}
BRBI  0.5489 h ol {0,0,0,0,0.1,0.9}
BRBI  0.2588 h l {0,0,0,0,0.2,0. 8}
BRBI  0.9416 h m {0,0,0,0.1,0.2,0.7}
BRBI  0.2061 h h {0,0.2.0.2,0.1,0.3,0.2}
BRB1  0.4166 h wh  {0,0.3,0.3,0.25,0.2,0.15}
BRBI  0.2805  oh ol {0.0,0,0,0.2,0. 8}
BRBI  0.7095  oh l {0,0,0,0,0.2,0. 8}
BRBI  0.4653  oh m {0,0,0.2,0.3,0.3,0.2}
BBRI  0.1052  wh h {0.2,0.2.0.3.,0.2,0. 1}
BRBI  0.8931  wh  oh {0.3,0.4,0.2,0.1,0,0}

mE 6 Brs, Al A PCR i 3 ok 09 5 4> 48 A5 1538 i
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Fig. 6 Fitting results of FTA-BRB and real value

# 8 PCR-HBRB FIJH Al J7 % 1) MSE
Table 8 MSE generated by PCR-HBRB and other methods

num method average MSE best MSE
1 PCR-HBRB 0.002 0.057
2 BP 2.0876 7.447
3 GA 0.1541 0.1541
4 ELM 2.5676 10. 848
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Fig. 7 Fitting results of the other four methods and real value
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Fig. 8 MSE comparison of four methods and PCR-HBRB
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