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Table 1 Numerical fields of business registration
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Table 2 The credit scores and the credit labeling method
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Table 3 Large, medium and micro enterprises division method
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Fig.2 Word contribution interpretation based on vector differencing
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Table 6 High-frequency words strongly associated with credit evaluation
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Table 7 Statistical properties of the network graph
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Table 8 The performances of the credit evaluation based on relational business registration information vectorized by GAT and its comparative methods

{5 VA A7 T ik TPR/ % Accuracy/ % F-Measure/ % AUC/ % MCC/ %
GAT 70.54 +1.26 84.86 0. 61 79.49 £0.94 78.25 £0.47 69.18 +1.24
LR GCN 69.32 +0.69 83.15 +0.13 77.39 +0.24 77.47 £0.23 65.37 +0.30
GraphSage 62.08 +0.94 83.55 +0.83 71.21 £0.93 71.58 +0.52 55.32+1.89
GAT 70.46 +1.26 84.86 +0. 62 79.47 £0.95 82.79 £0.70 69.20 £1.26
L-SVM GCN 65.39 +0.60 82.30 £0.25 75.46 +0.11 79.87 +£0.13 63.96 +0.71
GraphSage 63.21 +1.30 82.37 +4.36 70.29 +1.26 69.37 +1.35 56.72 +5.96
GAT 70.46 +1.26 84.87 +0.58 79.48 +0.91 78.21 £0.47 69.22 +1.17
LDA GCN 62.01 +0.24 81.66 +0.10 73.78 £0.10 77.55 +0.20 63.10 £0.29
GraphSage 62.36 +0.86 83.17 £0.59 66.85 +0.91 65.98 +0.47 55.61 +1.03
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Table 9 Comparisonof credit evaluation results after integrating numerical business registration information with textual and relational data

5 FAF L2 TR B TPR/ % Accuracy/% | F-Measure/ % AUC/ % MCC/ %
2 SRR Y 57.09£0.32 | 66.11 £0.30 | 62.22 +0.30 | 74.46 +0.13 | 32.37 £0.63
Al BUEA (MLP 2840 /5) 76.52 +0.20 | 82.96 £0.24 | 81.44 +0.23 | 89.09 +0.14 | 66.28 +0.52
BE I + SCAHY 96.01 £0.10 | 96.64 +0.12 | 96.54 +0.12 | 99.57 +0.03 | 93.27 +0.24
A B Y 15.69 +0.10 | 62.83 £0.50 | 26.00 £0.36 | 70.09 +1.41 | 21.34 +1.98
H BHEC BUER (MLP 28 405) 67.54+0.60 | 81.50+0.65 | 75.24 +0.81 | 87.26+0.30 | 61.80 +1.41
AWK BUER + KR 82.27+1.09 | 88.72+0.35 | 85.85+0.42 | 92.82+0.33 | 76.72 +0.76
LIS BE A + SCA 91.65£0.25 | 93.62+0.27 | 92.28 +0.32 | 98.05 +0.19 | 86.85 +0.55
BUER + CARR + KRR | 93.56+£0.22 | 95.08+0.14 | 94.06+0.16 | 98.44 +0.10 | 89.88 +0.30
2 JE R B 7Y 56.61 £10.96 | 67.24 +8.76 | 68.85 +24.16 | 67.36 +8.32 |36.56 +15.88
ol BUE T (MLP 25405 ) 75.96 +0.13 | 82.56 £0.21 | 80.98 +0.20 | 82.41 +0.21 | 65.48 £0.46
BUERD + SRR 96.01 £0.08 | 96.70 +0.15 | 96.61 +0.15 | 96.69 +0.15 | 93.41 £0.31
LSVM - A B A . 46.05 +31.16 | 58.71 £10.8 |43.64 +15.52 | 56.89 +6.97 | 18.78 +18.14
7 BB (MLP 25405 ) 65.57+0.99 | 81.74 +0.19 | 74.92 £0.46 | 79.42 +0.29 | 62.59 +0.36
AW R B + LR 82.37 +0.97 | 89.25+0.20 | 86.44 +0.35 | 88.26 £0.30 | 77.83 +0.40
74 B + SCA R 92.30 £0.47 | 94.79 £0.08 | 93.65+0.12 | 94.43 +0.14 | 89.27 +0.17
BUER + AR + 2 Z K | 94.80£0.39 | 96.43 £0.13 | 95.67 £0.16 | 96.20 +0.13 | 92.65 £0.27
27 LR B Y 52.71+0.84 | 65.33 £0.39 | 59.77 +0.60 | 73.58 +0.13 | 31.11 £0.80
ol B A (MLP 25405 ) 75.41£0.16 | 81.92+0.19 | 80.30+0.18 | 88.48 +0.10 | 64.19 £0.40
BUERD + SR 95.29 £0.17 | 95.83+0.17 | 95.72+0.18 | 99.34+0.05 | 91.66 +0.34
LDA - SRR HAE Y 14.71 £0.75 | 62.76 £0.56 | 24.73 +1.23 | 69.89 +1.53 | 21.41 £2.06
- BUEA (MLP 4840 )5) 65.75+0.70 | 81.58 £0.38 | 74.81 +0.59 | 87.37+0.15 | 62.17 +0.79
AR B + KR 77.38 £1.05 | 87.63 +0.34 | 83.89+0.53 | 93.17 £0.29 | 74.67 £0.69
74 BUERD + SCARHAY 91.76 £0.29 | 94.51 £0.19 | 93.30+0.20 | 98.74 +0.11 | 88.69 +0.39
BUER + SRR + SR | 92.84+0.52 | 95.43£0.08 | 94.41 £0.13 | 99.12 +0.07 | 90.59 0. 17
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Credit evaluation of medium, small, and micro enterprises based on business
registration information

LI Tie' , KOU Gang®, PENG Yi'"

1. School of Management and Economics, University of Electronic Science and Technology of China, Chengdu
611731, China;

2. School of Business Administration, Southwestern University of Finance and Economics, Chengdu 611130,

China

Abstract ; The quantitative credit evaluation of enterprises is a cornerstone of establishing a more efficient mar-
ket economy supervision system in China. However, the credit evaluation of medium, small, and micro enter-
prises has been challenging due to the lack of public business and financial data. Based on the observation that
there are a large number of open and unstructured business registration data of medium, small, and micro en-
terprises on the Internet, this paper proposes to mine unconventional and unstructured data such as enterprise
names, investment relationships between enterprises, and business scope to improve the credit evaluation re-
sults. Specifically, this paper proposes two data representation methods. The first uses a Gated Recurrent
Neural Network to extract sequential information from the business registration text and transform the text into
numerical data. The second uses a Graph Attention Network to encode the graph structure formed from the in-
vestment relationships into a numerical space. As a result, the heterogeneous information can be easily fused
by merging the numerical vectors. Since the interpretability of credit evaluation models is crucial in financial
applications, this paper further proposes interpretable solutions for the text-mining-based credit evaluation
model and for identifying the credit risk transmission path. The experimental results based on 68 504 enterpri-
ses revealed that both enterprise names and investment relationships contain credit information that cannot be i-
dentified in traditional numerical data. The results showed that business registration information can be used as
a useful supplement to the current enterprise credit evaluation system, which is valuable in dealing with the
scarcity of credit information for medium, small, and micro enterprises.

Key words: enterprise credit evaluation; business registration information; textual data mining; graph data

mining; heterogeneous data fusion



