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Preface

Bankruptcy prediction has been actively studied in industrial and financial

institutions in the recent past. The problem has been investigated through statistical

and machine intelligence prediction techniques. Here, complex hierarchical deep

architectures (HDA) are proposed for predicting bankruptcy. HDA are formed

through fuzzy rough tensor deep stacking networks (FRTDSN) with structured

hierarchical rough Bayesian (HRB) models. FRTDSN is formalized through

TDSN and fuzzy rough sets. HRB is formed by incorporating probabilistic rough

sets in structured hierarchical Bayesian model. Then FRTDSN is integrated with

HRB to form the compound FRTDSN-HRB model. HRB enhances the prediction

accuracy of the FRTDSN-HRB model. The experimental datasets are adopted

from the Korean construction companies, American and European nonfinancial

companies and UCI Machine Learning Repository bankruptcy database. The

research revolves around the impact of choice toward cut-off points, sampling

procedures, and business cycle accuracy for bankruptcy prediction techniques.

Misclassification can often lead to incorrect predictions resulting in prohibitive

costs to both investors and the economy. The selection of cut-off points and

sampling procedures affects the model rankings. The results lead to the fact that

empirical cut-off points derived from training samples result in minimum

misclassification costs for all the techniques. FRTDSN-HRB achieves superior

performance as compared to other statistical and soft computing models. The

experimental results are given in terms of several standard statistical parameters

revolving different business cycles and mid-cycles for the datasets considered.

vii



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Need of This Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4 Bankruptcy Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5 Need for Risk Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

6 Experimental Framework: Bankruptcy Prediction Using Soft

Computing Based Deep Learning Technique . . . . . . . . . . . . . . . . . . 21

6.1 Deep Stacking Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6.2 Fuzzy Rough Tensor Deep Stacking Networks . . . . . . . . . . . . . . 24

6.2.1 Learning FRTDSN Weights – Sequential and Parallel

Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

6.3 Hierarchical Rough Bayesian Model: Mathematical

Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

6.3.1 Decision Theoretic Rough Sets . . . . . . . . . . . . . . . . . . . . 29

6.3.2 Classification Based on Rough Bayes Model . . . . . . . . . . 31

6.3.3 Rough Bayesian Model for Estimating Probabilities . . . . 32

6.3.4 Hierarchical Rough Bayesian Model . . . . . . . . . . . . . . . . 33

6.4 Compound FRTDSN-HRB Model . . . . . . . . . . . . . . . . . . . . . . . 35

7 Datasets Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

8 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

8.1 Cutoff Point, Type I and Type II Errors: Korean Construction

Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

8.2 Cutoff Point, Type I and Type II Errors: American and

European Nonfinancial Companies . . . . . . . . . . . . . . . . . . . . . . 49

ix

https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_1
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec1
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_2#Sec2
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_3
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_4
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_5
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec1
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec2
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec3
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec4
https://doi.org/10.1007/978-981-10-6683-2_6#Sec5
https://doi.org/10.1007/978-981-10-6683-2_6#Sec5
https://doi.org/10.1007/978-981-10-6683-2_6#Sec5
https://doi.org/10.1007/978-981-10-6683-2_6#Sec5
https://doi.org/10.1007/978-981-10-6683-2_6#Sec5
https://doi.org/10.1007/978-981-10-6683-2_6#Sec6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec6
https://doi.org/10.1007/978-981-10-6683-2_6#Sec7
https://doi.org/10.1007/978-981-10-6683-2_6#Sec7
https://doi.org/10.1007/978-981-10-6683-2_6#Sec7
https://doi.org/10.1007/978-981-10-6683-2_6#Sec7
https://doi.org/10.1007/978-981-10-6683-2_6#Sec7
https://doi.org/10.1007/978-981-10-6683-2_6#Sec8
https://doi.org/10.1007/978-981-10-6683-2_6#Sec8
https://doi.org/10.1007/978-981-10-6683-2_6#Sec8
https://doi.org/10.1007/978-981-10-6683-2_6#Sec8
https://doi.org/10.1007/978-981-10-6683-2_6#Sec8
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_6#Sec9
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_7
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec1
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2
https://doi.org/10.1007/978-981-10-6683-2_8#Sec2


8.3 Cutoff Point, Type I and Type II Errors: UCI Machine

Learning Repository Bankruptcy Database . . . . . . . . . . . . . . . . . 49

8.4 Optimal Cutoff Point: Korean Construction Companies . . . . . . . 51

8.5 Optimal Cutoff Point: American and European Nonfinancial

Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

8.6 Optimal Cutoff Point: UCI Machine Learning Repository

Bankruptcy Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

8.7 Randomly Selected Samples: Korean Construction Companies . . 56

8.8 Randomly Selected Samples: American and European

Nonfinancial Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

8.9 Randomly Selected Samples: UCI Machine Learning

Repository Bankruptcy Database . . . . . . . . . . . . . . . . . . . . . . . . 59

8.10 Samples in Full and Sub-business Cycles: Korean Construction

Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

8.11 Samples in Full and Sub-business Cycles: American and

European Nonfinancial Companies . . . . . . . . . . . . . . . . . . . . . . 63

8.12 Samples in Full and Sub-business Cycles: UCI Machine

Learning Repository Bankruptcy Database . . . . . . . . . . . . . . . . . 66

9 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

x Contents

https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec3
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec4
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec5
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec6
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec7
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec8
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec9
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec10
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec11
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_8#Sec12
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_9
https://doi.org/10.1007/978-981-10-6683-2_10
https://doi.org/10.1007/978-981-10-6683-2_10
https://doi.org/10.1007/978-981-10-6683-2_10
https://doi.org/10.1007/978-981-10-6683-2_10
https://doi.org/10.1007/978-981-10-6683-2_10


List of Figures

Fig. 6.1 The FRTDSN-HRB for bankruptcy prediction . . . . . . . . . . . . . . . . . . . . . . 23

Fig. 6.2 FRTDSN architecture with stacking blocks . . . . . . . . . . . . . . . . . . . . . . . . . 25

Fig. 6.3 The architecture to bottom block of Fig. 6.2 with tensor unfolded

into large matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Fig. 8.1 Bankrupt companies’ probability, Bayesian model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Fig. 8.2 Normal companies’ probability, Bayesian model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Fig. 8.3 Bankrupt companies’ probability, hazard model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Fig. 8.4 Normal companies probability, hazard model (Korean companies) 63

Fig. 8.5 Bankrupt companies’ probability, mixed logit model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Fig. 8.6 Normal companies’ probability, mixed logit model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Fig. 8.7 Bankrupt companies’ probability, rough Bayesian model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Fig. 8.8 Normal companies probability, rough Bayesian model (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Fig. 8.9 Bankrupt companies’ probability, FSVM (Korean companies) . . . . 66

Fig. 8.10 Normal companies’ probability, FSVM (Korean companies) . . . . . 66

Fig. 8.11 Bankrupt companies’ probability, MFSVM (Korean companies) . 67

Fig. 8.12 Normal companies’ probability, MFSVM (Korean companies) . . . 67

Fig. 8.13 Bankrupt companies probability, FRTDSN-HRB (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Fig. 8.14 Normal companies’ probability, FRTDSN-HRB (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Fig. 8.15 Bankrupt companies’ probability, Bayesian model (US companies) 73

Fig. 8.16 Normal companies’ probability, Bayesian model (US companies) 73

Fig. 8.17 Bankrupt companies probability, hazard model (US companies) . 74

xi



Fig. 8.18 Normal companies’ probability, hazard model (US companies) . . 74

Fig. 8.19 Bankrupt companies probability, mixed logit model

(US companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Fig. 8.20 Normal companies probability, mixed logit model (US companies) 75

Fig. 8.21 Bankrupt companies’ probability, rough Bayesian model

(US companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Fig. 8.22 Normal companies’ probability, rough Bayesian model

(US companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Fig. 8.23 Bankrupt companies’ probability, FSVM (US companies) . . . . . . . . 77

Fig. 8.24 Normal companies’ probability, FSVM (US companies) . . . . . . . . . . 77

Fig. 8.25 Bankrupt companies’ probability, MFSVM (US companies) . . . . . . 78

Fig. 8.26 Normal companies’ probability, MFSVM (US companies) . . . . . . . . 78

Fig. 8.27 Bankrupt companies’ probability, FRTDSN-HRB (US companies) 79

Fig. 8.28 Normal companies’ probability, FRTDSN-HRB (US companies) 79

Fig. 8.29 Bankrupt companies’ probability, Bayesian model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Fig. 8.30 Normal companies’ probability, Bayesian model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Fig. 8.31 Bankrupt companies’ probability, hazard model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Fig. 8.32 Normal companies’ probability, hazard model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Fig. 8.33 Bankrupt companies’ probability, mixed logit model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Fig. 8.34 Normal companies’ probability, mixed logit model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Fig. 8.35 Bankrupt companies’ probability, rough Bayesian model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Fig. 8.36 Bankrupt companies’ probability, rough Bayesian model (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Fig. 8.37 Bankrupt companies’ probability, FSVM (European companies) . 84

Fig. 8.38 Normal companies probability, FSVM (European companies) . . . . 84

Fig. 8.39 Bankrupt companies probability, MFSVM (European companies) 85

Fig. 8.40 Normal companies probability, MFSVM (European companies) . 85

Fig. 8.41 Bankrupt companies probability, FRTDSN-HRB (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Fig. 8.42 Normal companies probability, FRTDSN-HRB (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Fig. 8.43 Bankrupt companies probability, Bayesian model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

Fig. 8.44 Normal companies probability, Bayesian model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

Fig. 8.45 Bankrupt companies probability, hazard model (UCI ML database) 90

Fig. 8.46 Normal companies probability, hazard model (UCI ML database) 90

xii List of Figures



Fig. 8.47 Bankrupt companies probability, mixed logit model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Fig. 8.48 Normal companies probability, mixed logit model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Fig. 8.49 Bankrupt companies probability, rough Bayesian model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Fig. 8.50 Normal companies probability, rough Bayesian model (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Fig. 8.51 Bankrupt companies probability, FSVM (UCI ML database) . . . . . 93

Fig. 8.52 Bankrupt companies probability, FSVM (UCI ML database) . . . . . 93

Fig. 8.53 Bankrupt companies probability, MFSVM (UCI ML database) . . . 94

Fig. 8.54 Normal companies probability, MFSVM (UCI ML database) . . . . . 94

Fig. 8.55 Bankrupt companies probability, FRTDSN-HRB (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Fig. 8.56 Normal companies probability, FRTDSN-HRB (UCI ML

database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

List of Figures xiii



List of Tables

Table 5.1 The rating grades and risk premia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Table 5.2 The rating class and Basel I and Basel II capital requirements; the

last column figures are determined for the retail loan with

ten million euros turnover with 5-year maturity . . . . . . . . . . . . . . . . . . 20

Table 7.1 The bankruptcy variables and their significance . . . . . . . . . . . . . . . . . . 40

Table 7.2 The descriptive statistics of the parameters of all the Korean

construction companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Table 7.3 The correlation matrix on the parameters of all the Korean

construction companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Table 7.4 The bankruptcy ratio with respect to the capital size . . . . . . . . . . . . . 41

Table 7.5 The bankruptcy prediction input variables considered . . . . . . . . . . . 43

Table 7.6 The bankruptcy prediction potential input variables . . . . . . . . . . . . . . 44

Table 7.7 The bankruptcy variables and their significance . . . . . . . . . . . . . . . . . . 44

Table 8.1 Predictive results with different cutoff points (Korean

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Table 8.2 Predictive results with different cutoff points (US companies) . . 50

Table 8.3 Predictive results with different cutoff points (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Table 8.4 Predictive results with different cutoff points (UCI Machine

Learning Repository database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Table 8.5 Random selection and test results (Korean companies) . . . . . . . . . . 53

Table 8.6 Random selection and test results (US companies) . . . . . . . . . . . . . . . 54

Table 8.7 Random selection and test results (European companies) . . . . . . . . 55

Table 8.8 Random selection and test results (UCI Machine Learning

Repository bankruptcy database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

Table 8.9 The costs of misclassification (Korean companies) . . . . . . . . . . . . . . . 58

Table 8.10 The costs of misclassification (US companies) . . . . . . . . . . . . . . . . . . . . 58

Table 8.11 The costs of misclassification (European companies) . . . . . . . . . . . . 58

xv



Table 8.12 The costs of misclassification (UCI Machine Learning Repository

bankruptcy database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Table 8.13 The results estimated across business cycles (Korean companies) 60

Table 8.14 The results estimated across mid-cycles (Korean companies) . . . 61

Table 8.15 The results estimated across business cycles (US companies) . . . 69

Table 8.16 The results estimated across mid-cycles (US companies) . . . . . . . . 70

Table 8.17 The results estimated across business cycles (European

companies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Table 8.18 The results estimated across mid-cycles (European companies) 72

Table 8.19 The results estimated across business cycles (UCI Machine

Learning Repository bankruptcy database) . . . . . . . . . . . . . . . . . . . . . . . . 87

Table 8.20 The results estimated across mid-cycles (UCI Machine Learning

Repository bankruptcy database) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

xvi List of Tables



About the Authors

Arindam Chaudhuri is currently a Data Scientist at the Samsung R&D Institute,

Delhi, India. He has worked in industry, research and teaching in the field of

machine learning for the past 16 years. His current research interests include pattern

recognition, machine learning, soft computing, optimization and big data. He

received his MTech (2005) and PhD (2011) in Computer Science from Jadavpur

University, Kolkata, India, and Netaji Subhas University, Kolkata, India, respec-

tively. He has published 2 research monographs and over 40 articles in international

journals and conference proceedings. He has served as a reviewer for several

international journals and conferences.

Soumya K. Ghosh is a Professor in the Department of Computer Science Engi-

neering at the Indian Institute of Technology, Kharagpur, India. His current

research interests include pattern recognition, machine learning, soft computing,

cloud applications and sensor networks. He received his MTech (1996) and PhD

(2002) in Computer Science Engineering from the Indian Institute of Technology

Kharagpur, India. He has over 25 years of experience in industry, research and

teaching. He has published 2 research monographs and over 100 articles in inter-

national journals and conference proceedings. He has served as a reviewer for

several international journals and conferences.

xvii


	Preface
	Contents
	List of Figures
	List of Tables
	About the Authors

