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RULE-BASED MACHINE LEARNING IN A HIERARCHICAL
FRAMEWORK FOR CORPORATE BANKRUPTCY PREDICTION

Abstract: this article explores the application of rule-based machine learning,
specifically decision trees, for predicting corporate bankruptcy within a hierarchical
framework. Using a dataset from the Taiwan Economic Journal (1999-2009), the study
evaluates the economic performance indicators that critically influence financial dis-
tress. The decision tree model achieved an error rate of 1.6%, outperforming neural
networks (2.67%) and Kohonen maps (2.98%). The most significant factors identified
include Persistent EPS (22.4%), Working Capital to Equity ratio (20.1%), and Pretax
Income to Capital (15.5%). The results provide a transparent, scalable tool for inves-

tors and creditors to mitigate financial risks.
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MAHIMHHOE OBYYEHHUE HA OCHOBE ITPABIJI
B UEPAPXUYECKOM MOJIEJIHN JJIS1 TIPOTHO3UPOBAHUS
KOPIHHOPATUBHOI'O BAHKPOTCTBA

AHHOmMayua: 6 cmamove UCCcledyemcs npuMeHerue MauuHHo20 00y4eHus Ha oc-
HO8e NPasul, 8 YACMHOCMU 0epebes peuieHull, 01 NPOSHO3UPOBAHUSL KOPROPATNUG-
HO20 OAHKPOMCmMea 6 pamkax uepapxuyeckou mooenu. Ha ocnose nabopa oanHvix u3z
Taiwan Economic Journal (1999-2009 22.) 6 uccredoeanuu oyeHUBarOmMcs noKasa-
menu 9KOHOMUYEcKol 3pgexmusHocmu, Kpumuiecku eausiowue Ha QUHAHCOBYIO
HecocmoamenbHocmsb. Mooenv depesa peuternuti docmuena yposts owudbxu 1,6%, npe-
83011051 HelipouHble cemu (2,67%) u kapmol Koxonena (2,98%). Haubonee snauumvimu
8bIAGNIEHHbIMU hakmopamu cmanu. ycmoudusas npudwliv Ha akyuio (Persistent EPS)
(22,4%), xoapduyuenm omnouteHus 060POMHO20 Kanumaia Kk COOCME8eHHOM) Kanu-
many (Working Capital to Equity ratio) (20,1%) u omnowenue npubsiiu 00 HA102000-

nodxcenus k kanumany (Pretax Income to Capital) (15,5%). [lonyuenusie pe3yriomamoi
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npeodocmasiaiom NPoO3PAYHbIL U MACUMadupyemolil UHCMPYMeHm Ol UHBECMOPO8 U

erdumopoe C Y€ejlblto MUHUMUsayuu gbuHchoebzxpucme.

Knioueevie cnosa: mawunnoe ooyuenue, uepapxuieckas Mooeib, IKOHOMUYECKas
appexmusrnocmo, npoeHozuposanue 6AHKPOmMcmed, PuHancosoe cocmosiHue, 0epeso

peuteHu.

Introduction: forecasting corporate bankruptcy plays a pivotal role in modern eco-
nomic stability, protecting investors, creditors, and employees from severe financial
disruptions. Early risk detection enables companies to optimize resource management
and adapt to market challenges. While complex neural networks offer high predictive
capabilities, their «black-box» nature limits stakeholder trust. Rule-based machine
learning, particularly decision trees, provides an interpretable, hierarchical framework
that automatically identifies key financial factors, facilitating informed and transparent
decision-making in risk management.

Materials and Methods: the empirical base of the study comprises financial rec-
ords from the Taiwan Economic Journal spanning 1999 to 2009. The dataset includes
diverse economic indicators reflecting liquidity, profitability, and capital structure.
Data preprocessing involved imputing missing values and applying correlation analysis
with a 0.1 threshold to eliminate multicollinearity and insignificant variables. The pri-
mary modeling tool is the decision tree algorithm, which partitions the data space into
hierarchical nodes based on attribute thresholds. This method is highly effective for
economic datasets as it handles non-linear dependencies, requires minimal data nor-
malization, and inherently performs feature selection, outputting a transparent hierar-
chy of decision rules.

Results: the comparative analysis of ML techniques revealed the superiority of the
decision tree in both accuracy and interpretability for this specific financial domain.

- Neural Network: Yielded an error rate of 2.67%.

- Kohonen Maps: Resulted in a 2.98% error, struggling with the high dimension-

ality of financial ratios.
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- Decision Tree: Achieved the lowest error rate of 1.6%. The hierarchical structure
of the tree isolated the most critical predictors of bankruptcy:

1. Persistent EPS in the Last Four Seasons (Net Income): Significance of 22.4%,
highlighting the paramount importance of sustained profitability.

2. Working Capital / Equity: Significance of 20.1%, reflecting short-term finan-
cial resilience and liquidity.

3. Pretax Income / Paid-in Capital: Significance of 15.5%, indicating the effi-
ciency of capital utilization.

4. Cash / Total Assets (8.5%) and Net Income to Stockholder's Equity (6.2%) fur-
ther reinforced the dominance of liquidity and return-on-equity metrics in distress pre-
diction.

Conclusion: the implementation of rule-based ML in a hierarchical framework
provides a robust, transparent mechanism for early bankruptcy detection. The decision
tree's 1.6% error rate and explicit attribute significance empower stakeholders to focus
on critical financial health indicators, such as sustained EPS and working capital ratios.
This approach not only minimizes investment risks but also contributes to the broader
stability of the financial market by enabling proactive corporate restructuring. Future
work will explore ensemble tree methods to capture complex macroeconomic interac-

tions.
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