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Introduction

In industrial systems, selecting an appropriate maintenance model is cru-
cial for improving reliability and reducing operational costs. The Arithmetic
Reduction of Age (ARA) model is widely used to describe imperfect repair
mechanisms. This study introduces goodness-of-fit tests for the ARA model
based on information-theoretic measures such as entropy, extropy, and var-
entropy. These tests provide a robust framework for evaluating the adequacy
of repair models in real-world applications.

Material and Methods

This study explores the effectiveness of goodness-of-fit tests for imperfect
repair models using information-theoretic measures—entropy, extropy, and
varentropy—as the foundation for new test statistics. These metrics help
evaluate how well a repair model fits observed failure data.

Three main strategies are employed. Martingale Residuals: Discrepancies be-
tween observed and expected failure times are assessed using KS, CvM, and
AD statistics, each capturing different aspects of distributional divergence.
Probability Integral Transform: Failure times are transformed into uniform
variables under the null hypothesis, enabling the use of standard uniformity
tests. Parametric Bootstrap: To address the complexity and unknown dis-
tributions of test statistics, bootstrap resampling is used to estimate critical
values and p-values without strong assumptions.

A detailed simulation study evaluates the power and robustness of these tests
across various imperfect repair scenarios, offering insights into their practical
performance.
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Results and Discussion

Simulation studies demonstrate that tests based on entropy-related mea-
sures outperform traditional methods in detecting deviations from the ARA
model. These tests show higher sensitivity to parameter changes and better
performance in small samples. The proposed methods are also applied to
real-world failure data from automotive systems, confirming the suitability
of the ARA model and the effectiveness of the new tests.

Conclusion

Information-based goodness-of-fit tests offer powerful tools for evaluating
imperfect repair models. Their superior performance in both simulated and
real data contexts highlights their practical relevance in reliability engineer-
ing. Future research may extend these methods to multivariate settings or
explore their application in other maintenance frameworks.

Keywords: Goodness-of-fit test, Extropy, Entropy, Martingale Residuals,
Probability Integral Transformation, Imperfect Repair, Bootstrap Method,
Arithmetic Age Reduction Model, Varentropy.
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