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Abstract

Learning Classifier Systems are recognized as a hybrid framework that
integrates rule-based interpretability with adaptive learning. However, classical
LCS models experience performance degradation when handling high-
dimensional, multichannel dynamic data, particularly in real-time applications.
This study introduces a novel architecture, termed Phantom Learning Classifier
Systems, designed to overcome these limitations by incorporating an adaptive
layer between deep representations and the rule evolution mechanism. The
Phantom layer leverages deep networks to transform complex, high-dimensional
features extracted from data into interpretable representations and accelerates
rule discovery and optimization through gradient guidance. The performance of
the proposed model was evaluated on benchmark datasets including MNIST,
Fashion-MNIST, CIFAR-10, UCI Letter, and Statlog. These datasets span from
simple unichannel patterns to complex multichannel images and high-
dimensional numerical structures, enabling comprehensive assessment of the
model’s generalization, interpretability, and stability. Beyond benchmark data,
the Phantom model was implemented in three real-world application domains:
industrial process optimization, medical image recognition, and loT-based
predictive maintenance. Its performance was compared against advanced
methods such as XCS, XCSF, and deep reinforcement learning
approaches.Experimental results demonstrate that Phantom architecture
achieves a 38% increase in convergence speed, a 22% improvement in
prediction accuracy, and a 47% reduction in rule complexity. These findings
highlight the model’s scalability, robustness, and efficiency in noisy and
streaming environments, offering a new pathway for the development of
explainable, real-time, and extensible systems in multi-factor and continual
learning applications.
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