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Rule learning is a kind of machine learning method that induces a set of classification rules from a given set of training examples. As a well-known representative of this learners, we can adduce CN2, RIPPER, or PRIM. All of them use if-then statement for corresponding hypothesis formulation where the antecedent is in the form of a conjunction of logical terms, and the consequent is a class label. From a bioinformatician point of view, these learners are suitable especially for their easy and clear interpretation of hypothesis on the contrary of a neural network, for example. The other thing that can help biologists interpret their data in a more natural way is a background knowledge. Nowadays, the most popular form of background knowledge in the field of bioinformatics are ontologies, especially Gene Ontology or Disease Ontology. There are other types of structured databases such as KEGG, that can also be interpreted as an ontology or a taxonomy. In our work, we combine these two concepts, rule learning and ontologies/taxonomies, together.

We propose a new rule learning algorithm that builds classifiers from genomic measurements where the individual entities (e.g. genes and samples) can be structured in a taxonomy or ontology. In particular, we introduce a new refinement operator that with the given ontology significantly reduces a searching space of rules and consequently reduces run time of rule learner in comparison with the traditional refinement operator without a loss of accuracy. The proposed ontology-based refinement operator uses two reduction procedures: a Redundant Generalization that omits candidate rules based on a relation generalization-specialization and a Redundant Non-potential that omits the candidate rules which cannot improve classification accuracy. We demonstrate effectiveness and efficiency of our algorithm on three real genomic datasets.

In future, we plan to extend a form of hypothesis to inducing a rule set instead of a single rule and add negative terms to the antecedent in the rules. Also, we plan to integrate the proposed rule-learning method into our existing semantic biclustering workflow, since it can dramatically reduce its runtime.
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