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The thesis studies the logical mechanism and its computational procedures in hypothesis
finding. Given a background theory and an observation that is not logically derived by
the prior theory, we try to find a hypothesis that explains the observation with respect
to the background theory. The hypothesis may contradict with a newly observed fact. That
is why the logic in hypothesis finding is often regarded as ampliative inference.

In first-order logic, the principle of inverse entailment (IE) has been actively used
to find hypotheses. Previously, many IE-based hypothesis finding methods have been
proposed, and several of them are now being applied to practical problems in life science
s concerned with the study of living organisms, like biology. However, those state—of-
the-art methods have two kinds of fundamental limitations. The first limitation is
related to the incompleteness for finding hypotheses. Most of the previously proposed
methods restrict their search spaces due to computational efficiency. However, this fact
brings an inherent possibility that they may fail to find such sufficient hypotheses that
are worth examining. On the other hand, complete methods, which enable to find every
hypothesis, have to deal with a huge search space. Usually, those complete methods are
achieved by consisting of many non-deterministic procedures, each of which imposes users
on several selections for finding relevant hypotheses. The second limitation is related
to non—determinisms in those complete methods.

In terms of the first problem, the thesis actually provides a practical problem,
where the incomplete methods cannot work well, to show the necessity for preserving
the completeness in hypothesis finding. In terms of the second problem, the thesis
proposes an alternative approach for finding hypotheses, which is based on the inverse
relation of subsumption, instead of inverse entailment. The proposed approach can be
used to simplify every IE-based method by reducing their non-determinisms without
losing completeness in hypothesis finding. The thesis then focuses on CF~induction,
which is an IE-based complete method in full clausal theories. Based on our proposed
reduction way, the thesis logically reconstructs the current procedure of CF-induction
into a more simplified one, in order to reduce the non-determinisms in CF-induction.

The thesis is organized as follows. In Chapter 1, we first review the historical
background on explanatory induction as well as inductive logic programming (ILP). We
then introduce recent application problems in life sciences, which have been actively
studied in ILP. We also point out again two problems above that the modern ILP methods
have. Chapter 2 reviews the notions and terminologies in thesis, which include the
syntax and semantics in first-order logic, clausal forms, and consequence finding as
well as the dualization problem. Chapter 3 reviews the principle of inverse entailment
and introduces each previously proposed method based on inverse entailment including
CF-induction. Chapter 4 provides a new practical application in systems biology. Its
task is to find dominant enzyme reactions in metabolic pathways. Together with a
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logical model on enzyme reactions, we estimate possible states of those chemical
reactions based on abductive inference, and also complete some causal relations that
are lacked in the prior model. We show how this advanced inference integrating
abduction and induction can be realized using CF-induction. Chapter 5 shows that
generalization based on inverse entailment can be logically reduced into
generalization based on inverse subsumption while it ensures the completeness for find
ing hypotheses. In Chapter 6, we propose two approaches for generalization of
CF-induction. The first one is based on a new deductive operator, which can be
regarded as simplifying the existing operators of subsumption, resolution and
weakening. The second one is based on inverse subsumption that is introduced in
Chapter 5. We then show both approaches preserve the completeness of CF—induction and
study their differences using several examples. Chapter 7 concludes and describes
future works

Through the thesis, we will see underlying nature and insights to overcome
limitations in the current IE-based hypothesis finding procedures. Especially, the
logical reduction from inverse entailment to inverse subsumption contributes to
lightening a huge search space and non—determinisms that the IE-based complete methods
have to deal with. It would be significant towards hypothesis enumeration that we
logically reconstruct the current procedure of CF-induction into a more simplified one.
Through the case study, we also show new applicability of hypothesis finding methods.
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