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Since legal judgements are complex but yet essential in our society, it is very chal-
lenging for artificial intelligence (AI) researchers to mechanize statutes and legal
judgements. Al and Law Researchers have long been interested in representing legal
knowledge with computational legal representations in order to enable mechanization.
Such legal representations are, for example, normal logic programs or Prolog programs,
or the legal knowledge representation called PROLEG adopted from normal logic
programs in order to suit the ultimate fact theory in Japanese Civil Code litigation. In
countries with a civil law system, such as Japan or Thailand, where statutes are the
primary source of reference in court, most legal representations rely on the literal in-
terpretation of statutes. However, in some real-life cases, the literal interpretation of
statute does not meet social expectations and produces counterintuitive consequences,
leading to absurdity, harming public interests, or endorsing strange behaviors in soci-
ety. Judges, particularly in high courts, may handle these consequences by taking the
exceptional situations in the case that are not addressed by the statute into account and
revising the interpretation of the statute by adding new conditions or exceptions to
address the exceptional situation.

Recently, there have been many approaches for revising logic programs that represent
the interpretation of the statutes in order to resolve legal conflicts. Unfortunately, re-
visions in order to meet social expectations cannot be done automatically, as opposed
to revisions in order to resolve legal conflicts, which can be done automatically in
secondary legislation given that we have codified primary and secondary legislation.
Furthermore, as early works in Al and Law have suggested, formalizing legal changes
for meeting social expectations requires debugging-like mechanism in legal reasoning
systems. However, there are no theoretical foundations of debugging in law to the
best of our knowledge. Therefore, in this dissertation, we propose Legal Debugging,
extending from Algorithmic Debugging in software engineering, for judges in civil law
systems to detect and resolve counterintuitive consequences in law. In Legal Debug-
ging, we formalize counterintuitive consequences as the symmetric difference between
the literal interpretation of the statute delivered by the computational legal reasoning
system, and the interpretation intended by the user i.e. a judge or a legal scholar.

Legal Debugging consists of two main algorithms, namely Culprit Detection Algo-

rithm and Culprit Resolution Algorithm. Culprit Detection Algorithm assists the user



to discover more counterintuitive consequences by checking with the user whether re-
lated consequences are counterintuitive until the user finds no more counterintuitive
consequences related. The last found counterintuitive consequence, called a culprit, is
determined as a root cause of such counterintuitive consequences. Culprit Resolution
Algorithm assists the user to revise the rule-base representing statutes by let the user
choose necessary conditions that indicate the exceptional situations in the case. Since
statutes are represented by rule-bases but changes in law are initiated by cases, we
adopt a prototypical case with judgement specified by a set of rules. Then, the result of
the culprit resolution algorithm is a revised rule-base such that new prototypical cases
with judgement representing exceptional situations of the present case are included.
Furthermore, we present in this dissertation one application of Inverse Resolution,
which is the well-known inductive programming technique, for generalizing culprit
resolution in order to cooperate with a user and background theory for more practical
revision of the rule-base.

In this dissertation, we also present our formalization of semantics-based minimal
revision for legal reasoning, which focuses on minimal revisions on legal interpreta-
tions varying among cases, and dominant-based minimal revision, a sub-type of se-
mantics-based minimal revision that does not require to calculate a set of all conclu-
sions for each case and unaffected by the fact-domain extension. We use such minimal
revisions to warn the user about the possibility of unintentional changes of semantics
during the generalization of culprit resolution. We determine additional prototypical
cases with judgment beyond ones occur in the minimal revision as non-trivial effects.
Hence, legal reasoning systems can check with the user to confirm the intention of
such non-trivial effects.

Legal debugging is applicable to any statutory laws in general because most of stat-
utory laws are designated to produce one unique interpretation for each case in liti-
gation, hence they can be represented by a non-recursive and stratified logic program
with corresponding prototypical cases with judgement, which is the applicable range
of Legal Debugging. Given that the statute contains a large number of rule conditions,
we expect that Legal Debugging would help in discovering which condition causes
counterintuitive consequences and how to revise logic programs representing the in-
terpretation of the statutes to resolve the counterintuitive consequences so that it can

formalize revisions in order to meet social expectations.
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