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Abstract

Legal reasoning systems research is a new field attracting both AT researchers and legal prace
titioners. The purpose of this paper i= to introduce a formal model of legal reasoning. based on
situation theory. On that abstract model, we show au example of reasoning system implemented in
a knowledge-base management langnage QUIACTE, rogarding the lanpuaze as a situated inference

systent.

1 Introduction

Legal reasoning systems research is a new field which has attracted researchers jfrom both the legal
and Al domains. Most legal reasoning systems draw arguments by interpreting judicial precedents
(old cases) or statutes (legal rules), while wore sophisticated systems inclnde both kinds of knowledge.
Surveys of the leading projects can be found in 4, 5.

T'hus far, those legal reasoning systems scem to have had weak foundation in formalization, and
they have been ad hoc combination of varions forms of logical inference. Qur prime purpese of this
paper is to give a sound [vundation to legal reasoning system in terms of situation theory [1). And, in
addition, we implement this model into a computational form in Knowledge Base Management System
(KBMS) Qurxore [7|. Regarding the concept of module of QurvoTs as situation, we show that the
language can work as a sitnated inference system. The set of kuowledge bases includes a dictionary of
legal ontologies, a database of old cases, and a database of statutes.

The organization of this paper is as follows. Section 2 describes the formulation of legal knowledge
at the abstraction level nsing the theory of sitnations. Section 3 illustrates the realization of his
formulation at the KBMS level using QurxoTe, and its situated inference mechanisms. The last section

concludes this paper.



2 Situation Theory for Legal Reasoning

This section introdnces a formal model for legal reasoning, especially, penal code, al the abstraction

level. The formulation is based vn situation theory, so we call it a situation-theoretic maodel (SM).

2.1 General Terms

The ontologies of SM include objects, parameters, relations, infons, and sitnations. An object desig-
nates an individnated part of the real world: a constant ar an individual in the sense of classical logic.
A parameter refers Lo an arbitrary object of a given type. An n-placed relation is a property of an
a-tuple of argument roles, ri,-+-,r,., or slots into which appropriate objects of a certain type can be

anchared or substituted. For example, we can define ‘eat’ as a four-place relation of Aclion type as:
< eat: Action | eater! ANIMAL, thing-caten: EDIBLE THING, locution: LOWC, time: TIM ==

where eater, thing-calen, location, and time are roles and the associated types, ANIMAL denotes the
type of all animals, EDIBLE-THING denoles Lthe type of all edible substances, and LOC and TIM arc
types of spatial and temporal location.

An infon o is written as < Rel,a,,....ay, 129, where el is a relation, each argument term ag is a
constant object or a parameler, and i is a polarity indicating 1 or 0 (true or falsc). If an infon contains
an n-place relation and m argnment terms such that m < n, we say that the infon is unsaturaled; if m
= 1, it is saturated. Any object assigned to fill an argument role of the relation of that infon mnst be
of the appropriate type or must be a parameter that can only anchor to objects of that type. An infon
that has no [ree purameters is called a parameter-free infon; otherwise, it 1s & parametric infon. If o is
an infon and f is an anchoer for some or all of the paramelers that vccur freely in @, we denote, by #[f],
the infon that results by replacing each » in the domain of f that occurs freely in @ by its value (object
constant} f{u). If | is a set of parametric infons and f is an anchor for some or all of the parameters
that occur [reely in I, then I'[f] = {o[f] | o< I}

SM isatriplet {P,C, |=}, where P is a collection of abstract situations including judicial precedents,
a new case, ¢, and a world, @, that is a unique maximal situation of which every other situation is
a part. ( is a concept lattice in which objects are introduced and combined with the subsumpliva
relation (=<'}, that is an is-a relation intuitively, each other. *An ohject of a type’ is interpreted as ‘an
object is subsumed by another object corresponds to that type’. *|=" is the support relativn, and our

interpretation is:

Definition 2.1 (Supports Relation) for any s € P, and any atomic inforn 0, s = o if and only if
(iff e s, O



2.2 Situated Inference Hules

Reasoning in law is a rule-based decision-making endeavor. A legal reasoning process can be modeled
as an inference tree of four layers. The bottom layer consists of a set of basic facts and hypotheses,
the second layer involves case rules of individual precedents, the third layer involves case rules which
are induced from several precedents or which are generated from certain legal theories, and the top
layer concerns legal rules from statutes. An individual or local case rule is used by au agent in an old
case to derive plausible legal concepts and propesitions. These rules vary from case to case, and their
interpretation depends on the particular views and sitnational perspectives of the agents. An induced
case rule has a broader scope and is generalized jfrom a sel of precedents. Legal rules are general
provisions and definitions of crimes. They are supposed to be universally valid in the country where
they are imposed, and neutral. That is, the applicability of these rules is independent [rom the view of
either side (plaintiff or defendant) and cvery item of information (infon} included is of equal relevance.
Though it rarely happens, it may he possible for an agent to skip one or two case rule layers in attaining
a lepgal Foal.

In such a rule-oriented legal domain, situated inference has the following general form:

Rule 1 (General Rule) sy |- oy < 51 | oy, 80 = 09,80 = 04/ B,

where og, 0, ..., 0, are infons, and s5,, 51, ..., 8, are situafions. [0

This rule can be read as: “if s supports oy, s2 supports s, and so on, then we can infer that s
supports oy under the background conditions or constraints B.” sy |= ay is called the head of the rule
while the remainder is called the hody of the rule. The background conditions, [, are required to be
coherent and satisfied before execution of the rule, Note that ¢ |= I/B implics that ¢ U B = I, where
¢ |- I a8 a shorthand for ¢ |= oy, ¢ = 09, 0 = 04

We are particularly interested in three rule instances: local case rules, induced case rules, and legal

rules. A local rule is as follows:
Rule 2 (Local Rule) Foree P, oricfao<=ckE /B, 0O

where [ is called the antecedent of the rule, o is the consequent, and cr is the label of the rule, which is
not part of the rule but which serves to identify the rule. Sometimes, we simply write cr: ¢ =0 < [/ Be.
Both ¢ and [ are parameter-free. One unigue feature of rules in the legal domain is that the consequent
is not disjunctive and often a single predicate. 'I'he reliability and the scope of application of a local
rule will be subject to a set of background condilions, B.,. The conditions include information such as
an agent’s goal and hypotheses; these are crucial in debate to establish the degree of certainty and the
seope of applicability of that rule. Usually, it becomes necessary to take background conditions into

account and investigate what they are. Many case rules exist in one case and often yield incompatible



conclusions. But, the background conditions clarify their hypotheses and perspective. When there is
no danger of conclusion, we can write snch a role withont stating its background conditions.

Another form of case rule is generalized or induced from several precedents, Owing Lo ils generic
nature, an induced case rule is represented as a constraint between two parametric infons, rather than
parameter-free ones. Denote /7 and @' as a set of parametric infons and a parametric infon, respectively,
such that all parameters that oceur in the latter also appear in the former, An induced role is written
e
Rule 3 (Induced Rule) For any ¢y, €P, ¢ — ey Ues, U Ueg, irie—a <= I'/B,. U
where ¢ is coherent and ir is the rule label. Similarly, a legal rule is:

Rule 4 (Legal Rule) lr:wlo' & I'/B,. O

w].u-!]'t—'- f'i' jh '..I][-" rll.l:I'! I,l'L]JH‘]_ J'L]I.ﬂ,l Hr_,. Hl-:ti.i—!b L]l&! IJH.':';:lgri:llIIH.] |Hgil| tl]{"“l':f‘ !;ilIL'I_'I. ills LI[E -U...,II]I]. U[ IJ“.[I.]I.H].[]ILHI[[ or
the aim of crime prevention, but not both, Such information 1s crucial in interpreting the antecedent

infons.

2.3 Substitution and Anchoring

When a situation of a new case, o, suppotts a sinular antecedent of a local rule of ¢, vne can draw a

conclusion about the new case that is sutlar o the consequent of that rule,

Definition 2.2 (Local Rule Substitution) Forc, c, € P, er®iv, Eall ifericy b= o= 1/, and
ot l_ f'friﬂr_.rﬂ IJ Bu} such that [P~ [ ™

where o is the label of the new rule, B, is the oniging] background of ' of the new case, and Lhe
combined condition after the substitution, ' — B #1012, is eoherent. The notation =, denotes the
matching relation belween two situations. Section 3 discusses how such a matching is implemented in
Qurxore. The function & forms a fink that connects ¢, with o, This function replaces all terms (objects
and relations) in o and B, that alse ocewr o T will their malched counterparts in I'. Normally, the
background conditions are not included.

To combine the conclusions supported by different situations, the background conditions of both
conclusions must be compatible. That is why the background conditions of Rule 1 must be coherent.

Rather than substitution, a consequent is derived from a legal rule or an induced rale via anchoring.

Detfinition 2.3 (Indueced Rule Anchoring) For ¢y, ¢y, ...,cp © P sueh that ¢ = ey e U o U ey,
e, =alflifirie =0 = [/B, and e, - I[f]/{B.[flus,}. O

Definition 2.4 (Legal Rule Anchoring) For e, € P " i e, Eool|f] flr:w = o = [/ H, and
e E B flu B} O



2.4 Matching of Infons and Situations

In order to compare the similarity of a new case with precedent cases, we formalize the infon matching
and the situation matching. Suppose thal a concept lattice is given, where the subsumption relation

(‘=<') is defined between concepls. R{o) is a function that extracts ‘rel’ from an infon o.
Definition 2.5 (Infon Matching) For any fwo infons o) and oy,

1. If there is a R{oy) such that R(o;) =< R{o3), and R(o2) =< Rloz) in a given concept lathice, then

oy and op are inlerprefed as weakly matched infons.
2 If Rloy) = Rlog), then then oy and oa are interpreted as partially matched.

3. If all the objects that constitute two infons are identical, then the infons are exactly matched. O

We give concepts of situation matching below. Note that the concept of situation matching is indepen-

dent of that of infon matching,.
Definition 2.6 (Situation Matching) For sifuafions s, and sg,

1. If, for every infon in sy, theére 1s an infon that can mateh it in s;, and vice versa, then the fwo

sttuations are inferpreted as exactly matched silwalions.

2, For any o) in 8, there is an infon o in s thal con maich oy, situation s; can be partially
matched with situation 5. (Note that this partially matching relation s one way; even though 5,

can be partially matched with sq, 59 may not be partially matched with s;.)

3. For any oy in 51 whose relevance value is larger than a given threshold level, theve is an infon g

in s, that can be matched with oy, ) can be partially matched with s2 w.r.t. relevance value, O

Among several matching definitions, we will adopt weakly matching for infons and pariially matching
w.r.i, relevance value for sitnations, in implementation of the [ollowing section, for practical reasons.

Let us consider the following pair of descriptions:

Swew = {5 abandon, mary™™" 3,
< leave, mary™™™, june®tiect 5}
sud | 1< abandon, jim™ qomebivet grelovanee 5,
< leave, jim™"™  fomobiect grelevuice =,
& poor, Jimeent Jrelevanee )
If the threshold value is 2, then s,.,. can be partially matched with s, word. the value 2. On the other
hand, if 1 is the threshold instead, s, cannot be partially mofched with s,y word. the value 1.

In fig. 1, the combination of facts, case rules, induced rules, and legal rules is depicted.
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Figure 1: The combination of rules

3 Modeling of Legal Knowledge in Quivore

This section introduces the language of Qurrors [T] and shows how this language can represent the
SM concepts in computable form. A typical Quzaors database includes the following data structures:
(1) the subsumption relations among basic objects, {ii} the submodule relations among maodules, and
{i1i) rules. Our legal reasoning system consists of three databases: o legal dictionary, cases, and stalules,
Accordingly, we first introduce the eljects and modules of Quzrvore and explain the data stroeture of
the legal dictionary, then describe the nse of QuiaoTe rules to represent case-based rules and statutes.

In Quixore, the concepis of SA4 are rephrased as lollows:

SM Qi vore

situation modiule

infon atlribule term )
relation name basic object

type suhsnmption

role lajblz]

supperling 1ela1;m (= membershlp il umdulpf }

3.1 Description of Case and Rule

A Quixore rule has the following form {compare with [tule 1)

Foesnid el _const et Dipsv gy fenlyconstraints
N — —— e Y —~—
wig o H | H =y s By, my s By || R HE




where H or B; wre objects, and HC' and BC are sets of formulas {constraints) vsing subsumption
relations, Intuitively, this means that if every H; holds in a module m; under the constraints BC, then
H and constraints HC hold in mg. The head constraints and module identifiers can be omitted, and
the body constraints, BC, of a rule then constitute the background conditions for that rule.

This study regards a case as being a situation, that 1s, a set of anchored sentences. Below, we

deseribe a case which is a simplified description of an actual precedent [3).

Mary's Case

On a cold winter's day, Mary abandoned her son Tom on the street because she was very
poor. Tom was just 4 months old. Jim found Tom crying on the street and started to drive
'T'om by car to the police station. However, Jim caused an accident on the way to the police
station. Tom was injured. Jim thought that Tom had died in the accident and left Tom ou

the street, Tom froze to death.

This afarementioned case eontaing same human objects and several events with different relevancy.
The order of values of the relevance attribute is represented by a snbsumption relation, {11 =< 12 =<

13).

mary_case :: {mary, tom, jim, accident, cold},
poor/ [agent=mary, relevance=11],
abandon/ [agent=mary,

coagent=tom/ [mother=mary, agesdmonths], relevance=12],

find/[agent=jin, object=Lon/[state=cryingl, relevance=11],
make/[agent=jin, object=accident, relevance=12],
injure/[agent=jim, coagent=tom, by=accident, relevance=12],
leave/[agent=jim, coagent=tom, relevance=13],

deathf [agenl=tom, cause=cold, relevance=131};;

The attorneys on both sides interpreted Mary's case according to individual perspectives: one is the
responsibility of Mary’s actions and the other is that of Jim's. For instance, one altorney reasoned thal:
“If Mary hadn't abandoned Tom, Tom wouldn't have died. In addition, the canse of Tom's death is not
injury but freezing. Therefore there exists a causality between Tom's death and Mary's abandoning.”

Another lawyer, however, argued differently: “A crime was committed by Jim, namely, his aban-
doning Tom. And in addition, Tow’s death was indirectly cansed by Jim’s abandoning Tom. Therefore,

there exists a causality between Tom's death and Jim's abandoning.”



lar a legal precedent, these contradictory claims are documented together with the final verdict
from the judge oversceing that precedent. QuzxoTe models these arguments with two case rules of

different interpretations of causality.

crl :: responsible/[agent=mary,for=death]
<=
abandon/ [agent=nary,coagent=tom],

death/[agent=tom, cause=abandon/[agent=mary,coagent=tom]];;

cr2 :: responsible/[agent=jim,for=death/[agent=tom]]
L=
Lleave/[agent=jim, coagent=tom],

death/[agent=tom, cause=leave];;

The idea of an induced rule is to ahstract some of ground terms in loeal ease rules. As an example,

when there are several similar accident cases, the attorneys may make the following generalization:

irl :: responsible/[agent=X, to=Y, for=Inj]
<=
Acef[agent=X],
Inj/[agent=Y, cause=Acc]
|| {Acc =< accident, Inj=<physical_damage,

¥ =< person, Y =< peraon};;

In ir1, traflic accident and injury are abstracted to variable Ace and Inj and snbsumed by their super
concepts in the legal dictionary,

Legal rudes, ar statutes, are formal sentences of codes. We provide a penal code in linguistic form
{Japanese penal code, article 199):; “In case an intentional action of person A causes the death of person
B and the action is not presumed to be legal, A is responsible for the crime of homicide.”

The Quixvors representation of this code is:

1r1l :: responsible/[agent=A, to=B, for=homicide]
=
Action/[agent=4],
illegal/[act->Action],
death/[agent=B, cause->Action],

Il {Action =< intend, A =< person, B =< personl;;



In the description above, illegallagent=A, action = Action] claims that the action Action done
by A, such as self-defense, is not legal. The statute for the legality of self-defense is described as follows
(Japanese penal code, article 38):

1r2 :: illegal/[act = Action]
€=
Action,

Il {Action =< intend};;

The concept of ancheoring of SM, mentioned in Section 2.3, is realized in Quzxore by invoking

appropriate rules within a case or statute description.

3.2 Query Processing

Let us consider Mary's case, where Quzxore draws several conclusions by making different assumptions.

In response to the qrery:
7-responsible/[agent=jim, to=tom, for=homicide].
that means “Is Jim responsible to Tom for the crime of homicide?”, QUIroTe returns the following:

% 3 answers exist %«

®% Anawyer 1 **

IF mary_case:death.cause =< leave THEN

YES

** fnswer 2 **

IF mary_case:death.cause =< traffic_accident THEN
YES

The first answer is one interpretation of the cansality in Mary’s case: if the cause of Tom's death is
some event under Jun's leaving Tom, then Jim is responsible far the homicide. The latter answer says
that Jim is responsible if 'lom had been killed by Jim’s traflic accident. It happens, however, that the
latter does not hold, so that the inquiring agent starts a new guery which adds information about the

cange of Tom's death.
‘=mary_case:responsible || {mary_case:death.cause==leavel},
In response to this second query, the QUIxyoTe system replies as follows.

** | answer exists ==
** Anawer 1 #%

IF mary_case:death.cause == leave TIEN YES



Thus, we have shown the implementation of our situated inference mndel in QurvoTe,

4 Conclusion

In this paper, we formalived legal reasoning in terms of A, where precedent cases and new accidents
were regarded as situations, and various kinds of rules as situated inference rules. We also showed that
the abstract model was implemented o QurroTe for prototyping. QurroTe could represent context-
dependent knowledge and sitnated inference for knowledge base applications. The ability of Quivors
to model abstract concepts of situation theory in a database environment may pave the way for the
knowledge-hase (KB) community to tackle concrete, demanding problems, such as building a large scale

KB for general linguistic concepts.
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