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1 Introduction

Since 1991, we have been developing a legal reasoning system, HELIC-II [Nitta 92], on the parallel
inference machine PIM [Taki 92], developed by ICOT. This system consists of two inference engines
- a rule-based engine and a case-based engine - as well as three knowledge sources - a rule base of
legal rules, a case base of old cases and a conceptual dictionary. HELIC-II can solve logal reasoning
problems by referring to statutory rules und old cases, and generate possible legal consequences and
their explanations.

Although HELIC-II is a powerful reasoning system, its inference mechanism is not sufficient as a
general legal reasoning model. Based on our experience with HELIC-II, we commenced our work in a
new version of HELIC-1T last year. Our goal for the new HELTC-1T is to develop a model of general legal
reasoning, and to realize it as a software tool in logic programming language KLIC [Chikayama 89],

Especially, we focused our attention on the reasoning process of argument and on the role of
standpoint and viewpoint during argnment, becanse we feel that the cognitive aspect is vital to create
a viable legal reasoning model,

As an example of legal reasoning, we selected the reasoning process followed by an atiorney at
law. An attorney's task is characterized by the following features,

e The goal is provided by the client. The main task is to create an argument to support the goal.
To establish an argument, he draws on his knowledge of statutes, theories, old cases and facts,
as well as applying commonsense. He may modify the existent rules and apply them to facis.

# He argues against an opposing party in court. Issues arise mainly from the existence of vague
predicates and conflicts in rules. There are several ways to attack the opposite side such as deny-
ing an opposite side’s argument, making a new counter argument and finding another evidence.

As the reasoning process that the attorney goes throngh an argument covers several aspects of legal
reasoning, a reasoning model of an attorney becomes a general framework of legal reasoning. However,
to develop a legal reasoning system which realize this framewnrk, we need a knowledge representation
tanguage which can treat statutes, old cases and meta rules. Therefore, developing a new language is
one of important subjects of our research.

In this paper, we introduce the functions of the new HELIC-II and its knowledge representation
language NHL L.




2 Overview of the new HELIC-II

2.1 Functions of the new HELIC-II

There are three target lunctions of the new version of HELIC-IT as follows.

The first creales an argument for pursuing A given goal. This function consists of devising argu-
ments to achieve a goal, listing up counter arguments, and to finding strong, favorable argnments.
Therefore, the function is a kind of thearem prover, corresponding to the first step undertaken by the
prosecutor in court,

The second function creates a counter arsument to defeat the other party’s argument. This is
realized by changing the relative priorities of rules or by changing facts. T'his corresponds to the work
of the prosecutor attorney as they debate.

The third function predicts the judgement in court. This corresponds to the work of the judge
who has his own viewpoints.

2.2 Three layer reasoning model
The model of new HELIC-IT cousists of three layers (Fig. 1).
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Figure 1: Three layers of legal reasoning

1. Proof layer {Theorem Proving):
This layer refers to statute, old cases, legal theories, commonsense knowledge and a conceptual
dictionary, and generates an argument for pursuing a given goal and given facts (evidence). To
model this layer, we assume following assumptions.



¢ All concepts which appear in facts and rules are given as a conceptual dictionary.

*» Statutes, legal theories and induced rules extracted from old cases are represented as a set
of legal rules.

e Judgements in old cases are represented as case rules. A case rule differs from legal rules
in that its condition part is matched to facts based on similarity [Branting 89] [Nitta 92].

# Dxcept for the conceptual dictionary and some commonsense knowledge, legal rules and
case rules may contradict,

Given a goal, this layer tries to prove the goal by applving legal rules, case rules and meta rules
in the following order.

e Apply legal rules,

This step is realized by deductive reasoning of legal rules.

¢ Apply case rules,
This step is realizged by reasoning by analogy. Hefore applying a case rule, its condition
part is replaced by more general condition and if main part of condition is satisfied by new
cuse, then the vule is applicd. For example, let a case mle be “In the case that Tom hit Bill
and Bill was injured, Tom was punished by crime of violence.” The condition part of this
case rule cousists of two facts: “Tom kit Bill” and “Bill was injured by the action.” These
facts are genervalized as “A person attacked a person™ and “the victim was in poor health
by the action.” If a new case contains following facts: “Ken kicked Sam™ and “Sam was
fainted by the action”, a new case was considercd to he similar to old case becanse o new

case satisfies the generalized conditions (Fig. 2).
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Figure & Similarity matching

o Modily legal rules by generalization using meta rules, and then apply the modificd rules.
The third step corresponds to the inferprefation of legal rules.

¢ Modity initial facts by meta rules,
This step corresponds to find new evidence,



2.

Defeasible reasoning layer {Reasoning based on viewpoint):

If the first layer generates conclusions which conflict each other, then lawyers have to select more
reasonable one. This is realized by nonmonotonic reasoning techniques. This layer contains a
module that handles defeasible reasoning aud viewpoinis. Our defeasible reasoning is based on
the concept of priority between rules [Sartor 93], ['rakken 93], If two defeasible rules result in
a coullicl, a rule thal has priority over another rule is employed. A viewpoinl consists of the
relative priotities of standpoints, while a standpoint consists of the relative priorities of legal
rules, case rules and meta rules. For example, “Lex Superior: Case rules of the supreme court
have priority over those of the district court™, *Lex Posterior: Newer case rules have priority over
older ones™ are standpoints. And “Lex Posterior has prionty over Lex Superior” is viewpoint.
Ome viewpoint corresponds to a set of priorities between legal rules and case rules. If two partics
take different viewpoints, they will generate different plausible arguments,

Debate layer:

Each attorney has his own viewpoint., However, his viewpoint isn’t always complete hut is
partial priorities between standpoints. During debale in the court, an attorney will make up
with his viewpoint. This layer contains a module that finds a counter argument to defeat the
other parly's argument by reinforcing the current viewpoint.

To model this argument process, we assumed the following.
# Both parties have the same knowledge bases, these being a set of legal rules, a set of case
rules and a conceptnal dictionary. Both parties have different initial viewpoints.
s Bolh parties are unaware of the other party’s viewpoint.

Debate is realized by modifying the argument cach party makes against the other. During
argument, the viewpoints possessed by both sides increases.

3 A knowledge representation language NHL

3.1

Features of the language

We designed a knowledge representation language N H L to develop a legal reasoning system based on
our previous analysis.

NHL covers the first and second layers of the legal reasoning model (Fig.1). The features of NIIL
are as follows,

(1)

(2)

Types and terms:

NHL uses “types” to represent basic coneepts. Two kinds of terms are constructed, using types
to distingnish absolute knowledge from defeasible knowledge. While a ¢ -term is considered to
be absclute knowledge, H-term is considered to be defeasible.

Defeasible reasoning.

Legal rules and case rules may draw conflicting conclusions. To resolve this contradiction, NHL
uses defeasible reasoning based on the priorities of tles. ‘I'he priorities of rules are considered
to be a viewpoint or standpoint.

Two kind of negations.
Legal rules contains default rules and exception rules. NHL allows the use of both “negation as
conflicl” and “negation as failure.”



{4) Reasoning by analogy.
Ta make use of old cases, NHL has mechanism to control reasoning by analogy.
3.2  Overview of NHL

NIl is an extension of the logic progaramming language “LOGIN™ [Ait-Kaci 86][3molka 891, by
implicit case, negalion as failure, defeasible reasoning and reasoning by analogy.

(1) Type

Type is a set of ohjects, and it consists of verb-type and noun-type. The partial order relation of two
types, A <p B, means that A is o subsaumed by B. T is the set of all ohjects, while | is a null set
(Fig. 3).
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Figure 3: Verh-type and noun-type

Tupe definition consists of an “attribute definition” and a “subsumption relation” between types.

attribute definition:
Type - [l 2 fioo et ful
subsumption relation:
Type; <7 Type;
typed variable:
X/ Type
X/Typellv: fiyoordn t ful
{T'ype, T'ype; and Type; are type symbols, [; is a label, X; is a variable,
fi 15 a typed variable, and <7 is a subsumption relation.
In typed variable, “X/ can be amitted.)

For example, let “person”, “integer”, “country”, “japan” and “japanese” be type symbols. And
let “age”, “parent” and “nationulity™ Le lubels, Then, the followiong is an example of type definitions.

person—[age:integer, parent:person, nationality:countryl.



japanese=[nationality:japan|.
japanese < person,
japan <7 country.

(2) Terms

Using types, we define different kinds of terms - modified 10-ierm and H-term.
Modified 4 -term is a modification of ¢ — terme introduced by |Ait-Kaci 86). In this paper, we call
maodi fiedy — term as o — term. It takes following form.

X
Qtype
Q’Eypﬁ[h =2y, la = g, Lty = i‘n]
X/ Qtypelly = vy, Iy = da, 0 thy = t.u]
(X s a variable, Qtype is a quantified type, [, is a label, ¥ is a ¢-term.)

Quantified dype takes the following form and it is used to represent an anonymous instance.

some Type
{“some” is an annotation and “Type” is a type.)

“some Type” is a type which is subsumed by “Type” and there is no type which is subsumed by
“some Type.” For example,

some lreelowner = tom)|
means some tree owned by Tom. [t is subsumed by
free|mumner = tom)

and there is no type between “somne (reefowner = fom|” and “L” (Fig. 4).

/

free

Iree[t:mmar_rurn] treafownersjim]

/ N\

some Tr&u[ﬁwnar-tnm] 1ree1

/

Fignre 4: Qualified type

H-term takes the following forms.



v(cl = give2 = g2,y O = )
~v(ey = q1,e2 7 2y e O = 4n)
{v is a y-term whose top is a verb-type, ¢; is a case symbol
and g; is an H-term or ¢ -term.)

Iere, we will explain the relation between H-term and i-term. Let the h-term_type be defined as
follows.

h-term_type={verb : verb_type,eq 1 Xp, .ot X

Then, the H-term
vley = g1,02 = g2, oy O = Q)

is considered as a syntax sugar of the following ¥-term, if none of cases are omitted.
h-term_typelverh = some v,01 = @1y ny €0 = §n)

As H-term is a syntax sugar of ¥-term, a set of case symbols is a subset of a set of labels,

If some cases are omitted in an H-term of a tule head, we consider such cases have skolem constants.
(On the contrary, if sote cases are omitted in an H-term in condition part, then such case values are
considered to be variables. As facts are rules whose condition part is omitted, following two facts are
treated as different events.

hit(agent = tom, object = jim, place = housel)
hit{agent —= tom, object = jim)

In the case of @ term. omitted labels are considered as variables. Therefore, for example, following
relation holds,

hitjagent = tom, object = jim, place = housel]
<y hitlagent = tom, object = jim|

Another difference between 1-term and H-term is thal ¢-term cannot denied while H-term has
negative form. Negative form of H-term is treated using positive form [Gelfond 90].
Let positive-h-lerm be defined as follows.

positive-h-term_type=[verh 1 v, c1 t Xy, 000 X
Then, the pasitive forms of following two H-terms

h-term_type[verd : v e 0 Xq, om0 Xy
= h-term_typefverb : voey 0 Xiyooy a2 Xy

are defined as follows, respoctively.

h-term_typefrerb - v e 0 Xy en 0 Xl
positive-h-term_type[verd s v, ey + Xi, ooon 0 X

To prove a given goal is satisfied, H-terms are replaced by their positive forms and proof procedure
is conducted on the positive forms. If both

h-term_typelverb s v, cp 0 Xpyooyen 0 Xa
anid
positive-h-term_{ype[verb : voey : Xi, . 00 Al

appear in the same prool and they are unifiable, then the proof contains comtradiction in it.

T



(3) H-term identifier

Other than a variable which appear in ¥-term, NHL uses an H-term-variable,
A H-term-variable is a symbol whose first character is “@", [t appears just after H-term and nsed

as H-term identifier. In H-term denoted by H-term-variable, omitted cases are treated as they have
universal quantified variables even if the H-term appears in the rule head,
For example, if “place™ and "time” are implicit cases of “hit", then the following rule

crime_of_violence|a-object= @actl)
hit{agent=X/person, object=Y /person) | @act1.

is interpreted as follows.

crime_of violence{a-object=hit(agent =X /person, ohject=Y /person,
place—=W, time=2)} —
hit(agent=X, ubject=Y, place=W, time=7).

In addition te H-term-varable, NHL uses H-term-constant as H-term identifier. A H-term-constant
iz a symbol whose first character is %47 It also appears just after H-term. In H-term denoted by
H-term-constant, omitted cases are treated as they have skolem constants even if the H-term appears

in the condition part of a rale.
We call following formn as an extended H-ferm.

H-term
H-term | H-term-identifier
H-term-identifier

(4) TInification

As well as ¢-terms, H-terms are unified by oblaining the greatest lower bound (GLB)} of Lhe type
symbols in a subsumption relation that appear in the same position.
Far example, consider following subsnmption relation,

japanese_man <y japanesc
japancse_man <<y man
kill_with blows < sirike
killowith _bBlows <4 kill

Then, the result of unifyving the following H-terms

strike{ agent=japanese)
kill{ agent=man)

Lecomes the following H-term.

kill_with_blows|agent=japanese_man )



(5) Legal Rules
Legal rules take the fallowing form.

wianyg hy — my chy,me by, my kg
(w 1s a unit name, m; is a module name, k; can be either H-ferm or
not H-term whose cases can have exiended H-term.)

Here, wnid name is a rule name, and not f-ferm is an H-term to which “net” is attached.

While *=" indirates negation as conflict, “not” indicates negation as failure. There are three kinds
of negation as failure (noty, notp, notpl.

Macts are represented by legal rules for which the right hand side is “true.” We can thus omit the
righit-hand side to a represent fact.,

{6) Case Rules
A Case rule takes the following form.

iy s by — g kg me e, Ly by | CRC
{u is & unit name, m; is a module name, &, is H-term or not H-term whose cases
can have extended H-ferm.
RO is 8 constraint relaxation condition. )

NHL supports the control of unification of specific terms hy describing the fallowing conditions in
CRC.

o “limit" specifies the upper limit of type generalization.

e “exact” indicales important types or terms. Important types or terms should always be satisfied,
while other types or terms may not have,

s Function for measuring the rate of satisfied conditions on the right-hand side of a case rule.
As an example, consider the fallowing case rule.

w:: liable{agent=tom, object=0injury) «
read a_book{agent=jim, place=housel )}@reading,
S/surprise(agent=tom, objeci=jim, place—housel)|@surprise,
falllagent=jim, sonrce=sofa, place=house1) @fall,
T/cansality{ cause =Gsurprise, effect=4ifall),
injured{agent=jim, place=housel} |@injury,
causality{canse= @ifall, place= @injury},
| { limit{surprise, surprise), limit{tom, person), limit{jim, person),
limit{causality, causality}, limit(injured, injured),
exact(5), exact('T), exact(@injury), sim > 0.7 }.

The meaning of this rule is “while Jim was reading a book, Tom surprised him. Jim fell from the
sofa, and was injured. In this case, Tom is liable for Jim's injury.”

This rale is handled as follows,
{a) If 4is a predicate or term in the rule, and if limit{A, B) appears in CRC, A is replaced by B. If
A is a predicate or term in the rule, and if limat( A, B) doesn’t appear in CRC, A is replaced by T,



uz liable(agent =X, object= @injury) «
Tlagent=Y /person, place=7/ T )|Greading,
§/surprise{agent=X/person, object=Y, place=Z)|@surprise,
T{agent=Y, sonrce="T, place="7}|Gfall,
T /causality{cause— Gaurprise, effect— @fall}),
injured{agent=Y, place=Z} |@injury,
causality{cause= Gfall, effect= @injury),
{ { exact{S), exact(T), exact{@injury), siml = 0.7 }.

{b) If facts don’t satisfy one of “important” types or terms, then this rule isn't fired.
{¢) Otherwise, the salishicd conditions rate s measured. If the satisfied rate is more than a given
constant, this rule will ke fired. “Vhere are several functions which define the rates of satisfaction.

Following is an example of such functions,

Pyl + K
Pewl + Fsw?

siml =

(P and F are the number of types and terms in a case rule, and P and F' are the number of satiefied
types and terms. wl and w2 are weights of importance).

Legal rules are classified into absolute rules and defeasible rules while all case rules are defeasible
rules,
{7) Unit, standpoint, viewpoint

Even though o wwit is defined as an identifier of a legal rule or a case rule, we can extend the definition
of & unit to also represent a set of legal rules or case rules.
For example, we can define the unit dreision_of _supreme court whose members are u;.

deciston_of supreme court 1 {ug,us, ., u,}

A standpoint s a sct of priority relations between two units. For example, the standpoint “lex_superior”
is that decision_of _supreme court has priority over decision_of_high_court.

lexr superior ;@ {decision_of _high_court <5 decision_of supreme_court}

A wiewpoint is a set of priority relations between standpoints. For example, the viewpoint “view|”
is that lew_swpertor has priority over lex_posterior.

viewl :: {lex postevior <y lex_superior}.

(8) Argument

For a rule v and a substitution #, 85 is an “instance” of 4. Here,

Ig‘ - {'ﬁlfru:"lr raay Rf‘u,fr‘i‘l'r'u}'
(¢ and 1 are y-term, and & <y ;)

Let 11 be a set of rules. By eliminating not H-term from roles in IT, we can define [T, “Extenson”
of Il { Ext(I1))) is defined as a minimum set which satisfies follows.
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e Ly — Ly, by € 11" and Ly, ..., Ly € Ext(I1) then Iy & Ext(I1).

s For each pair p, g € Ext(Il) and some substitution #, if 8p = #q, then Ext{ll} = Lif. Here Lit
is a set of all possible H-terms.

e For each pair r & Lat(l1) and not H-ferm € II, for some substitution &, if #r — 811, then
Fzt(IT) = Lit.

Let F be a set of all instances of absolute rules and let D be a set of defeasible rules. If and only
if for some H-term p and any I C D, p € Ext{F U D)) and p §Ext{F U D'}, then A = (F, D) is an
aryument” of p.

B directly defeats A, if B is a counter argnment of A, if the top of the defeasible rule of B takes
priority over the top of the defeasible rule of A, and if none of the subarguments of B is defeated hy
the others. BdefeatsA, il B directly defeats the subargument of A.

Arguments are classified into defeated arguments, merely plausible arguments and justified argu-
ments. A defeated argument is one which is defeated by some other arguments. A merely plausible
argument is one that is not defined by any counter argument. A justified argument defeats all counter
arguments. A plaustble argument is a merely plausible argument or a justified argument.

In the example of Figure 5, the argument “homicide” has an subargument “malice” in it. Though
this subargument is directly deleated by an argument “negligence”, its subargument “joke” is also
directly defeated by an argument “serious.” Therefore, “homicide” defeats “negligence”, and if “neg-
ligence™ is only one counter argument of “homicide”, then *homicide” is justified argument.

st

S
) G G @)

Figure 5: Justified argument

Let A F p mean that A is an argument for an H-term p. For a goal of a query “g", & is deflined
as {A | A F 8p}. HA=(F,D) & Qand A" = (F,D') € Q1 has a substitution § which satisfies
4D =80, A= A' holds and )/ == {wy, ...,w,} is defined. MGA (Most General Argument) of w; is
an argument A; = (F, 1)) € w; and YAy = (F, D) € w;, there exists a substitution & which satisfies
Dy = 0D;. The “correct answer argument” is a set of MGA in () =

The query of N H I, consists of a goal g, facts I, a viewpoint V" and control parameters C as follows.

7= solve(g, F, V,C, Ans).

Following is an example of a query.

11



- solve(satis fy(erime_of homicide(oby = shot_a_gun(agent = tom, object = jim)),
case0l, viewpoint(2, [analysis_mode, threshold(60)), Ans).
Ans contains all plausible arguments in “correct answer argument” in the form of an argnment
table,
An argument table contains the arguments that will produce the given goal, pointers to possible

counter arguments, relative strength comparing to counter arguments and category of each subargu-
ment (Fig.6).

Goal

©® ©000 |uwm

Figure 6: Argument table

(9) Meta rules

There are two types of meta rules,

L. Interpretation of Legal Rules:

metal 1 expand(Legal Rule, Control, AModi fied Legal Rules)
meta? 2 reduce( Legal Rule, Control, A Modi fied Legal Rules)

This meta rile generalize or specialize an legal rule.
2. Modification of nitial facts:
metad i modi fy( Facts, Control, Anew Facts)

This meta rule asks the user to modify the initial facts.

Priorities between rules arc also defined on these meta mles. Therefore, & viewpoint has information

ol priority between legal rules, case rules, interpretation of legal rules and madification of initial facts
{evidence).

12



(10) Representation of Legal Knowledge

Legal reasoning uses various kind of legal knowledge. They are represented as legal rules, case rules,
type or term, meta rules and priority between rules {Fig. 7).

Statute legal rule
Th&pl‘y _ legal rule
Hd Case (Induced rula) legal rule
Old Case (Judgement) case rule
Concept i type / term
Commaonsansa legal rule
Interpretation meta rule
Standpaint / ";fié_wpuint priority

Figure T: Representation of legal knowledge

4 Example

Using an example, we will explain how arguments are oblained in NH L,

Case: “Tom caused a traffic accident while he was driving a car, and Jim was injured. Tom got off a
car and watched Jim. Tom mistook as Jim was dead, and he ran away leaving Jim there, Jim
was frozen and died. Should Tom be punished by the crime of aggravated desertion resulling in
death 7" (Fig. 8).

This example seems to be easy hit-and-run case. llowever, concerning the crime of aggravated
desertion resulting in death, there are four issue points as follows.

{1) Does Tom has obligation o protect Jin?

(1p) When a traffic accident occurred, the driver has obligation to protect lhe sullerer.

(1d) The obligation to protect the sulfercr in article 218 of the Penal Code shonld be interpreted
strictly. Tom didn’t take care of Jim hecanse he mistook Jim was dead. Therefore, Tom

doesn’t have obligation Lo protect Jim.
{2) Did Tow desert Jiun ?

(2p) Leaving a person alone corresponds to desertion even if the victim was lefl in the safe place.

[2d) 1}esertion shonld be interpreted Lo take a person o dangerous place, Therefore, Tom's
action is not desertion,

13
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obligation to protect Jim?

AT o e

criminal intent to desert Jim?

Figure 8: Example Case

[3) id Tom has criminal intent to desert Jim 7

(3p) Though Tom mistook Jim was dead and he didn’t have intent to desert alive person, he

has a criminal intent to desert Jim because such action should be to blame. (Loose Intent
Theory)

(3d) As the purposes of litigation ol crime of abandon of corps and crime of desertion, Tom
doesn’t have a criminal intent to desert Jim. (Purpose Intent Theory)

(3p"} Ewven if the purposes of litigation of crime of abandon of corps and erime of desertion, Tom
has a criminal intent to desert Jim becanse abandonment of corps and desertion of a person
has the common features. (Same rule was used in an old case of importing stimulants. )

(3d") As Tom doesn’t have intent to desert Jim, he doesn't have criminal intent at all. (Strict
Intent Theory)

{4) ls there causality between desertion and Jin's death.

{(dp) I Tom hadn’t deserted Jim, Jim didn’t die. Therefore, thereis a causality between desertion
and death. {Condition Causality Theory)

(4d) As desertion is the main reason of Jim's death, there is causality. (Main Reason Causality
Theory)

Concerning these issue points, differeat lawyers have different viewpoints and support different
theories or old cases.

lor example, if we focus on the public interests, we put importance on psychaological aspect of
Tow, and select the loose intent theory. On the contrary, if we focus on the personal interests, we put
importance on the result of Tomn's action, and select the strict intent theory.

Like this, the plansible argument depends on the viewpoint. By preparing typical patterns of
viewpoints beforehand and by selecting one of them, we can draw different arguments.

14



5 Conclusion

We presented three layers model of legal reasoning and a knowledge representation language VH L.

This three layer model covers wide range of legal reasoning, and it is possible to control the
inference using various rules such as legal rule, case rule and meta rules by nsing viewpoint.

NHL is has several mechanisms to develop a legal reasoning system in it. Except meta rules,
we have been developing the first version of NH L on logic programming language KLIC. As KLIC
programs i on the Unix environment, NI L has portahbility. New HELIC-II system is developed
naing NH L.

Chther reseach subjects of the new HELIC-TI are a conceptional dictionary, analysis of viewpoint
in the criminal law, graphic user interface and a debate model which belongs to the debate layer in
figure 1. We will finish the development of the new HELIC-IT by next March. Thongh the enrrent
target domain of the new HELIC-II is the eriminal law, it is applicable to other domain because its
framework is general.
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