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Abstract

The purpose of this paper is to describe a compulaiional
maodel for legal reasoning in eriminal Taw (ie. tiial rea-
soning). This logic-programming based madel contains
seven key components: facts of a new case, oil cases,
domain knowledge, meta rules, similarity mateling re-
lations, various implications, and fwo explicit agents,
the plaintiff and the defendant, with opposing poals and
reasoning strategies. The avgunentalion process in this
model can be likened to a two-agent game. Oue agent
puls forward an argument, The other agent teopnizes
Lhe situation, generates candidates to reluts the elaim,
and selects the best one for the next move. The game
ends when any one agent can no Jonger make o move,
Certain debate stiategies of this model are iljustrated
in this paper with examples. In addition, the computa-
tionat mwdel presented has been used in the design aml
devalopment of HELIC-11 - a parallel knowledge: hased
system for trial reasoning.

1 Introduction

The primary source of legal knowledge in moat countries
is statutes, Since a statute often cousisis of a set of legal
rules, the mnde of legal reasoning with statutes is usually
deduction. Legal rules, howsver, often contain vague and
discretivnary legal concepts and their meanings are not
fixed wulil they are applied to actual cases in court. This
is knowh in the literatire as the open texture prabiea To
study such a problem, we at 1007 have been designing

and developing a legal reasoning system, HELIC-1L, in

tive domain of criminal law [Nitta et al. 82],

HELIC-TT is & logic-programming based system imple-
mented on the Parallel inference Machine (FIM). It con-
aists of two nlerence engines - a rule base engine and a
case base engine. The rule base engine refers to the rule
base, which contains legal rules in the foom of logical
formulas and draws legal conclusions by applying rules
deductively. The tuee hase engine refers to the case base
which contaius olil enses in the form of case rules, and
penerales legal hypotheses by similarity based matching.

The cutput of HELIC-TT is 4 set of argumenls, Each
argunent is an inference tree whose root is the conclusion
and whose leaves are Lhe initial facts of & new case. Cer-
tain argimeds ane bascd on the plaintiff's (prosecutor’s)
vpinions of old cases while other arguments are based
on the defendant’s opinions. In addition, no priovity is
assigned Lo the resultant arguments. HELIC-II solved
several cazes in the Japaness lawyer qualificalion exami-
nation. We have also had lowvers evaluate the practical-
ity of HELIC-I1, They drew two observations from their
evaluation.

First, although relevant information, such as the rel-
erenced cases and opinions, is included in arguments, it
was not easy to compare the different standpoints and ar
gument premises. Such a comparison is important if we
are ta understand the weakness of each argument and to
presdict Uhe refutation strategies of the parties. Second,
Ll legal reasoning process should be goal-driven instead
ol data-driven {i.e., through the facts of a new case}.
in court, beth parties are trying to present arguments
to achieve individual goals. The plaintiff, for example,
would initially aim to secure the most serious crime pos-
sible in court. The interpretation of iegal knowledge by
that agent is, thus, biased towards achieving this goal.
Moreover, this goal-driven reasoning process is hierarchi-
cal and dynamic. A complex goal is usually decounposed
into simpler, more manageable subgeals, and as new in-
formation is obtained during the debate, the agent may



shift the initial goal Lo soinething less severe.

To take into account these bwo ehservations, we extend
HELIC-11 with the notion of two-agent debate.

There are many good research projects on Lthe sub-
ject of legal debate, but, few of them involve the explicit
modeling of legal agents in Lheir prototypes. For exam-
ple, HYI'O [Rissland et al. 87] [Ashley 90f simulates the
debate by comparing and contrasting old cases. Though
HYPO can treat the change of facal points Lo a certain
extent, it doss not discuss the interpretation of legal con-
cepls. Furlliennore, it is sometimes difficult to select a
set of good dimensions. in this paper, we introduce a
computational model of HELIC-IT that atlempts to ad
dress multiple interpretations of legal concepts, incorpo-
rate various viewpoints and opinions into legal argumen-
Lation, and provide a set of strategies for debate.

The I:I[Emlizil,.!,i_rj]l of this paper s as follows. Section
2 introduces the key components of the computational
model. Section 3 explaine debate strategies that build
ot these components, Section 4 shows an example of a
dehate and Section § presents the conclusion,

2 Computational Model

In this seclion, we present o compulational model that
gitides the design and development of new HELIC-TI
Figure 1 presents this architecture of HELIC-IL

The model, A4, consists of a T-tuple:

@ F O TNT, o= =, 853

where F is n set of facts about lhe new case, C 15 a sel
of old legal cases, T is demain knowledge which includes
entities such as domain postulates (1) and legal rules
(1.}, T is meta rules such as interpretation and making
liypotheses, =z consists of & set of similarity matching re-
lation, =+ consists of a set of implication relations such
as casc implication (=) and rule implication (=), and
& consists of the plaintiff [ prosecutor (P) and lhe de
fendant (D) agents.

Wlen a new case is given in J, agent P generates a
zoal to be achieved and sends it to implicators (=" and
="} and meta rules I. Then, they generate an argument
in the form of an inference tree, which is senl to agent 1)
To attack this argument, agent 1) generates other goal
and sends it to implicators and meta rules. These pro-
cesses are repeated until there is no goal to be generated.

The object language of M is Guarded Torn clause
logic (the knowledge bases of HELIC-II are writ-
ten in the parallel logic programming language KL1
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Figure 1: The Architecture of new HELIC-11

[Ueda and Chikayama 90] which is based on the Flat
Guarded Horn clause).

We describe each componenl in the following subsec-
tions.

2.1 New Case Facls

A fact in a new case is a ground predicate. Each predi-
cate has the following object-oriented form:

Frrr[ﬁcﬂf.c_uau:r{:ﬂrjﬂrifnr lis La_f _:Eots}

wlhere “object]D) is an identifier which is used to refer
ta the instance of the predicate, and “list of slots” is 2
list of “attribute=variable" pairs.

For cxample, Lhe predicate of name oun is defined as

follows.
own(object] D, [agt = X, thing = V, price = Z|)

whers agt denotes the agent attibute, thing denotes the
thing owned by that agent, and price indicates the price
of that thing. A facl in a new case is an instance of a
predicate with a unique object identifier and with some
or afl of the attributes of that predicate instantiated.



The value of an attibute can be a constant or tie identi-
fier of another object. For example, consider some facts
of the following case:

vuwnfownl, [agt = tom, thing = housel|)
sell(sell, [agt = tom, obj — bill, thing = house1])
own{own?, jagt = bill, thing = housel])
meets(rell, [oby1 = nwnl, obj2 = sell])
meets(rel2 |obil = seil,obj2 = oumnl])

In short, these facts state that Tom owned a house and
sold it to Bill, where swrl, sell, 0w, rell, and rel? are
all unique identifiers of tlieir instances. Allen's set of
temporal refations, such as before, meets, and overlops
[Allen 84], is used to represent temporal situations be-
tweon objects or events in cases.

2.2 Legal Cases

Old cases contain the legal arguments from both sides.
We represent each argument as a set of case rules
(Branting 1989). A case rule is a growuded sentence of
the fallowing form:

conclugion : =BG | predecatel & .. & predicateN

where predicatel, .. predicateN arc the antecedents of
the rule, and DG is a set of background conditions that
nust hold before applying the rule. The backgiommd
conditions inelude factual information of the case rule
such as its identification number, the agent.'s apinion and
poal, and legal hypotheses on which this rule is based,
ie.,

BG = Nulel 1) & Goal & Beondl & ... & Beond M

Background hypotheses are crucial in the debating pro-
cess to establish the degree of certainty and the scope of
applicability of that rule [or a new case. In general, the
only eceasion when it becomes necessary to take back-
ground conditions into account and investigate what they
are, is when the conclusion drawn from the case rule
lequls Lo conflict with other arguments or a change in cir-
cumstances that weakens the applicabilily of that rule,
Thus, the involvement of background conditions make
the information content of & case rule highly context-
dependent. For instance, let us consider easel below.

Facts: On a cold night, Bill drank too much
and fell asleep in the street. Tom ran over Bill
and Bill was injured. Tom fled leaving Bill in
the street, where Bill froze and died.

ln this case, it is to difficult to judge Tom's liability le-
cause Bill might have frozen and died even if Tom hadp't
run aver him.

Prosecutor's Argument: There is causality
between the accident and Bill's death. The ba-
sis of Lhis opinion is the theory that a person
who injures others should give assistance even
if the injury was due to negligence.

The arguwment of the prosccutor is represented by the
fallowing rufe.

coused(caused, [cau = accl,ef f = deal]) : —
8|
uccrdent{accl, [agt = tom])
& cansed{caul, [cau = acel, ef f = inj1])
& anyurylingl, [agt = bill))
& fleed( fiel, lagi = bill]}
& caused(caul, [cau = |inj1, flel],ef [ = frel])
& freezing(frel,jagt = bll])
& cowsed{caud, [cau = [frel,ef [ — deal])
& death(deal, [agt = bill]),

where 0 s ag follows.

ruled D cazel )

& goul{cousal_relatron)

& weew(prosecutor)

& wrew{obligation_of person_who_injured)

Il aome condition of BG is inconsistent with the cur
rent view, this case rule isn't reffered to.

2.3 Domain Knowledge

Denrinin knowledge consists of domain postulates {H) and
legal rules (L). An em of domain knowledge is repre-
senled] by a Horn clavse with a background condition
similar Lo that of the case rule;

conclusiom’ © - BO' | predicatel’ & ... & predicate N'.

However, the set of predicates in a domain sentence may
be ungrounded, The background condition, B, de-
notes its identification number, the legal goal and the
view of that clause. For any ungrounded sentence A, we
represent the instantiation of 4 as A#.



Domain Postulates: The use of domain postulates
to capture various kinds of semantic relalions betwesn
object sentences is an extension of Carnap's notion of
meaning postulates |Carnap 58], In M, it covers the
general knowledge found in encyclopedias and social cus-
toms as well as specific knowledge in the legal domain.
For example, the common understanding of the concept
of “grandmother” is denoted as follows.

grandmother{_ [grn = X,obj =¥} =
view|common) | rather_, [mot = X, ch = Z])
& mother(_, [mot = Z,ch = ¥])

where view{def] is the background condition predi-
cate indicating the type of postulate. The domain-
refated knowledge that the punishment for the crime
of homicide is more severe than the punishment for
death by negligence can be represented as:

: —wiew(penal_code) | grave(grl, lless = homicide,
more = deuth.hy-negﬁgcnw]],

Demain knowledge 17 includes the conceptual hierar-
chy. As an example, the following two postulates en-
code the “isa” relationship between the instances: per-
son, mammal, and adult.

marmmal{ {1}, Slots) : —view(isa) |
person(fD, Slots).
adult(I1D,[age = X, Slots]) : -
view(isa} | person{l D), [age = X | Slots|)
& X =20

T also includes different aspects of concepts as folll-

Il'.l"AI'E.

swim{J [}, Slots) : —wew| feature) |
whale(] 7, Slats).

Furthermore, D specifies the primitive temporal rela-
tions between legal concepts {objects or events). The
formulation of these temporal postulates ia based on the
get of axiome proposed by Allen [Allen 84]. An example
is the transitivity of the before relation.

be fore(_ [obyl = X, obj2 = Z]): =
view(comman) | meets(_, [obg] = X, 0bj2 = Y}
& meets(_, [objl = V,0bj2 = Z])

By applying this temporal axiom to the simple case ex-
ample in Section 2.1, one can conclude that lom owned

the house before Bill.

Legal Rules: Most of the sentences contained in
statutes can be represented as rules with an ungrounded
form. The following is an example of criminal law in
Japan.

{ Article 210:) A person who causes the death
of another by negligence shall be punished for
the crime of death by negligence.

Article 210 is represented in T as follows,

death_ly negligence{crimel, [act = Act]) : —
rule] D{210) & goal{obligation_to_be_atientive)
| persan(A,[]) & action{Act, [agt = A])
& cansed{causel,[cau = Act,ef f = Death])
& death(Death, [agt = B]) & person{B,[])

2.4 DMeta Rules

Interpretation Rules: [Inlerpretation rules are meta
rules that modify object level knowledge, such as legal
and case rules, to attain particular goals, An example is
the following rule of “expansion.”

(B : ~BG & goal(satisfy(G, A)) & view(V) | A') if
goal(satisfy(G, A)} & (F: —BG | A)e D
LTWAlk FFGE
& (A': —view(V) | A) € D
b (A" =view(V) |G € D.

The meaning of this meta rule is as follows. Let there
be a rule (B : —BC | A) where we wish to achieve
satis fy((7, A), but condition 4 is nol sabisfied. If A
and G have a common upper concept A’ from view
V, rule {B : =HG | A) can be expanded as (B :
—BG & goal{satisfy(G, A)) | A') to achieve a goal.

The following simple example illustrates the function
of this rule. Let the domain knowledge, T, contain a legal
tule “a person, who fails to use such care as is required in
the performance of occupation and thereby kills ancther,
shall be punished for the crime of death by negligence in
the performance of work (article 211)".

death_by negligence_in work(_, Jagt = H,act = Actl]}
: —rulel D(211)
& goal(attention to_professional work)
| actiom(Actl, [agt = H]}
& occupation| Act2, [agl = H])
& duﬂ:ng{_.[mml = Actl,evel = Adz]}
& negligence({ Negl, [agt = H|}
& during(_, [evel = Acll,eve? = Negl]).



Let JF contain a situation in which a student cansed
a traffic accident while driving a car negligently, It is
not clear whether the abeve rule can he applied to the
student.

If we wish to apply the tule to this case, the goal be-
comes “goal(satisfy(driving, occupation)).”

By following the domain postulates, we know that
driving and eccupation have the sane upper comcepls
of professional work,

professional work(H, SI) - —=view(need_training)
| driving(H, 51).

professional work{H, 51} —view{need_traiming)
| occupation( H, 51).

Therefore, it is possible to expand “nccupation”™ in the
rule to “professional work” as follows,

dmth.ﬁy.neg!imnnﬂ_ir:_wm'-k{_, [agt = H, wet = Actl]]
t—rulelfIH211)
& goal{sutis fy(driving, pecupation )
& view(need_training)
| action(Actl, jagt = H])
& professional work{Act2, [agt = H])
& during(_, [enel = Aetl, evel = Aci2])
& negligence(Negl, [agt = i)
& during(_, [evel = Act], eve2 = Negl]).

Diesitles “cxpantion”, meta rules inelude “reduction™
and “analogieal interpretation.”

2.5 Similarity matching

Legal reasoning involves the searching of similar old cases
and drawing plavsible conclusions from these similar
precedents, Thus, an effective and reliable means of sin-
ilarity matching is crucial to the overall performance of a
legal reasoning systenn, We first define several shinilarity
relations between any fwo objects O and 27 in Af. Let
{01 and JD2 be ohjectlDs of 01 and 02, respectively,

MMatching Objects:

1. (Exact matching of object identifiers)
D1 =, TD?" if O1 and 02 are instances
of the same predicate name K. For cxample,
if there are two objects, person(tom,Slotl) and
person(bill, $lot2) in F, then we denote this as

“lomn =, bl

This means that tom and bill are identifiers of in-
stances of ilic same predicate name person,

- {Similarity matching of object identifiers)

ST vy TD2" i1 (i) O1 and O2 are instances of
predicate names P and &, and (i) there are domain
postulates which lead P and @ to the same predi-
cate, R, from the same viewpoint, V.

For example, if cat{catl, Slot1) and dog{dogl, Slat2)
exist in F, and if there is the following knowledge
in D

enamal(1D0, 5L} —view(isa) | cat{11?, 5L).
aninal({0, SL) : —view(isa) | dog(10}, 51).

then the fllowing relation holds.
Srat] oy ey dogl™

This means that cafl and dogl are instancelDs of
the similar predicate names from the viewpoint of
t#a hierarchy because they are lower concept of a
concept antmal

3. {Exact matehing of oljerts)

MO e O T e, TD2ar TD1 =SS,
0, (i) for each slot *5F = V" in the Lst of slols
af (M there exisis “S = V' in the list of slats of
O2 sueh that V 2 V' or V =, vy V', and (i1}
for ench slot & = V' in the list of slote of €J2, there
exisls 5 = V' in the list of slots of (M such that
V' s Voor VY gy V.

tor example, if “susic =, mary”, then

“person(tmm, [mother = susie)

Zemilinal
persom(bill, [mother = mary])"

This means that the relation between tam, mother,
and susie can be one-to-one mapped as a relation
between lll, mother, and mary.

- (Partial Matching of objects)

MOL 2y O (1) T D1 =, I1D20r TD1 = ivil
102, (i) 5[0 =, vy OF)

For example, as there is ne infarmation conceming
attribute “father” in tom:

“person(tom, [mother = susie|)

™ pmafian}
person(bill, [mother = mary, father — dick])."



This means that the relation belwesn fom, mother,
and suste can be partially mapped as a relation be-
tween bill, mother, mary, father, and dick.

Similarity matching between concepts is depen-
dent on the particular view taken.  As an ex-
ample, “whale{_, ] =y cot{., )" holds, but
“whale(_, ) = i fenture) cat(_, )" does not if there isn’t
following rule.

swim{l D, Slois) 1 —wiew( fealure] |
cat [}, Slats).

Let FI and F? be two sets of predicates deseribing a
case. We define the similarity relations between F7 and

F# az [ollows,
Matching Facts:

Lo "F1 =g F27 0 (i) for any 01 € F1, there exists
(32 € F2 euch that “O01 == vy 02 and (it} for any
02 € F2, there exists Q1 € FLosuch that “4 =,
B,

For example, let's consider two cases.

F1
personi beld, []}.
per son{mary, []}.
kick(kicl |agt = bill, obj = mary|).
hearl_atlack{alt], [egl = mary]).
F2
personl ken, []).
personitom, []).
knack(kno2, |agt = ken,obj = tom|).
verebral_hermorhoge{att?, [ogt = tom),

If domain knowledge includea the following rules

vielence(I D, 51} : —view(isa) | kick(112, S1).
wiclence{{ L, 51) : —view(isa) | knock(lD, 51}
disease(f D, 51) 1 —view(tsa) |
heart_attack(l D, 51
disease(] D, S1) : —view(isa) |
cerebral hermorhage(att, lagt = tom|).

then bill, mary, kic, and aitl can be mapped Lo
ken, tomn, knol, and att respectively. Therefore,
“F1 "‘_“'_._H".q_' F2" holds.

2. Pl =y pasy F2", i for some O € 1, there exists
2 £ F2 sucl that O =~gqpy 02 or O1 Zenyvi
2, and the rate of objects which satisfly the above
condition is more than the pre-defined pereentage.
As an example, let us consider the following two sels
of facts,

F3

persan{bell, ||].

person{mary, [|).

love{loud, jagt = bill, obj = mary]).

marry(mard, [agt = bill, oby = mary]}.
F4

person{ken, {]).

persenitom, []).

hate{hatd, ngt = ken, obj = tom]).

Though there are seven objects in F3 and F4, lend,
mard, and hat4 cannot mapped. Therelore, s
the matching rate of ¥3 and F4 iz 57% (or 4/7),
“F3 o pianism FA" holde and “F3 2 pgnsm F4"
doen't.

1 =1 E,ﬁp,] F1" or "F1 =pfire Vi) F2" where Pe
is pre-defined constant, we consider two cases arc similar
from view point of Vi and denote it as “F1 =g, £F2.7

2.6 Implication

In this section, we briefly deseribe how Lo infer further
legal arguments from cases and from domain knowledge.

(Case Implication:
A legal case is represented as a set of case rules which is
a grounded senlence in the form of *(B =8¢ | 4)."

T'here are several ways to make wse of case rules.

1. When fact F and legal cases ' arc given, relevant
case rules are searched by similarity bascd matching,
and a new case rule is generated as follows.

For any (B: -BG | A)€C
F'ecF &(F =pvy A)
=° (Bf' | - BG&wiew(Vi) | F').

where B4’ is an operation which replaces objects
in [ with objects in F' according to the mapping
of A to F'. The intuitive meaning of this impli-
calion is that as subset F' of a new fact is similar
to condition part A of a case rule from viewpoint



of Vi, a similar conclusion B#' and its explanation
(B8 : —BG&view(V1) | F') is generated.

For example, let ' be

persemibill, ﬂ:]

person{mary, []).

kick(kicl, |agt = ball, oby = mary]},
heart attack(attl, [agt = mary]).

and let & case rule he

caused{caul, [can = knol,ef f = att2))
v = goad(lability o f persom_wha_injured)
& wiew(prosecutor) |
person(ken, [} & person(tom,[])
& knock(kno2, [agl = ken, obj — tom|)
& cercbrui_mrmorhage[uuzr[uyt = lom]}.

As the condition part of this case rule can be ane. to-
vue mapped to F' fronn viewpoint of “isa” refation,
by replacing each object, the following case rule is
generated.

caused(can?, [can = kicl ef f = nitlj}
= gual(hability of person_whoanjured)
& view(prosecutor) |
person(bdl,[|) & peramfmary,U}
de kick(kirl, [agt = bill, obj = mery])
& hewrt_nttack(att], jagt = T

2. When fact F, legal cases C, goal lo be achieved ¢

and view Vi are given, implication is conducted with
goal vrienled and domain knowledge being restricted
as follows,

Forany (B: —-RG | A) e
FrCF L (F 2y A)
& (G =RE; He BG)
= (B — BGlview(Vi) | F').

The intuitive meaning of this implication is that as
subsel F' of a new fact is similar to condition part
A ol a case rule, and as the goal of case rule is the
same a5 (7, this case is used to support the certainty
of conclusion (7.

For example, if F" and a casc rule are the same as
ones presented in the privious page, and the goal is

caused|., [cau = kicl,ef f = attl]) and the view-
peint is view(prosecutor) then by referring Lo the
case rule, an explanation which supports the goal js
generated.

coused(can?, [cau = kicl,ef f — attl])
: = gool(labibity of person_whoinjured)
& wiew(prosecutor) |
person(bill, ||} & person(mary, i
& kick{kicl, lagl = Wll, obj = mary])
& heart_attack(altl,[agt = mary]).

MNote that if the viewpoint is different from
view(prosecutor), this case rale isn't used,

Rule Implication:

Duinain knowledge (domain postulates, legal rules) is
represented as a set of non grounded rules in the form of
B -BG | ALY
Like case implication, there are several ways to make nse
of domain knowledge.

L. When fact 7 is given, relevant rules are searched by
similarity based matching, and a new fact is gener-
atel ws lollows.

Forany (0 : ~Ri7 | A) € D,
FrcFr L F=aA0
=" (B8 : -BG | AN

This implication means thal if the subset ' of a
uew fact satisfies the condition part A of rule, then
& new object B8 and its expanation (B# : - BG |
Af) is generaded. In other words, this implication is
forward reasoning of a rule.

2. When a fact # and a goal G to be achieved, impli-
cation is conducted as goal ariented,

Forany {R: -BC | A)e D,
FICF EF=A0&G=HP
=" (B8 : -BG | A#)

This implication corresponds to the backward ren-
soning of a rule.



2.7 Agents

Every legal case involves atl least two agents - a plaintiff
(or a prosecutor) P and a defendant D, These agents
debate about the credibility er validity of legal arguiments
put forward by the other in order to persuade the judges
or the jury to favor their own assertion. They share the
same facts about new case F and have similar domain
knowledge T'. However, they search for old case rules C
wliich support their standpoints.

Each agent has knowledge for debate strategies as rules
and generates goals Lo be achieved

We denote the models of a plaintilf and a defendant
as AP} and M{D)), so that, for example, M{I') F =
means Elat AP} supports or derives x. We require that
M(F) and M(D) do not include inconsistent predicates
in them, i.e.,

MPEx, M(P)F -
MDY x, M(D)F —~x,

Dut these models ray derive predicates that are con-
flicting with one ancther, and this inconsistency often
ferrins w ground for debate, e,

M[P] Fx, M{D)F = x;
M(D} b x, M(P)F=x

We view the debate as a two-agent game. There are
a finite set of possible moves {or actions} in Lhe debate
game, A position in a game is a finite sequence of moves
The agents [pla.iltt.iﬂ' and defendant) take turn alterna-
Lively, and each apent has only a finite number of con-
secutive moves each time. A strategy for either agent
is & function from one position to ancther, A strategy
for an agent is A winning stratcgy if the agent has suc
cessfully cornered the other agent such that there 15 no
other position to which the latter can move, The set of
moves that lead to a winning strategy (or not] can be
recorded and would provide valuable insight for lawyers
in actual courtroom argurments. [n addition, such a game
is determined if there is a winning strategy for one of the
players,

In the next section, we describe our approach to mak-
ing arguments in model A and to outlining certain de-
bate strategies based on these approaches. The formula-
tion and operation of the debate pame will be addressed

in a future paper.

3 Debate Strategies

The first move in the debate game of the model, M, is by
the plaintiff {prosecutor), who asserts an argument from
one viewpoint. Such an argument is often biased (shown
by “goal” predicate) and contains many hypotheses (de-
geribed by the backgrownd conditions). Figure 2 shows
an example inference tree which is an arguiment by the
prosecutor. The root iz the conclusion (crime) and the
leaves (shaded nodes) are initial facts. Sguares denole
case rules. Other nodes are intermediate legal concepts.
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Figure 2: Inference Trese

The defendant, then, proceeds with that side’s argu-
ment by scrutinizing the bias and background hypotheses
of the oppenent's claim. Uhe refutation consists of three
sleps.

1. Listing up strategies:
The agent determines a sel of feasible strategies
b refute the other side's argument. For example,
there are three general types of strategies for our

Lesh cases,

{a) To refute the similarity relation between the
new case and the referenced case rule. As we
have explained earlier, similarities change ac-
cording to the viewpoint. So, by changing the
viewpoinl, we can refute the hypothesis.

{b) To find another case rule that is closer to the
new case and with a different conclusion.

() To find another meta rule to refute the eilect
of opposite side’s meta rule.



2. Evaluating stralegies:
The agent evaluates or estimales ench of the feasi-
ble strategies. This involves predicting the set of
possible conclusions generated by each strategy.

3. Selecting the best strategy:
The agent selects the best refutation strategy from
the doemain knowledge that contains the inforinalion
for comparing the appropriateness of eacl conclu-

Sil.'.l‘l'ln.

4 Example of Debate

In this section, we will show an example of debate. We
will explain how each component of our model A con-
tributes to the debate,

We consider the Iollowing case.

[Example Case)

O a winter day, Dick caused a trafie accident
while driving and Jane was injured. He s
took her Tor dead, and he fied leaving her in
the sireet. She froze and died.

(1) Presecutor’s argument:

L. In new fact F, there are three actions - driving,
caugsing accident, and fleed. Agent P finds there are
two goals such as “crime of death by negligence iu
the performance ol work” and “crime of aggravated
tlesertations.” As the latter one is more serious, P
selects it as a first goal,

2. This goal is senl 1o the rule implicator. Then the
rule implicalor searches the rule of “crime of AREra-
vated desertion” in the domain knowledge and tries
ti show that the conditions of this ruie are satis-
fied. The implicator fails to show that the following
conditions are satisfied.

* Jane corresponds to an aged person, juvenile
or deformed or sick person.

# [ick has criminal intent Lo desert Ler,

3. For the first issue, ' generates a goal “sick person”
and a view “proseculoc” and sends themn to the case
implicator and similarity matcher, The similarity
matcher finds a case rule that a person who suf-
fered from injury by a traffic accident corresponds
to “sick person” in the rule of “crime of aggravated

desertion.” Then, the case implicator concludes that
Jane is asick person in the rule.

. For the second issue, P generates a goal “criminal

intent” and a view “prosecutor” and sends them to
the case implicator and similarity matcher again.
Then, another case is found in which a person who
imported opiates illegally, but he mistook the opi-
ates as stimulanls. In this case, he didn't have a
criminal intent in importing the opiates because he
intended to import stimulants, However, the erimi-
nal intent to import opiates is judged Lo exist, and
Lhe crime of "imparting opintes" was applicd. The
case implicator concludes that Dick has eriminal in-
tent to desert her,

. As all comditions of “erime of aggravated desertion”

are met, the argument (inference tree) is sent Lo
ancther agent I

(2) Defendant’s argument:

3.

(3)

- Agent D finds thal there are two hypotheses (sick

person, criminal intent) in the argument propowsed
by the prosecutor, Of these, I selects the latter ope
because referenced case rule is reliable. D generates
2 poal “= criminal inteat” and a view “defendant”.
These are sent to the case implicator and similarity
matcher.

. However, there is no case rule which denies efimi-

nal intent in a similar situation. Therelore, agent
I} tries to refute the similarity between a new case
and the opiates case by changing views from “iza” to
“features.” Though a dead persen is similar o a Liv-
ing person from the viewpeint of the “jsa” relation,
they are different from the view of “featurs”.

Agent D generates o new argument which denies
Dick's criminal intent.

Prosecutor’s argument:

- Agent P selects another goal “crime of death by neg-

ligence in the performance of work” and sends it to
the rule nnplicator,

. The rule implicator tries to prove that the conditions

of this ruie are satisfied. However, the rule implica-
Lor fails to show the following two conditions,



& There iz the causal relation belween the acci-
dent and Jane's death.

s Driving a car satisfies the concept of “oecupa-

tion.”

‘I'hen, the implicator generates a goal “causal rela-
tion” and sends it to the case implicator and the
similarity matcher.

3. Similarity matcher finds a case whose situation is as
follows,

A woman used a gun o shoot a man and
he was injured. She mistook him for dead
and deserted him at the seashore, where
he inhaled sand and died.

The prosecutor's case rule is that there is a causal re-
lation between shooting the gun and his death. By
referring to this opinion, the case implicator con-
cludes a causal relation, and sends it Lo Lhe role
implicator.

4, Agent [ generates geal “satisfy(driving, occupa-
tion)" to meta rules . T expand the original rule
(rulelD(211)) by replacing “occupation™ by “profes-
siomal work," then the goal is achieved.

§. The rule implicator concludes “the crime of death
by negligence in the performance of work.”

(4) Defendant’s argument:

Agent T} generates a goal - causal refation.” Agent 13
changes the views [romn “mistake” to "intent.” Dy chang-
ing the view, the referenced case is not snitable becanse
the referenced case includes the problem of criminal in-
tent and Dick's case includes problems of negligence,

5 Conclusion

We have described a computational model of legal rea-
goning in this paper. Oune key distinction of this work
is the explicit representation of two agents (the plaintiff
and defendant) with different goals, views, and reason-
ing strategies. Another point is that this model has been
used to design and develop a parallel logic-programiming
based system prototype, HELIC-1I, in the domain of
criminal law. This latter prototype, in turn, provides a
fertile ground for experimenting and evaluating the prac-
ticality of the computationsl model. The current task is

10

to incorporate the planning model used by the lawyers
so that we can study and experiment more sophisticated
forms of debate in HELIC-IL
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