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‘Abstract

' An argument model considering the fuzziness of
B! cases is proposed. A notion of fuzzy factors hier-
archy is employed to represent the cases with fuzzi-
ness. The argument model is based on the measures
of similarity and dissimilarity of cases according to
the viewpoints of agents. The similarity and dissim-
ilarity measures are made by the distance-based and
set-theoretic-based methods. The system proposed
here is made for the education of law, especially for
the United Nations Convention on Contracts for the
International Sale of Goods(CISG).

L Introduction

B - It is known that there exist vague concepts in
B knowledge-based system. Usually there is no single
B explicit representation of an entire concept or class,
E. but only representation of the examples on the vague
k.- concept. For a query case, by learning from the exam-
B ples, it can be known whether the query case belongs
£ to the vague concept. Many methods have been de-
i: veloped to address this issue. The argument seems
* to attract the interest of researchers from various ar-
eas, especially from legal reasoning, decision theory,
philosophy, psychology and cognitive science{3](7]. In
these domains, an argument system can act as assis-

recommending solutions, but leaving the final enforce-
¥ ment of decisions to the-agents.

" The factors of a case are usually employed to repre-
B sent the case[3]. We know that there are uncertainty
B8 and vagueness information in cases, a case has not al-
| ways the explicit and specific factors. So there exists a
fi. room for argument made by agents, namely, fuzziness

. generates argument.

e In the argument made by human beings for deal-
¥ ing with the fuzziness, the similarity and dissimilar-
ity play an important role. If one side analogies the
R query case to a precedent case, the other side will dis-
B tinguish them. 1f one side emphasizes the similarity,
the other side will diminish it, namely, will emphasize
the dissimilarity of them(8].

tant and advisor, by facilitating communication and .

hodologies for the Conception, Design and Application of Soft Computing

. earning a Vague Concept and Making Argument from Fxamples by
Fuzzy Factors Hierarchy in the Legal Reasoning System

MingQiang Xu, Kaoru Hirota, Hajime Yoshino*

Interdisciplinary Graduate School of Science and Engineering,
Tokyo Institute of Technology, Japan
*Meiji Gakuin University, Legal Expert Laboratory, Japan

{xmq, hirota}@hrt.dis titech.ac.jp

Keywords: Argument, Vague Concept, Fuzzy Factors Hierarchy, Similarity Measure, Logal reasoning

Our goal is to develop a computational and repre-
sentational model of argument based on the similarity
and dissimilarity measures.

Case representation is the basis of argument, The
fuzzy factors hierarchy in three layers is applied to
represent cases. The similarity and dissimilarity are
measured by the distance-based and set-theoretic-
based methods. Based on the similarity and dissimi-
larity measures, an argument model is proposed. Con-
sidering the vague concept in the C1SG (United Na-
tions Convention on Contracts {or the International
Sale of Goods), an experiment on legal argument is
made.

The fuzzy lactors hierarchy is introduced in section
2. The similarity measure is described in section 3.
The argument model is presented in section 4. The
result of the experiment on the vague concept of the
CISG is illustrated in section 5.

2 Fuzzy Factors Hicrarchy

Concept representation by factors is an approach
often used in legal expert systeni. In order to repre-
sent the complex relations Lhotween a concept and its
factors, factors hierarchy is also nsnd[8]. A factor is
either an element of a case or not in the literature.
Whether a query case belongs Lo & concept is judged
by the common and distinct factors between the query
case and precedent cases.

But the factors of a case are not always all crisp,
namely, a factor is probably nol cither an element of
a case or not, sometimes is an cleinent of a case only
in some extent. The value of a {s-tor may be also
fuzzy linguistic representation. So fraditional factors
hierarchy is not appropriate to be tsed to model hu-
man internal representation of casus. A fuzzy factors
hierarchy is proposed to represent the legal cases.

Definition 1 A fuzzy factor is composed of Name,
Degree, Values, Relations and Agent. s denoted by <
N, D, V, R, A>, where

N: Name, describing the facts of cases,

D: Degree, indicating what the cxtent that a case
has the factor,
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V: Factor Values, representing how extreme the
factor is in a case to which it applies,

R: Relations, representing the level of the action
of suppert ar opposition for other factors,

A: Agent, representing that a factor is which side’s
viewpoint of the agents.

The names of factors usually are symbolic expres-
sions describing the facts of cases.

A vague concept is usually a set of these factors,
which its dimension being the number of factors that
belongs to this case and elements are these factors.
In traditional legal expert system, the degree that a
factor is an element of a factor set that describes a
case is either 1 or 0, in other words, is the Yes/No
form. But it is sometimes difficult to judge Yes/No
because of vagueness and uncertainty.

There are several methods to describe the degree,
here the membership concept and vagueness concept
are employed to represent the fuzzy Yes/No[4], where
the adaptation that specific knowledge described by
limited words is represented by the concept of mem-
bership, and the uncertainty of knowledge is repre-
sented by the concept of vagueness.

The values of a factor are magnitudes of a factor
that are often represented by quantity. Quantita-
tive property is related with numeric data, it is an
important term in argument system. It usually has
three types of representations, including crisp-data,
interval-data and fuzzy-data.

The relation between factors could be strengthened
or weakened with qualifiers, they could be crisp set or
fuzzy set. In different domains, there exist diflerent
relational expressions. For example, in the case of the
CISG it could be the expression like as {Best support,
Support, Contrary, Best Contrary}.

Each factor represents the viewpoint of one of the
agents who take part in the argument. In legal argu-
ment system, usually agents only includes a defendant
and a plaintiff. ,

Y Foclor favors the issue
N Factor unfavors the jssue
++; Best Suppont  +: Suppont
««; Beat Contrary - Conwrary

Figure 1: An Example of IFuzzy' Factors Hierarchy in
the CISG

Fuzzy factors are divided into fuzzy atomic factors
and fuzzy abstract factors. '

The fuzzy atomic factors represent the surface facts S
of a case. The abstract factors are the connections
between the claim of a vague concept and the fuzz
atomic factors. ;

The claim of a vague concept is called [ssue here

A fuzzy factors hierarchy can be defined in the d
inition 2. i

Definition 2 A factors hierarchy is structured by
three layers.

Top level: Issue
Middle level: Abstract factors
Bottom level: Atomic factors

The top level of a fuzzy factors hierarchy is con-
structed by only one node, that represents the claim
of a vague concept. The bottom level is the fuzzy
atomic factors. :

The factors of the middle level are structured by
fuzzy abstract factors. A node can be explained by
and and or of the sub-nodes. The number of nodes in
the middle level is usually more than one.

The fuzzy factors hierarchy itself represents a causal
connection between an fssue and the related fuzzy
atomic factors and fuzay abstract factors. '

Figure 1 shows an example of a fuzzy factors hie
archy of the legal reasoning system for the CISG. T
top level Jssue is a claim of the vague concept “T'
proposal is sufficiently definite”. The F1, F2, F3, F4 758
F5, '8, F7 are abstract factors, and f1, f2, {3, f4, 5,43
f6 are atomic factors. The meaning of these factor
will be explained in section 5. '

3 Similarity Measure

Similarity measures are defined at three leve
atomic factors, values of atomic factors, aggregati
of similarities and dissimilarities. Appropriate sim
larity measures are chosen and applied based on the 3
requirements, The notion of similarity is based onlEls
the distance(metric) and the set-theoretic[10]. The S
comparisons of factors values are measured by the 1S
distance-based similarity. The fuzzy atomic factors
comparisons are measured by the fuzzy T-norms. Ag:
gregation of similarities and dissimilarities is based on
the extension of set-theoretic similarity measure pro;
posed by Tversky[1]. -

3.1 Comparisons of Factors Values

A triangular membership function can be used tc‘g
represent the fuzziness of factors values. For example,
the magnitudes of the importance of the important
part in the vague concept “The proposal is sufficiently
definite” in the CISG can be described as fuzzy mem;
bership function. . -

There are several methods for the determination of
similarity measures of fuzzy sets(2). Because the fuzzy 38
set used here becomes a singleton when the factors
values become crisp data, and two fuzzy sets some-
times do not overlap, the methods in[2] can not deaj '§
with these problems. The difference between the ceny'y
ters of gravity of two membership functions 4,5 i3 JHSSE
used to measuré the similarity. 11 ER



B The distance between the two centers of gravity, i.e.,

gk |CG(A) — CG(B)], is used to describe the similarity
¥ degree. To satisfy the conditions of similarity reia-
% tions, the degree of similarity S(A, B) is calculated

by
: S(A, B) = 1 - |[CG(A) - CG(B)|. (1)

3.2 Set-Theoretic Similarity Measure

The similarity based on the representation of fac-
tors can be measured by their common and distinct
features(1]{10].

Let CB={P;, Ps,...F;...P,} be the case base, Q be
& query case.

. Each case is represented by a set of factors.
i={mb , ..o ..mb )}, Q={mg, ..mG...my }, where
m'_.‘,‘., m’b, denote the degrees that case P; and @ have
B the factor k, (k = 1,...1), respectively.

B::. The similarity S and dissimilarity DS between a
Ftquery case and a precedent case are:

S(Q, P) = f(@NA), (2)

DS(Q,P)y=9(@-P)+g(Pi-Q). ()

B*' They are computed further as below in fuzzy T-
- 'norms.

HQNPR) = Min(m§,mp), (4)

k=1

dQ-F)= Maz:{Ma:c(mf? - m},_.,O)}iﬂ, (5)

" 4P - Q) = Maz{Maz(mbh, — m5,0)}iey.  (6)

B . The degree that a factor is an element of a case is
B dctermined here by the center of the gravity of mem-
& bership function.

SN Tversky describes this kind of similarity measure as
L (catures-set-matching process [1). Similarity among
R objects is expressed as a linear combination of the

B ncasure of their common and distinct features.

} 5. @) = 04(PiQ) - as(i=Q)-AK@~ R, ()

s where 0, «, 3 are weight parameters,
SEEN  In legal reasoning system, it involves the argument
% made by plaintiff and defendant, the similarity and
B dissimilarity are measure from different viewpoints.
' The aggregation of them is not simple as (7). Argu-
R ment between plaintiffl and defendant forms the ag-
. gregation process.
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4 Making Argument

Because interpretation of a vague legal concept in
a case is related to the debates made by plaintiff and
defendant. Whether a precedent case is similar to a
query case, usually is debated by these two sides.

In an argument, if one side analogies the query case
to a precedent case, the other side will distinguish
them, and if one side emphasizes the similarity, the
other side will downplay it, namely, emphasizes the
dissimilarity of them. So both similarity and dissimi-
larity should be measured. A factor has different val-
ues in different cases. It should also be considered
that every factor has a pro or con direction in reason-
ing process.

The proposed argument model in legal reasoning
system consists of three steps:

1. One Side’s Claim

The similar cases are retrieved from a set of ex-
amples. The case that has the most high similarity
degree of facts to that of the query case is as the most
on point case Pmepe. If the conclusion of case Pmgpe
favors the one side, the conclusion is regarded as the
one side’s claim Igaim.

I1aim=1{ The conclusion of the case Prope)} U {
The factors that support the conclusion of the case
Pmopc}-

5{Q, Pmepc) should satisfy

5(Q, Pmow) = Maz{f(Q@N Pi)}?=1- (8)

2. Another Side's Objection

Another side finds the distinction from the query
case and the case Pmope, and emphasizes it. The
distinction includes the difference between the shared
factors, and the unshared factors. The former is the
difference between the values of shared factors, the
later is to find the factor that favors this side from
the unshared factors.

={ The pro factor that has the most

Iobjecﬁon

high dissimilarity degree DS1(Q, Prope)} U { The

pro factor that has the most high dissimilarity de-
gree DS2(Pmope, @)} U{ Comparisons of values of the

shared factors }

DS].(Q, Pmopc) = Q(Q - Pmopc)a (9)

DSZ(Pmopc,Q) = Q(Pmopc - Q) (10)

3. One Side’s Rebuttal

The first side downplays the dissimilarity, by finding
the factors that can disregard the difference empha-
sized by the other side in the levels of the Relations
between the factors.

Iresuriai={ The factor that can downplay the dif-
ference by the Relation }

In these 3 steps, if there are relevant cases sup-
ported it they should be cited.

By these 3 steps, a context-sensitive interpretation
Linference, namely, the output of the proposed argu-
ment model, can be formed as

Iinjercnce = letaim Y Iobjcclion U Lreputtal: (11)
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5 Experiment

This experiment is based on the vague concept and
the cases of the CISG. The vague concept “The pro-
posal is sufficiently definiie” in the CISG is employed
to illustrate how to model them by the proposed ap-
proach. The factors hierarchy of this vague concept
that is focused in the fixing of price is shown in Figure
1.

Let us suppose a plaintiff claims that the proposal is
not sufficiently definite in order to deny the conclusion
of the contract.

In statute rule 14 there exists a definition on this
concept, but there are not the explicit criterion for
the judgement of the definition. The main content of
the statute rule 14 is as a part of the abstract factors,
and is shown as following:

{F1: Indicating the goods} aend ({F2: Fixing the
quantity } or {F3: Making provision for determining
the quantity}) and ({F4: Fixing the price} or {F5:
Making provision for determining the price ).

The other two abstract factors existed in case
Male[9] are shown at below: :

F6: The goods are composed of several parts.

F7: There is not the market price.

The atomic factors of case Malev are as following:

fi: The important part has a price

f2: There is a part that no price

f3: The goods are not sold in market

f4: There is a substitute part

fs: There is an important part

fe: There is a affix part

The description of “The proposal is sufficiently def-
inite” concerning the price in a query case Cultivalor
case[9) is the following:

he pri ce of the tractor is fixed.
The price of a set of Cultivator is not fixed.
The Cultivator contains a rake.

Students can at first decide the degrees that this
query case has the factors by referring to the atomic
factors of the factors hierarchy, then in the light of
of the output of the argument system to learn the
argument skill and comprehend the meaning of the
vague concept and the query case by comparing with
the argument made by himself.

The following is an example of the output of this
system for the query case.

Plaintiff’s Claim

The proposal of the query case is not sufficiently
definite, because it has the most high similarity degree
with the Maley case that has the conclusion that the
proposal is not sufficiently definite. Because the query
case has the factors fi1, f2, fs, fo-

Defendant’s Objection

Malev case is not applicable to the query case, be-
cause there is fq in the query case, it indicates that
a substitute part supports the abstract factor that
making provision for determining the price.

Plaintiff's Rebuttal
Malev case is still applicable to the query case, even
though there is fy in the query case, but the relation

of this factors to F7 is not stronger than that of fs.
So the proposal is not sufficiently definite.

¢ Conclusion

By the fuzzy factors hierarchy, the uncertainty an:i 3
vagueness of concepts are represented. The similarity §
and dissimilarity are used to represent the debates
between agents. The argument based on the similarity
and dissimilarity measures is modelled. In terms of @
factor hierarchy and the organization of the argument 3
model, a vague concept can be learned from examples, ¥
An example on legal reasoning system is used to verify
the eflectiveness of this model. Extending the case’g
base, and considering hypothesis in the a.rgurnent.'a:é
the future work. T
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