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Abstract

This paper discusses how to construct a legal ontology
from a general antology that has already been developed.
In the construction process, we must solve two hard is-
sies. The cne is to localize legal contexts in a general
ontolegy in order to match a legal ontology with a gen-
eral entelogy. The other is to identify bugs in constructed
legal ontology and refine them. Here is presented a new
methad to match a legal concept with the most simi-
lar concept in a general ontology and also two strategies
to refine a legal ontology, a static analysis based on the
comparison between two ontologies and a dynamic anal-
ysis based on Inductive Logic Programming. We have
just been implementing a computer environment to help
a user construct a legal ontology from a general ontol-
ogy. The experimental results of matching and a static
analysis are described and also a scenario for a dynamic
analysis is presented.

1 Introduction

In developing large scale of expert systems, we must build
several kinds of knowledge bases and integrate them. If
we might build them independently, so much effort would
be done in order to maintain the consistency among
them. Becanse a domain-specific ontology would present
the definition of concepts that often come up in them, it
could be so helpful to support the task, As the scale of
expert systerms would be larger, a knowledge base devel-
opment environment based on a domain-specific entology
would be more important.

Recently a large scale of knowledge bases, such as
CYC[Guha 90] and EDR[Yokoi 93], have been devel-
oped. However, they have just general meaning on gen-
eral context and are so difficolt to be used directly in
building domain knowledge bases. We regard them as
general ontologies and take them as the aids to construct
a domain-specific entology. For example, in building a

legal ontelogy, we try to identify the concepts in a gen-
eral ontology, which are most similar to legal concepts,
and refine the legal concepts using the general concept.
In the process, we must solve two hard issues. The
one is to localize legal contexts in a general ontology.
The other is to identify bugs in a legal ontology given by
a user and refine them. Here is presented a new method
to match a legal concept with the most similar concept
in a general ontology and also twe strategies to refine a
legal ontology, a static analysis based on the comparison
between two ontologies and a dynamic analysis based on
Inductive Logic Programming, We have just been imple-
menting a computer environment to help a user construct
& legal ontology from a general ontology. The experimen-
tal results of matching and a static analysis are described
and also a scenario for a dynamic analysis is presented.

2 Ontologies

A user, such as a legal expert, must build up an ini-
tial legal ontology before using the environment and
then tries to refine it, getting the support form the
environment. The environment takes EDR- Electronic
Dictionary[EDR 93] as a general entology. The following
describes the overview for a general ontology and a legal
antology.

2.1 General Ontology

We take as a general ontology EDR Electronic Dictio-
nary including a word dictionary and a concept dictio-
nary. The word dictionary has more than 200,000 words
described by the information of grammar, meaning and
soon. The concept dictionary has a large scale of concept
hierarchy including more than 400,000 nodes, Each node
(concept) is represented by a semantic network which has
twenty four relation labels shown by Table 1.
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Table 1: Concept Relation Labels at EDR
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2.2 Legal Ontology

Before using the envirenment, a user must build up an
initial ontology, which has a legal concept hierarchy and
legal concept definitions. Legal concepts are defined by &
semantic network using the relation labels in Table 1 and
the relation label values are the nodes on the hierarchy in
a general ontolegy in order to make the matching process
described later more convenient.

3 A Legal Ontology Construc-
tion Support Environment

The initial ontology from a naer might have several bugs,
Some important concepts might be missing and a hier-
archy structure could be not appropriate there. Our le-
gal ontology construction support environment tries to
change it into more refined legal ontology, nsing the fol-
lowing strategies: a static analysis and a dynamic anal-
¥HIS.

First, the environment tries to find out the concepts in
a general ontology, which are most similar to coneepts in
a legal ontology, using a new matching method described
later. Afterward the environment puts the links between
two antologies. Second, in a static analysis, the enviren-
ment compares two linked nodes from several points and

gives the difference back to the uwser. Third, in a dy-
namic analysis, when a legal inference svstém would go
wrong using the legal ontelogy, the environment would
try to modify the links between two ontologies and/for
the legal ontology. In modifying the legal entology, ILP
technigues would try to invent new legal concepts and le-
gal rules, as deseribed in a scenario later. Figure 1 shows
the overview for the environment.

3.1 Links between T'wo Ontologies

In order to find out the concepts in a general ontology,
which are most similar to concepts in a legal ontology,
the environment takes two kinds of matching: text level
matching and conceptual level matching. The former
tries to match legal nodes with general nodes directly by
gpelling. The matching results are taken as lewer limits of
the space ma.pp!d from the ].tsgal nodes onto a.genm'al an-
tology. The latter tries to match legal nodes with general
nodes by the similarity between two conceptual descrip-
tion structures represented by a semantic network., The
matching results are taken as upper limits of the space
as well. Now the user can get the space mapped from
the legal nodes onto a general ontology and select the
best-matched general nodes to legal nodes.

3.2 Static Analysis

In astatic analysis, the environment compares two linked
nodes from the following peints: the number of sub-
nodes, the depth of a node in each hierarchy, topology
between two nodes in each hierarchy and conceptual de-
gcriptions. When the serions difference would come up,
the environment would give it back to the user. The
explanation about the four points follows:

1. The number of sub-nodes

When the number of sub-nodes of a legal node is
larger than that of the best-matched general node,
the legal node could have too much information and
30 the sub-nodes migth be removed. In the case of
smaller, it could have too less information and so the
sub-nodes might be added.

2. The depth of a node in each hierarchy

When the depth of a legal node in a legal hierarchy
is larger than that of a general node in a general hi-
erarchy, the legal node could be over-specialized and
change into more general concept (super-concept).
In the case of smaller, it could be over-generalized
and change into more specific concept (sub-node).
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Figure 1: An Overview for & Legal Ontology Construction Support Environment

3. Topology between two concepls in each hierarchy

The topology between two legal nodes 18 compared
with that between two corresponding best-matched
general nodes. [t might be parent-child topology,
sibling topology and so on. When the topology
would differ, the difference would given to the user,

4. Conceptual descriptions

When the conceptunal description of a legal node
would be different from that of a general node, the
difference would be given to Lhe user.

3.3 Dynamic Analysis

Although a static analysis helps a user find out bugs in an
initial legal entolegy and repair them, there might still re-
main bugs there. When a legal expert system would solve
a problem using the legal ontology, it might go wrong and
have provable negative examples and unprovable positive
examples, The wrongness would come from the links be-
tween two ontologies and /or the legal ontology itself and

ina d}rnamic mmﬂ}-sis the environment would try to micd-

ify the hinks and the Iegal nnt.u!-ng‘y, based on inductive
learning methods.
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1. Mudifying links

To a provable negative example, the environment
tries to identify the link relevant with it and put
the link from the legal node to a general sub-node.
So the link is specialized in ovder not to prove the
negative example. To an unprovable positive exam.-
ple, the environment tries te put the link from Lhe
legal node to a general super-node. So the link 18
generalized In order to prove the positive example,

. Modifying a legal ontology

To unprovable positive examples, the environment
tries to modify a legal ontology based on ILF tech-
nigques, such as CIGOL[Muggelton 88). CIGOL is a
kind of medel inference system from a set of ground
input clauses, It has three inverse resalution opera-
tors, Truncation, W-operator and V-operator. Trun-
cation 18 almost similar to generalization, such as
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Figure 2: A Hierarchy in an Initial Legal Ontology
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Figure 3: A Part of Concept Description in an lnitial
Legal Ontology

changing constants into variables. W-operator tries
to invent a new concept (predicate) that is a sub-

- comcept to a given concept (A user gives the envi-
ronment the name of invented concept). V-operator
regards two clavses as the one parent clause and a
resolvent and then tries to generate the other par-
ent clanse. Here in the environment, provable and
unprovable positive examples are given to CIGOL
and then CIGOL tries to change a legal ontology
inte more refined one, putting a invented concept
thers by W-operator, and generate a new legal rule
by V-operator,

4 Experimental Results and a

Scenario

Here is described experimental results of the matching
between two ontologies and a static analysis and alse
a acenaric of a dynamic analysis. Before the following
experiment, we have built an initial legal ontology com-
pgsed of 75 ]egn.i concepts from United Nations Conven-
tion on Contracts for the International Sale of Goods
{C15G) and Japanese Civil Code related with CISG. Fig-
ure 2 illustrates the legal hierarchy and Figure 3 shows a
part of concept description in the initial legal ontolegy.
The environment has been implemented by C and Perl
languages on S-4/ model 51 engineering workstation and
alao the initial legal ontology by SIC5tns-Prolog.

4.1 Matching

Figure 4 shows an example of matching process be-
tween two ontologies, Twenty two legal nodes have heen
matched with general nodes and the matching rate was
about thirty per cent. Other twenty four legal nodes
have failed in text level matching and other twenty nine
legal nodes in conceptual level matching. Although too
legal specific concepts would fail in matching, the match-
ing rate would go up by the improvement of matching
method,
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Figure 4: An Example of Matching Process

4.2 Static Analysis

Using the sbove matching result, a static analysis has
been done, Table 2 shows the number of sub-nodes of le-
gal nodes and the matched general nodes. Now we take
the difference of mere than three as the advice to a user
and it is marked with a circle in Table 2. All eircles In Ta-
ble 2 show that the number of sub-nodes of legal nodes is
meore than three smaller than that of the matched general
nodes. 3o the environment gives a user such an advice
that some sub-nodes of legal nodes [marked with a cir-
cle) could be added. Actually the advice let the user do
the following change: adding “positional relation” and
“mutual relation” as the sub-nodes of “relation”, “area”
and “part” as the sub-nodes of “place”, and "period” and
“moment” as the sub-nodes of “fime".

Table 3 shows the depth of each node in each hierarchy.
The hierarchy has multiple inheritance and so the node
has more than one values of the depth. As well as the
number of sub-nodes, we take the difference of more than
three as the advice to a user and it iz marked with a
cirele in Table 3. All circles In Table 3 show that the
depth of legal nodes is more than three larger than that
of the matched general nodes. Sa the environment gives
& user such an advice that the legal nodes could change
into more general concept (super-concept). However, the
advice did not let the user change them.

The topology between two legal nodes is compared
with that between two corresponding best-matched gen-
eral nodes. There is a sibling topology about “reply” and
"send” in a legal ontology and a parent-child topology
in & general ontology. So the environment gives a user
such an advice that the node of “reply” might be a sub-
node of the node of “send”. Actually the advice let the
user change so. Another advice let the user change the
parent-child topology between “position” and “relation®

i
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Table 3: The Depth of Each Node in Each Hierarchy
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into another topology.

The advice fiom the comparison between conceptual
descriptions let the user change the concept description of
“peply” and “place”. Thus the environment helps a wser
modify an initial legal ontology into better one. Figure
5 shows the hierarchy of a refined legal ontology.

4.3 A Scenario of a Dynamic Analysis

Suppose that the problem represented as Figure 6 is
given to a conventional Prolog-like inference system that
has a rule base to represent CISG and a legal ontology,
based on a matching mechanism such as all LHSs of a
rule would subsume the nodes in problem representation
{be super-nodes of the corresponding nodes in problem
representation). The conclusion to derive is whether the
proposal constitutes an offer or not. The following shows
a rule to define the legal concept of “offer™.

[1} affer{ X ):-proposalf X, sufficiently definite (X
f&] sufficiently_definite(X):-
gosds{object{ X)), kas. quantity object( X 1) has_pricef object{X] J.
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Figure 5: A Hierarchy in a Modified Legal Ontology

<id{a, 1), issne(nol), agent, seller>

<id{a, 2), issueinol), object, order sheet(nol}>
<id{a, 3}, iesneinol}, goal, buyer>

<id{a, 4), issue{nol), time, 6/1i>

<id{a, 5), iesuei{nol), parpose, sell>

<jd{a, &), smell, sbject, sugar{mel)>

<id{a, 7). sugar{nel), guamntity, first_class®
<id{a, 8), sugar{nol), quantity, sack>

<id{a, 9), sack, number, L1000

<id{a, 10), order_sheet(nel), purpess, shipmemt?>
<id{a, 11}, shipment, cbject, sugar(nell>

<id{a, 12), shipment, time, 7/1>

<idf{a, 13}, order_sheetinol), purpose, wrapping®
<id(a, 14), wrapping, cbject, sugar(sol)>

<id(a, 158), wrepping, implememt, sack{mol)>
<idfa, 16}, stromg, a-cbject, sacki{mollx

Figure fi; Problem Representation

Suppose that a user would guess that the proposal con-
stitutes an offer. However because the second clanse in
the above rule would not be probable, the inference sys-
tem would fail in getting it. So the user would give the
following unprovable clauge to the inference system:

sufficiently_definite( X ):-poodsfobjectiX) ), has_quantity{object{X)].

In a dynamic analysis, the above clause would have
been given to CIGOL, The truncation would generate

the following clause:
sufficiently dafinitef X ) :-goodsfabiect{ X} ) has_quantityfobject (X} ).

The above clanse says that “price” is not necessary for
a proposal to be “sufficiently definite”. It is almost the
same as a legal theory from K. Seno[Sono 93,

Furthermore, W-operator would generate the follow-
ing clauses, inventing & new predicate named governed
by applicable laws by a user. The above clause says that
“price” should be governed by applicable laws. It is al-
most the same as a legal theory from Honnold[Sone 93].

o sufficiently_definite/X j:poods object{ X }j, has_quantity{ objecti X)),
poverned by applicable_rules{object (X} ).

s governed by_applicable_rules{oliect (X} ):-has prace object (X)),

o governed by applicable_rulesfobject (X} ).

5 Conclution and Future Works

This paper presents alegal ontology construction support
envirenment, including two strategies to refine a legal on-
tology, a static analysis based on the comparison between
two ontologies and a dynamic analysis based on Inductive
Logic Programming. Although the implementation has
not yet be done, some experimental results shows that
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the environment would go well. As future works, real
legal experts actually use the environment and we will
have to improve it from their comments. Furthermore,
we will introduce mnch techniques from machine learning
into the environment and find out balanced cooperation
between man and machine[Morik 94].
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