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Legal reasoning floats between inorganic
semantics and pure persuasion which appeals to
the  synthesized human  evaluation. The
construction of a legal expert system involves
absorption of this complex process. It must
determine the extent to which semantic logics may
be maintained for each legal rule and haow to
interweave the application of general ruleswhich
¥here a
mechanical application of several specific rules
leads to more than one conflicting conclusion,
the initial logical inputs must be reassessed in
light of the overall objective of a rule ina given
situation through induction and abduction.
Meanwhile, for a legal expert system to operate
efficiently, the use of certain default values is
indispensable to prevent redundancy. However,
the determination of a default value relates to
the delicate question of the allocation of burden
of preof, and even if this aspect is properly
handled, an excessive use of default values may
make the legal expert system unpractical. The
huilding of an expert system is a complex process
often revolving around & pillar. The process also
reveals many logical questions which the legal
profession so far ignored.

The construction of an expert system would
have been more feasible if the traditional legal
positivism was in full swing. 1t would have heen
simpler if an expert system dealt with the
applications of more mechanical areas of laws
such as traffic violation or tax rules. However,
the present project ambitiously chose as its
target the United Nations Convention on Contracts
for the International Sale of Goods (CISG). CISG
is popular for its dogma free

overrids specific rules in each case,

nature and

revolutionary in bringing in the unwritten norms
of and assessment by the society to the reaim of
law. Above all,

in CISG, good faith is a
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prevailing standard for interpreting each rule.
Thus, the room for dogma is minimum in CISG and
its application is far more flexible when
compared to the traditional codes of law. [t was,
therefore, quite natural that the construction of
the expert system thereon encountered tremendous
hurdles for lawyers, logicians and engineers.
However, because of this challenge, the constant
process of trials and errors provided profound
insights even about the objective of the law in
general which CISG implies, and contributed to
providing a basis for the enhancement of this
valuable set of rules at the truly global level
together with other similar undertakings in other
parts of the world.
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Abstract

Itis necessary for a deductive legal krowledge base first to clarify
the structure of the law as a deductive system from which a legal
Judgerment can be justified as a conclusion of logical deduction
together with relevemt facts.  As the legal states of affnr changes
according to the time progress of an event, a clarified logical
model of law is necessary to enable us to dedice changes among
legal relationships over time from the beginning to the end of a
case. This study presents such a model based on Logical Juris-
prudence, in which the relationship between legal sentences and
the legal meta sentences regulating the validity of legal sentences
Plays a definitive role. The model is applied to the Urited Nations
Convention on Contracts for the International Sale of Goods
{ CISG )} and a deductive knowledge base of the CISG is devel-
oped.  The deductive structure of the contract law is clarified in
the knowledge base so that appropriate answers are deduced to
questions about legal siates of affmrs at any time point as a resuit
of the application of CISG provisions to a concrete case.

1 Introduction

It is necessary for a deductive legal knowledge base as well as
legal science at first to clarify the structure of the law as a deduc-
tive system from which a legal judgernent can be justified as a
conclusion of fogical deduction together with relevant facts. We
have developed a knowledge base of the United Nations Con-
vertion on Cortracts for t he International Sale of Goods
(CISG)in  the ‘Legal Expert’ Project’.  Fora legal knowledge
base of the CISG, it has been necessary for us first to clarify the
logical structure of the contract law system as a whole because, to
justify a legal judgement as a conclusion of logical deduction
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which hes be firsded by the Japenese Minstry of Education, Science and Cultre, The
author e the representative organized over 30 lawyers and eormputer scirtis ©
clarify legal knowledge and develop legal expart systerms,  As regards the project and
18 sty restilts of. two special ssues of Joremal of Advanced Comprtational Intelis-
genve VI No2 1997, \ol2No 1 1998,

from a legal system of the CISG, together with 2 given fact by
means of a legal expert system, we mmust make a deductive
knowledge base of the CISG successfully and, for such a con-
struction, we must to have a clear logical model of the contract
law system to which the CISG belongs and upon which it is based,
thus making it possible to justify the judgement as a result of -
logical deduction.

The legal state of affairs, which refers to the status of legal
relations, changes acoording to the chronological progress of an
event over time,  We therefore must clarify such a logjcal model
of law that enables us to deduce changes of legal relation accord-
ing to time, regardless of any time point in given everts from the
beginning to the end: for example, before or after the contract
conclusion; before or after fulfillment or non-fulfiliment of an
obligation on contract, before or after remedies for breach of
contract; before or after cancellation of contract, before or after
fulfillmert or non-fulfillment of restistion, and so on.  The
present work cortributes to this clarification.

The systematization of law, i.e., to present the law as a deduc-
tive system, has long been a central theme of legal theories, but
remains ilhsive?  Modem mathematical logic and the construc-
tion of a knowledge base system of law give us the opportunity to
systematize this properly, succinctly and explicitly and demon-
strate that the proposed systernatization is correct.

[ believe we have already clarified the logical structure of the
contract Jaw system in the above sense and have developed a
knowledge base that demonstrates &t appropriately, Our aim
here is to presert the essence of the clanification of the logical
simicture of contract law systern by focusing on the CISG.

The study is base on Logical Jurisprudence’. This paper

% The systematization of law has been endeavored especially in continertal  law
eaurmes.  Scolas of medan natusl law, sach es H Groses , 8 F v Pufendod,
and B, de. Spinoza have tried to present a natral law system as a deductive system
suchas geometry,  Legal schiclars of general theary of law in Germeny, sah s E R,
Bieriing and K. Bergbchm, have tried to axplicate esitive law as a deductive system.
From a srictly logical port of view, however, they did nt suosed In preserting a
legal system es dedxtive. Cf Ref 9)
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demonstrates the basic  structure of law from the pomt of
Logical Jurisprudence. In accordance with  such a framework,
this study clarifies and demonstrates the structure of cordract law
as a deductive systemn from which a legal decision may be justi-
fied as a logical deduction when the CISG is applied to a concrete
case. This report considers the relationship between legal sen-
tences and legal meta sentences that provide the validity of legal
serttences as the starting point for legal knowledge anaiysis and
modeling, From this point, a deductive moded of the contract law
systern is preserted and applied to the CISG.  The legitimacy of
the model is demonstrated in an example of the CISG  applica-
tionto a concrete case.

2 Logical haisprudence

Logical Juwisprudence (‘rormi hogalar” “Logische Recht-
slehre”) is a legally theoretically developed discipline in furispru-
dence “legal logic” or “Juristische Logik™.

Logical Jurisprudence tries to constitute the world of legal
discourse in terms of smallest unit of primitives. It starts from
three primitives: “sertence,”  “validity” of sentence, and “infer-
encenile.” Logical Jurisprudence attempis to explain or model
the law using these three notions.

Logical Junisprudence does not support the existence of
“legal norms as a meaning,” which has traditionally been ad-
mitted or presupposed in legal studies and practice. Logical Juris-
prudence presupposes the notion “senfences.’” Sentences exist, as
a form of written or spoken sign, cognizable or perceptible and
therefore commumnicable. In my opinion, legal norms as a
meaning belong to the world of images. It is what one imagined
when legat sertences arethought of  To commmmicate images to
other persons, they must be put them into sergential form, percep-
tible by others. Logical Jurisprudence considers sertences in the
field of law as the direct and sound object of legal recognition.*

The second basic concept in Logical Jurisprudence is “valid-
ity of a legal sentence. The validity of a legal sertence is viewed
by Logical Jurisprudence as a “truth in the logical sense **. That a
legal sentence is valid means that the sertence is true in the wordd
of legal discourse, Le. legally true. Logical Jurisprudence repre-
sergs this lepal tth by means of a predicate (eg,
“is_valic(sertencel, goalltimel)y” which could be read as fol-
lows: “a sentence] is valid for a poall attimel.” The represen-
tation of the validity concept by a predicate is characteristic of
- Logical Junisprudence that corresponds to the natural language

“The diffence betwean conventiaal and legal sentenoes ard how tese diffir s
discuseed insection 52.1.

representation of knowledge in the real legal world.

The third basic concept in Logical hrisprudence is the “infer-
ence rule”.  The logical correct reasoning is based on inference
rules.  The main inference rule is '

Modus Ponens which is represented in the following scherna
where Aand Bexpress propositions:

(A—B)yA= B

This formula is to be read: If “if A then B’ is true and A is true,
then follows: B is true. Modis Ponens is the basic reasoning
schema legal justification as discussed later.

In Logical Jurisprudence, legal reasoring is a process of the
deveiopment of legal sentences. In other words, legal sentences
are developed i the process of legal reasoning,

Logical Jurisprudence divides legal reasoning into reasoning
of justification and reasoning of discovery. Reasoning of legal
justification is reasoning through which a judgement is justified
from already justified legal knowledge. Logjcal deduction is the
type of reasoning in legal justification. The logjcal structure of
this reasoning is Modus Ponens . Jadgment rmay not be deduced
from stanites and facts alone, but may be shown to be deduced
from the whole body of legal knowledge, includmg statutes, facts
and additional legal sentences to the former as implictt legal
common sense or as a result of the reasoning of legal discovery.
Logical Jurisprudence makes these implicit or discovered knowl-
edge clear and identifies it to make & explicit. Following are
such additional legal sentences: principles of law that unify statu-
tory legal sertences; common sense about legal terms, especially
hierarchical relations between legal concepts, and the proposition
of interpretation of statutes that are produced by the reasoning of
legal discovery. Logical Jurisprudence analyzes legal kmowledge
in detail, recognizes and dermonstrates the implicit knowledge of
legal experts, and legal sentences created by the reasoring of legal
discovery, such that the reasoning of fegal justification is formed
as logical deduction

Reasoming of Jegal discovery is reasoning through which
Judgements themselves or additional legal sentences are discov-
ered or created.  This reasoning is based on logical deduction
because discovered legal sentences are to be set so that the whole
reasoning process including these additional sentences can be
presented as a logical deduction on the one hand and the reason-
ing of discovery is to be performed through a falsification infer-
ence on the other Falsification has the logical structure of
Modus Tollens:

{A =B) —B = —4
This formula is read as follows.  If “if one sets a hypothesis
A (together with theorerns accepted already) then B follows * and

g

it is proven that B is nat true, then it follows that the hypothesis A
is not rue.  (The legnl hypothesis cannot be proven as just but
only falsified as unjust.)

The reasoning of legal discovery, however, requires some-
thing more than deduction. To get hypothesis A in the schemna
above, abductive or inductive reasoning are needed,

Figure 1: Legal Reasoning Structure
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Reasoning to get a hypothetical fact sentence is abduction and rea-
soning to generate a rule is induction Logical Jurisprudence
analyzes the legal reasoning process in two directions: (1) concretiza-
tion (putting in concrete terms) and (2) systematization.  This is also
true for legal reasoning of discovery.  The study of legal irterpreta-
tion or analogy is important to concretization.  In systematization, it
is important to make legal principle sentences clear which will enable
us 1o bring mere collections of legal sentences into a system, on the
one hand, and to analyze how legal principle sentences are to be
found as hypotheses on the other.

The structure of legal reasoning in the application of law, where
both reasoning of justification and discovery irteract with a concrete
case is shown in Figure 1.

The study of legal discovery reasoning is inportart to the theory
of legal reasoning, both in  concretization® and systematization®.
Few engineers, however, study legal knowledge systernatization
itself ie. showing laws as a deductive system. This is because

ICLRef 15)
“CLRef 7

engineers assume engineers that a theory of science has a deductive
system, they are not interested in finding the deductive structure of
law and, firthermore, legal knowledge is too specialized and compli-
cated for engineers to deduce the structure. To construct a legal expert
systern, however, the deductive structure of law must be clarified to
make a deductive knowledge base. &t has long been dasired in legal
studiesto clarify the deductive system of Taw and to systernatize legal
knowledge”. We focus on how to systematize the law of contracts
as a logical deductive system?®, leaving the reasoning of legal discov-
ery in CISG to another time®.

3 The Basic Concept and Structures of Legal Sentences
Sentences in the legal field, referred  to here as legal sentences,

TCERef B ‘

* Hnteresting books o lw end Jega! reasoning modleling have been published®, Qur
study developed indepercentty of them. Our epproach i diffrnt frorm van: Kralingen's
approech, for example, in that & B ot a conceptual or frame-based but purely logieal,
especially i that we enslyze end reconstruct e law rtersively in Il sertences’, her
validity’ e ‘logical dchucticr’,

¥We have already done this to in a cartain extert, L, e£15)




are starting, points. We introduce legal sertence, basic concept,
acoording to which legal sentences are classified so that laws can be
systematized as a deductive systermn of legat sentences.

First, it is important to distinguish between legal nule and fact
sentences.  Legal sertences consist of two types. Legal rule
seritences have the following syntactic form: =V X{a(X)
BN This formmla is read; “Forall X Xisa, if Xisb”. Inlegal
sentences, the consequence of the sentence, which is the formula at
left in the implication, is called a “legal consequence” and the
antecedent, which is the formula at fght, is called a “legal require-
ment.”  Legal fiact sentences have the following syntactic form:
“Wx1)’, read: “x1 isb”. Note that the difference between legal nule
and fact serdences is, in Logical Jurisprudence, purely syntactic, as
mentioned above.

Second, legal sentences are to be further classified in terms of
sentence, the smallest unit of legal sentences. Statutes or confracts are
compased of elementary legal sentences, e.g,, "one st drive a car
under 100 km /hour on a highway” or “A may require B to pay the
price of $10000”" A complex legal semtence is a group of legal
sentences, e.g., “the United Nations Convertion on Contracts for the
International Sale of Goods,” or “a contract for sale of a farming
machine between A and B on October 8, 1997 A code,and  pasts
or sections or an article of a statute is a complex legal sentence. In
elementary and complex legal sentences. In most cases, the fact
that a certamn legal sertence belongs to a complex legal senfence is
represented by the place and the space where they are printed. The
relationship is represented in Eogical Jurisprudence by a sentence
 describing the united relationship of grouped sentences. The concept
of a complex Jegal sentence enables us to treat the validity of legal
sentences at once. Namely, if one has described the validity of a
complex legal sertence then all legal sentences that belong to it have
beenregulated. The advantage of the complex legal sentence is that it
contribartes to producing economical description. }

It is also importart for the deductive systematization of legal
knowledge to distingnish between legal object sentences and legal
meta senternices. A legal object sentence describes the object itself .
In the legal domain, the object is an “cbligation”. Legal object sen-
tences prescribe the oblipations of a person. The sentence “one must
drivea car under 100 km /hour on a highway* or “B mmust pay A the
price of $10000” is an legal object sertence. A legal meta sentence
prescribes legal sentences. More  precisely, # describes the validity
of a legal sentence. Some legal meta sentences describe the validity
of legal meta sentences. An example of a legal meta sentence is: “A
law is enforced 20 days after the day of its promulgation” (Article 1
of the law goveming the application of laws(HOUREID)) or *(1) This
Convention applies to contracts of the sale of goods between parties

— 3(3__

whose places of business are in different states: ¢a) when states are
vontracting states; of ... " (Article 1 ofthe CISG).

Law ultimately prescribes the obligation of persons, In other
words, people’s conduct is ultimately regulated by obligations given
them by law  What lepal obligations exist depend on the legal
sentences that describe the obligations, or more precisely, on the
validity of legal object sentences. The validity of legal object sen-
tences is prescaribed by legal meta sentences. In Logical Jurispru-
dence, the existence of A's obligation to do Z means that "A has an
obligation to do 27 or “It is obligatory for Ato do Z” is valid The

Figure 2. The Existence of an Obligation and
the validity of the object legal sentence
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relation of the existence of an obligation and the validity of a legal
object sentence desaribing the obligation are shown in Figure 2.

The validity of legal meta sentences that prescribe legal object
sentences is prescribed by cther legal meta sertences. A legal meta
sentence that prescribes the validity of a legal meta sentence is called
a higher or upper level legal meta serterce. The validity of each
legal meta sentence is prescribed by a higher level of legal meta
sentence.  The highest, final level of legal meta sentence is called a
“basic” or “fundamental” legal sentence. The validity of the final,
highest legal meta sentence is setas  fact™,

In legal sentences describing rights, note that they are not legal
object sentences, which describe obligations.  They do not belong to
an object level of legal language but a metalevel.  Logical Jurispru-
dence takes the sentences which describe rights as a kind of legal
meta rule sentence, which make it possible to set forth a new legal
objectrule.  This will be discussed again later.

‘“CfKnlsm]%Qp.l&Q,Hcprq:mcdﬁrmnqxof‘micm(G:ya}vumT‘.h'sto
benoted that niy besic Jegal rule serience does not abwarys coincide with; Kelsen's concep-
tion. They diffex in the following potnis: Kelsen starts an legal nonms 28 a meaning, while [
start on legal hule sentences;, Kelsen's basic nonm: 6 aanceived of as a rorm which gives
the grourd of the validity of constititinn or convertion as a given positive kaw, while my
theory presents nat only such a basic Jegal rule sertence but slso findamerttal nules which
are always apphed at eny case where the validity of a legal sentence 18 to be decided.
This has becorne tha case of aur logical analyss of legal systern and legal reasoning,
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4 Case and Solution

This section describes an example of a dispute relevant to CISG,
preserts questions on the example, and infroduces legal solutions to
questions so that the deductive knowledge strucure of contract law
by which sohutions may be deduced are clarified.

[Case 71]

(1) OnApdl3, 1997 A a farming machine maker in New York
sent a leiter to the branch office in Hamburg of B, a Japanese
trading company. The letter indicated that A was to sell B a set
of farmming machines for $50,000, and that A was to deliver the
muachine to B by May 10 and that B was to pay the price to A
by May 20.

(2  On April 8, the letter reached B, the branch office in Hambirg,

(3) On Aprl 9, B made a telephone call to A "The offer is ac-
cepted." Then B said to A. “T would like to withdaw my of-
fer.”

(4 On May 1, A finally handed the farming machine over to a
Japanese cortainer ship at the port of New York.

(5) On May 31, the machine was defivered to the branch office n
Harnburg,

(%) Onhme 5, B examined the machine,

(7)  OnMay, 10 B paid the price of $50,000to A.

(8) On August 10, the machine proved to be operating out of order

because of a faulty connection gear. B immediately notified
A specifying the nature of the problem.

(9)  On September 1, B asked A to repair the problem within one
month. A did not repair it until October 1.

{10YOn October 10, B declared the contract void.

{(11)On December 10, A recovered damages and B restituted the

machine deliveredby A

(12)On December 20, A estitute the price paid by B.

The following questions are set as examples .
[Question]
At each of the pomnts  in time below, what is the legal relation that
exists between A and B?
1: Apxil 5th
2: April 15th
3: May 5th
damnges by exercising his right to other remedies.
Article 46
{1) The buyer may require performance by the seller of his obliga-
tions unless the buyer has resorted to a remedy which is inconsistent

4: Angust 15th
5: September 15th
6: October 5th
7: November 15th
8: December 15th
9: Decernber 25th

The following CISG articles apply :
Article 15
(1) An offer becomes effective when it reaches the offeree.
(2) An offer, even if it is imevocable, may be withdrawn if the with-
drawal reaches the offeree before or at the same time as the offer.
Article 16
(1) Until a contract is concluded an offer may be revoked if'the revo-
cation reaches the offeree before he has dispatched an acceptance,
Article 18
{2) An acceptance of an offer becomes effective at the morment the
indication of assent reaches the offeror: ... .
Article 23
A cortract is concluded at the moment  an acceptance of an offer
becomes effective in accordance with the provisions of this Conven-
tion.
Article 31
If the seller is not bound to deliver the goods at any other particular
place, his obligation to deliver consists:
(a) if the contract of sale involves carriage of the poods - in handing
the goods over to the first canrier for transmission to the buyes;
Article 38
(1) The buyer nmust examine the goods, or cause them to be exam-
ined, within as short a perfod as is practicable inthe circumstances,
Article 39
(1) The buyer loses the right to rely on a lack of conformity of the
goods if he does not give notice to the selier specifying the nature of
the {ack of conformity within a reasonable time after he has discov-
ered it or ought to have discovered it
Article 45
(1) If the seller fails to perform any of his obligations under the corr
tract or this Convention, the buyer may:

(a) exercise the rights provided i articles 46 to 52,

(b) claim damages as provided in articles 74 to 77.
(2) The buyer is niet deprived of any right he may have to claim
(2) If the goods do not conform with the contract, the buyer may
require delivery of substitte goods only if the lack of conformity
constitutes a fundamental breach of corract and a recuiest for substi-




tite goods is made either in conjunction with notice given under
article 39 or within a reasonable time thereafter.

(3) If the goods do not conform with the cortiract, the buyer may
require the seller to remedy the ladk of conformity by repair, unless
this is unreasonable having regard to alf the cramnstances. A re-
quest for repair must be made either in corjunction with notice given
under article 39 or within a reasonabie time thereafter.

Article 47

(1) The buyer may fix an additional pericd ~ of reasonable length for
performance by the seller of his obligations,

Article 49

(1) The buyer may declare the contract avoide:

(2) if the failure by the seller to perform any of his obligations
under the contract or this Convention amourtts 10 a fundamental
breach of contract, or

() in case of non-delivery, if the seller does not deliver the goods
within the additional period of time fixed by the buyer in accordance
with paragraph (1) of aficle 47 or declares that he will ot deliver
within the period so fixed,

[Solution].

1) On April 5th, there is no legal relation between the seller A
and the buyer B.

2) On April 15th, A has a duty to deliver the farming machine to B

by May 10 and B has a duty to pay the price $50,000 to A by May

20th, while B has right to require A to deliver the goodsto Band A

has the right to require B to pay the price to A by May 10th

3) On May 5th, B has a duty to pay the price $50,000 to A by 20

May, while A has right to require Bto pay the priceto A by 10 May,

4) On August 15th, A has a duty to recover the damage, while B has

tight to claim from A the damage and B has right to require A to

repair the machine.

5) On September 15th, A has a duty to recover the damage and a

cuuty to repair the machine, while B has right to claim from A the

damage and B has the right to requite A to repair the machine which

is restricted to exercise.

6) On October 5th, A has a duty to recover the damage and a duty to
repair the machine, while B has right to claim fom A the damage,
Bhas right to require A to repair the machine and B has a right to
declare the contract avoided,

7 On Novernber 15th, A has the duty torecover the damage and the
duty to restitute the price paid by B, and B has the dity to restitute the
muachine delivered by A, while B has the right to claim  damage
from A and the right to require A to restitute the price, and A has the
right to require B to restitute the machine.

8)On December 1 5th, A has the duty to restitute the price paid by B,
while B has the right to require A 1o restifute the price.

9) On December 25th, there is no legat relation between A and B on
the cortract.

The changes of legal relation according to the time progress in case
Hareshown mnFig3.

The above solutions  correspond 1o cbligation and right. In this
chart, the existence of legal relations is indicated by the rectangle
zones of the validity of legal sentences which describe obligations
and rights in the figure.  The knowledge structure which enabling
deduction of the above solutions, or enabling the formation of
rectangle zones of legal relations  isto be clarified  below.

5The logical Structure of Contract Law  Regulating
Changes in Legal Relation and the Representation in the CISG
Knowledge Base

In Logical Jurisprudence, the existence of an obligation means
that a legal object sentence  describing the obligation is valid as
mentioned  above. The existence of A’s obligation to deliver a
farming machine to Bmeans that  "'A has an obligationto delivera
farming machineto B” or “It is obligatory for Ato  delivera
farming machineto B is valid. Ifthe parties have an obligation to
deliver a farmring machine to B based ona contract, it is so because
the sentences inthe cortract  describing the obligation (that is, legal
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object sentences) are valid as proved The contract law is a set of legal

Figure 3: The Changes of Legal Relation
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meta rule sentences that regulate the validity of the legal object sen-

tences of the contract.  Below, we show what legal meta nile sen-
tences work to prove the validity of the legal object sentences

5 1 Legal Rule Sentences Deciding that Legal Sentences
are Valid,
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The following findarnental legal meta rule sentence is valid  for
confirm that legal sentences are valid':

(mri} "4 legal sentence S is valid for a goal G at the time T if and only
If S becomes valid for G at time T1 before T and S is not terminated
Jor G affer TI and before T

This rule is represented in the CISG knowledge as follows”
sen(mrl’f

ts_valid(_, fabj:sen(SEN, [ont: (8] ) goa:Gam. T])

<-

be-

come _valid( ,[abj:sen(SEN, [ent:[S]]) goa:Gam:time_before(T!, [t
oI

&

rnol(ts_terminated2( ,fabj:sen(SEN [ent:{S]])goa:GtimT2]) &
time_after(T2,{tf7-T1]) & time_before(T2, ftto:T])

D

This fegal rule sentence canmot be found as a stanrtory text in the
CISGor ctherregulations. Thisisa findamentat legal metanile
sentence  implicitly taken for grarted bythe CISGand alt  cther
regulations.  Without this nule, no statutory legnl sertence works
when it comesto application.  This rule is the most fimdamental
among lepal metarules enabling  us to put a mere collection of
legal sentences into a legal systern.  This rule is applies to every case
where the validity of legal sertences is considered.

Indeciding, for example, whether legal sertence “A has an
obligation to deliver the machineto B on Apal 15" is valid, we apply
this rule and examine its two specified requiremnents: *° A has an
obligation to deliver the machine o B’ becomes valid before April
15" and *’ A has an obligation to deliver the machine to B’ is not
terminated urttil Apei! 15", Hboth  requirements are satisfied, then
the legal object serdenceis valid, in April 15. Therefore, A's
obligation to deliver the machine exists in the prevailing usage of
legal language:; ifnot, it is not valid, and therefore the obligation does
not exist.

How are legat sentences to be systematized under this finda-
merdal legal meta rule sentence? Al other legal meta rule sen-
tences are systematized as subrules of this ~ serence, asrulesto
decide whether the two different requirements of this findamerttal
meta rule sertence, Le. *'the legal sentence becomes valid” and “the
legal sertence is not terminated,” are satisfied .

Now, we shall clarify the structure of legad knowledge  deciding
these two factors, L e. “the legal sentence becomes valid” and “the

1 The validity of this Encbavental legal meta rule s preapposed. I the CTSG knowd-
eciep beso & sentenoe which describes this valicity 2 set 2 a legal Bt serience

2 This fotrouln 5 besed on CPF a6 arepresentatinn method of tegal knowledgs. As regars
CPF, oonf Ref 26.

1 We could sar, therefoxe, thet all legal mets nudes i this serse otrtribute o regulating the

legal sertence is not terrminated” focusing on the validity of legal
object sentences  to make the logical structure of legat knowledgs
regulating  changes of legal obligation clear. Here, note the
following: "The legal sertence is not temminated” means “it is not
the case that the legal sertence is terminated.” In the real legal world,
there is no rule that decides directly *“a legal serdence is not termi-
nated,” but there exist many legal rule sentences which decide*a
legal sertence is terminated.”  {The legal rules sertences that decide
“a legal sentence is terminated’” play their role through “Negation as a
Failure’ for the second requirement of the fundamerntal meta rule
‘mrl’.}

52 Legal Rules Sentences Deciding Accrualof Obliga-
tion

Legal obligations acoue becauselegal object rule sentences
become valid as mertioned above,

52.1 Accrual of validity of elementary legal sentences with ac-
crual of contract validity

The accrual of validity of a complex legal sertence followsthe
accrual of validity of elementary legal sentences  belongmg foit.
The following legal meta rule sertence s presupposed:

{r0l) An element sentence becomes valid at the time T if'it is an
element sentence of complex sentence at the time T and if the com-
Plex sentence becomes valid at the time T.

The above mle is installed in the CISG Knowledgs base as a CPF as
follows:

sen(0l' [

become valid( ,faby:senySEN, fent: [S1]]).goa:Gtim:T7)

< .

be-

come_valid( ,faby:complex_sentence(B, {cnt:CNT COMPLEX SE
NTENCE]) goa:Gj)

&

ele-

ment_sentence( ,[abf:sen(SEN, {ent: {S1]]),0bj-complex_sentence(B,
[ent:CNT COMPLEX, SENTENCE]),:tim:T])

D

Consider, for example, the change inthe legal relation on April 9
in Fig3. Asthecontractasa complex legal sentence has become
valid, the following two obligation sentences (legal object sertervoes)
as  elementary legal sentences of the contract,  become valid: "A

+ has an obligation to deliver the machine to B" and "B has an obliga-

tionto pay the price A by May 20th.”  The main part of contract law
is legal metarule setences  regulating  changes of validity of the

contract tself as a complex legal serdence, Le.,, the accrual and
terrmination of its validity.

Figure 4 isa logical flowchart ofthe legal rule sentence that

decides theacqual of walidity of contract 3AAIBAIN
Fig. 4" means that the cortract is concluded. The “conclusion” of the
contract means that it is formed as a legnl sertences named contract
Legal sentences  differ from conventional sertences because legal
sertences is made satisfying  the requirerments of  legal meta rules
prescribing  the formation of the relevant legal sentences such as
corttracts, judgments, statutes, constitutions, and  conventions .

Figure 4: 3AAIB A contract becomes valid.
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Part 2 ofthe CISG regulates in detail the conchasion of confract
from Articles 14 through 24.

Figure 5: [2A]Contract is concluded

(:E)

[2AA] An offer of a contract the
content which Is S Is valid at time ™

l [0

[2AB] An acceptance of the offer_
becomes valld at time T. e

Thisrule istelatedto  Arficle 23, but isnot the same.  The
article does not refer to the effectiveness  ofan offer directly. For
Articles  14through | 7tobe  systematized, the first requirement

“ As regands the metthod of knowledgp representation of law by logical flow charts, refer
to: Yoshino 16940,

mustbemet  This legal rule sentence therefore [2A]  (Fig 5)is
alegal principle of contract law™, (This rule would be valid for the
case ofthe CISGand  also for other contract laws.)  Adicles 14
through 17and 24in  part 2 are to be systematized as a subrule of
the first requirernent [2AA] ofthis legal rule sertence.  Articles 18

through22and 24in  part2are  systematized as a subrule of the
second requirement [2ZAB].

522 Accrual of a legal object sentence by exerdising rights

In some cases, the acoual of validity of the  elementary  legal
sentence by itself, not asaresult ofthe accrual of  corttract va-
lidity, isreguiated An obligation accrues, for  example,
along with exercise of the relevart right.  In Figure 3, the legal
sertence "B has an obligation to repair the machine for A" becotnes
valid because A exercised the right to require the repair of the machi-
ne on Septernber 1st,

Logjcal urisprudence does not consider  serttenices  describing
rights as a legal object sertence as in the prevailing opirion in legal
theories, butas  legal meta rule sentence, as described above,  That
a person has a right to require another person to do Z, for exarmple,
means, in our opinion, that the person  may amiveat  a legal object
sentence concluding that the other person is obligated to do Z.

The legal meta rule sertence below st be valid,

(3AA2} "A legal sentence X has an obligation to do Z' becomes valid
attime T, if a legal sentence 'Y has a right to require X to do 7' is
valid, at time T ,and ¥ exercises the right to require X to do Z at time
T "

The acorual of seller A’s concrete obligation to repair the machi-
neon September 1. For example in Fig, 3, for the present case is
deduced by the application of this rule. The proof  isas follows.

The second requirement of the rule “Y exercises the right to require X
todoZ attime T" is satisfied by  buyer B’s exercise ofthe right to
require  seller A toremedy the problem by repair on Septernber 1.
The instantiated first requirerent * Buyer B has a right to require
seller A to remedy the lack of conformity by repair on September 1, is
valid, " is proved by applying the fundamental meta rule mri, The
instartiated first condition of the latter rule “’ Buyer B has a right to
require  seller A to remedy the lack of conformity by repair’ be-
comes valid on August 10" is proved by applying the following legal
niie sergence representing  Article 46 of  CISG:

(rCISG46): "The buyer has a right to require the sefler to remedy the
lack of corformity by repair” becomes valid, if the goods do not
coryorm with the contract.

S Astothe dertification of this legal requirerment and the formalization of the inference
process of thedscovery, we have discussed i Sekurad & Yeshino 1993,

I R
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The requirement of the rule rC/SG46 is satisfied by the fact (8) on

August 10.  The instamtiated second requiremert of the applied mr]
"B has a right to repair the machine’ is not terminated until Sep-
tember 1.” is proven because the proof of “'B has a right to repair
the machine is terminated until September 15t is false.

The deductive system of legal knowledge to deduce an acorual of
the validity of an legal object sertence by exercising a right of claim
is explicated in an example of the claim to repair the goods delivered.
Legal meta rule sentence 3442 applies to many other cases such as
accruads of the seller’s duty to perform his obligations { Article 46(1)),
to deliver substitute goods (46(2)) and so on.

Many stantory legal rule sentences -regulate the accrual of
validity an legal object directly. In such a case, one needs not to ap-
ply{ rule 3442}

53 Legal Rule Sentences Deciding the Termination of Obliga-
tioms

The termination of obligations means that the validity of legat
object sentences describing  obligations is terminated. There are
two ways to terminate the validity of elementary legal object sen-
tences: the termination of their validity along with the termination of
the complex legal sentence and the termination of their validity by
themsetves,

331 Termination of eementary legal sentence validity
through contract termination

The validity of elemetitary legal sertences are terminated  if the
complex legal sentence to which they belong is termminated.  The
validity elementary sergences of a confract are terminated if the
validity of the contract as a complex legal sentence is terminated.
The following rule sentences is set in the knowledge base.

sen('02,f

is_termincted2 (BECOME_VALID, [aby:sen(SEN, {51 ]),
£goa:GOA _VALID, tim:T})

<-

is_terminated(BECOME_VALID, [ aby:‘complex_sentence'S,{
ent:CNT. COMPLEX_SENTENCE]),goa:GOA_VALID, tim:T}}
&

element_sentence'(ELEMENT, {abj:sen(SEN, {S1]),
oby:‘complex_sentericeS,{  cnt:CNT_COMPLEX_SENTENCE}),
tim:T]}

o

Complex legal sentences lose their validity on the day when a

fixedterm is expires,  when the termination condition ismet or
when  contract awidance becomes effective. Regulations con-

cemed with these factors can be integrated as a legal rule sentence,
which makes concrete the second requirement of the fundamental
legal meta rule sentence mirt as its subrule sertence.

In Fig. 3, two legal object rule sentences, "A has an obligation
to Bthat the machine delivered to conform the contract” and "A
has an obligation to B to repair the machine" is terminated on = Oc-
tober 1, because the validity of the confract as a complex legal sen-
tence was terminated owing to B’s exercise of the right to declare the
corfract  avoided when he has the right, ie, 'B has the right 1o de-
clare the contract avoided’ is valid  The right to declare the cortract
void  resulted from the fact that the seller had not flfill an obligation
to repair the machine within the additional period of time (one
morth) fixed by the buyer™.

532 Termination of validity elementary legal ohject sentences
with fulfiliment of its obligation

In sorme cases, the validity of one aticle of the contract is termi-
nated independently of the validity of the whole contract. The fol-
lowing lepal metanule sertence  is valid:

{imrdb) "The validity of elementary legal object sentences is htermi-
nated when the obligation is filfilled "
(The relevant CPF is eliminated here to introduce. )

For example, Because of the delivay by A on  May 1, for
example, the validity of the legal object sentence " A has an obligation
to deliver the machine to B" isterminated  May 1, and because of
payment by B on May 20, the validity of legal sentence "B has
an obligation to pay the price by May 20" is terminated May 20,
These terminations of cbligations are  deduced by applying the
above legal meta rule sentence mrb.

6 The CISG Knowledge Base System

The results of the clarification of the logical structure of the
contract law system is applicable to construct a legal know-
ledge base on contract law. We have tried this application

in the field of the CISG and made a CISG knowledge base

of which our legal expert system is composed. Here I would
like to describe shortly about the CISG knowledge base syste

m developed by us.

6.1 Representation of legal knowledge in ferms of the Jopic
al flow chart

The logical structure of the contract law system and the CISG is
represerted at first in terms of the logical flow chart.  Such example
have shown already in Figure 4 and $ in this paper. - This approach

¥4 Thes repscriing cen be done through the enslegical epplication of aticle 49 (1)(b). 1
‘woudd 1 discuss shout this analogical ressoning in ancther oocsion

is useful for knowledge engineers fo analyze the logical structure of
law, represet it and communicats with other people especially with
lawyers. Lawyers or faw students can use also this method for
himself These are advantages of the use of logical flow charts.
The logjcal flow charts written are converted then to a kind of predi-
cational formula CPF, which is to be explained just in the next section,
for the knowledge base,

6. 2 Legal Knowledge representation in terms of CPF

The systematizing rules above mertioned, the CISG articles

and its interpretations are represented in terms of CPF

(Compound Predicate Formula) in the knowledge base. CPF

is anextend form of the first order predicate logical formula.

It en-tails the extension in the following characteristics:

(1) & introduces idertifiers of predicates to designate the ertity
which a term through the relevant predicate represent.

(2) & cortains Case List which is a list of pairs and each pair

s represents case role and filler.

(3) It has compound structure by that each filler may be a
compound predicate term.

CPF has so strong knowledge representation capability
that it can represert complex relations of legal state of affairs.
Here, as an example of legal rules represented in terms of
CPF in the CISG knowledge base the rule 2a which
corresponds in principle to the logical flow chart of Figure
5 is shown below.

senf2a)f
964 contract is aonchided
is conchudkedfS CONCLLIED IDJ
oS CONCLUDED,
agtf OFFEROR OFFEREE],
objroontract(CONIRACT JDf .
e CONIRACT,
agt{OFFEROR OFFEREE],
atCNT CONIRACT,
imp:MP_OFFER,
objORS CONTRACT
)

2
<
% Ancffer becarnes effective at the time T,
become_effectiveBECOEM EFFECTIE D
na:BECOME_EFFECTIVE,
abyofferfOFFER IDf
ram OFFER,
agt OFFEROR,
ok CNT QONTRACT,

goaOFFFREE,
mpdMP_ OFFER,
obf:aonckdeCONCLITE D
namf,
agt{OFFEROR OFFEREE],
obyrerntracy {
nanCONTRACT,
agtfOFFEROR OFFEFREE],
otCNT CONTRACT,
prp:IMP OFFER,
ol ORI CONTRACT

=)

D
SeSRC,_ OFFER,
tm:TM OFFER

Tl
y
&
96 The accoptance of an offer becores effective at the tme Tfler the time T1.
become_effective(BECOME EFFECTIVE_ID2f
ramBECOME,_EFFECTIVED,
alyucceptmce(ACCEPTANCE_ID)|
nam:ACCEPTANCE,
agtOFFEREE,
entCNT ACCEPTANCE,
gurOFFEROR,
rp:MP_ ACCEPTANCE,
o OFFER D,
eSRC ACCEPTANCE,
tm:TIM ACCEPTANCE
D
timitime_ofler(T/4rT1))
b
)

63 CISG knowledge base system

We have developed a legal expet system LES4 and LESS as
a CISG knowledge base system. LES4 systemn is a systetn
o support knowledge base construction and has a fimction to
infer the results of the application of installed knowledge to

concrete cases as well. LESS5 system is so made that a user

can use it to know the results of the application of the law to
concrete cases and their reason through WWW browser via
infernet.  Any user can use the systemn as far as his computer
has a browser and is conmected to 2 LAN or intemet. LES

4 and LESS can be used being connected with each other.
The LESS system is composed of an HTTP server, Inference




gateway (CGI program), server with inference engines and
main machine interfaice (Figure 6)  The inference engine is a
meta-interpreter written in Prolog to perform CPF directly. A
CPF nule file, a goal file and board mumbers of socket are
given In it a the beginning and it is permanently stationed
after stating The meta-interpreter is  called for requirements
from the process on network through socket communication
and it can retum the results of the inference. The inference
engine is separated from the CGI program (gateway) and the
inter-face is composed of socket commmumication, so that the
independence of the programs is promoted. The program
source is written in SICStus prolog, so that it is valid
independently on special platforms. - ;

i

[T

I would Iike to introduce the leader to the system, showing
pages of the system and explanations of the pages. the system
has a Japanese version as well as an English version. Figure
7 is the Homepage of the whole project.  If we click “Legnl
Expert” in this page, then we are taken to the main mem
of the Legal Expert (Figure 8) By choosing “LESS” we are
given the LESS Memu, which will allow us to choose the law
to be applied and the theories under which the knowledge is
formalized. Here we may also choose the consulting case.
We may preview the chosen case, modify it or create a new
case (Figure 9). Figure 10 shows an outline of the chosen
Case 7f which is described earlier in this paper. In the LESS
merel, if we click ‘Do Inference’, we are given the ‘inference’

e Inference Eng
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Figure 9

" Outline of 'CASE_7f"

{1) On April 1, a New: York maker of sgeicltaral machines:
Hamburg branch of & Japanese trading company-B.
The content of tha:latter was; -
A sells a set of agricultural machines ta B fox-350000;
. Adelivers the agricultural machinery to B by May 10, B'awst pay the price of $30000 to A by May
- 20'and the agricultaral machinery wil be carriod by an Aftiécican freight vessal.

dispaichod alotterof & proposal ta a

. [2) The 'me“"‘_*-‘l.mm.:hﬂd'B QR&P};“ :9\" '

{3} On April 9, B telephoned A to say "I accept your offer,
Howaver, [ want you to carry the sgricultural machinery by a Japanese containership®.

(3) On Aprl: 9; B telephonad A to say I aceapt your offer.
Howevar, I want you to ca.rry-'lha agricultural machinery by-a Japanesa contalnership”™.

. {4) A handed over the agricultura] mashinery to the Jupanese contalnership at the New: York Port
L.onMayl., .

Figure 10
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Figure 20

page (Figure 11) where we may choose the “goal list” or the
“Legal Figure of the Case™. I one chovses the former,
then Figre 12 is tumed out,  where a list of goals which
should be resolved by the system is shown, In Figure 12,
the goals to be solved are the validity of the legal sertences
at each time given in query. If we choose here what kind
of legal sentence is valid on October 5, for example, and
choose the “all solutions™ possibility, then we are given the
applicable conctusion and the basis for such conclusion.
Therefore, Figure 13 shows that the sentence “It is obligatory
for Anzai that Anzai remedy the lack of conformity of the
goods with the corract by repair” is valid at the time of Oct
ober 5. The basis shows that the sentence has become valid
at the time of September 1 and it is mot proved that the
sentence has been terminated.  This is a result of the
application of Rule <0>, which represents fundamental meta-
rule (mrl) described in Chapter 5.1 of this paper. If one
clicks the rule mumber <G>, then the window changes to
Figure 14, which shows the rule itself  If one clicks a
“resulf”” in the same window, Figure 13, then one comes to
Figure 15 to see the results of the applied rule to the present
case. The “Validity” button of each page is used to show
the basis for proving the validity of the applied rule to the
case. If one clicks each of the proved requiremerts one can
see the basis for the proof of the requirements fisther. For
example, if one clicks the proved first requiremert of rule <0>
m Figure 13, then the system shows the basis of the proof
(Figure 16). If one click s the proved requirement of rule
<32>, then Figure 17 wums out Figare 17 shows that the
object sertence that describes the obligation of Anzai to
remedy the lack of conformity of the goods with the contract
by repair becomes violated at the time of ~ September 1
because Bernard claimed against Anzai that Anzaimust remedy
the lack of conformity by repair on Sep. 1 and, at that time,
Bermard has the right to claim agamst Anzai that Anzai
remedy the lack of conformity by repair. This is based on
rule <3aa2?> which represents the relationship between duty and
right described in the section 5.22. In this way one can
inquire into the basis of legpl reasoning according to the
ogical structure of legal knowledge up to the final correspondin
g facts. If we choose “Legal Figure of the Case” in Figure
11, then the system will display a chronological figure of
the legal relationships between the parties, which are represent
ed as the validity of the legal object setences, which desaribe
the obligations of the parties (Figure 18a; Figure 18b). If we
click, in Figure 18, the relevart object sertence (for exarmple
, A’s obligation to remedy lack of conformity of the goods
in Figure 18b), then Figure 19 displays the begiming point
and ending point of the validity of the object sertence, which
corresponds to rule <0=. If one clicks the former the system

shows the basis for the proof that the sentence becomes valid
In this case Figure 20 tms out, which is the same as-  _,
Figure 16 If one dlicks the latter, the system mﬂnmj
for the proof that the sertence is terminated  The firther *
explanation process is the same as above described  Here™ el
have to confess that this chronological figure of the
relationship is net automatically produced yet, but is
theoretically possble
This system has the capability to show the legal
knowledge in its details on the one hand and systematically on
the other hand, especially in terms of relationships between
the legal requirements and legal effects in each lepal mle
and relationship of legal rules, inchuding meta-levels of rules.
The system is, therefore, useful for law professors to analyze
knowledge in their favored fields and to develop individual
systematizations. It is also useful for law students so that the
y may know and understand legal knowiedge in ils details as
well as the systern of legal knowledge.

7T Conchasion

In this research we confirmed  the structure of contract law by
taking up CISG as an example and focusing on the systematization of
law from the view of Logical urisprudence. By using three standards
of legal sentences —that is, legal fact sentences and legal rule sen-
tences, complex legal sentences and elementary legal sertences and
legal object sertences and legal meta sertences— we explicated the
basic structure of legal knowiedge enabling us to systematize confract
law. Applying the frame to cases (casc 7fhere ), we formalized the
change of legal relation asa change of  the validity of legal sen-
tences that describes obligations. On  formalization, we found the
fundarmental legal meta rule sertence under which every other legal
mieta rules are systermatized. Wethus  clarified the logical struc-
ture of contract law system that  deductively proves the change of
legal relation along with the progress of events in a2 concrete example.

The results of this sdy have been infroduced to the knowledge
base of the CISG. we have developed a knowledge base system by
which solutions aboitt legal states of affairs can be deduced at any
time asareslt of applying the CISG to a given nternational trade
case.
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Construction of lLegal Knowledge Base on the Maritime

Traffic Laws and Regulations

in Japan

HIROYUKI MATSUMOTO
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[ Abstruct ] The existing laws and regulations function as a social engineering system in the
vertical ly-structured society. However it is difficult for nomprofessionals to understand the legal knowledge
which has abstract expressions for provisions, the hierarchy structures of legal systems, the richness of

legal text, the deficiency of laws, and so on.

In this paper, | discuss, through a jurimetrics approach, the possibility of the systematization of legal

knowledge (maritime traffic laws and regulations in Japan ;

a kind of public law) which is complicated in

its structures and nature. Also, | propose, for the purpose of legal norm senterces analysis, the model of
logical flowgraph and the method of logical formalization on steering and sailing rules.

Keywords: Legal reasoning. Legal knowledge, Jurimetrics,

regulations

1. Introduction

Laws and ordinances are generally written using
abstruse words and technical terms to pursue
exactness and conciseness and are described
abstractly to facilitate their application to
various legal phenomena. Laws and ordinances
involve three different structures, preferential,
conceptual and logical, making legal applications
complicated. Furthermore, legal knowledge can be
categorized as laws, regulations, ordinances,
precedents, legal theories, legal common sense and
so on. Especially, maritime traffic laws and
regulations in Japan are legislated as a legal norm
which stipulates the maritime customs and the
empirical rules. They are characterized by a
judicial norm rather than by a maneuver norm (a
behavior norm). Therefore, it is essential to
systematize laws and regulations through analyses
of the richress of legal knowledge, because it is
difficult for nonprofessionals to understand the
legal applications and the legal reasoning.

This research is interdisciplinary in that it
requires a wide coverage of traditional
jurisprudence, anmalytical jurisprudence, symbolic
logic, tegal logic and information science,
Furthermore, it forms one province of jurimetrics
" aiming at a scientific approach towards law by
anempirical method. The idea of jurimetrics can be

togical formalization, Maritime traffic laws and

applied to the systematization of legal knowledge
such as laws and ordinances.

In past ressarch 27 | |
systematization of laws and cases by the
intelligent computer system, and | discussed
theoretical problems based on the formalization of
legal norm sentences by predicate logic. The use of
symbolic logic to analyze the syntax of legal norm
sentences has been suggested by ALLEN ¥, The direct
application of classical mathematical logic to
legal norm sentences has been suggested by YOSHINO
4~6)  On the other hand, scme ideas of consultation
or decisionrmaking systems in 1aw were suggested by
MEHL 7. Since then, research and development (RED)
of lawmachine or so—cal led legal expert systems has
progressed in  the scientific trends of

proposed the

Jurisprudence.

R&D of legal expert systems has been generally
carried out inteams, such as the TAXMAN project B},
the LEGOL project ®. the HYPO project '®, the
Oxford project " and the LES project 12719,
In advanced workshops ' P81
9, some computer scientists and jurists studied
various possibilities of computer assistance in the
fietd of faw 2922,

The idea of the systematization of legal
knowledge is fundamentally based on these studies
of the model ing of legal reasoning 29729, expert
systems in taw 277%%) and the other computer—aided

or conferences
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